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Introduction

Solar electricity is a wonderful concept. The idea of taking power from the sun and using it for electrical power equipment is terrific. Directly or indirectly, the sun supports all life forms and provides all the power we need to exist.

The sun drives our weather and our climate. Without it, the earth would be a frozen wasteland of ice-covered rock. Every hour, the earth is hit with more energy from the sun than the entire world consumes within a year.

To someone who has little experience in the solar system, installing a solar panel, as well as knowing the right components to use, may seem to be incredibly daunting. The truth, however, is that it is relatively simple to install your solar panel yourself. You need not have a deep-rooted background in contracting work or wiring before you decide to install your off-grid solar system yourself.

As a do-it-yourself enthusiast, once you have everything you need to set up your off-grid solar system, you can go ahead to set it up. You do not need any help or technical assistance to set up a functioning off-grid solar system as assembling a solar system has gotten to a point where they are a plug-and-play type approach. Suppose you’re planning on setting up an off-grid solar system; you already know that solar electricity is best for nature, national security, and the air we breathe, not to mention your electricity bill. You’ve also probably heard that going solar can be cheaper than paying for utility power.

Solar power in the twenty-first century is expanding at a tremendous rate. Every time I go down the street, there’s another house with 
solar panels on top of the roof or a traffic light system that has a small panel. Everywhere is going solar crazy, which is great news.

Only a couple of wires are involved in installing an off-grid solar system, so if you’re a DIY person, you can do this! Seeing those complex solar equipment and tools could steal anyone’s confidence, but then, this book will show you how simple setting up an off-grid solar system is. I have decided to look at the basic components of the off-grid solar system, and so, together, we can deal with the nervousness that comes with installing an off-grid solar system yourself.

This book will also cover several other aspects like choosing the right type of batteries to use and maintenance of your solar system. Apart from setting up your solar system, you will also learn how to calculate the amount of load your home device draws and how to calculate the battery’s capacity for an amount of load. Once you have successfully set up an off-grid solar system once, it’s a lot like you learning how to ride a bicycle as you never forget or have to relearn the process again.

Let’s proceed to get your off-grid solar system running!


Chapter 1: Introducing Solar Energy

The science of turning sunlight directly into electricity is known as photovoltaics (P.V.), referring to photons of volt and electricity light. Solar panels contain solar cells, which are most commonly made of silicon layers, a semiconductor material. When photons of light from the sun enter a solar cell, they get absorbed and excite electrons in the silicon layers, causing them to continuously move and flow through a wiring circuit that feeds into the P.V. system. Harnessing this electron flow is what provides you with electrical power!
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The electricity produced by your solar panels and used by all batteries is (D.C) direct current. For direct current, all the electrons produced by your solar cell move in one direction only. However, your home’s electrical system and most appliances use alternating current (A.C). This is the principle behind solar power.

We cannot, however, use direct current to charge and power alternating current appliances. This brings about the ‘Inverter.’ The inverter converts the direct current supplied by the solar panel into 
alternating current that can be used for your appliances. For an alternating current, electrons move back and forth in alternating directions about sixty times per second. Therefore, with a P.V. system running, you need to have at least one inverter to convert D.C solar-generated electric current to usable A.C power for your home or work appliance.

Why Choose a Solar electric system?

Apart from the financial benefits that solar has to offer, here are some reasons why you should go for solar:

1. You should choose solar when the price of sustaining electrical power is too much.

2. You should choose solar when electric power in your area is not reliable or there is no other electric supply source.

3. You should choose solar if the electricity supply in your area is poor. That way, with solar, it can act as a cost-effective contingency.

4. When your most safe and convenient option is a solar electric system.

How Off-Grid Solar works

With an off-grid solar set-up, you will mount the solar panels wherever you want, safer as it is in a position where sunlight can reach it easily. The off-grid solar system does not have a utility grid, and therefore, the solar panel does not route to the utility grid. An off-grid solar set-up is an obvious alternative to a ‘grid-tied solar system.’
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For homeowners with no access or very difficult access to the utility grid, off-grid solar systems are usually the best choice. Off-grid solar systems require battery storage and a backup generator to maintain access to electricity at all times. The backup generator is, however, optional. Off-grid systems also provide a solution for those who want to be energy independent.

A typical off-grid solar system requires the following components in addition to the P.V. solar panel for it to function fully:


	
Solar Charge controller.



	
Battery bank.



	
D.C and A.C disconnect switches.



	
System meter.



	
Off-grid central inverters.



	
Backup generators (optional but recommended)





The whole concept is to wire these components together to supply current to the house.

Now how does the off-grid solar system utilize these components?

Usually, when electricity from the solar panel flows first to the charge controller and through the battery bank, the battery bank will store solar energy so you can have electricity at night or on 
cloudy days. They usually are sized to keep your house running for about one to three cloudy days after fully charged.

In case of several weeks of cloudy days, the backup generators come in handy as they will provide electricity to replace the sun. It can be fueled with biodiesel, petrol, or diesel.

A D.C disconnect switch is connected to the solar panel. It is used to interrupt the flow of D.C electricity from the solar panel when needed.

The reason why electricity from the solar panel passes the solar charge controller before entering the battery is to protect your battery bank from under-charging or over-charging.

The system meter is then connected to your battery bank. The system meter measures and displays your solar system performance and status, such as how full is your battery bank, how much electricity your solar panels are producing, or how much electricity is in use.

The electricity that flows from the solar charge controller passes the system meter first connected to the main D.C disconnect before it flows into the inverter. The main reason for the D.C disconnect in this area is to disconnect the inverter from the battery anytime you want to simply by flipping the switch. The reasons why you might need to have a D.C disconnect at this position are to protect the wiring or, in case you need to service the inverter. You wouldn’t want current to be flowing into it while servicing your inverter

After the main D.C disconnect is in place, the current then flows through to your inverter. The inverter converts the D.C current received into an A.C current for usage by your household loads. The A.C electricity will then supply your household loads through the 
A.C panel breaker.

The off-grid solar system also works in a way that if the energy supplied by the sun to the solar panel is not enough to power your house loads, electricity comes from the battery bank to compensate. Also, at night, we do not have energy coming from the sun – therefore, your house load is powered totally by your battery bank.

As said earlier, in the case of several cloudy weeks, the sun’s energy might not be sufficient to fill up the battery bank. However, the backup generator will suffice.

Can I install my own Off Grid Solar?

Yes! You can set-up and install an off-grid solar system yourself. But first, before you go about it, depending on the country that you stay in, you should have a permit. It is essential to go about it the right and legal way. For most of you, it will come down to the rules of the local building authority.

You should also confirm that your project wouldn’t be disallowed by your zoning department, historical district standards, or homeowner association. Once you have your permit, you are good to go. All you need to do is to get every tool that you will need in setting up. You might also need to develop a plan on running everything and where they will be placed before you start.

Here are some requirements you should check before you decide to install an off-grid solar system yourself;


	
You should be okay with spending several hours on the roof mounting the solar panel (those that want to do a ground mount get a pass here).



	
You should have a standard type of roof (wood shingles, asphalt shingles, standard flat roof, standing-seam metal).



	
You should ensure that your local building authority permits amateur installation.





Answering the big two

There are two important questions you need to like yourself as a DIY installer to make sure that both your house and you are ready for an off-grid solar system:


	
Area:





Where are the solar panels going?

A solar panel’s ideal position is a south-facing rooftop on a typical house in the northern hemisphere. By placing panels on your rooftop, they are out of your way on the ground and not taking up any space in your yard. Cool right?

When it’s on your roof, they face the sun during the peak hours of daylight, and they can not be disturbed by obstructions on the ground that may cast shadows on the array. It is not compulsory for your roof to be facing the south, as solar panels can work on east and west-facing rooftops. However, any slight rotation to the south can be helpful.

