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Introduction

Every hour of every day enough solar energy falls on the Earth to supply the entire planet with

power for a year. The energy is completely free and non-polluting; there’s no danger of an oil spill,
no mountaintop removal, no toxic waste, no smog, no nuclear meltdowns, and no monthly bill. Plus, it
will keep coming for at least a few billion years.

The only catch is that we haven’t entirely figured out how to harvest as much as we need. We’re
making progress, but we’re not there yet.

This book is a primer on how you can begin. You don’t have to stand on the sidelines waiting for
scientists to invent the perfect solar cell. There are cost-effective, efficient ways to harvest solar
energy right now. Solar cookers, solar hot water heaters and solar hot air collectors, to name a few,
can all be made using standard building materials available from home centers, and they save money
and energy right away. Even photovoltaic panels, which are still widely thought to be too expensive
for the average homeowner, sometimes wind up being cheaper than conventional power after you
factor in rebates, tax credits and money earned when you generate more electricity than you use. And
if you live (or would like to live!) off the grid, solar cells are actually the cheapest power source.

The term “solar power” is really a bit misleading. Solar power is not just big arrays of solar
panels. There are two essential strategies for harnessing solar power. The first uses photovoltaic
cells to convert light to electricity; depending on the size and number of panels, cells can power
anything from a pocket calculator to an entire city. However, the basic building block—the cells—
have to be manufactured. The second type of solar power involves concentrating and converting
sunlight to heat; the technology to do that is simple enough to be understood by children, relatively
inexpensive, and very DIY friendly. If you can glue aluminum foil to cardboard or cover a wooden
box with a piece of glass you can make a working solar collector and start saving real money
immediately.

In this book we’ll explore both types of solar power, explaining how-to projects that you can build
with basic tools and skills. We’ll show you how to heat your own water, warm up your house, dry
your own lumber, make your own distilled water and do other projects that turn solar heat into
reduced utility bills. We’ll also explain the basics of solar electricity, from battery charging and
simple lights and pumps to sophisticated whole-house systems, and show you simple ways you can
make use of solar electric technology right now.

Most home centers carry all the materials you need to get started with solar thermal projects like
hot water heaters, and some sell solar panels and plug-and-play systems. If you want to go further and
jump into more complex projects, you can find suppliers in the Resource Guide who will help you put
together anything from a battery-charging station to a large, whole-house solar system.

The sun is shining. Let’s get started.



Solar panels are combined with solar hot water collectors (the panels along the ridge) to provide electricity, hot water and heat for this
home.
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With a few photovoltaic panels and storage batteries, isolated areas miles off the electric grid, like this village on Surin Island in
Thailand, can have reliable power for modern convenience.
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Solar power plants are most cost-effective in parched desert areas where the sky is usually clear. This array provides power for an air
force base in Nevada.




A Look into the Future

Solar technology is advancing rapidly, but the basic ideas behind it have been around
for a very long time. More than two thousand years ago, Greeks, Romans, Chinese
and others were starting fires by concentrating and focusing the rays of the sun, and
structures have been built and oriented to collect—or block—solar heat for at least
that long. The first known solar cooker was used in the 1830s, and the first solar cell
was developed i 1876. The photoelectric effect—the process whereby light creates
electricity—was explained by Albert Einstein in 1905. Turning the abundant sunlight
that falls on the earth every day into useful energy is a dream that has been pursued
for centuries, but only recently has manufacturing technology advanced to the point
where these dreams can begin to be realized by almost anyone.

Fossil fuels are slowly but very definitely running out, even as the world’s energy needs increase. All
the fossil fuel that will ever be available on earth, including uranium for nuclear power, is less than
half of the amount of solar energy received on earth every year. And solar energy will never run out.

All over the world scientists are experimenting with new materials and techniques to harvest this
energy, and new ways to improve the efficiency of materials being used now, such as silicon.
Photosynthesis in plants is being studied for clues about how to make better solar cells, since plants
make much more efficient use of the sun’s energy than silicon cells currently do. Fuel cells, which can
use solar power to convert water into hydrogen fuel using solar or other renewable power, are being
researched as an alternative to batteries. Even impossible-sounding ideas like placing giant solar
panel arrays in orbit, where they can harvest ten times as much power as they do on earth, are being
seriously considered.

Even though we don’t yet know what it will look like or what the infrastructure that makes it work
on a large scale will look like, solar technology is our future.

Solar-powered cars get faster and more efficient every year. Races give competitors from around the world a chance to try out new
ideas and show off their work. They also make the point that solar power is still very much an evolving, DIY -friendly field—most of the
cars are put together with off-the-shelf parts by enthusiastic amateurs.



This elegant catamaran is powered by the solar panels forming its roof.

Using a solar panel to provide power for a stoplight at an intersection that’s not on the electric grid saves many thousands of dollars.
Using them to replace worn-out hard-wired stoplights in the future will save even more.

The light from hundreds of solar reflector panels is focused at the top of the tower, creating steam to power turbines that generate
electricity for thousands of homes.



This massive power plant (abové) and this small solar cooker (below) work on the same basic principle: Gather a large amount of light
and focus it on a small area to make liquid boil. The power plant concentrates light from smaller mirrors on the hillside facing it, then
focuses the light into a tight beam that can reach over 5000° F.




This lightweight “tuk-tuk”—a motorized rickshaw popular throughout Asia—uses solar panels and a bank of batteries for power.
Extremely manueverable and capable of speeds up to 30 mph, this non-polluting vehicle is perfect for crowded city streets.
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PV panels are used as an architectural element in this office building, along with the louvered glass and metal panels that shade the
south-facing offices from the midday heat.
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One day solar collectors like these water heaters will just be an ordinary part of the landscape.

An array of solar panels and a bank of batteries replaced the noisy, smelly generator that formerly powered this remote lighthouse.
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Instead of letting employees’ cars just sizzle in the hot parking lot all day, this large company shaded them with solar panels. Now the
cars stay cool and the business that employs their owners gets free energy.

Remotely piloted, solar-powered aircraft are being developed by NASA as part of research into airplanes of the future. Here a
prototype is being put to use photographing coastal ecosystems in Hawatii.



Solar Electricity

With every passing year, solar panels become more efficient and less expensive. The day when a solar panel array is installed on
every roof to provide power for the home and for the larger electrical grid may not be too far off.

* The Solar-Powered Home

» Assembling a Solar Electric System
* Mounting Solar Panels

* Stand-Alone Solar Light System

* Solar-Powered Security Light

When NASA scientists of the 1950s needed a revolutionary source of power for their spacecraft,

they had to look and think beyond the earth. Their challenge was monumental, yet their solution
poetically simple: They would find a way to tap into the most abundant, most accessible, and most
reliable source of energy in the solar system—the sun.

Producing your own electricity with photovoltaics, or PV, is certainly one of the most exciting and
rewarding ways of going green. Homeowners everywhere are using the sun to generate electrical
power, and also to heat water for their showers, heating systems, and even swimming pools. The
economic benefits can be significant, and when you consider that supplying the average home with
conventional power creates over three tons of carbon emissions each year (over twice that of the
average car), the environmental benefits of pollution-free solar energy are nothing to squint at.



This chapter introduces you to the most popular solar options for supplementing your existing
systems or even declaring energy independence by taking your home “off the grid.” As solar
technology continues its journey from the space program to suburban rooftops and beyond, anyone
serious about climbing aboard will find a vibrant new marketplace that’s more than ready to help.



Solar electric panels provide all the power for this super-efficient house.



™ The Solar-Powered Home

Residential PV systems supply electricity directly to a home through solar panels
mounted on the roof or elsewhere. These are essentially the same systems that
pioneering homeowners installed back in the 1970s. In those days, however, panels
were less efficient and much more expensive than the average of $9 per watt today
(and people in many areas can cut that number in half with renewable-energy rebates
and tax credits).

