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CAUTION

Electricity is marvelous, but it can be dangerous if handled carelessly. Respect it, deal with it carefully, and electricity will give you a lifetime of service. When constructing and operating the applications to follow, review and follow all cautions, warnings, and other notes published in the manuals for each of the components mentioned. 
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What You Can Power Off-Grid

Solar Panels

The Problem with Connecting Directly to a Load

The LM2596 Buck Converter Solution

FREE ELECTRICITY! Our sun impacts everything here on earth. The earth acts like a huge sponge and a virtual expressway for incoming solar radiation. Most of this sun-generated solar radiation bounces off earth’s ionosphere and travels on into deep space. However, some of this radiation washes over our earth and electrically affects certain solid materials (such as silicon). We can use the electricity produced in the silicon to get DC to energize devices we use.

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

This is a fun book about using this solar energy to do things—light, heat, cool, vibrate, or rotate. This book is about building circuits and connecting devices to demonstrate the value of solar power in our world.

To build these applications, you’ll need, as a minimum, a solar panel, a way to stabilize the varying photon waves washing over the panel, and a load that reacts to the incoming electrical energy. 
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What You Can Power Off-Grid

Here are typical applications that can be powered by solar. Those covered in this book are marked with the Application Number (APP__):

TABLE 1

Uses for Solar Power
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Solar Panels

Solar panels are used to convert sunlight into electrical power. They’re identified by the watts of power they generate. Watts equal voltage times current (W=E.I). Connect panels together and you can produce kilowatts (thousands of watts) of DC power. And it all starts with photons making contact with a solar cell containing silicon.

Here are three types of solar devices you’ll encounter in your adventure exploring solar-based electricity. 
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Monocrystalline  Polycrystalline  Amorphous

Figure 1 – Three types of solar cells.
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Monocrystaline  Polycrystalline  Amorphous

a  b  c

Figure 2a,b,c – Common types of solar panels.

The Problem with Connecting Directly to a Load

The output of a solar panel is not static. Its voltage is constantly changing depending on when the waves of photon particles (solar radiation from eruptions on the surface of the sun) arrive and wash over the earth. This can be seen in the inverter displays of the voltage being produced by a rooftop solar array.
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Figure 3 – Photon wave arrives and photons are sensed..

[image: image][image: image]

[image: image]

Figure 4 – Photon wave passes. Fewer photons are present.
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Figure 5 – Solar panel senses arrival of next photon wave.
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Figure 6 – Photon wave passes on.

To use the energy being created by the sun, we need a way to stabilize this changing DC voltage that is produced at the output of the solar panel. Enter the DC-DC Buck Converter.
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The LM2596 Buck Converter Solution

The DC-DC Buck Converter is an ingenious device invented in the middle of the last century to step down (convert) DC input voltages to a lower DC output voltage. The efficiency of step-down buck converters is often over 90%, making them useful for converting 12V down to 1.8V, 3.3V, or 5V used in USB, DRAM, and computers. But they are also excellent ways to stabilize changing voltages coming out of solar panels.
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Figure 7 – Buck converter circuit boards

The buck converter is ideal for taking a varying input and converting it to a continuous output. The LM2596 can input from +4 to +40Vdc and step it down to a selectable +1.23 to +35Vdc at a maximum current of 2A. It’s a good choice for controlling low power applications with varying input.

We connected a solar panel with photon wave variations of DC and found the output of the converter a nice steady voltage. It only works for DC applications that need up to 2 amps of current, but many DC applications can use this tiny circuit.

Here’s a list of the devices with current consumption within the 2 amp limit of the LM2596:

TABLE 2

Devices That Can Use LM2596 Output
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BUILDING YOUR OWN SOLAR-POWERED APPLICATIONS
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Resources Available

Solar Panels Available

Batteries Available

How to Determine Battery Charge

Inverters Available

Basic Solar Application Configurations

Powering AC Appliances and Equipment

Volts, Current and Watts Revisited

Applications You Can Create

Components Required

Powering AC Appliances and Equipment

Estimated Costs for Components 
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Resources Available

The idea is to repurpose parts readily available. Use components in your garage, shop, or electronic parts drawer. You’ll find other useful items at your local thrift shops or at local garage sales. Many people also search for things on Next Door Neighborhood or other social media platforms.

I made a list of the applications I wanted to power with solar energy. I separated them into their electrical current requirements. Then found the components that provided the voltage and current needed. When I listed the costs for components in various applications, the things that I already had reduced the cost for those applications where I could repurpose what I already had.