If your roof turns out to be a bad option, all hope isn’t lost yet, as you can set up your solar panel using a ground mount array, which isn’t a bad option at all.


	
Loads:





How much electricity do you need?

The answer to this question can be answered by determining how 
much electricity you consume. It’s as simple as you adding up a year’s worth of electricity bill. You could consider looking at more than one year if you use air conditioning or any electric heating. Why? Because the usage of those appliances varies with the weather. Just make sure you use full years for accuracy.

Here’s how to calculate the amount of electricity you consume in a year;


	
Gather up all your electricity bills for the twelve consecutive months in that particular year.



	
On the electricity bill for each month, you get an estimate of the kilowatt per hour usage.



	
Sum up the total kilowatt per hour for each month to get the total kilowatt per hour usage for that particular year. (Many utility bills now have a graph or bar chart showing your monthly electrical usage for a whole year on just a single bill).





Tip:

You can compare the yearly value you got from adding up the twelve months by calculating your estimated yearly usage. Simply by adding up, for instance, five consecutive annual usages. Add up the five complete years usage together and divide by the number of years you added up, in this case, which is five. That way, you will get the average annual usage of electricity. You can always compare this with a year’s usage to see the difference.


Chapter 2: Surveying your site

After taking your first step in calculating your energy needs and thinking about where your solar system might be placed, it is time to look closer at those steps to determine the perfect location for the array and how large it needs to be. You will also determine the output and size with the National Renewable Energy Laboratory (NREL). Of course, it is free to use.

The PVWatts calculator estimates the amount of electricity you can produce with a given solar system size by entering your home’s location and several other factors. However, the PVWatts can not help you measure the slope of your roof, the area you want to set-up your solar, and your azimuth. You will have to measure these yourself.

Measuring slope, area, and azimuth

These three values are the measurements that describe where the position and placement of your future solar panel would be. You will also need to have these values before you can use the PVWatts calculator.

Slope:

The angle of your roof, the slope determines the tilt angle of the solar panel.

A roof slope is a relationship between the horizontal run and vertical rise of a given roof plane.  So, for example, if you have heard someone say (3:12) in relation to roof slope, that means that the roof plane rises three inches over a twelve-inch level horizontal run. When measuring your roof’s slope, it is vital to be as safe and 
accurate as possible.

You will need some tools to measure the roof slope;


	
A ladder.



	
Level.



	
Tape measure.



	
Pencil.





Here’s how to go about measuring the roof slope based on the geometry of a right-angle triangle;

● First things first, you need to get on top of your roof using a ladder.
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● If you have a roof with uneven planes (it doesn’t have that flat pan to measure from), you will want to create a flat surface with something like a flat board that spans over the uneven areas so that you can get an accurate reading.

● With your pencil, mark a twelve-inch point on the level. (If your level is already twelve inches, you don’t need to bother with this. It is only for people with a longer level).
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● After that, using your level, incline it from the start of the flat surface you created on the roof.
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● Next, using your tape, measure from the twelve-inch mark on the level down to the roof surface.

● Whatever ratio you get is your slope. (For example, if your tape measure reads three inches, your roof plane has a 3:12 slope).

● Convert the rise-run slope you obtained to degrees. You can find conversion charts online, for instance, at PVWatts ( Tap on the ‘i’ in the ‘tilt (deg)’ row on the ‘system info’ page). You can also use a scientific calculator. You can obtain the degree angle by calculating the inverse tangent of the rise/run ratio. Simply divide the rising value by the run value and tap on the inverse tangent button on the calculator.

If you are putting your solar panel on the ground, you can use a level app on your smartphone. It may be part of the ‘compass app.’

Area:

This is the available free space on your roof space or ground area for installing the solar panels.

To get easy and accurate measurements, use a very long tape measure over twenty-five feet or longer. However, if you don’t have a longer tape measure, you can take a piece of chalk with you to mark the roof at each measured distance. Although it might be frustrating and stressful, it will get the job done.

Here are the following steps to measure the available space on your rooftop;

● Before climbing your rooftop to measure, take a few steps backward and draw a rough sketch of a simple area view map of any roof areas suitable for solar panels.
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● On the map, note the relative obstructions and penetration locations, such as chimneys, roof vents, satellite dishes, and plumbing pipes.

● After this, you can now climb on the rooftop.

● Measure the length and width of every roof plane on your map 
with your tape measure. A suitable space could measure at least twenty feet from the roof’s ridge and twenty-five feet from side-to-side. (It is also possible to set-up smaller groupings of solar panels in smaller areas on the roof).

● From the installation area you measured, subtract over five to ten inches from each ridge and roof edge. The reason for subtracting is to leave a little space margin around the array.

● Next, measure the exact locations of all obstacles and penetration and take a record of them.

● While measuring around all sides of each obstacle, include a margin of a few inches.

● If an obstacle on the rooftop is obstructing any installation area during the peak sun hours, you may need to omit the shaded area from your total.

● Make sure you check with your local authorities before you finalize the layout plans for your roof.

For ground mount arrays, you simply need to measure the installation area on the ground on your property or yard.

Azimuth:

This has to do with the particular directory that your ground mount or roof array faces. For example, west, south, north-west, etc., measured in degrees.

How to measure azimuth;


	
A solar array facing due north posses an azimuth of zero degrees.



	
A solar array facing due east has an azimuth of ninety degrees.



	
A solar array facing due south has an azimuth of one hundred and eighty degrees.



	
A solar array facing due west has an azimuth of two hundred and seventy degrees.





You can also measure your azimuth using a compass application on a smartphone or an old-fashioned compass.

Using smartphones is a lot easier. Why? It’s because your smartphone calibrates itself to your specific location, so you don’t have to account for magnetic declination.

To use a compass app;


	
Simply launch the compass app on your smartphone.



	
Follow the prompted instructions for calibration.



	
After you finish configuring the compass app, stand with your back to the roof where the array will go.



	
Next, hold the phone flat in your hand and make sure it’s directly in your front.



	
The compass application gives you the exact angle your roof plane faces. That angle is the azimuth of your roof.





You can make use of the old-fashioned compass the same way. Just make sure to take into account for magnetic declination of your precise location.

If you plan on mounting your solar panel on the ground, it is best if the array faces due south (an azimuth of one hundred and eighty degrees).

Sizing your system with PVWatts

Here’s how to operate the PVWatts calculator to get the number of 
electricity you can produce per year;


	
Take a few minutes to go online to the PVWatts calculator. You can access this calculator on this site (https://www.pvwatts.nrel.gov).
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Enter your home address, city, or state, then select ‘Go.’



	
On the next page, tap on the map location closest to your house, or simply stick with the default location selected for your city.
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After, click on the big orange arrow labelled ‘Go to system info.’



	
On the following page, tap on the big orange arrow labelled ‘Go to PVWatts result.’



	
A number in large type is displayed at the top. The number indicates how much A.C electricity you could produce per year at your location. Easy right? No log-in registration required, no unnecessary ads whatsoever, and most importantly, it is free!



	
The system size and other default inputs are already inserted in the calculator.





PVWatts is presumptuously simple on the surface, but to improve your results’ accuracy, there’s much more you can do with it. The ‘System Info’ page is where you will enter your specific data for more 
accurate results. The PVWatts ‘System Info’ page consists of six basic design parameters for sizing your P.V. solar system. Let us briefly run through the features. (To see these tweaks, click on the ‘i’ button to the right of each parameter).

1.   
D.C. System size:


The system size is the rated D.C power output for the entire solar array. The default system size on PVWatts is (4 kW). You might be using a solar panel array of (20 P.V.) panels rated (250 watts) for each panel. To get the total system size for the whole panel array combined, you need to multiply ( 20 x 250 = 5000 watts = 5 kW). In this case, the default system size is (4 kW); you can decide to change the default system size to your calculated solar panel array’s actual size.