Here’s how PV power works: A solar panel is made up of small solar cells, each containing a thin
slice of silicon, the same material used widely in the computer industry. Silicon is an abundant
natural resource extracted from the earth’s crust. It has semi-conductive properties, so that when light
strikes the positive side of the slice, electrons try to move to the negative side. Connecting the two
sides with a wire creates an electrical circuit and a means for harnessing this electrical activity.

Solar cells are grouped together and connected by wires to create a module, or panel. Modules
can be installed in a series to create a solar “array.” The size of an array, as well as the quality of the
semiconductor material, determines its power output.

The electricity produced by solar cells is DC, or direct current, which is what most batteries
produce (and what battery-powered devices run on). Most household appliances and light fixtures run
on AC, or alternating current, electricity. Therefore, PV systems include an inverter that converts the
DC power from the panels to AC power for use in the home. It’s all the same to your appliances, and
they run just as well on solar-generated power as on standard utility power.



Grid-Connected & Off-the-Grid Systems

Home PV systems can be designed to connect to the local utility network (the power grid) or to
supply the home with all of its electricity without grid support. There are advantages and
disadvantages to each configuration.

In a grid-connected setup, the utility system serves as a backup to supply power when household
demand exceeds the solar system’s capacity or during the hours when the sun is down. This elimates
the need for batteries or a generator for backup, and makes grid-connected systems simpler and less
expensive than off-the-grid systems. One of the best advantages of grid connection is that when the
solar system’s output exceeds the house’s demand, excess power is delivered back to the grid and the
homeowner often gets credit for every watt produced. This is called net-metering and is guaranteed
by law in many states; however, not every state requires utility companies to offer it, and not all
companies offer the same payback. Some simply let the meter roll backwards, essentially giving you
full retail value for the power, while others buy back power at the utility’s standard production price
—much less than what they charge consumers.

The main drawbacks of being tied to the grid are that you may still have to pay service charges for
the utility connection even if your net consumption is zero, and you’re still vulnerable to power
outages at times when you’re drawing from the grid. But the convenience of grid backup along with
the lower cost and reduced maintenance of grid-connected systems make them the most popular
choice among homeowners in developed areas.

Off-the-grid, or standalone, systems serve as the sole supply of electricity for a home. They
include a large enough panel array to meet the average daily demand of the household. During the day,
excess power is stored in a bank of batteries for use when the sun is down or when extended cloud
cover results in low output. Most standalone systems also have a gas-powered generator as a
separate, emergency backup.

For anyone building a new home in an undeveloped area, installing a complete solar system to
provide your own power can be less expensive than having the utility company run a line out to the
house (beyond a quarter-mile or so, new lines can be very costly). There are some maintenance costs
such as battery replacement, but it’s possible to save a lot of money in the long run, and never having
to pay a single electric bill is deeply satisfying to off-the-grid homeowners.

As mentioned, off-the-grid systems are a little more complicated than grid-connected setups. There
are the batteries to care for, and power levels have to be monitored to prevent excessive battery run-
down and to know when generator backup is required. To minimize power demands, off-the-grid
homes tend to be highly energy-efficient. Installing super-efficient appliances is a major step towards
making a smaller, less expensive solar array satisfy the home’s energy needs. Smaller steps, such as
connecting chargers and other electronic devices to a power strip that can be turned off when the
devices are not in use, also help by eliminating small but cumulative energy losses. If you’re
interested in taking your home off the grid, talk with as many experts and off-the-grid homeowners as
you can. Their experiences can teach you invaluable lessons for successful energy independence.
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Off-the-grid systems are self-sufficient; they use batteries for energy storage and a generator (usually gas-powered) for backup
supply.
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Mounting solar arrays on the ground offers greater flexibility in placement when rooftop installation is impractical, or is prohibited by
local building codes or homeowners associations.



Solar Panel Products

PV modules come in a range of types for different applications and power needs. The workhorse of
the group is the glass- or plastic-covered rigid panel that can be mounted to the roof of a house or
other structure, on an exterior wall, or on the ground at various distances from the house. Panel arrays
can also be mounted onto solar-powered tracking systems that follow the sun for increased
productivity.

Rigid modules, sometimes called framed modules, are designed to withstand all types of weather,
including hail, snow, and extreme winds; manufacturers typically offer warranties of 20 to 25 years.
Common module sizes range from about 2 ft. to 4 ft. in width and from 2 ft. to 6 ft. in length. Smaller
modules often weigh less than 10 pounds, while large panels may be 30 to 50 pounds each.

In addition to variations in size, shape, wattage rating and other specifications, standard PV
modules can be made with two different types of silicon cells. Monocrystalline cells contain a higher
grade of silicon and offer the best efficiency of sunlight-to-electricity conversion, but are more
difficult and expensive to make. Multicrystalline, or polycrystalline, cells are made with a less
exacting and thus cheaper manufacturing process. Solar conversion of these is slightly less than that of
monocrystalline cells, but warranties on panels may be comparable. All solar cells degrade slowly
over time. Standard monocrystalline and multicrystalline cells typically lose 0.25% to 0.5% of their
conversion efficiency each year.



Amorphous Solar Cells

Another group of solar products is made with amorphous, or thin-film, technology in which
noncrystalline silicon is deposited onto substrates such as glass or stainless steel. Some substrates
are flexible, allowing for a range of versatile products such as self-adhesive strips that can be rolled
out and adhered to metal roofing, and thin solar modules that install just like traditional roof shingles.
Amorphous modules typically offer lower efficiency—roughly half that of crystalline—and a
somewhat faster degradation of 1% or more per year.

Installing solar panels over an arbor, pergola, or other overhead structure can create a unique architectural element. Here, panels
over an arbor provide shade for a patio space while generating electricity for the house.



The Economics of Going Solar

While the environmental benefits of solar electricity are obvious and irrefutable, most people looking
into adding a new solar system need to examine the personal financial implications of doing so. PV
systems cost only a small fraction of what they did 30 years ago, but they’re still quite expensive. For
example, a three-kilowatt system capable of supplying most or all of the electricity for a typical green
home can easily cost $30,000 (before rebates and credits) and take 20 to 25 years to pay for itself in
reduced energy bills. An off-the-grid system will cost even more. Nevertheless, depending on the
many factors at play, going solar can be a sound investment with a potentially high rate of return.

One way to consider solar as an investment is to think of it as paying for a couple of decades’
worth of electricity bills in advance. Thanks to the long warranties offered by manufacturers and the
reliability of today’s systems, the costs of maintenance on a system are predictably low. This means
that most of your total expense goes toward the initial setup of the system. If you divide the setup cost
(after rebates and credits) by the number of kilowatt hours (kWh) the system will produce over its
estimated lifetime, you’ll come up with a per-kWh price that you can compare against your current
utility rate. Keep in mind that your solar rate, as it were, is locked in, while utility rates are almost
certain to rise over the lifetime of your system.

Now, about those rebates and credits: In many areas, homeowners going solar can receive sizable
rebates through state, local, or utility-sponsored programs, in addition to federal tax credits, as
applicable. All told, these financial incentives can add up to 50% or more of the total setup cost of a
new PV system. To find out about what incentives are available through any of these sources, check
out the Database of State Incentives for Renewables & Efficiency at www.dsireusa.org. Established
solar businesses in any given area are also very well informed about incentives available to local
residents.

Here are some of the factors that tend to affect the cost of a PV system, its effectiveness or
efficiency, and the homeowner’s return on investment:

* The house and geographic location—how much sun reaches the house; the roof’s slope and roofing
material

* Electric utility rates and net-metering rates

* Increased home value—PV systems and other energy-saving upgrades can increase a home’s
resale value (often without raising the property value used for tax assessment)

* Loan rate, 1f the system is financed

With so many factors to consider, getting to the bottom line can be complicated. Full-service solar
companies will perform a cost/benefit analysis to help potential customers make a decision based on
the financial picture. Of course, you should always check their numbers and scrutinize any variables
used. You can also learn a lot by talking to other homeowners in your area who have had similar
systems installed. Are they getting the return they expected? Have their systems been reliable and
low-maintenance? Would they change anything if given the chance to do it over?


http://www.dsireusa.org
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This fiber-cement shingle roof features an integrated array of shingles laminated with thin-film PV modules.
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Being off the grid means no electric bill, no concerns about rate hikes, and no utility-based power outages.



