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If you’re interested in this book, surely you already know that solar electricity is good for the environment, national security, and the air we breathe, not to mention your electricity bill. And that it’s one of the best ways to reduce your household’s contribution to global warming. You’ve also probably heard that going solar can actually be cheaper than paying for utility power, and you might wonder whether this claim is true. Well, in most cases, it is true. It just takes time for the incremental savings to overtake the initial investment (after that, the solar power is free). If you install the solar system yourself, you can hit this tipping point a lot sooner — in some cases, in half the time.


That brings us to the next big question: Can you really install your own solar panels? Again, the answer is yes. If you can drive lag bolts and assemble prefabricated parts, and if you’re willing to spend a day or two on your roof (or not, if you’re mounting your panels on the ground), you can install your own solar system. You don’t have to know how to hook up the solar panels to your household electricity or the utility grid. You’ll hire an electrician for the house hookup, and the utility company will take care of the rest, usually for free. For a completely off-grid system, the utility company isn’t involved at all.


Perhaps disappointingly, this job isn’t even a good excuse to buy new power tools, since the only one you need is a good drill.


So, if this is such a doable project, why do most people use professional installers? For starters, a lot of people have good reasons to hire out virtually everything, from oil changes to grocery shopping. (That’s probably not you, but even if it is, this book can help you plan for a solar installation and find a good local installer.) Solar professionals handle more than the installation. They design the system, they apply for rebates and credits, they order all the necessary parts, and they obtain the permits and pass all the inspections. But the fact is, you can do all of these things yourself, provided you have a helpful adviser (this book, for example) and you are willing to follow the rules of the local building authority (that’s where you’ll get those permits).


Solar installations are getting easier all the time, and you might be surprised at how much do-it-yourself (DIY) help is available. Two good examples are PVWatts and the Database of State Incentives for Renewables & Efficiency (DSIRE). PVWatts is an online calculator that helps you size a solar-electric system based on the location and position of your house and the angle of your roof. Solar pros use the same simple tool, but it’s free for everyone. DSIRE offers an up-to-date, comprehensive listing of renewable energy rebates, tax breaks, and other financial incentives available in any area of the United States. And it’s also free and easy to use.


Those two resources alone help answer the two most common questions homeowners have about solar electricity: How big of a system do I need? and How much will it cost? Other resources include solar equipment suppliers that cater to DIYers and offer purchasing and technical support, as well as consumer-friendly industry sources like Home Power magazine and the online community Build It Solar. And there’s no law that says DIYers can’t hire a solar professional for help with specific aspects of their project, such as creating design specifications, choosing equipment, or preparing permit documents.


What’s been missing from the wealth of information out there is a single expert voice — a guiding light, if you will — that pulls it all together and walks you through the project from start to finish. This book is your guiding light. It tells you what you need and shows you how to install it. Every major aspect of the process is covered, from site assessment and system design to permits, equipment, and installation.


Can you really install your own solar panels? . . .


the answer is yes.


We should also say up front that this book is not for cutting corners. We don’t want you to install your system without a permit or without hiring an electrician to make the final hookups. (Even professional solar installers use electricians for this stuff.) The permit process can be a pain, yes, but it’s there to ensure that your system is safe, not just for you but also for emergency responders who might need to work around your mini power plant. When you work with the local building department you also learn about critical design factors, such as wind and snow loads, that are specific to your area.


Most likely, you’re looking to install a standard grid-tied solar-electric system or an off-grid system. We cover both. We also cover the two most common installation scenarios: rooftop and ground-mount. The information is practical, visual, and as nontechnical as possible, teaching you just what you need to know to get the job done. (If you’re the type to geek out on things like battery chemistry or multijunction solar cells, you’ll probably want some additional sources.) To keep this big job in perspective, each chapter starts with a simple goal that summarizes what you’ll accomplish at that stage in the process.


Of course, your ultimate goal is to power your house with the sun. And the sun? Well, it’s ready whenever you are.






Illustrated detailed diagrams are shown throughout this ebook. If you find them hard to read, double-tap the image to open to fill the screen. Use the two-finger pinch-out method to zoom in. (These features are available on most e-readers.)