2.   
Module Type:


The module type parameter allows you to select one of the three types of P.V. solar panels you are using for more accurate results. You can choose from standard, premium conventional, thin-film, or crystalline silicon (c-So) modules.

3.   
Array Type:


This is where you select the solar panel-mounting type you are using —either rooftop mount, ground mount, etc. Whichever one you are using, just select it.

4.   
System Losses:


This is the total of all the small reductions in efficiency due to real-world operating conditions and equipment inefficiencies. Due to 
these factors, the actual D.C power received from the sun can not be equal to the amount of A.C power sent into your house.

5.   
Tilt:


Tilt is the angle of your P.V. solar panels, measured in degrees.

6.   
Azimuth


Once you are done adjusting all these parameters, navigate to the ‘System Info’ page, tap on the orange arrow labeled ‘Go to PVWatts results.’ After inputting more accurate results, the number you get is the average annual kilo-watt-hour production you can expect with a (5 K.W.) system. (unless you entered a different system size, you might get a different result from a (5 K.W.) system).

Rain, Wind, Shade, and Snow

Designing any technology equipment for outdoor purposes comes with unique challenges. You have to consider a lot of things before you design them. In the case of solar panels, they are placed outdoors and are subject to different weather conditions.

Let’s take a look at how those weather conditions affect them;

Rain:

Technology has advanced to a point where solar panels are made with tough and highly weather-resistant material. These materials can withstand rain, so you shouldn’t be too worried when rain falls as your solar panel will still function. Although not at an optimal level.

However, Wind, Shade, and Snow are other factors that should be explicitly considered.

Wind:

When setting up your solar panel, either on the rooftop or on the ground, it is vital to consider the wind forces at your location. So whichever mount type you are using, make sure your plan includes sufficient structural strength and stamina to resist wind forces. The wind is the main reason rooftop solar panels should be kept deep from the roof peak (at least five to ten inches). It’s is also the reason why ground mount structures are anchored in solid concrete foundations.

Shade:

When setting up a solar panel, this is one key factor you should have in mind. There won’t be any point if you mount a solar panel, and it’s not getting the amount of sunlight energy it is supposed to receive due to shades.

[image: ]


Take note that shading causes electricity loss. In short, shade is not good, so it is essential to install solar panels in areas with minimal shading.

Snow:

Solar panels don’t produce a lot of electricity when covered in snow. When snow is falling, the sky is cloudy, and with that alone, there is a reduction in the power produced.
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When the solar panel is now covered in snow, that makes things more challenging. If you want to speed up the process of getting snow off the panels, use a wood-handle broom or mop that won’t scratch the glass of the solar panels.
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Once you clear the snow or it melts away, and the sun starts to shine back, the solar panel begins receiving much power from the sun.


Chapter 3: Choosing your Batteries

Choosing the right batteries for your solar system is very important. Why? Because you are using an off-grid solar system and the energy supplied to the solar panel by the sun can not be used directly because the energy varies. Sometimes it might supply full energy, and sometimes due to cloudy weather, the energy supply may be low.

The essence of batteries in an off-grid solar system is to provide a constant power source for your electrical appliances, whether on a cloudy or sunny day. Knowing this, you can not afford to get a bad or faulty battery that won’t serve your needs. Also, choosing a battery depends on what you are planning on powering. If you are used to appliances with heavy loads, you cannot afford to get a battery with a smaller capacity.

Lead-Acid batteries

Lead-Acid batteries have been in the off-grid solar game for over decades ago. They have been tested and are sure to work fine. For the home energy battery sector, lead-acid batteries are the cheapest option currently on the market.
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Although they have the lowest DOD than other solar storage batteries and a shorter lifespan. (DOD) means the depth of discharge. Every lead battery comes with a DOD. It is the maximum capacity that a battery should be used to. If you exceed this capacity, you are setting your battery up for disaster.

For instance, if you buy a lead-acid battery of (11KWh) and the battery has a DOD of (80%), then you should not exceed (8KWh) of the battery’s capacity in order not to shorten the battery life. That’s how DOD works.

While the DOD for lead-acid batteries is low, they are cheap and affordable. So, if money were the issue, you could start with a lead-acid battery. Also, lead-acid batteries might look like car batteries on the outer look. However, they have an entirely different composition on the inside. This different composition gives lead-acid batteries an edge over car batteries, allowing them to be charged over eight hundred times.

Lithium-Ion batteries

On the other hand, lithium-Ion batteries are more compact than 
lead-acid batteries, and they are also lighter.
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In terms of DOD comparison between both batteries, Lithium-Ion has a higher DOD and a much longer battery life span. It is no question that the Lithium-Ion battery beats their lead-acid counterparts when compared, although, when it comes down to price, lead-acid batteries lead.

Lead-Acid or Lithium?

Size and Weight:

In terms of size and weight, lithium batteries are more superior! Lithium batteries are a lot lighter and easy to carry than lead-acid. Facts have it that lithium batteries are about one-third the weight and size of a typical lead-acid battery.
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Temperature:

Lithium batteries are sensitive to temperature and don’t operate well in extremely cold temperatures. Lead, on the other hand, functions better in this condition.

Power output:

Lithium batteries offer greater power output than lead-acid batteries.

Cost:

Lithium batteries cost you way more money than lead-acid batteries.

In short, after comparing the pros and cons of both batteries, the overall outcome is that while lead batteries might cost less, they require lots of maintenance and caution. Though lithium batteries cost more, the amount you will spend on maintenance is minimal.  It is safe to say that a Lithium-Ion battery has a lifespan equal to three to four lead-acid batteries.

Battery lifespan

The whole point of having a home energy storage battery is to use it 
and charge it on and on. This cycle continues! It is no news that batteries can not last forever, although they might last very long depending on the type of battery you are using. Eventually, they will die. Let’s compare a solar battery to your phone’s battery.

Once you fully charge your phone battery, you use up the battery and recharge it again. Eventually, after some years, you will notice that your battery doesn’t hold up as much as it used to. This is the same for solar batteries.

Now, the question is, how long will your solar battery last?

There’s no general answer to this question as it depends solely on the type of battery you are using. However, with proper maintenance, your battery could last longer!

How to calculate the capacity of your battery

Your solar battery capacity refers to the total amount of electricity that it can store on the go after being charged. Solar battery capacity can be measured in Amp-hours.

So let’s dive into a little bit of math:

A battery capacity with one amp-hours means that the cell can deliver one ampere of current for one hour.

So if, for instance, your battery delivers (1500amps) for three days.

One day equals twenty-four hours.

So you need to multiply twenty-four hours by three, which gives you seventy-two hours.

Therefore, to calculate your battery capacity, just multiply the (1500amps) of current your battery delivers by seventy-two hours, which gives you (108,000 amp-hours).

So your battery’s capacity is (108,000 amp-hours). Although, you should note that you might not find just one battery of this capacity. You might have to stack up batteries together in series or in parallel to get this result.

Nowadays, manufacturers design solar batteries in a way that makes it possible to stack them together, to get extra capacities.

Power rating

Although the capacity sheds light on how big your battery is, it does not enlighten you on how much electricity your battery delivers. You need to consider your solar battery’s power rating also.

A battery’s power rating tells us how much electricity a battery can supply and measured in kilowatt (K.W.). (1 kilo-watt = 1000 watts)

A battery having a high capacity but a low power rating delivers a low amount of electricity, though enough to power a few appliances for a long time. However, a battery having a low capacity but with high power-rating supplies enough power to cover your whole house. Although, just for a few hours.

Calculating how long a set of batteries would last

To calculate how long a battery will last when it is not getting any energy supply from your solar panel, you need to consider three factors.

First, you should calculate the amount of load that the battery will be powering per day. For instance, if you will be powering two (0.2 KW) bulbs, a (0.8 KW) television, and a (5 K.W.) refrigerator. The total amount of load they will draw from your battery is (6 K.W.) per day.