Working with Solar Professionals

Companies that provide solar equipment and system design, installation, and maintenance services
are rising in number every year. A few of these were around during the lean years of the 1980s and
’90s, but many more have sprouted up in the last decade or so. In any case, this 1s now a highly
competitive industry, so you can, and should, expect great service at competitive prices.

The reputation and reliability of your local solar provider are important considerations, but
perhaps more important is the stability of the original equipment manufacturers (OEMs) who produce
the main parts of your system and who carry those long warranties. Many of these are large, well-
established companies with expertise in energy and/or electronics, so it’s a good bet they’ll be
around in 20 or 25 years to honor their product warranties. Always discuss warranties carefully with
your solar provider.

Professional installation may run you around 15% of the total system cost—quite a low rate for the
home improvement industry—and that amount is subject to rebates and credits, which are based on
installed system prices.

Before giving you a quote for the system package, a solar provider will want to know about your
home, what type of roofing you have, and what the southern exposure is like. To ballpark the size of
system you’ll need, they’ll probably look at your utility bills from the past year and ask how much
power you want to get from solar: Will it cover all household demand or just a portion of it? You
may have to pay a fee to cover the provider’s legwork required for working up an accurate quote.

Services likely to be included in a provider’s system package are:

» Complete system design and installation

* Guarantees on workmanship/installation
 Obtaining building/electrical permits

» Coordinating hookup with utility company
* Obtaining rebates and credits

* Help with OEM warranty claims

» Lifetime technical support

Another thing to be aware of when comparing various providers’ quotes, and in talking to other
customers, is the actual output of a panel or array as opposed to its STC (or “name plate”) wattage
rating. Industry sources say the actual usable power of a system is typically about 75% of the rated
power. This means that if your home needs three kilowatts of power your system should be rated for
four kilowatts.



Solar Panel Safety

Solar panels and the various components they work with have a green, environmentally friendly
feeling to them that makes it easy to let down your guard and forget normal safety rules. But remember
that electricity from a solar panel can cause just as much damage as electricity from utility lines. Also
remember that PV panels start generating electricity as soon as the light hits them, so cover them up or
follow manufacturer safety recommendations until you’re done installing.

First, always make sure you have necessary safety equipment like safety glasses, hardhats, work
gloves and harnesses for roof work. Make sure you understand the electrical systems you’re working
on; if you’re uncomfortable or confused, call an electrician to help out, or talk to the electrical
inspector.

Any PV system that’s big enough to provide power to a house needs charge controllers, fuses,
inverters and circuit breakers (often both DC and AC). Full-service suppliers will provide complete
systems with all the safety equipment, but if you’re putting a system together on your own from
discount components you bought on the internet, read up on the subject before you get started.

Solar panels have metal frames and must always be grounded, whether they’re on the roof or a
pole in the yard. Big metal objects outdoors can attract lightning strikes, and you need to be sure that
if your array is hit, the energy will dissipate into the ground—not into your house.

Start by attaching 6-gauge bare copper wire to the metal frame of each PV panel with stainless
steel bolts and star washers (or follow manufacturer recommendations). If the panels are on the
house, connect the grounding wire to a separate ground rod and bond to the house grounding electrode
system, either directly or through a grounding lug in the main circuit breaker box or a mechanical
connection with the main ground wire. If the panels are on an outbuilding or a pole away from the
house, you’ll need to install a separate ground rod at that location. Use an 8-ft.-long solid copper
ground rod 1/2" dia. or larger (sold at home centers), and pound it almost all the way into the ground,
leaving just a few inches exposed. Attach the wire with a ground rod clamp. You’ll also need to run
6-gauge wire underground back to the main house ground wire so all of your grounds are
interconnected.

Check with your local electrical inspector about grounding recommendations in your area. If you
live in an area with lots of lightning strikes, you may need to add additional grounding protection.



Wear a proper safety harness when working on a steep roof.
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Lightning can strike anywhere, and solar panel arrays need to be properly grounded to protect them, and you, against damage.



Electricity from solar panels is just as dangerous as the kind that comes over the utility lines, especially for large, whole-house arrays.
You may want to call in a pro to help with the final hookups.
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Remember to install all required fuses, charge controllers and circuit breakers to ensure the safety of the system and the people
using it.



Applications for Solar Energy

A south-facing porch roof was added on to this house both for the solar panels and to make a cool outdoor sitting area.
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The house is over a hundred years old, but the PV panels and the solar hot water collector in the background complement the
architecture perfectly.



Silicon-From Raw Material to Solar Cell

MONOCRYSTALLINE

Photovoltaic panels made from polycrystalline silicon (top) have a visibly flaky appearance and are less expensive than monocrystalline
cells (above). Both are covered by a panel of tempered glass in front and a plastic panel in the rear.




The initial investment required to be self-sufficient in energy is significant, but so is the reward of being able to live off-grid with all the
modern comforts.
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Two elements of an energy-efficient house: The photovoltaic panels provide most of the electricity, while the white roof reflects the
sunlight and keeps the house cooler, substantially reducing energy demand.



Photovoltaic systems start with a few simple connections, then grow in complexity with the size of the array. You don’t need to
understand all the components of a large system right away—just grab a small panel and aim it at the sun, and the rest will fall into place.



7 Assembling a Solar Electric System

Solar electric power is fascinating, exciting, and-as anyone who’s browsed through
the catalogs and websites can attest-kind of confusing. A solar panel wired directly to
a fan or a light makes sense: sunlight is converted directly to power, much like the
way sunlight is converted to heat. But as the solar panels get larger, you need fuses,
charge controllers, inverters, system monitors, and other mysterious and expensive
components that begin to turn the fascination and excitement of photovoltaics into a
difficult homework assignment.

This extra equipment is required because solar panels produce DC power and store it in batteries,
and that power must be regulated and controlled. The AC power coming from utility lines is not
stored—it’s generated and used on demand. DC power is different; it’s all right there, sitting inside
an innocent-looking battery like a caged lightning bolt, and if there’s a problem like a short-circuit
you can end up with melted wires, fried electronics and even fires.

To help visualize how it all works, we’ve put together a series of sample systems, starting with a
basic panel powering a light and continuing up to a whole house. We’ll explain what you can do with
different sizes of solar panels and what the add-on components are for—and why you need them.
None of the pieces of a complete system are hard to understand once you know what they do, and you
don’t need to be an electrical engineer to put everything together. Any reputable, full-service supplier
will make sure you have everything you need, including detailed instructions, and your local
electrical inspector will also let you know if you’re doing anything wrong (you generally need a
permit for anything bigger than plug-and-play systems).



179 A Starter System with Low-Watt Panel

In this type of low-wattage system power flows directly from the solar panel to a DC motor, light,
roof fan or battery. When the sun is out, the device works; as the sun goes down, the device slows
down and finally stops. A low-wattage panel like this (less than 5 watts) can also be used to top off a
12V battery or keep a battery that’s in storage charged during the winter, because the amount of
power generated 1s low enough that there’s no danger of overcharging.

Solar-powered garden lights are slightly more sophisticated because the panel charges a small
rechargeable battery during the day instead of powering the light directly. The battery then powers the
light when it gets dark.

Cell phone chargers are small and lightweight, and generally produce 5 watts or less of power. A basic solar panel like this doesn’t
store power-it will only charge the cell phone when the sun is out.



The essence of a photovoltaic system: A solar panel converts light to electric energy, which is used or stored in a battery.



