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If you want to try your hand at DIY solar, a small off-grid system is 
safer and easier to install than a full rooftop solar system. In most 
places, installing and connecting a solar system to the grid requires 
professional licenses or certifications. And, as we covered in 
our previous article, many states restrict residents from connecting a 
DIY system to the power grid. But building a small off-grid system 
can be surprisingly straightforward. All you need is some simple 
calculations and basic electrical know-how. 

Let’s go over how to plan, design, and install an off-grid solar power 
system. 
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Equipment and Tools Needed for a DIY Solar 
System 
Before we talk about installing, here is a list of equipment and tools 
you will need: 

• Solar panels: The first and obvious item you will need is a solar panel(s). Panels are the 
energy-producing part of the system. 

• Inverter: An inverter converts direct current (DC) from the panels into usable, 
alternating current (AC). Most modern appliances operate on AC power, unless you 
choose to use a set of DC appliances for your system. 

• Battery: A battery stores excess power during the day and supplies it during the night — 
an important task since solar panels stop working after sunset. 
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• Charge controller: A charge controller improves the efficiency and safety of the 
battery’s charging. 

• Wiring: A set of wires is needed to connect all the system components. 

• Mounting racks: Although optional, mounting racks are useful for placing the solar 
panels at an optimal angle for power production. 

• Miscellaneous items: In addition to the essential items listed above, you may need the 
following components to complete the system: 

o Fuses/breakers 
o Connectors (note that many modern components come with integrated 

connectors) 
o Cable ties 
o Metering device (optional) 
o Terminal lugs 

• Tools: You will also require some easy-to-use tools to install the system. 

o Wire stripper 
o Crimping tool 
o Pliers 



o Screwdriver 
o Wrenches 

How To Design a Solar Power System 
Designing a solar power system means determining the size of the 
system you need. This size mainly depends on the total electricity 
requirement of all the appliances the system will power. 

To do this, list all your appliances and their power (hourly) and 
energy (daily) consumption. The power rating of each appliance is 
given in watts (W), and often noted on the appliance. You can 
also use online tools to find out the power consumption of your 
appliances. 

Calculate the energy consumption by multiplying power 
consumption by hours of use. Once you know the power rating of all 
appliances you plan to run on solar, make a table with power and 
energy values. 

Here’s a sample table. Note that values in the last column are 
products of the preceding two columns (watts and hours). 

http://hes-documentation.lbl.gov/calculation-methodology/calculation-of-energy-consumption/major-appliances/miscellaneous-equipment-energy-consumption/default-energy-consumption-of-mels


 
The above table indicates that at any point in the day, the maximum 
power draw from the solar panels is 470 W, and that the total energy 
consumed in a 24-hour cycle is 2,740 Wh, or 2.74 kilowatt-hours 
(kWh). Let’s see how to use these numbers to calculate the size of 
solar panels, inverter, and battery. We begin with the battery. 

A typical 20A charge controller. Source: Samlex 

 

https://samlexamerica.com/products/20-amp-charge-controller-msk-20a/


Sizing the Solar Panels 

To size your solar panels, begin by finding out the average sunlight 
hours in your location. You can find the daily sunlight hours for any 
location from one of the many sources on the internet. Once you have 
that number, below is the simple calculation to find out solar panel 
size. 

Total energy required (Wh) ÷ daily sunlight hours (h) = solar panel 
size (W) 

Assuming that the location in the above example receives about 4.5 
hours of sunlight daily, we have: 

2,740 Wh ÷ 4.5 h = 608 W panels 

Again, with some safety margin, we can use two 350-watt solar 
panels. These two panels will be connected in series as shown below. 

https://www.currentresults.com/Weather/US/average-annual-state-sunshine.php


Solar panels connected in series. Source: Redarc 

 

Sizing the Battery and Charge Controller 

Most companies now offer batteries 
specified in Wh or kWh. For the load 
profile in our above example, the 
battery should be able to store a 
minimum of 2.74 kWh. Add some safety 
margin to this, and we can use a 
reliable battery size of 3 kWh. 