You also need to know the capacity of your solar battery. For instance, your solar battery could have a capacity of (3 K.W.). If this is the case, if you buy two solar batteries, you could run your whole house for a day with these batteries once fully charged. That way, you will determine that your battery will last for a day.

Lastly, you also need to consider the depth of discharge (DOD) of your battery. If the battery’s DOD was (90%), you shouldn’t use more than (5KW) of your solar battery before recharging it.

When you consider all these three factors, you can calculate how long your batteries or battery will last.


Chapter 4: Some Other Materials You Might Need to Get

Here’s a list of some of the materials you might need to get for your off-grid solar installation depending on which installation method you choose;


	
Fasteners for footers, racking, and electrical components



	
Roofing sealant (make use of high-quality roofing sealant, not silicone or other types of caulk)



	
Materials for ground mounting (poles, gravel, concrete, etc.)



	
Conduit, clamps, fittings, and boots for roof penetration



	
Electrical boxes, breakers, disconnects, and meter boxes



	
Netting or mesh for critter proofing your solar panel array






Chapter 5: It’s Time to Buy Some Wires!

The wire we use for our solar system is as important as the solar panel, inverters, and batteries themselves. Why is this so? You should be very careful when buying wires and wire connectors for your solar system.
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If you have just one bad wire or connector in your system, you can potentially cause a fire and burn down your whole house or wherever your solar system is located.

Wires are important parts of a solar system but are often overlooked. Most solar kits or packages either do not come with wire at all or only include a limited amount. That leaves it up to you to figure out what wire you need for your particular installation. They do this because every installation is unique, and they do not want to send you too much wire that you won’t need.

Wire types for off-grid solar systems

Most residential solar systems use three different types of wire - one for ground wires, one for an array, and one for running inside the 
conduit. Wires make up the conductor inside them. Electrical wires may contain one or (more conductors), a single metal wire, or (stranded conductors made of smaller wires wound together).
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Here are the different types of wires, their characteristics, and where they are to be used:

PV-Wire:

They are single conductor, insulated wires for outdoor exposure. The PV-wire is rated for (90°C /184°F) in wet locations and up to (150°C / 302°F) in dry locations.
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They contain stranded copper conductors in them and are covered with UV-protected sheathing. They come in two colors, red and black. Use the red wire for D.C positive (+) and the black wire for D.C negative (-). The PV-wires are to be used as home-run wires and other exposed connections for a solar array. The PV-wires do not need to be installed in conduit.

USE-2:

The USE-2 wires have the same characteristics as the PV-wires. They are called alternatives to the PV-wires. The only difference between the two is that the USE-2 wire is less heat tolerant.
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They use solid conductors, which are not as flexible as stranded wire conductors. They also do not need to be installed in a conduit.

THWN-2:

These types of wires are not UV-protected. They have insulated wires rated for (90°C / 184°F) for wet and dry locations.
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The THWN-2 wires are to be used in connections from array to ground level components and between ground level components. However, the THWN-2 wire must be installed inside a conduit.

Ground Wire:

The ground wire is made of copper. They can either be bare (uninsulated) solid conductors or insulated green-stranded conductors.
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Ground wires are to be used as bare solid wire for grounding metal parts of an array and exposed runs to the system ground. The stranded, insulated ground wire is to be used inside a conduit.

U.F. Cable:

They are solid copper conductors that are used as underground feeder cable for direct burial.
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The U.F. Cable is used in underground runs between ground mount arrays and house. They may or may not be run inside a conduit. However, a conduit is not required for the portion of cable at the specified burial depth.

Wire selection for your electric circuit

It makes perfect sense that you use the right wire for your electric circuit. Of course, you have the option of just using any random cheap wire you can find. However, if that’s not the right wire you are supposed to use, your circuit will have unnecessary electrical noise and hitches. So, select the suitable wire for the right work.


Note
: The insulation rating of an ideal wire should be at (105 C). Any rating lower than this reduces your wires’ current-carrying capacity.


Chapter 6: Fuses and Fuse Box

The function of fuses in your fusebox is to protect numerous circuits from electrical overload. The whole idea behind the design of a fuse is for it to become hot and melt if there is a short circuit, thereby disconnecting the bad wire from other wires to avoid a fire.
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Let’s say your battery and inverter are connected; if there is a short circuit in the inverter, the fuse between the inverter and the battery will cut the circuit as fast as possible, preventing an explosion of your battery. There are different types of fuses. We have the ‘Blade fuse,’ ‘ Cable Limiter fuse,’ ‘General purpose fuse,’ etc.

Where should your Fuse box be?

When setting up your off-grid solar system your self, there are specific places to put a fuse like in your:


	
Combiner box



	
Solar charge controller to battery connection fuse breaker



	
Battery to inverter connection fuse breaker





How to set-up a fuse

In some cases, a fuse might have already been pre-installed; for instance, some inverters come with a fuse to protect your loads from heating up and melting. However, if you want to manually set-up a fuse, here’s how to go about it;


	
For instance, we want to connect two wires to a fuse.



	
The easiest and cheapest way to fuse a wire connection is to use a blade fuse housing.
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Fuses are measured in amps. (You can have a six-amps fuse, a twelve amp fuse, etc.)
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Pick from any of the blade fuses that you have. (The fuse that you want to use depends solely on the amount of current passing through that wire as you cannot use a fuse with an amp higher than the current passing through the wire).



	
Next, insert the blade fuse into the fuse housing.
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After, cut the wire into two and attach them to whatever connection you want to fuse.





[image: ]


The fusing method we just went through now is for just one connection. If we want to fuse many connections, you can get a multiple fuse box and fuse as many connections as you like. The multiple fuse box is also more efficient because you can use various fuse amps for different connections.


Chapter 7: D.C. Switch

D.C switches are safety devices on your off-grid solar system set-up that disconnect two different parts of the solar system in specific conditions and increase the system’s safety.

Applications of D.C switches


	
To prevent a short circuit in the solar system.



	
To prevent overcurrent in inverters and other sections of the solar system.



	
To enhance the lifespan and efficiency of the battery.





There are different types of D.C switches, such as D.C breakers or rotary switches.
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Setting up your D.C switch

D.C switches consist of a positive and negative switch on top and the 
bottom of them. These breakers are rave mounted D.C switches mounted on a rave and joint to the off-grid solar part.

As you can see in the image below, two D.C switches are employed in the solar system installation.
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The left D.C switches should be connected to link your solar panel to your charge controller, while the right switch should link your batteries to the solar charge controller.

Output terminals of your battery and your solar panel should be plugged into the D.C switch by proper connectors. By connecting these two, you can control the energy flowing between your battery and your solar panel.
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You should note the D.C switch’s polarity when connecting your output terminal with the switch.
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It is clear that the D.C switch direction’s polarity is different for the upside and the downside. (For the downside, insert the positive terminal of your batteries in the left side of the D.C switch and the negative terminal of your batteries on the right side.) You should 
take note that when plugging your solar panel position terminals in the upper part of the D.C switch, the reverse is the case.

What happens when a D.C switch is turned on or off?

As mentioned before, two D.C switches are employed in the solar system installation in which one connects your batteries to the charge controller, and the other connects your solar panel to the charge controller. By pushing the black leaver on the D.C switch on the left, your battery is connected to your charge controller, which turns the charge controller on.

When the leaver is turned on, the solar panel’s energy flow to the charge controller is on the other D.C switch. And because of this, the battery does not supply the charge controller anymore; instead, the battery begins to charge.  When you switch both leavers off, no charge flows or passes through. This is what happens when you switch on / off your D.C switch.


Chapter 8: Solar panel

For most people, shopping for a solar panel is completely foreign. There is a lot of technical data you have to consider, which can be overwhelming. Not to worry, the decision-making in purchasing one is similar to that for any major household purchase.