A solar drip charger is connected to the terminals of a car, RV or boat battery to keep it fully charged when it is not in use for
extended periods of time.
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Portable, foldable solar panels are small enough to fit in a backpack or pocket, but have enough power to keep electronic gizmos
charged up. You can even plug one into your car’s cigarette lighter to top off the battery.



27 More Watts Equals More Power

As with the starter system, the DC motor in the pump used to refill this stock tank is powered directly
by the solar panel, with no battery, and will not operate unless the sun is out. However, when the sun
is out, the pump will operate more efficiently and produce more water than it would if the solar
energy flowed through a battery, because up to a quarter of the energy generated by a solar panel can
be lost when it is stored in a battery. The pump is given another boost by a linear current booster,
which provides extra power to the pump when the light is low.

This type of system needs a larger panel to operate—typically 50 to 60 watts or more—and 1s
usually sized by the solar panel dealer based on the well depth, pump size and other factors. It’s the
perfect system for the stock tank; the supply of water stockpiled in the tank on sunny days is more than
enough for the demand, so no battery is needed. Roof vent fans, and pond pumps for water circulation
and small fountains are other types of solar-powered fixtures that use power directly from the PV
panels without a battery because they don’t need to run at night.

Float switch

Linear current
booster

( : ~

Storage
g / \_J

<+ Pump




Once powered by a windmill that needed frequent maintenance, this deep well, which pumps water to a nearby stock tank, is now
powered directly by solar panels. Instead of pumping on demand, the motor pumps water continuously when the sun is out and stores it in
a large tank.

Water for irrigation is continuously pumped from a deep acquifer up to this storage tank during the day as long as the sun is shining.



A solar-powered roof vent fan draws hot air from the attic during the day when the sun is out-the time when the attic is hottest. This
type of fan generally does not include a battery, and is powered directly by the solar panel (although some manufacturers offer models
with backup wind or AC power).

A multimeter is a good diagnostic tool for checking a photovoltaic panel to ensure it is working properly. It also allows you to check
the power generated at different angles and locations.



(3™ Portable Power

This type of system begins to look more familiar, with a storage battery and a few AC outlets that can
be used to power small appliances, electronics, lights, and even power tools. “Plug-and-play” type
systems are generally under 100 watts, and are often small enough to be portable. Think of them as a
silent alternative to a small gas-powered generator. They’re useful for camping, emergency power,
recreation, powering small garages and utility buildings and similar uses. You can find pre-packaged
systems at suppliers, or you can assemble your own from the individual components. In this system

several additional pieces of electrical equipment are added between the solar panel and the devices
using the power:

 Charge controller. A charge controller regulates the amount of power going into the battery, and
prevents the battery from being overcharged.

* 12V battery. The battery stores energy collected when the sun is out, making power available at
night.

* Inverter. The inverter converts DC (Direct Current) power coming from the battery into AC
(Alternating Current) power, which is what most appliances and electronics use. Although DC
appliances and lights are available, the selection is limited and often more expensive. However,
DC appliances and lights don’t require the inverter.

* A small catastrophe fuse is a safety feature, and is placed on the positive wire between the
battery and the PV panel.

A simple solar power system makes life in a yurt much easier. Inside the yurt a battery provides electricity for a few small appliances
and a light.