This publication is intended to provide educational information for the reader on the covered subject. Be sure to read all explanations and advice in this book and in your product literature thoroughly before beginning to install your own solar panels. The authors and publisher advise that anyone who is not a trained electrician get professional assistance before connecting to your home’s electrical system, and follow all applicable state and local building codes.
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The Basics
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Goal Learn the basic parts of solar power systems and the installation process, and confirm that DIY installation is right for you




We’ll begin your Journey to electrical enlightenment with a quick overview of what goes into a home solar power system and a look at the specific components of the three main types of systems. Then we’ll take a brisk walk through the installation process from start to finish. And that’s pretty much all there is for the basics lesson, because then it’s time to get to work.


Your first task is to make sure that a do-it-yourself (DIY) installation is not only desirable but also legal in your area. (It’s not allowed everywhere.) If you give yourself the green light, great. If not, you can use this book to learn the essentials of going solar and gain confidence for choosing a good local professional solar installer and getting what you want. The next task is for everyone: determining how much electricity you use and thinking about where your solar system is most likely to go.





Anatomy of a Solar-Electric System


The science of turning sunlight directly into electricity is known as photovoltaics (PV), referring to photons of light and volts of electricity. Here’s your 10-second lesson on how PV works: Solar panels, properly called PV modules (see You Say “Panels”; We Say “Modules,”), contain solar cells, which are most commonly made of layers of silicon, a semiconductor material made from sand (also the namesake of Silicon Valley). When photons of light enter a solar cell, they get absorbed and excite electrons in the silicon layers, causing them to move and, ultimately, flow continuously through a circuit of wiring that feeds into the PV system. Harnessing this electron flow is what gives you electrical power.


The electricity produced by PV modules (and used by all batteries) is direct current (DC), in which all of the electrons move in one direction only. Your home’s electrical system and most appliances use alternating current (AC) power, in which the electrons move back and forth, alternating direction about 60 times per second. Therefore, PV systems include one or more inverters that convert the DC solar-generated electricity to usable AC power for your home (and, with grid-tied systems, for selling back to the utility grid).


All home PV systems start with a collection of solar-electric modules, called the PV array. The array can be installed on a roof or on the ground. The modules in an array are usually wired together in groups, each called a series-string. The series-strings are joined near the array at a combiner box or other device, and wiring from the box brings the power to the rest of the system components at the ground level. The first component that these supply lines connect to depends on the type of system. The following pages give you a snapshot of the three main systems. We’ll cover system types and hardware in greater detail in chapters 3 and 4.







Detail of Solar Cell
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PV Module
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Module Magic


A standard PV module is little more than a metal frame surrounding a sandwich made of a rigid backing material, thin layers of silicon solar cells, a transparent bonding sheet, and a tempered-glass top. The cells are where the magic happens. Each cell typically measures about 4 to 6 inches square, and a full-size module usually contains 60 or 72 interconnected cells laid out in a grid pattern. The cells are most commonly made of crystalline silicon (c-Si), a semiconductor material capable of producing about 0.5 volt of electricity. (The amount of current, or amperage, produced by the solar cell depends on its size.) When you wire cells together in a series, the voltage adds up so that a 60-cell module produces about 30 volts, and a 72-cell module about 36 volts.


Solar cells are assembled into PV modules for two very good reasons:




	
1. You need a lot of cells wired together to make a useful amount of electricity produced at a relatively high voltage.


	
2. Crystalline silicon cells are fragile. The module structure and glass top protect the little magic-makers from things like rain, snow, wind, hail, bird doo-doo, and the long-term effects of temperature and moisture changes. Yes, the modules can break if you drop them the wrong way, but otherwise they’re designed to withstand outdoor exposure for several decades.












Grid-Tied PV System
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Grid-tied PV systems are always connected to the utility grid and have no means for storing energy on-site. A string inverter system is shown here. A microinverter system would have multiple microinverters installed under the array (and no string inverter) and would not have a separate control system for rapid shutdown.







Grid-Tied System


A grid-tied system is by far the most common type of residential PV system, as well as the simplest and least expensive. It connects to the electric utility grid and uses the grid for both “storage” and backup. When the array creates more power than the house uses, the excess power is fed back onto the grid — turning the utility meter backward — and you get credited for it. When the house needs more than the solar array provides, the house automatically pulls power from the grid.


Advantages of grid-tied systems include simplicity, low cost, and low maintenance, making them the obvious choice for homeowners who are already using utility power, which is most homeowners. But the grid is also the main disadvantage: when it goes down, so does the PV system. This automatic shutdown function, called self-islanding, is required by utilities for grid hookup for the safety of utility personnel working on the power lines.