You get to compare the product’s performance, value, suitability, and above all, manufacturer reliability and quality. Solar panels are the heart of a P.V. system, and there are a handful of options to choose from.

What you should look-out for when selecting a solar panel

The following are the primary factors you should consider when choosing your solar panel;

Performance:

The bottom line for solar panel’s performance is their power output. The power output of a solar panel refers to the amount of electricity it produces, and it is rated in watts. A solar panel rated one hundred and fifty watts can produce one hundred and fifty watts of D.C electricity under standard test conditions (STC).

Power Tolerance:

It refers to a range of how closely the panel will perform to its rated value under standard test conditions. A solar panel with power tolerance of (+/- 6%) means that the solar panel may perform (6%) above or below its STC rating. For example, if you buy a (200 watts) solar panel, it may supply a low maximum value (185 watts).

Warranty:

Solar panels are warranted separately for materials and power output. The standard warranty for a quality solar panel is ten years on material and twenty-five years on power output.

Efficiency:

One term you hear a lot when shopping for solar panels is efficiency. A solar panel’s efficiency refers to the percentage of solar irradiance converted into electricity by solar cells. So when shopping for solar panels, make sure to enquire about their efficiency.

Most P.V. solar panels offer somewhere between (15% and 20%) efficiency. Generally speaking, the best P.V. solar panels produce the best efficiency, so look-out for a solar panel with efficiency within this range.

Major types of solar panels

Conventional crystalline-silicon panels are made with one of the two types of silicon that we have;


	
Monocrystalline



	
Polycrystalline





Here is the difference in terms of features between monocrystalline and polycrystalline cells;

Monocrystalline cells


	
They offer slightly higher efficiency than polycrystalline cells, resulting in slightly smaller panels with equivalent output.



	
The manufacturers design them to have angled corners.



	
Their panels have consistent dark coloring.



	
They cost more than polycrystalline cells.





Polycrystalline cells


	
Their panels have square corners, giving them more panel area. Their more area is covered with cells, which helps them to counteract lower efficiency.



	
They often have a blue tint and mottled appearance.



	
When you buy them, check their module number. They usually have a ‘P’ in the number to indicate polycrystalline.





Solar panel support structures

As the name implies, support structures help in one way or the other to support the solar panel, keeping them firm and fixed to where they are mounted and keeping them from falling or crashing.

[image: ]


Let us discuss a few support techniques that you could use when mounting your solar panel;

Racking for sloped roof

Solar panel supports for roofs are commonly called racking. The common racking method for sloped roofs is a (Flushed mount) system. It consists of horizontal rails that support and secure the panels above and is mounted to the roof below with heavy-duty brackets. Also called footers. The footers are anchored into the rafters of the roof frame with lag screws.

On shingle roofs, each footer is coupled with a piece of metal flashing to help prevent leaks and damage to the roofing material.

Critter proof your solar array

The sheltered space between your roof and your solar panel can serve as a house for birds, squirrels, and the likes. Over time, the animals tend to chew your wires, thereby causing electrical failures.

You can keep out those animals from your wires using a simple screening system. The screen material can be trimmed to any size to fit your space, and they install with a single clip.


Chapter 9: Positioning the Solar Array

To mount your solar panel on your roof, you will first climb on the rooftop and sketch a rough plan of how the solar panel will be on the rooftop, considering everything present on the rooftop. We have already gone through sketching your roof plan and how to go about it so let’s move on.

How to mount a solar panel on your roof

This chapter walks you through the installation of an off-grid solar panel on your roof.

To install your solar panel, you first need to layout the racking.

To layout the racking on your roof, you will go about three stages:


	

Stage one
: Complete the basic layout of rails and footers by mapping out the paper’s racking and panel location.



	

Stage two
: You need to locate your rafter or (trusses) for footers.



	

Stage three
: You need to create reference lines using chalk on the rooftop and mark pilot holes to install the footers.





Let’s get to work;


	
First, get your drill bits (one-fourth inch drill bits, twelve inches long), pencil, tape measure, and chalk line ready.



	
If you are afraid of heights, you can get a fall protection kit from your local hardware store just to be safe.



	
One of the pieces of information that are not included on your engineering board is the distance between the rails up on the roof. The distance between the rails will be pre-dictated by the holes that are drilled on your specific panel.





[image: ]



	
So, measure the drilled holes on your solar panel using your tape measure. In my case, for the hundred watts solar panels I’m using, its equidistant holes are 35.5 inches apart, which means when I’m installing the rails on the roof, they are going to be (35.5 inches) apart.



	
Next, you need to find out where our rafter or truss is within your rooftop.
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As a beginner, the most accurate and foolproof way to locate rafters is to measure the rafter spacing from inside the attic (or from inside the house if you have vaulted ceilings). However, pros usually locate rafters from above the roof, using an old carpenter’s hammering trick and listening for the right sound. If you know, you can do the latter effectively. You can use the technique instead. Just be careful so as not to damage your shingle roof.



	
So once you have your center mark for your rafter, drill a hole into that point on your roof.



	
Measure the rafters in the first uppermost row by hooking your tape measure on the outside face of your first rafter and measure straight across the rafter perpendicularly. (The outside face of your rafter is on the top of your roof. It is not visible, but once you are drilling holes into it, you will feel the thickness).
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After measuring the perpendicular line, just to be very accurate, you can measure from the edge of your roof to the point of your first rafter and repeat the process to get the point of the second rafter and mark it.



	
Now, if you have multiple panels high or wide on your roof, you’d just carry out this process that many more times, but be sure that you have all your rafter points lined up before you start drilling.



	
Next, using your chalk line, make the perpendicular rafter line visible on your roof as a reference line.



	
After, find your next truss on your roof by repeating any method you prefer, either by going to the attic to locate the next one or using the carpenter’s trick. (However, for most standard roofs, truss are usually about (24 inches) apart, but you can check just to be sure).





Note:

In some cases, your roof might not always agree with your rafter layout, and you might not have rafters where you need them to be. The standard solution is to add a wooden block to where you need an anchor point.


	
Now that you have all your trusses marked out and you’ve drilled holes through those trusses, the next step is to put your flashing on your roof.



	
The whole point of using flashing on the roof is to keep water out of the holes you made through the rafter.
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Apply a clear ceiling sealant in a ‘U’ shape on the flashing and into the rafter hole you drilled in your roof.
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Next, lift some of the shingles and slide the flashing underneath them.
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The flashing usually comes with a hole in its middle. Using a lag bolt, put it through the flashing hole and the rafter hole you drilled earlier.



	
Before you ratchet the flashing firmly on the roof, you also need to fix your footer through the lag bolt.



	
Position each footer and footer base (as applicable) over a flashing piece and secure them with a lag screw through the hole in the flashing and into the pilot hole in the roof. If the footer can be adjusted on its base, leave it a little loose so you can move it as needed when positioning the rails (you will tighten the lag screws later).
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Now that the flashing is in place, you can visually see how it keeps water from entering your roof by pouring water around that area.





Note:

Lag screws must be long enough to penetrate the rafters at least the minimum distance required by the racking manufacturer and local building department.


	
The next step is to attach the rails. Attach the first section of the rail onto the footers. Leave the rail connections loose for now so you can adjust the rails later. If the row is longer than a single rail, attach the second rail to the footers, then splice the rails together using the provided splicing plate or clamp.



	
Be sure to leave the specified gap between rail sections to allow for thermal expansion (1/4 inch is typical ).



	
Tighten the lag screws on all of the footers in the row.



	
Repeat the same process to assemble all the rails in every row.



	
Next, you have to set your rail height at their ends.



	
Starting at the outside footer at one end of the bottom rail, position the rail so its mounting bolt is roughly centered top-to-bottom in the elongated hole in the footer.



	
The elongated hole allows for adjustment up or down.