Solar Panels Available

I had three types of solar panels available for my back yard applications. Two were useful for low current applications. Figure 8a shows a 10W polycrystalline panel like you see mounted alongside the highway to power roadside emergency phone stations and the like,. This one outputs about 21 volts at about 0.85 amps (850 mA). Figure 8b shows a 25W amorphous solar panel that puts out about 19 volts at 1.25A. The output current of both panels is within the 2A max current limit of the LM2596 buck converter device shown in Figure 8c.
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Polycrystalline   Amorphous   Buck Converter

a  b  c

Figure 8 – Powering low current devices.

I connected one of the panels directly to the input of the LM2586 (Figure 8c) and adjusted its output voltage with a small flathead screwdriver out down to 5Vdc. The output was steady and solid—without fluctuations. Problem solved (at least for low power applications).

Figure 9 shows a three panel array from Harbor Freight that was sold in their 45W solar power kit. This array puts out 19 volts at up to 3.3A. Besides powering DC devices, it can be used to power AC devices that need over 2A of current and use a 120V electrical cord.  I used this panel array to drive a television on my patio.
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Figure 9 – A three panel solar array that generates higher output current.

These can be connected in parallel to produce even larger current sources. Two three-panel arrays connected in parallel can produce 8A at 19.5Vdc.

Batteries Available

To power AC devices, you’ll need a battery and a DC-to-AC inverter. I had two types of batteries available for my projects—a 12V 35Ah solar battery from Harbor Freight and a 6V 210Ah golf cart battery from Interstate. Two 6V Interstate batteries connected in series can produce 12V DC at 210Ah. I used these batteries to power a refrigerator in my kitchen by connecting the output of the parallel-connected batteries to a 1500 watt inverter. 
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(a) 12V solar battery               (b) 6V golf cart battery.

Figure 10 – Batteries used in solar power experiments.

How to Determine Battery Charge

Here’s an easy way to determine the charge condition of your battery. Measure the DC volts across the battery terminals and compare the reading on your meter with the table below:

TABLE 3

State of Battery Charge
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Most inverters will shut down when the battery voltage drops to 11.7V. This is considered “discharged.” And charge controllers will shut down when the battery voltage gets to 14 volts to keep from overcharging the battery. These protection circuits are invaluable when operating on solar-battery-inverter power.

Inverters Available

To create AC from a DC battery, I had a number of inverter options—150W, 300W, 700W, 1500W, and 2000W. Except for the 2000 watt inverter, each of these inverters are “modified sine wave” devices because they produce AC-looking current that is actually a series of square waves.

A “pure sine wave” inverter produces a smooth AC sine wave current. These inverters round off the square wave shape of the AC producing a nice smooth curve in the output AC waveform. This inverter costs about double what a “modified” inverter cost. While the pure sine wave inverter is best for some equipment, most appliances and equipment today can operate satisfactorily with square wave (modified sine wave) current. I chose to use a modified sine wave inverter for most of my applications and have never had a problem or noticed any degradation in operation. I bought a 2000 watt pure sine wave inverter for driving my larger AC appliances (e.g. refrigerator and freezer). Here are the inverters that I use:
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(a) 150W    (b) 300W   (c) 700W     (d) 1500W        (e) 2000W

Figure 11 – Inverters used for applications in this book.

Remember. Current is the key here. Below is the operating current capability of each of the inverters used for the applications to follow.

TABLE 4

Inverter Current Capability
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The larger the inverter, the more current it requires (and the faster it draws down the battery).
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Figure 12 - 150 Watt DC-AC Inverter

The output of the 150W inverter is 1.25A at 120Vac (150W/120V=1.25A). It can power the following:

TABLE 5

150W Inverter Capability
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Figure 13 - 300 Watt DC-AC Inverter

The 300W inverter produces 120Vac at 2.4A (300/120=2.4). It can power the following:

TABLE 6

300W Inverter Capability
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Figure 14 - 700 Watt DC-AC Inverter

Figure 14 shows the 700W inverter. It produces 120Vac at up to 5.8A (700/120=5.8). This inverter can power the following:

TABLE 7

700W Inverter Capability
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Figure 15 - 1500 Watt DC-AC Inverter

Figure 15 is the 1500W inverter whose 120Vac output can reach 12.5A (1500/120=12.5). This 1500W inverter powered the refrigerator-freezer in my kitchen. This inverter can power the following:

TABLE 8

1500W Inverter Capability
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Figure 16 - 2000 Watt DC-AC Inverter

The 2000W inverter in Figure 11e produces 120Vac at up to 16.7A (17.4A rated). This device was used to power a large stand-up freezer. This 2000 watt 2000 pure sine wave inverter can power the following:

TABLE 9

2000W Inverter Capability
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For other AC applications you want to power with solar, select the inverter that can output the current required by the device or appliance.

Below is a helpful table based
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