Grid-tied systems can use one or more string inverters, which convert power from DC to AC for a group of modules at once, or microinverters, which convert power from DC to AC at each individual module or a pair of modules. A third option is to add DC optimizers to a string inverter system. DC optimizers (see here) add some performance optimization and monitoring features offered by microinverters, but they do not convert DC to AC at the module.




Off-Grid System


The ultimate in self-sufficiency, off-grid systems have no connection to the utility grid and are therefore the best choice for homes far from utility lines. They include a bank of batteries for storing solar-generated power during the day and feeding the house with power at night. These systems also may get additional backup power from a fuel-powered (usually gas, diesel, or propane) generator, which should be installed by an electrician. All solar electricity goes through the batteries; it does not power the house directly from the array. The batteries are charged by DC power from the array and are monitored and controlled by a device called a charge controller. Battery power is converted to AC (through a DC–AC inverter) before supplying the house.






Off-Grid PV System
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Off-grid PV systems are autonomous — or “stand-alone” — because they can store energy on-site. Most off-grid systems include a conventional generator to provide backup power when battery storage levels get too low and there is insufficient solar energy to recharge the batteries and/or accommodate the household usage.







Grid-Tied System with Battery Backup


A grid-tied setup can be combined with battery backup such that solar power charges the batteries and backfeeds the grid when there’s an excess. When the house needs more power than the solar array produces, it can pull from the grid or the batteries. When the grid goes down, the batteries supply power to a critical loads subpanel, which serves a few household circuits. This enables you to keep important things like the fridge, lighting, computers, and perhaps a gas furnace running during power outages. The batteries typically do not power the entire house, as this would require a larger, more expensive battery bank.


Grid-tied systems with battery backup are relatively complex, technically sophisticated, and pricey, costing significantly more than a standard grid-tied system. There are two main types of battery backup systems: DC-coupled and AC-coupled. DC-coupled systems are the historical standard, while AC-coupled systems are becoming more common and are the only type allowed by some utility companies, because they make it easier to track solar production.


A couple of important notes about grid-tied systems with battery backup:




	
1. Given the complexity of these systems, it’s best to hire a professional for the system design and installation. (Only the installation of the array hardware is the same as that for the grid-tied and off-grid systems shown in this book.)


	
2. You can add battery backup to an existing grid-tied system, depending on the system type and design. If you install a standard grid-tied system now and later decide you’d like battery backup, you can easily add the components at a later time, provided you use an AC-coupled configuration. A DC-coupled system would likely require removing and rewiring the modules to accommodate the backup system’s lower-voltage charge controller.







Grid-Tied PV System with Battery Backup
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Grid-tied systems with battery backup can feed to, and draw from, the utility grid when the grid is operational. They can also store energy on-site for use when the grid is down or, optionally, during peak-rate periods when grid energy is the most expensive. The batteries can be recharged by the solar array as well as the grid. An AC-coupled system is shown here.











Tip


Backup Basics


Grid-tied systems have the advantage and convenience of using the utility grid as a backup power source, so these PV systems do not have to provide all of the power to cover your household electricity usage. Off-grid systems are very different. Since there is no utility service to provide backup power, you must accurately size your PV array and battery bank for your household electrical usage.














You Say “Panels”; We Say “Modules”


Here’s a quick guide to basic solar-electric system terminology. Since you’ll be working like a pro, you might as well sound like one.


PV: Photovoltaic or photovoltaics; the science of, or devices for, creating DC electricity with solar energy (i.e., photons, packets of light energy from the sun).


Module: A PV panel or collector. Pros use the word module when referring to PV systems to distinguish them from panels or collectors used for solar thermal systems for hot water or space heating.


Hardware: The main components of a PV system, including modules and their mounting structure, inverters, disconnects, meters, conduit, wiring, electrical boxes, and batteries, as applicable.


Mechanical: The phase of system installation that includes the module mounting structure, modules, and module wiring.


Mounting structure: The assembly of hardware that supports the PV modules and anchors them to the roof or ground.


Electrical: The installation phase for everything beyond the modules, including wiring runs, grounding, inverters, meters, disconnects, and batteries.