Small DC to AC inverter

Charge
controller

~~~~~
.....

EnmEe

i‘:‘ ; o - kY ot g
Solar power road signs are a common sight on highways. The light is plugged into a battery, which stores power produced by the PV
panel. A charge controller keeps the battery from overcharging.
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Buoy lights are a perfect use for a solar panel and battery. No other power source comes close to working as well and as cheaply for
this application.

A solar panel and a small deep-cycle battery are a cleaner, quleter and hghter source of temporary power for a trip away from the
power grid.



470 Off-Grid System for a Small Cabin or Weekend
House

This system is large enough for a small, energy-efficient off-grid cabin or vacation home, providing
power for lights, a well, electronics and a few basic appliances. If you do the installation and wiring
yourself, the components for a system like this can be surprisingly affordable; some online dealers
sell packages for $2,000 to $5,000. A small gas-powered generator or windmill can also be added to
the system if needed for a backup power source during cloudy periods.

Larger houses or houses with lots of power-hungry appliances need additional solar panels and
batteries, based on the size of the house, the power usage, location and other factors. Solar panel
suppliers can help you size the system, and additional panels and batteries can be always be added in
the future.

The additional components used in this system are:

* DC safety disconnect. The safety disconnect allows you to shut off the flow of power from the
panels to the battery for maintenance or repairs.

* DC load center. The DC equivalent of a circuit-breaker box.

* AC circuit breaker. This is a small version of the circuit-breaker box found in almost every
home.

* System monitor. A system monitor tracks power consumption and will let you know if your
batteries are getting dangerously low (fully discharging a deep-cycle battery will shorten its life).
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Although this back-country cabin only has a small number of panels, they generate power all we
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V panels for power. Energy is conserved with energy-efficient appliances, extra
msulation, a light-colored roof to deflect heat, and louver-shaded windows.

This small, energy-efficient modern house uses P

A camper van this size consumes as much energy as a small house, all of which would normally be generated by idling the motor.
Although the large solar panels are a significant investment, they pay for themselves quickly in this desert campground, and they’re also
completely silent.



s™ Whole House, Grid-Connected System

A whole-house system connected to the power grid will need an array of solar panels producing
several thousand watts of power to meet household needs (depending on house size, energy efficiency
and other factors), but the system is fairly straightforward, especially if you dispense with the battery
backup. Power flows to a grid-tied inverter designed to work with the utility-system electrical grid.
The incoming DC power from the solar panels is converted to AC with an inverter, then fed into the
house circuit-breaker box and used just like power from the utility company. Any power that’s not
needed flows into the electrical grid through a production meter, running the meter backwards. The
electrical grid functions like a battery, absorbing extra power or providing it, as needed. If you create
more power than you use, most utility companies will pay you or credit you for the excess.

One of the advantages of this type of system is that you can start small, then add additional solar
panels later. It also eliminates the need for expensive batteries and ensures a continuous, reliable
flow of power. However, if the utility company suffers a blackout, the solar panels will not be able to
provide power to the house unless you have a battery backup system in place.

If your house already has power lines coming in from the utility company, it makes sense to leave them connected when you install
solar panels so you can use the electrical grid for storage and backup.
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This house is still connected to the electrical grid, but with the entire south side of the roof covered with solar panels, the homeowner
generates enough electricity on sunny days to earn money back from the utility company.
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Power generated by wind or water supplements solar-generated power, providing an alternative source of power at night or in cloudy
weather. It can also be wired to the same grid-tied system that the solar panels are connected to.



Batteries

Charging batteries with power from a solar panel is simple and straightforward. There’s no need
for an inverter to change the DC power produced by the panel to AC, since batteries store power
in DC form (it’s not possible to store AC power in batteries). Chargers are available for any size
or type of rechargeable battery, including batteries in computers, cell phones, cameras and other
electronic devices. Small rechargeable batteries (AAA through 9V) are sold most places where
regular batteries are sold, and can be used anywhere standard batteries are used. Nowdays most
are nickel-metal hydride (NiMH), which are less toxic than nickel-cadmium (NiCad) batteries.
Small, portable solar chargers that can charge all the different sizes are available at internet sites
that sell solar products (see Resources, p. 152).
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Solar power can be used to recharge any size or type of battery, as long as it’s a rechargeable type.

Charging the larger 6-, 12- and 24-volt batteries used for off-grid and backup power can get a
little more complicated, with unique maintenance and use requirements. If you’re interested in
setting up an off-grid system, talk to an expert or the people who sell the solar equipment about
recommended batteries. Large battery assemblies for off-grid living are expensive, and if they’re
not properly maintained they can fail quickly.

‘ MaRINE BATTERY
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A Few Important Points to Remember about Batteries

» Batteries sold for cars are designed to pump out a lot of power quickly, but will rapidly break
down if used for long periods of low power output, so they can’t be used for an off-grid power
source. However, they can still be charged with PV panels.

 Always buy “deep-cycle” batteries for storing solar power. Deep-cycle batteries can safely
discharge most (but not all!) of the power stored in them between charges. The least expensive
deep-cycle batteries are marine types; the most expensive are those sold for industrial
applications. Life expectancy runs from 2 to 25 years, with prices based on life expectancy. It’s a
good idea to start with marine batteries, then work up to the expensive, longer-lasting types.

» Batteries used for both cars and off-grid power storage are lead-acid types. Newer battery
technologies like nickel-metal hydride (NiMH) are still too expensive for large battery arrays,
though this could change soon.

* Solar charging a battery, no matter what size, always takes longer than charging the same battery
from a standard AC outlet. Depending on what you’re charging and how low the battery is, it could
take several hours to several days.

 Lead-acid batteries are available as either “wet cells” or sealed cells. Wet-cell batteries have
removable caps and must be refilled with distilled water periodically. Sealed cells are
permanently sealed and never need refilling, but they’re more expensive and need to be charged at
a lower voltage than wet cells.

» Always use charge controllers between the solar panel and the battery, unless the solar panel is a
small (5 watts or less) trickle-charging type just used to top off the battery when it’s in storage.

* Large batteries need fuses between the solar panel and the battery and circuit breakers or fuse
boxes between the battery and appliance or fixture. (Note that systems for houses can be purchased
with all electrical and safety components preassembled into one unit. See Resources, p. 152).
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Solar chargers for small electronics generally have a small battery inside that builds up power for charging when you leave it out
in the sun.

With the proper charge controllers and wiring, deep-cycle batteries will accept power from several different sources. These
two solar panels and small fan provide just enough power for the electronics and lights on this sailboat.




The large surface area of solar panels means that they must be very securely mounted to resist the force of the wind.



7 Mounting Solar Panels

Mounting solar panels so that they’ll stay in place through weather, high winds and
ground movement for 25 years or more is probably the most demanding part of any
installation. With so much surface area the panels can catch gusts of wind almost as
well as a sail. They also need to hold up against rain, seasonal movement, snow loads,
hail and whatever else nature throws against them. They must be securely mounted
and well-anchored to the roof, ground, or side of the house with rust-resistant metal
poles and rack systems, and the best stainless-steel hardware, and they should be
checked periodically for loose fasteners.

Although home-built solar water and heat collectors can be mounted on wood posts on the ground,
solar PV panels have a longer life expectancy and are best mounted on steel or aluminum supports
that can hold up to the weather indefinitely, especially up on a roof. If the panels are roof-mounted,
the condition of the roof should also be evaluated before they’re installed. The panels can last 20 to
25 years or more, and if the roof is going to need replacement before then it’s best to do it before
installing the panels so you can avoid the expense of removing and reinstalling the panels later.

Needless to say, it’s important that the panels face the sun as directly as possible and get at least
six hours per day—without shading—year-round. Spend some time on research and observation
before you proceed with installation to avoid putting up panels that only get sufficient sun for half the
year.

Solar panel dealers can recommend mounting systems for the panels they sell, but the following
pages will give you a basic overview, along with some ideas for a simple mounting system you can
build yourself.
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To protect them against damage due to frost heave and ground movement, solar arrays must be set on posts that go down to frost-
footing depth, or at least 2 ft. When using treated lumber, let it dry out for several weeks before using it so it doesn’t warp or shrink
under the panel



Mounting thin-film solar panels can sometimes be as simple as ghiing them to a metal roof. Thin-film solar panels aren’t as efficient as
standard solar panels in full light, but they perform better in low-light conditions. They’re also flexible, cheaper to manufacture and more
versatile.



Ground-Mounted Panels and Collectors

Assuming your solar panel or collector works as it should, it will be mounted outdoors on your house
or in your yard for many years. The supports holding it need to be the best quality and materials