A typical 3 kWh solar battery. Source: BigBattery 

 

Selecting a charge controller is similar. Look for a charge controller 
with a voltage rating that matches the panel and battery voltage 

https://www.redarc.com.au/images/uploads/files/parallel_vs_series_panels.pdf
https://bigbattery.com/products/12v-seal-lifepo4-228ah-3-0kwh/


(e.g., 12 V). Check the controller specs to ensure its current capacity is 
higher than the rated current of the solar panels (e.g., use a 20A 
controller for 11A solar panels). 

Choosing the Inverter 

Your inverter selection depends on the ratings of your battery and 
solar panel. Choose an inverter with a power rating slightly higher 
than your panels. In the above example, we have 750 W panels and 
can use a 1,000 W inverter. 

Next, make sure that the inverter’s PV input voltage matches the 
voltage of the solar panel (e.g., 36 V), and the battery input voltage 
matches the voltage rating of your battery (e.g., 12 V). 

You can buy an inverter with integrated ports and connect your 
appliances directly to the inverter, for ease of use. 

A typical off-grid inverter with ports (source: Nature Power) 



Choosing the Right Cable Sizes 

For small systems like the one we are designing, cable size is not a 
big concern. You can choose to use a general, 4 mm cable for all 
your connections. 

For larger systems, correct cable sizes are essential to ensure safe 
and optimum performance. In that case, make sure to use an 
online cable size guide. 

Installing the System 
By this point, you will have all the correctly sized equipment. This 
brings you to the final step — installation. Installing a solar power 
system is not complicated. Most modern equipment comes with 
ready-made ports and connectors so it’s easy to connect the 
components. 

When connecting the components, follow the wiring diagram shown 
below. This will ensure that the power flows in the correct sequence 
and direction. 

https://www.zw-cable.com/news/Solar_Cable_Sizing_Guide_How_Solar_PV_Cables_Work_Calculating_Size.html


DIY off-grid solar system wiring diagram. Source: ZHC Solar 

 

Final Thoughts 
Going solar does not mean you must hire a team and spend 
thousands. If you are installing a simple, small off-grid unit, you can 
do it yourself with a little math and some basic electrical knowledge. 

Alternatively, you can also choose a portable solar system, which uses 
a device that combines the battery, inverter, and other electronics 
into a single unit. All you need to do is plug your solar panels into it. 
This option is slightly more expensive but is also the simplest. 

https://zhcsolar.com/solar-panel-charge-controller-wiring-diagram/
https://earth911.com/eco-tech/portable-solar-energy-systems/


Amazon carries a wide array of parts that you need.  Some solar 
panels come in a fold up with a carrying case like this one.   

https://www.amazon.com/Renogy-200-Watt-Monocrystalline-
Controller/dp/B07RFQVB9M/ref=sr_1_1_sspa?crid=OT2K7W02GALP&d
ib=eyJ2IjoiMSJ9.St85oyH_UmEQS_wiwxaIWE2ZmUfhVKnQ0yY1pDVCoL
PiHnToa5ZX61l44KSYQHw1xv45Bo_U-C3s2fo_-jeCAVLcBrX8VkU-r1-
qqXlypo_MNsQJqxTGJBsivkDG-
Sv7kJp5K6Hg7FbNE4QBvEpzp48eTVLm35OznBRpsE52yfqfCc_CCnofLK
yAYI-eZb2fOcxh88jwNXQixLgQ-iY5VpXFG-DbsYKVyuk-
QEZhaX0.jp_5kF5n4o8K9cUuAWsn5UL5OE_SHvIKav_9zd8qgiU&dib_t
ag=se&keywords=renogy%2B200%2Bwatt%2Bportable&qid=17108045
44&sprefix=portable%2B200%2Bwatt%2Brenol%2Caps%2C150&sr=8-
1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1 

See a system here on YouTube. 

https://www.youtube.com/watch?v=uobUwjCLfok 
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