	
Tighten the bolt to the specified torque setting.



	
Repeat with the last footer at the other end of the rail.





Note:

The rails — and ultimately the modules — are installed parallel to the roof and in a flat plane. They do not have to be level (perfectly horizontal). Roofs are not always level from side to side. If the roof is out of level and the modules follow it, they will look fine. If the roof isn’t level, but the modules are, you might see the difference.


	
The next thing to do is to set up a string line on your roof.



	
Tie a string line onto the lag bolt of one of the outside footers.



	
Pull the line around the end of the rail and over the top.



	
Run the line to the other end of the rail and tie it off in the same way, making sure it is taut.



	
Slip a block of wood under the line at each end.



	
The blocks you use must be the same thickness. (The blocks are a three-fourth inch thick) so the string is held above the rails.



	
After, straighten your rail by measuring between the string line and the top of the rail.



	
Adjust the rail height at each footer, so the rail is three-fourth inch (or whatever your block thickness is) from the line, then tighten the rail mounting bolt to secure it to the footer, torquing the bolt as directed.



	
Repeat at each footer until you reach the other end of the rail.



	
Next, double-check all your fastening connections (rails and 
footers.



	
It’s time to bring in your solar panel.



	
Set the first module onto the rails at one end of the row (if the array has multiple rows, start at the bottom row).



	
Fit two end and mid clamps onto the rails, using WEEB washers.



	
Measure to confirm that the module is centered top-to-bottom and is square to the rails.



	
If you are using more than one panel, Set the second module into place and snug it up against the first module with the mid-clamps(with WEEBs, as applicable) in-between.



	
Align the bottom edges of the first two modules, using a (4- or 6-foot) level (simply as a straightedge, not as a level).



	
Secure both modules with the mid-clamps and torque the clamp bolts.





Note:

Since WEEBs are installed two for every two modules, you will place the WEEBs under every other pair of mid-clamps and under the end clamps on rows with an odd number of modules.


	
Install more modules in the row, using the same techniques and adding WEEBs as needed.



	
Check the alignment of each module with the level.



	
When the row is complete, it’s a good idea to view the entire row from various angles and from the ground to ensure the modules are visually aligned with the roof.



	
If there are multiple rows in the array, install the next row modules up from the bottom, using the same techniques as before.



	
Once you’re done, you have completely set-up your solar panel on your roof.






Chapter 10: Positioning the Solar Array

Pole mounting

Pole mount falls into two categories; single-pole and multi-pole structures.

Single pole mount:

Single pole mounts include just a single upright pole used to support the solar panel mounted on the top of the pole or the pole’s side. (If you are mounting your panel on the side of the pole, you can only mount an array within a range of one to four panels.
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However, if you are mounting on the top of the pole, you can mount an array ranging from ten to twelve panels).

Multi-pole mount:

This type of mount usually carries about one or more vertical poles with a horizontal pole joining the vertical supports.
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Chapter 11: Solar charge controllers

On your journey to setting up a functioning off-grid solar system, you will need to get a solar charge controller, be familiar with all the components on it, and connect it to your solar panel and your battery, so let’s get started.

[image: ]


What is a solar charge controller used for?

A charge controller’s basic function is to regulate the supply of power coming from the solar panel into your battery to keep your battery from overcharging or passing its DOD level.

So, getting a solar charge controller is not an option for you - it’s a necessity! Except you want to spend money on getting new batteries every month (over-charging can spoil your battery).

Here are the following displays that you see on your solar charge controller screen;

Main Display

This feature displays for you whether your solar panel is or is not charging your battery (the icon on the extreme left side), what level your battery is at (the icon at the middle), and the load (the bulb looking icon).
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You can always turn the load on or off if you want it to stop draining your battery. It also displays the battery’s current-voltage (the large number on the screen with ‘V’ for voltage).

If your solar panel isn’t charging your battery, the panel icon will not be displayed on the screen. If your load (bulb icon) isn’t displayed on the screen, it means your load is not draining any power from your battery.

Float Voltage Display

This feature usually comes with a default value of (13.7 volts).

[image: ]


However, you can always re-configure it. It is the voltage at which you want your battery to stay.

Discharge Stop Display

When there is a load on your solar charge controller, it’s pulling a lot of power. You can set a fixed minimum voltage with your solar charge controller (10.7 volts).
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So, as your load is draining power from your battery, the instant your battery reaches the fixed minimum voltage (10.7 volts). You set it, and the charge controller will automatically disconnect your load from draining your battery further.

Discharge reconnect Display

You can set this feature to a fixed voltage.
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For example, if you put the discharge reconnect value at (12.6 volts), once your battery starts charging with your solar panel and reaches the discharge reconnect value (12.6 volts), it automatically allows your battery to start powering your load back again.

Work Mode Display

With this feature, you can set how many hours your load will be used in a day.
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Note:

All the values mentioned are at default; you can always customize them to meet your various needs.
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With just one push of a button, you can breeze through all these features, making maximum use of your solar charge controller. By alternatively pressing the extreme left side button, you can select which features you want to set or change from the default.

Connecting your solar panel to your solar charge controller;

On the bottom side of your solar charge controller are holes for different connections.
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On some charge controllers, they would indicate where your positive and negative wire will go into.

How to connect them:


	
After you’ve set-up your solar panel, they should have positive and negative output wires.



	
On your solar charge controller, the would have holes on the bottom end of the device where the positive and negative wires will go.



	
The first two holes are for connecting the solar panel with the charge controller.
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The solar panel’s positive and negative wires will go into the charge controller indicated on the device’s bottom side.



	
To put the wires inside the holes, you will need your screwdriver to unscrew the bolt in the hole. Insert your positive solar wire into the positive terminal and your solar panel negative wire into the negative terminal. Then, screw the bolt back in to hold the wire firmly.





How to connect your solar charge controller to your solar battery

This is quite similar to the solar panel-charge controller connection.


	
Get two lead wires of opposite polarities (positive and negative).



	
Insert them into the two holes in the solar charge controller reserved for battery connection.



	
Using a screwdriver, unscrew the bolts, insert the right wire into the right hole (positive wire for a positive hole and 
negative wire into the negative hole).



	
Screw back the bolts to hold the wire firm. 



	
Next, you have to connect the wires to the positive and negative terminals of your battery.



	
With your hand, slightly unscrew the terminal bolt of the battery a little bit, hook, or wrap your wire around the terminal screw and screw it back to hold the wire firmly.



	
Do this for the positive and negative wires.



	
Once you’ve done that, you will notice that your charge controller has powered-on automatically.





Solar Charge Controller Tips

On the control panel of the charge controller, there are led lights indicating temperature, power from the solar panel, and battery.
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The led light for power from the solar panel displays two patterns of light;


	
A steady green light from the led bulb means charging.



	
Blinking green light means over-voltage.





The led light for battery;


	
Blinking green light means that the battery is full.



	
A steady green light means that the battery is normal.



	
An orange blinking light is for a low battery.



	
A red light is for a depleted battery.






Chapter 12: Inverters

All P.V. solar systems include one or more inverters that convert the solar-generated D.C. power to A.C. power for use in your house appliances.
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In almost all P.V. systems, the inverter is the center component that binds the whole system together. Inverters are electronic devices that come in all shapes and sizes, and they are classified mainly on their power rating.

Note:

Before buying an inverter, you should know the amount of load you want to power in your house. An inverter’s power needs to be higher or at least equal to the amount of load that you want to supply.

Setting up your inverter and powering your A.C home appliances


	
Select a location for your inverter which is suitable and very easy for you to access.



	
Ensure that the location you select must be far away from flammable water materials or away from sunlight.



	
Next, mount your inverter either on a wall or any free space.



	
Ensure that your inverter wheels are locked to restrict its movement when connecting it with your solar battery.