possible.

Ground-mounted photovoltaic panels are generally attached to galvanized steel poles set deeply
into the ground and anchored in concrete, with the depth of the hole, the amount of concrete and the
size of the steel post determined by the square footage and height of the PV panel. For example, a
single 3 ft. x 5 ft. (15 s.f.) panel set five feet above the ground should be mounted on a 2-1/2"
Schedule 40 steel post (sold at home centers) and set into the ground at least 3 ft. (or to frost-footing
depth in your area) in a 12"-diameter hole filled with concrete. However, if four of the panels are
mounted together in an array (60 s.f.), you’d need to use a 4" post (actual 4-1/2" O.D.), and set it a
minimum of 4 ft. down in a 20- to 24"-diameter hole. If the panel is higher than five feet, you’ll need
to make the hole 6" deeper for every extra foot of height. Local soil and wind conditions may also
necessitate a larger or deeper hole—it’s best to get specific guidelines for your area and panels from
your dealer or building inspector.

Solar water or hot air collectors can be mounted on pressure-treated posts buried in the ground or
attached to post bases, or fastened to steel U-channel supports. In either case the posts should be
anchored or set in concrete below the frost level, just as posts for a deck would be, or set 2 ft. down
if freezing is not a consideration.

Collectors or panels are also occasionally mounted to the side of a house, but they must be
securely fastened to the studs with galvanized lag bolts. Mounting to the side of an aluminum- or
vinyl-sided house should be a last-ditch option though, as the large holes created by the lag bolts are
difficult or impossible to repair if the collector is ever removed, unless you have pieces of the
original siding.

Manufactured solar hot water heaters should be mounted according to manufacturer
recommendations.

Always select a location for the solar panel that faces south and gets at least six hours of unshaded
sun year-round. If possible, mark the furthest extent of shadows from nearby trees and buildings
during the winter, because winter shadows will be substantially longer than summer shadows when
the sun is higher overhead. If you can’t wait until winter, consult a local dealer or installer for rough
guidelines, or check online for shadow calculators (see Resources, p.152). Also remember to set the
panel high enough so it’s well above the possible snow level in the winter.




PV panels are often installed on heavy metal pole mounts, embedded in a cylinder of concrete and buried deep in the ground. The size
and depth of the post mount for a PV panel is based on the square footage of the panel or panels, the height above the ground and local
soil and wind conditions. You also need to take into account snow levels and the furthest reach of shadows cast by nearby trees and
buildings throughout the year.

The mounting system used for this solar hot water collector straddles the ridge of the roof so that the panels will face due south even
though the house faces east/west.
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Mounting solar panels does not always have to be a complicated job.



These molded supports for solar hot water panels are set at 45°-a safe, compromise angle for year-round use in most of the country.
The wide base of the supports distributes the weight of the panels evenly on the flat roof.
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An unusual roof style and a NE/SW building orientation called for a creative mounting solution for this evacuated-tube solar hot water
collector.



@ A Roof or Ground Support for Solar Panels

You can make a sturdy support for either PV panels or solar collectors by assembling lengths of
Unistrut U-channel (sold at home centers and electrical suppliers; see Resources, p.152) and then
anchoring them to the roof or ground. Use galvanized or stainless-steel pieces and fasteners, and
follow the same guidelines for selecting a location and height.

Struts are available in several sizes, with a huge selection of accessories for joining them in
dozens of configurations, though you may have to go online to find them. With a little hunting, you can
usually find the right combination for almost any location or roof layout. We made ours from the basic
accessories sold in the local home center, but the basic design can be put together in any number of
ways with other types of fittings and fasteners.

A few considerations to keep in mind: Solar panels or hot water heaters placed on a roof need to
be bolted to the rafters every 4 to 6 ft. with stainless-steel or triple-galvanized lag bolts (at least 5/16
x 4"), These holes need to be waterproofed with extra care, as they will be difficult to get to once the
panels are up.

Solar panel dealers carry various options for flashing roof mounts (see Resources, p. 152). For
shingled roofs, these are usually a bracket or holder bolted to the rafter and then covered by flashing,
a rubber boot, rubber seals or some combination of these elements, with the upper part of the flashing
slipped under the shingle above the holder. These mounts are the safest option when you’re installing
solar panels, as they’ve been tested and carry a manufacturer’s warranty.



Build a simple, adjustable support from steel U-channel struts for either solar panels or the solar hot water collector below.



Tools and Materials

Adjustable wrench Socket set Metal-cutting saw

1-5/8" x 10" Galvanized Unistrut (if exterior-grade galvanized is unavailable, paint the metal)
1-5/8" x 3-1/2" Unistrut angle brackets

1-5/8 x 3-1/2 Unistrut flat corner brackets
3/8" x 1-1/2" bolts and Unistrut spring-loaded nuts
1/2" x 1-1/2" bolts, nuts, washers

Speed Square Hinges or L-bracket Concrete mix (2 or 4) Anchor bolts Gravel

Cutting List

Key Number Dimensions Part

A 2 80" Base




48" (or to fit)

B 2 92" Support

C 2 36" Back brace

D 4 20" Brace expanders
E 4

Cross braces



Finding the Right Angle for a Solar Collector or PV

Panel

First of all, the collector should face directly south and should not be shaded, although the location
doesn’t have to be perfect. Crystalline solar cells should not be shaded at any part for at least six
hours because shading even a small part will diminish the energy collected by the whole array, but
this 1s not as much of a problem for thin-film solar cells or solar collectors. Solar panels and
collectors are often put on roofs to elevate them above trees and shade from buildings, but they
work just as well on the ground or attached to the side of a building as long as they have sufficient
sunlight.

The best tilt angle is not necessarily the same for PV panels and solar collectors. For either
one, though, start by finding your latitude (check online for latitude finders). The best angle for a
PV panel is the same degree as your latitude, though for maximum efficiency you can move it 10°
more in the winter and 10° less in the summer. For example, at latitude 45 you would put it at 55°
(from horizontal) in the winter, 45° in the spring and fall, and 35° in the summer.

For a solar collector, on the other hand, add 15° to your latitude. For example, if you live at
latitude 45, the tilt angle is 60° from horizontal. Use your speed square, which has angle markings
on the outer edge, to mark this angle, then just adjust the supports for the collector until it matches
the angle. This angle is generally the best for both winter and summer, because it faces the sun
more directly in winter, but not as directly in summer, which lessens the chance of overheating; if
you can’t match it exactly, several degrees either way won’t have much of an effect.

However, these are not absolute rules. Following the slope of your roof will usually be close
enough to the ideal that you won’t notice much difference. And it’s always a good idea to talk to
local dealers, installers or homeowners who have solar panels for advice about local conditions.

Angle=
latitude +10°F (winter)
latitude -10°F (summer)
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If you’re mounting the support on a sloped roof, use the speed square to lay out the angles and determine the length of the back
brace. Angles and roof pitch are both marked on the square; just align the base strut with the common rafter cut mark corresponding
to your roof pitch, then align the PV support strut with the degree mark for your latitude. For example, if your roof slopes 4" in every
12" (a 4/12 pitch), the base strut will follow a line from the pivot point through the number 4 on the “Common Cuts” edge. The other
strut follows the line from the pivot through the 45° mark on the outside edge.




@ How to Make a Roof or Ground Support for Solar Panels

1 The easiest way to figure out the strut lengths is to lay the three pieces on the ground, move the support piece to the proper angle

using the angle markings on the speed square as a guide, then mark the cuts. Use tape to mark the location of the solar collector or
panels and the points where the adjustable support leg will be attached.

v - -

2 Cut the pieces to length. Cut the cross supports to match the width of the solar collector or the length between mounting points on
the PV panels.



3 Cut two additional pieces of strut to 4" less than the length of the expandable brace. Cut the expandable brace in half, then bolt both
halves to the long center leg with four bolts. To expand the brace to the fall or winter position, just remove the bolts on one side, push the
frame up, and then bolt the pieces back together. (Note that solar collectors usually stay in a fixed position year round, while PV panels
benefit from being moved to summer and winter positions.)

4 Bolt the brackets and struts together, but don’t join the two sides yet. Join the pieces at the base with hinges, or just use an L-
bracket with a bolt as the pivot, as we did.
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5 Although the PV mount is stable, it needs to be securely anchored to the ground in case of high winds. For larger arrays like ours,
add concrete footings at each corner.






7 Stand-Alone Solar Light System

One of the easiest ways to put photovoltaic panels to work around your home is to
purchase a self-contained kit. Kit contents and qualities vary, and if you apply the
dollars-per-watt cost calculations most pro installers use, kits aren’t the best value. But
it’s a very user-friendly way to jump into solar. If you have a garage or shed on the
far reaches of your property and you’d like to convert it to useful work space where
you can store and charge batteries, watch TV or play music, or just put in some
overhead lighting for hobby work, a kit like the one shown here may be just the
answer you’re looking for.

The kit used in this project is a 45-watt, 3-panel PV kit purchased from a large discounter. In addition
to the three 15-watt PV panels, it includes two 12-volt lights, battery hookups, a combination
regulator/charge controller/safety fuse, and an adapter plug for different DC appliances. To complete
the installation, the only missing elements are a roof boot to seal the roof penetration for the panel
wires (if you come through the roof) and electrical conduit for the wire leads from the panels. You’ll
need enough conduit to get from the back of the panels to just above the regulator/charge controller.

You can set this up as a battery charging station for car, boat and RV batteries, or you can just
install a permanent deep-cycle battery and use it to power a few lights and DC chargers and
appliances. You can also use the system to power AC appliances and lights, but you’ll need to add a
power inverter with a minimum capacity of 300 watts.

The PV panels slip into angled mounting brackets that can be placed either on a flat surface or a
pitched roof. If you are working on a pitched roof, follow all safety precautions for working at heights
and wear fall-arresting gear if the pitch is steep.

With the PV panels and a charge controller in place, this solar power generating station can do a
lot more than just charge batteries, even without an AC inverter. Use it to supply power to a pond or
waterfall pump, add a few DC lights, hook up garden lights, or just keep a few deep-cycle batteries
charged up for emergency power in case the utility lines go down in a storm. If you live in the frozen
north, it’s also the perfect power source for an ice-fishing shack. Just plug in a DC-powered light,
coffee maker and TV and you’re good to go.
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Charge controller and
regulator, with fuses and
DC power outlets

Battery //i

Photovoltaic panels (15 watt each)

Lights




Parts of this solar light kit include: Three 15-watt photovoltaic panels (A); snap-in mounting stand (B); regulator (C); multi-purpose
adapter (D); battery connectors (E); light wires (F); 12-volt LED lights (G). A 12-volt battery is required but not included with the kit.



@ How to Make a Solar Light System

1 Locate the roof rafters, either by using a stud finder or by lifting up shingle tabs and tapping in finish nails. Y ou must plan to fasten
at least one of the angled mounting brackets to a rafter. If the other doesn’t fall on a rafter, plan to attach it with toggle bolt anchors.

2 Predrill the holes for the mounting brackets (above), then fill them with roofing cement or silicone caulk (left). Fasten the brackets
to the roof with neoprene screws (small lag screws with a rubber washer), or with toggle bolts if not attaching to a rafter.
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4 Lock the PV panel down into position by sliding the small bolt heads on the brackets into the keyhole slots on the back of the panel.

(Other kits may use different fasteners.) Cover the panels with a drop cloth after they’re in position-they’ll start generating electricity as
soon as the sun hits them.



5 Check the underside of the roof for electrical lines or ductwork. Locate an access hole for the panel cable into the roof deck,

directly behind the panel assembly. Buy a flashing boot with a rubber boot sized for small electrical conduit (3/4" or 1" is best-check
online or at electrical or roofing suppliers if you have difficulty finding one). Place the boot so that the top edge extends under two shingle
tabs, then drill a test hole with a 1/4" bit. Leave the bit in place and double-check the underside of the roof to make sure you come out in
the right spot. If everything looks good, finish the hole with a hole saw or spade bit big enough for the conduit to fit through.

6 Cut a piece of conduit long enough to go through the roof and extend several inches above the boot. The conduit should continue on

the underside of the roof over to the location of the regulator. Push the pipe through and hold it in place with a pipe strap or block of
wood. Slip the roof boot over the pipe and wiggle it into place under the shingles. Spread roofing cement or silicone under the sides (but
not the bottom) of the metal flashing, then nail it to the roof. Glue a 90° elbow to the conduit, turning it downhill, and extend with more
conduit (if necessary) to the back of the PV assembly. Fish the leads from the panels through the conduit to the regulator; you may need
to use an electrician’s fish tape for this job. Finally, plug the opening in the conduit around the wires with electrician’s putty or caulk to

seal out bugs and drafts.



7 Install two sturdy shelves inside the building to hold the regulator and the battery. The shelf should be easily reachable by an adult
so the equipment can be turned on and off and plugged into the adapter easily. The battery shelf should be at least 18" off the ground.
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8 Connect the wires from the PV panels to the solar terminals on the back of the regulator/charge controller. Secure the wires to the

walls or roof framing members to keep them clear. CAUTION: The collector panels should be covered with a drop cloth or opaque
material well before making these connections. Tape or clamp the drop cloth so it doesn’t blow off.

9 With the regulator turned off, fasten the battery leads to the back of the regulator, then clamp them to the battery posts—black to
negative first, then red to positive. Then uncover the PV panels. Double-check the connections, then turn the regulator/ charge controller



on. For a 12V battery, the voltage output reader will show 13 when the battery is fully charged.

DC output
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1 0 This kit includes two DC lights. To install them (or other DC appliances), just plug the cord in to the proper port (or adapter) and
turn the power on. Hang the 12-volt light fixtures from the rafters and then staple the cords to keep them secure and out of the way.
Make sure to leave enough cord that the plug end is easy to insert and remove from the port. You’ll plug and unplug the lights to turn
them on and off.



This 60-watt solar panel is mounted on a garage roof and powers a self-contained home security lighting system. Not only does this
save energy costs, it keeps the security lights working even during power outages.



7 Solar-Powered Security Light

A self-contained electrical circuit with dedicated loads—usually 12-volt light fixtures
—is one of the most useful solar amenities you can install. A standalone system is not
tied into your power grid, which greatly reduces the hazards involved in installing the
components yourself. Plus, the fact that your light fixtures are independent of the
main power source means that even during a power outage you will have functioning
emergency and security lights.

Installing a single solar-powered circuit is relatively simple, but don’t take the dangers for granted.
Your work will require permits and inspections in most jurisdictions, and you can’t expect to pass if
the work is not done to the exact specifications required.

Solar panels can be small and designed to accomplish a specific task, or they can be large enough
to provide power or supplementary power to an entire house. Before you make the leap into a large
system, it’s a good idea to familiarize yourself with the mechanics of solar power. The small system
demonstrated in this project is relatively simple, and is a great first step into the world of solar. The
fact that the collector, battery, and lights are a standalone system makes this a very easy project to
complete. By contrast, installing panels that provide direct supplementary power through your main
electrical service panel is a difficult wiring job that should be done by professional electricians only.



Schematic Diagram for an Off-the-Grid Solar Lighting System
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Tools and Materials

Tape measure

Drill/driver with bits

Caulk gun

Wiring tools

Metal-cutting saw

Socket wrench

Photovoltaic panel (50 to 80 watts)

Charge controller

Catastrophe fuse

Battery sized for 3-day autonomy

Battery case

Battery cables

12-volt LED lights including motion-sensor light
Additional 12-volt light fixtures as desired

20 ft. Unistrut 1-7/8"-thick U-channel (see Resources, page 152)
45° Unistrut connectors

90° Unistrut angle brackets

Unistrut hold-down clamps

3/8" spring nuts

3/8"-dia. x 1"-long hex-head bolts with washers

Green ground screws

DC-rated disconnect or double throw snap switch

6" length of 1/2"-dia. liquid-tight flexible metallic conduit
1/2" liquid-tight connectors

Lay-in grounding lugs

Insulated terminal bars to accept one 2-gauge wire and four 12-gauge wires
Cord cap connectors for 1/2"-dia. cable

1/2" ground rod and clamp

Copper wire (6- and 12-gauge)



Square boxes with covers

1/2" flexible metallic conduit or Greenfield
1/2" Greenfield connectors

1-1/16" junction boxes with covers

PVC 6 x 6" junction box with cover

1-4/2 UF wire

1/4 x 20 nuts and bolts with lock washers
Roof flashing boot

Roof cement

Silicone caulk

Eye protection



Mounting PV Panels

The mounting stand for the PV panel is constructed from metal U-channel and pre-bent fasteners (a product called Unistrut is seen
here. See Resources, p. 152). Position the solar panel where it will receive the greatest amount of sunlight for the longest period of time
each day—typically the south-facing side of a roof or wall. For a circuit with a battery reserve that powers two to four 12-volt lights, a
collection panel rated between 40 and 80 watts of output should suffice. These panels can range from $200 to $600 in price, depending
on the output and the overall quality.
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The stand components are held together with bolts and spring-loaded fasteners. The 45° and 90° connectors are manufactured
specifically for use with this Unistrut system



Connections for the feed wires that carry current from the collector are made inside an electrical box mounted on the back of the
collector panel.




An EPDM rubber boot seals off the opening where the PVC conduit carrying the feed wires penetrates the roof.



@ How to Wire a DC Lighting Circuit

1 Mount a junction box inside the building where the conduit and wiring enter from the power source. Secure the box to the conduit

with appropriate connectors. Run two 14 gauge wires through the conduit and connect them to the positive and negative terminals on the
panel.
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2 Plan the system layout. Determine the placement of the battery and then decide where you will position the charge controller and

DC disconnect. The battery should be placed at least 18" off the ground in a well-ventilated area where it won’t be agitated by everyday
activity. Mark locations directly on the wall.
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3 Attach a junction box for enclosing the DC disconnect, which is a heavy-duty switch, to a wall stud near the battery and charge
controller location. Use a metal single-gang box with mounting flanges.



4 Run flexible metal conduit from the entry point at the power source to the junction box for the DC disconnect box. Use hangers
rated for flexible conduit.
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5 Attach a double-gang metal junction box to the building’s frame beneath the DC disconnect box to enclose the charge controller.



6 Attach the DC disconnect switch to the wire leads from the power source.



7 Install the charge controller inside the double-gang box. Run flexible conduit with connectors and conductors from the disconnect
box and to the charge controller box.



8 Mount a PVC junction box for the battery controller about 2 ft. above the battery location and install two insulated terminal bars
within the box.