Note:

Before connecting your inverter to your battery bank, here are some tips;


	
1.Use the biggest, thickest wire you find for the connection.



	
Make the distance between your inverter and your battery bank as short as possible.





This is because the inverter can pull an excessive amount of current from your battery bank when supplying heavy load appliances, and your wires should be able to carry those currents. Thin wires won’t be able to carry current as much as thicker wires can.
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The inverter should have a positive and negative terminal (the red terminal is usually positive, and the black is usually the negative).
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Before you can connect your battery’s positive and negative wires, you will have to unscrew the red and black nuts on your inverter.
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Next, use the positive cable from your battery, connect it to the positive terminal on your inverter, and the negative cable on the negative terminal on your inverter. Then, screw back the nuts with the battery bank cables in place.





Note:

If you connect your negative cable first to the inverter, there should be a little spark when you are connecting the positive one. But, not to worry, it’s not lethal, just be careful and make sure your hands are not wet or moist.


	
Now, you are done connecting the battery bank wires to your inverter.



	
Your invert should work fine now. All you need to do is power it by pressing the power button.



	
If your battery bank is full, it should display a green light.



	
You can start plugging your A.C loads into your inverter for power.






Chapter 13: Grounding or Earthing Your Off-Grid Solar System

Grounding or earthing is when electrical charges from your P.V. system are discharged into the ground/earth. It is a protective measure when working with anything related to electricity.
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The difference between grounding and earthing is that;

If you are grounding your solar system, you are using a current-carrying conductor for the process, whereas, for the earth, you will use a non-current carrying conductor.

The main reason for grounding or earthing your solar system is to transfer the lethal roaming charges around your off-grid P.V. system to the ground to ensure safety to both the user and the equipment. Grounding or earthing your solar equipment might seem unnecessary as your system already comes with fuses and disconnects.

However, there is still some equipment that you should ground. For instance, your solar panel consecrates a large amount of electricity, so grounding your solar panel is reasonable. However, you can 
decide to ground whatever part of your solar system.

Here’s how to ground your solar panel;


	
For grounding your outdoor solar panel, you have to use the thick copper wire that can handle the enormous electric current.
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Drive your grounding rod deep into the earth. (You can dig a hole or any other means necessary).



	
Make sure your rod is at least six inches above the ground.



	
Next, get your copper wire ready.



	
Use a clamp to attach it to your grounding rod.



	
After that, attach the other end of your copper wire to your pole mounting system.



	
Around your grounding screw on your solar panel, unscrew it and attach the copper wire to it. After, screw it back to hold it firmly in place.



	
Attach your wire to the pole by using a zip-tie or black tape.



	
You are done grounding your solar panel, and you and your other solar equipment are now safe from spikes of electricity.






Chapter 14: A Brief Introduction to Electricity

How to measure electric current

Electric current can be defined as the rate of flow of charges through a current-carrying conductor. There are many ways to measure electric current.

If you want to measure a particular amount of current being supplied, you can use an ‘Ammeter’ to determine the exact amount of current flowing.

You can also calculate the amount of current that a piece of equipment can supply if it is not given.

By using a physics formula;

Power = Current x Voltage (P = IV)

If, for instance, you are told that your device has a (400 watts) power and a voltage supply (12 volts). You can easily calculate the amount of current it will supply simply by using that formula.

Re-arranging the formula, you have;

Current = power / Voltage.

By doing this, you will get the amount of current that that equipment will supply.

The Relationship between Amps, Ohms, Volts, and Watts


Amps
—Short for Amperes is the unit of current. Any device which indicates their current will have the little ‘A’ symbol after the number. For example, your electric bulb in your house could be rated (15 A).


Ohms

—The S.I term, ohms, indicates resistance. Resistance is the opposition to the flow of current. If a wire is said to have (5 ohms) resistance, then the wire opposes the current flowing through it (5 ohms). So you should ensure that for whatever wire you use, make sure the current you will be sent through a wire is strong enough to over-power the resistance.

If you are working with any device with resistance, make sure you put it in mind (resistance) when calculating.


Volts
—Short for Voltage refers to the potential difference (P.D) right between two points on a current-carrying conductor.


Watts
—Is the unit for power. Your solar equipment (battery bank, inverter) has a power at which they supply, measured in watts.

Now, how are they related?

They are all connected through formulas. From the one we mentioned earlier:

Power = Current x Voltage

It links your watts, amperes, and voltage together. So you can manipulate it to give you what you need.

How does resistance fit into any of these?

Voltage = Current x Resistance (V = IR)

So you can input the value for voltage into the first equation.

Power = Current x Current x Resistance

So whenever you see a light bulb with a ‘100watts / 110volts’ on it, you shouldn’t be too confused. Understanding all these terms will help you when installing your off-grid solar system or when you are calculating the amount of load that your appliances are consuming.


Chapter 15: Designing your System

P.V. circuit fundamentals

Before you go on with using all the skills you’ve learned while reading this book, you will need to understand a few principles of electricity;

Series and Parallel Wiring

Series wiring and parallel wiring are two configurations used for different parts of a P.V. system. Individual modules are wired together in series to create the series-strings. The series-strings are then wired together in parallel before feeding the rest of the system. This applies to off-grid systems. Off-grid folks also will apply series and parallel wiring to the battery bank.

Wiring solar panels in series mean that you join the positive (+) lead of one module to the next’s negative (–) lead. At the end of this string, you have one extra negative lead on one end and one extra positive lead on the other end. The effect of series wiring is that the voltage adds up while the amperage stays the same.

For example, if you have eight modules in a series string, and each has an output rating of 25 volts at 6 amps, the string will have a voltage rating of 200 volts — (8 x 25) at 6 amps of current.

Wiring series-strings of solar panels in parallel means connecting the extra positive leads of the strings and the strings’ extra negative leads. The effect of parallel wiring is that the voltage stays the same while the amperage adds up.

For example, if you have two of the above strings (250 volts at 6 
amps) and wire them in parallel, the entire circuit will have a rated output of (250 volts) at (12 amps). (Remember that volts x amps = watts; therefore, this array has a rated power output of (250 x 12) = 3000 watts.)

Take note that wiring your panels in series brings up the voltage without raising the current.

Electrical circuit rules

These three rules govern the basic D.C. electrical circuits wired in series and parallel;


	
When series-strings of solar panels are wired in parallel, each of the strings’ voltages is forced to be the same!



	
When series-strings of your solar panels are wired in parallel, the strings’ total amperage adds up while each string’s voltage stays the same!



	
When your solar panels are wired in series, the voltages add up while the amperage stays the same!





You will apply these three rules when calculating your solar panels’ output values and make sure the values are compatible with your inverter’s input specifications and requirements.

Off-Grid System Design

These are the five basic designs steps you need to take to install your solar system as a DIY installer;


	

Loads
: Calculating household electrical loads



	

D.C. Power Objective
: Sizing the P.V. array using PVWatts.



	

P.V. Solar Panels

: Running panel specs and determining the array’s physical layout.



	

D.C. System Specifications
: Electrical calculations for solar panel series- and parallel-strings, charge controller, and inverter.



	

Battery
: Sizing the battery bank using battery model specs.






Chapter 16: Beyond Installation

P.V. safety rules

Always shut down the P.V. system and confirm the power is off before working on any wiring. Even small residential P.V. systems produce more than enough electrical current to kill! Accidents are preventable if you effectively shut off the power before working on or maintaining the system. Follow the proper procedure to shut down the entire P.V. system. If you are working on or near any wiring, test the wires with a multimeter to confirm that the power is off before touching any wires.

Never connect or disconnect wires under load. The load is a general term for anything that has the effect of drawing power from an electrical circuit, creating a current flow. It’s dangerous to interrupt the circuit while the current is flowing.