9 Build a support shelf for the battery using 2 x 4s. The shelf should be at least 18" above ground. Set the battery on the shelf in a
sturdy plastic case.



1 0 Set up grounding protection. Pound an 8-ft.-long, 1/2"-dia. ground rod into the ground outside the building, about 1 ft. from the
wall on the opposite side of the charge controller. Leave about 2" of the rod sticking out of the ground. Attach a ground rod clamp to the
top of the rod. Drill a 5/16" hole through the garage wall (underneath a shake or siding piece) and run the #6-gauge THWN wire to the
ground rod. This ground will facilitate lightning protection.



1 1 Wire the DC disconnect. Attach the two #14-gauge wires to the two terminals labeled “line” on the top of the DC disconnect
switch.
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12 Run wiring to the loads (exterior DC lighting fixtures in this case) from the charge controller. DC light fixtures (12-volt) with
LED bulbs can be purchased at marine and RV stores if you can’t find them in your home center or electrical supply store.




OPTION: Attach a motion sensor. Some charge controllers come equipped with a motion sensor to maximize the efficiency of your
lighting system—these are especially effective when used with security lighting. The motion sensor is typically mounted to a bell box
outside and wired directly to the charge controller with an 18-gauge x 3-conductor insulated cable. A system like this can support up to
three motion sensors. Follow the manufacturer’s directions for installing and wiring the motion sensor.

13 Wire the charge controller. Route two more #14-gauge wires from the bottom of the DC disconnect terminals into the 4 x 11/16

junction box and connect to the “Solar Panel In” terminals on the charge controller. The black wire should connect to the negative
terminal in the PVC box and the red to the positive lead on the charge controller. Finish wiring of the charge controller according to the
line diagram provided with the type of controller purchased. Generally the load wires connect to the orange lead and the red wire gets
tied to the battery through a fuse.
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1 4 Install the battery. Here, a deep-cycle 12-volt marine battery is used. First, cut and strip each of the two battery cables at one

end and install into the battery control junction box through cord cap connectors. Terminate these wires on two separate, firmly mounted
mnsulated terminal blocks.



1 5 Install the catastrophe fuse onto the positive terminal using nuts and bolts provided with the battery cables. Connect the battery

cables to the battery while paying close attention to the polarity (red to positive and black to negative). Make sure all connections have
been made and double checked.



1 6 Cover all junction boxes, then remove the bag from the panel and turn the DC disconnect switch on to complete the circuit. Test
the lights and adjust the time to desired setting.



Solar Heat
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A large array of solar hot water collectors makes a significant dent in the hot water bill at this mountainside resort.

» IN THIS CHAPTER

* Collecting the Heat of the Sun

* Solar Oven

* Solar Water Heater

* Solar Hot Air Collector—Window Mount
* Hot Air Collector—Roof Mount

* Solar Still

* Solar Lumber Kiln

Unlike photovoltaic panels, solar collectors are everywhere around us. In fact, we’re living in one.

The Earth itself is one giant collector, absorbing light from the sun and keeping just enough of it under
an insulating layer of atmosphere for life to exist.

Solar collectors work in a similar way, and although the scientific explanation for what they do is
complicated, actually making one is not that difficult. There are basically two ways to collect solar
heat and put it to a useful purpose, and we’ll show projects that illustrate each type. The first is
probably the simplest and most familiar, especially if you’ve ever owned a car with a black interior
and left it parked in the sun with the windows rolled up. Dark colors absorb heat, and if they’re in a



space covered with glass much of the heat will be trapped, then come blasting out when you open the
door. That’s the principle behind the solar hot air collector on page 111. Solar hot water collectors
take the idea a step further, by transferring that stored heat to water flowing through heat-absorbing
pipes (see page 87), after which it can be used for hot water or heat throughout the house, or even
stored for later use (page 100).

The second method is a little different. Instead of just absorbing heat in a black box, solar energy
1s first concentrated and focused by a reflective surface. This can be a curved, highly polished array
of mirrors capable of generating heat measuring in the thousands of degrees, or it can be reflective
foil glued to the slanting sides of a box, bouncing enough solar heat towards a black pot to cook a
chicken dinner (page 77).

Either way, solar heat collectors have one big advantage over PV panels—a faster return on your
investment, especially if you make your own.
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The evacuated-tube hot water collectors mounted to the side of this house in the desert collect abundant hot water for bathing and
heat. Evacuated tubes are well-enough insulated that they can survive an occasional cold snap.



Collecting the Heat of the Sun

If you ever burned a dry leaf with a magnifying glass when you were a kid, you’ve
harnessed the power of the sun with a solar collector. Solar collectors are fascinating,
but unlike PV panels are really pretty easy to understand—a very powerful but very
accessible technology.

Solar collectors convert sunlight into heat, even in the dead of winter, then use that heat to do useful
work: cook food, heat water or air, or even generate electricity by creating steam to power a turbine.
You don’t need to understand physics to make a good solar collector; you just need to have an
understanding of how to collect and use heat.

This gallery of solar heat collectors illustrates a few of the possibilities—all working, proven
technologies. Many others are available, and most will work well whether you live near the equator
or the North Pole, or anywhere else the sun shines.

In this thermosyphon hot water collector, heated water rises into the storage tank at the top and then flows into the house as
needed. This simple system is widely used in warmer parts of the world where freezing temperatures are not a problem.
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The ability of a magnifying glass to concentrate solar heat enough to start a fire has been known since at least 700 B.C. Solar
collectors that concentrate sunlight use the same basic principle.

This solar collector uses parabolic reflectors to heat oil passing through a pipe to 750° F. This hot fluid is then used to boil water and
generate steam, which powers turbines that create electricity. This power plant has been in operation since 1985.



Uses for Solar Heat

Solar panels and collectors can be fastened to corrugated metal roofs without expensive standoff systems, since rainwater just drains
underneath.



Instead of using expensive fossil fuels to heat the water i this pool, the homeowners installed solar hot water collectors to utilize the
free heat of the sun.



Cool water enters these flat-plate hot water collectors at the bottom, then gradually rises to the top as it is heated. A pump then moves
it to a storage tank inside the house.
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Under the right conditions—sunny climate, high energy prices, political support—solar hot water collectors can catch on fast. Notice
all the black rectangular collectors on the roofs in this city on the Mediterranean coast of Turkey.
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It looks like some strange metal bird, but it’s actually a solar cooker boiling water for tea. The panel is shaped so that all the
reflected sunlight is focused on the base of the pot.

Arrays of hot water collectors are ganged together at the top and bottom. Cool water flows in at the lower right at one end of the
array, and heated water flows out at the upper left. This system is controlled by a pump inside the house.

Hot water collectors are often mounted almost vertically to capture more of the winter sun and less of the summer. Collectors can
actually get too hot if the water sits for a long period. The PV panels on the roof, however, need all the sun they can get.



Drainback solar hot water systems are safe for year-round use, even in cold climates. Water is pumped to the collectors only when
the temperature in the collector is higher than the temperature in the storage tank, so there’s no danger of freezing pipes.

For peak performance, clean dirt and leaves off solar panels and solar collectors. If your collectors are up on a sloped roof, spraying
with a hose from the ground will do the job.






Solar Oven

Solar ovens are simple devices that capture heat from the sun with a reflective surface
that’s angled or curved towards a cooking pot. Because they can be easily made from
cheap materials like scrap cardboard and tinfoil, they are widely used in areas of the
world where trees and fossil fuel are scarce or expensive. Once made, they can be
used to cook food and boil water in a reasonable amount of time for absolutely no
cost.

There are dozens of possible designs (see Resources, p. 152); some angle the rays down into a small
center area, while others focus the rays upward toward the underside of a pot, like a reversed
magnifying glass. You can also buy portable solar ovens assembled from polished metal online—
they’re great equipment for camping. But if you’re serious about integrating free fuel from the sun into
your cooking, the plan on pages 80-85 features a solar oven that works beautifully and is also built to
last. Plus, you can build it for a fraction of the cost of a purchased solar cooker.

Depending on variables like location, ambient air temperature and the angle of the sun, a solar
oven can reach temperatures above boiling (212° F). In ideal conditions, some types can reach 300°
or more. This temperature range is high enough that you can safely cook any food, including meat.
Cooking times are longer, but because the temperature is lower there’s little danger of overcooking,
and the food is delicious.



Solar Oven Types

Solar cookers can be made in a wide variety of designs. The main criteria is that they have a reflective side or sides that focus sunlight
toward a heat-absorbing (usually black) pot or base.
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Made from cardboard and aluminum foil, this solar cooker is still capable of heating food almost to boiling. Variations of this basic
design are widely used in poor areas of the world that have abundant sunlight but limited fuel; their use helps preserve dwindling forests.
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In a dry, arid region of Tibet with little available firewood, a homeowner uses this ingenious solar cooker to heat water and cook food.



Take this solar cooker on picnics and camping trips. The angled blades focus light on the pot in the center, then fold up into a compact
bundle when you’re done.



Solar Oven

There are numerous ways to make a solar cooker—