Shut down and start-up procedures

The main shutdown devices for P.V. systems are the disconnect switches and the breakers. On most systems, the A.C disconnect can be locked out in the ‘Switched Off’ position by securing the switch arm in place with a padlock.

Locking out the A.C. disconnect switch prevents another person from turning on the power feeding the house while work is being done on the household system. If a switch has lockout capability, use it. Different types of systems have somewhat different shutdown procedures, and it’s important to understand what part of the system is disabled ’at zero voltage’ and what parts are not.

For example, on a microinverter system, turning off the A.C. disconnect shuts off the microinverters’ power, effectively shutting down everything but the solar panels themselves and their wire leads.

With a string inverter or off-grid system, activating the rapid shutdown disconnect turns off the power at the disconnecting combiner box within ten feet of the array. The array and all the wiring between the panels and the combiner box remain life. The only way to make your solar panel stop producing electricity is to cover it completely so that no light gets through. But that is rarely necessary for normal system maintenance.

How to shut down off-grid systems


	
If the system has a generator, turn off the generator disconnect to shut down A.C power input and disable any auto-start function.



	
Activate the shutdown button or switch on the P.V. system’s rapid shutdown control box. If the off-grid system does not have a rapid shut down, turn off all D.C disconnects from the P.V. array.



	
Move the switch on the system A.C disconnect to the ‘OFF’ position, and lock it out. This ensures that the inverter is not under load.



	
Switch the D.C disconnect for the inverter to the ‘OFF’ position. This ensures the inverter cannot provide A.C output.



	
Turn off the D.C main disconnect, which will shut down the P.V. charge controller.





How to power-on an off-grid system


	
Turn on the D.C main disconnect, which will turn on the charge controller or the battery bank breakers.



	
Switch the D.C disconnect for the inverter to the ‘ON’ position.



	
Move the switch on the system A.C disconnect to the ‘ON’ position.



	
If the system has a generator, turn ‘ON’ the generator disconnect to start A.C power input and enable any auto-start function.





Maintenance and troubleshooting

Maintenance

Cleaning and Inspecting the Array.

A routine cleaning not only helps optimize system performance but also allows for an up-close visual inspection of the solar panels, wiring, and other hardware, just to make sure everything looks okay. How often you need to clean depends on the local conditions.

If the weather is dry and there’s a lot of dust in the air, you may find it helpful to clean a few times a year. Heavy accumulation of tree pollen also warrants cleaning, as do birds poop and leaves from trees, which effectively shade solar panels. But with many systems, if you decide to skip a seasonal cleaning or two, it probably will have little effect on your average system performance, especially if rain occasionally washes the panels for you. And, if necessary, you can always use binoculars to inspect a rooftop array from the ground.

Snow removal is also a good idea, but in general, once the sun comes out, P.V. solar panels tend to lose their snow cover faster than conventional roofing. If you want to sweep snow off of your panels, take the following safety precautions when getting onto a snow-
covered roof;


	
Safety first! Use fall-arresting equipment for all rooftop work.



	
Clean the panels from top to bottom, using plain water and a non-abrasive sponge or coarse rag. You can use a synthetic scrubby pad for stubborn spots, but don’t use metal scrubbers (or metal tools of any kind) or any abrasive cleaners, which can scratch the panel glass.



	
Rinse the solar panels with plain water.



	
Squeegee the glass to remove water droplets. (Of course, you don’t squeegee after every rainstorm, but rainwater has very little mineral content, unlike ‘hard’ municipal water, which leaves mineral deposits.) You might want to use a long-handled window cleaning tool (with a sponge and squeegee on one head) to reach interior panels.



	
Inspect the modules and wiring for problems (see What can go wrong with panels and wiring) and for evidence of small animals visiting or nesting under the array, potentially chewing on the wiring. If this is a problem, you can always critter-proof your array.





Troubleshooting

The easiest way to check on your P.V. system’s health is through regular data monitoring, which allows you to keep tabs on performance factors like power output, array voltage and current, and kWh energy production.

If you get into the habit of checking the data regularly, you will quickly discover normal function patterns and learn how your system performs under different conditions. This becomes your 
basis for knowing when something isn’t normal, such as when output is significantly down on a clear day.

If your array production/power output is lower than normal, it could be due to  one or more of the following;


	
A bad solar panel.



	
Old batteries (for off-grid systems, batteries may need replacement every five to eight years)



	
Shading.



	
Damaged wiring.



	
An unusually high temperature lowers panel efficiency.



	
Dirty modules/debris on panels





What can go wrong with solar panels and wiring?

Under normal conditions, a quality P.V. solar panel placed online today will most likely be cranking out electricity at nearly the same rate thirty years from now. When problems do occur, it usually means replacing the panel. Here are some of the issues you might see and what they can indicate:


	

Cracked glass
: Cracks can let water inside the module, possibly leading to corrosion, electrical shorting, and even a shock risk. So when you see a cracked panel, you need to replace it.



	

Hot-spotting
: Hot-spotting can occur when one cell in a string of cells is consistently shaded, leading to a concentration of power in a small area. Visual clues may include corrosion, cell discoloration, dark spots on cell wiring, melted solder on intercell wiring, or cracked glass. Not to worry, most solar panels today are designed with bypass diodes to help eliminate problems due to shading.



	

Cracked/broken cell

: Physical cell damage often is due to mishandling and is caught during installation, but things like hail and temperature stress can lead to broken or cracked cells after installation.



	

Discolorations of cells
: Cells with a cloudy, whitish appearance may indicate water intrusion, hot-spotting (at its right), or delamination of the cell and glass, although delamination is much less common now than in the past.





If the off-grid system is not producing power at all, it could be due to one or more of the following;


	
A tripped breaker. You can visually inspect your system and check for obvious problems, then reset the breaker



	
Blown fuse in the combiner box



	
Activation of the rapid shutdown



	
A failed control board in the inverter



	
Someone shut off the P.V. system while working on the home’s electrical system and didn’t restart the P.V. system





Battery maintenance for off-grid systems

Some battery banks require regular maintenance. Routine tasks include watering (refilling the batteries with distilled water), equalization charges, and testing specific gravity and voltage.

Note:

While sealed batteries don’t need regular maintenance, It’s essential to inspect them periodically to check for loose connections or corrosion and to clean the tops as needed.

Here are the regular maintenance you should carry out regularly on your battery bank:


	

Watering
 is typically required every four to eight weeks, but schedules can vary widely. When batteries are new, it’s a good idea to check the water levels once a month until you have a sense of how often they need topping off, and then you can adjust the schedule as needed.



	
Refill only when batteries are fully charged, and use only distilled water.



	
If you check the water level when the batteries are not fully charged and find that the plates are exposed, add enough distilled water to cover them. Charge the batteries fully, then check the water levels and add water to the specified level.



	
Batteries contain lethal amounts of energy. Be careful when cleaning the terminals and watering. Do not touch the terminals with your bare hands!





Another battery maintenance technique is ‘Equalization.’ It is a process of overcharging the batteries to reverse the effects of stratification (when acid levels become higher at the bottom of the battery than the top) and sulfation (a buildup of sulfate crystals on the plates), both of which shorten battery life.


Conclusion

Once you have read up to this point, you will agree that setting up an off-grid solar system isn’t a daunting task. Once you know what you want to achieve, you will easily breeze through the setting-up process after reading this book.

Apart from the guide and tips you have read above, it would be best if you worked with a lot of confidence. Seeing all the technical solar equipment at first glance can easily intimidate anyone, but then, you can be sure to attack this issue with a well of confidence.

You should also be patient while setting up your off-grid solar system as Rome was not built in a day. It might take some days before you fully set-up your off-grid solar system. Don’t push yourself too hard, or you could get frustrated quite easily.

Once your off-grid solar system is up and running, you will enjoy the comfort that comes with using power from the sun without having to pay a dime! And in the process, reducing the earth’s chances of global warming.

Cheers!
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