Can I Install My Own PV System?
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A DIYer’s Checklist


It’s time for the litmus test that tells you whether to proceed boldly as an amateur solar installer or to hand over the reins to a professional. For most of you, the decision will come down to the rules of the local building authority (most likely your city, county, township, or state) or your utility provider, either of which may require that solar installations be done by a licensed professional. This is also the best time to confirm that your project won’t be nixed by your zoning department, historical district standards, or your homeowner’s association.






	

□ Amateur installation is permitted by the local building authority and your utility provider.


	

□ Requirements for amateur installation are reasonable and acceptable. Some authorities require nonprofessionals to pass tests demonstrating basic knowledge of electrical and other household systems, but such tests may not be extensive.


	

□ You’re okay with several hours of physical rooftop work (those with ground-mount systems get a pass here) AND you’re wise enough to wear legitimate fall-arresting equipment (not a rope tied around your waist). You may feel as confident as Mary Poppins dancing on rooftops, but she can fly; you should be tethered.


	

□ You don’t live in a historical district or, if you do, the zoning authority permits PV systems (with acceptable restrictions).


	

□ Your homeowner’s association, if you have one, permits PV systems (with acceptable restrictions). Sometimes the homeowner’s association may need a little nudging to give permission.


	

□ You have a standard type of roofing (asphalt shingles, standing-seam metal, wood shingles, standard flat roof). If you have slate, concrete tile, clay tile, or other fragile/specialty roofing, consult a roofing professional and/or hire out the PV installation (see Don’t Have Asphalt Shingles?). This is not necessarily a deal-breaker.







WARNING: PV systems are inherently dangerous and potentially deadly. As a DIY system installer and owner, you must understand, respect, and mitigate the risks involved with all installation and maintenance tasks. Pay special attention to the safety warnings given throughout this book as well as all requirements in the local building and electrical codes and equipment instruction manuals.










Going Solar — From Start to Finish


The installation phase of a typical residential grid-tied system takes pros about two to five days to complete, depending on the system size. It might take you and your helpers a day or two more. That’s the good news. The bad news is that the entire process can easily take a few weeks and often stretches out to a few months. Why? Red tape, of course. While some communities have solar-friendly policies and procedures, many remain resistant to streamlining the approval process. Take heart, and rest assured that they, like Copernicus’s detractors, must someday accept the importance of the sun.




	
1. Goals

Look at your electrical power usage and consider your power production goals, budget, and likely location for the PV array.
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2. Site Assessment

Determine your system size (solar-electric production goal). Measure and map array installation area.
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3. Design

Design the entire PV system according to your production goal. Choose modules and other main components. Complete a system plan for yourself and required documents for permitting.
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4. Approval

Obtain permits from building and zoning departments, and approval from your homeowner’s association or other authorities, as needed. Some utilities require an interconnection agreement as part of the approval process.
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5. Shopping

Buy your PV system hardware (online or through local distributors or vendors) and have it shipped to your door. Get standard wiring, fasteners, and other basic supplies at local retailers.
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6. Mechanical Installation

Install your module support structure (rooftop racking or ground-mount structure) and PV modules. Install microinverters, as applicable. Rough inspection by a city inspector typically happens here, usually before the module installation is complete.
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7. Electrical Installation (Preliminary)

Run conduit between your array and the ground-level components. Install a mounting bracket or box for a string inverter, as applicable.
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8.Electrical Installation (Final Connections)

This step is for your electrician. He or she will pull wires; install the string inverter, AC disconnect, and production meter; and make all final AC electrical connections for the entire PV system — up to your home’s main electrical service panel.
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9. Final Inspection and Utility Hookup

Pass the final inspection by the city inspector, and bring in the utility worker to install the net meter and make the connection to the power grid.
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10. PTO

Obtain your Permission to Operate (PTO) letter from the utility. Then turn on your PV system and start using solar-generated power!
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Working with Solar Professionals


Even if you’re planning to do as much of the installation yourself as possible, you’ll need an electrician for everything on the AC side of the system, including the final hookup to the house electricity. You may also need to hire a solar professional, architect, or engineer to approve your design, especially if such approval is required for a permit. For those of you who have abandoned the DIY option, an experienced solar installer is the best way to go. Here is a basic rundown of the solar pros who can advise and assist you in going solar.





Meet the Solar Pros


Electrician. A licensed electrician experienced with residential PV installation can perform the final electrical installation as well as help with any other aspect of the electrical design. If you have experience with electrical equipment installation, you might negotiate a plan wherein you install boxes, run conduit, and do other grunt work, and your electrician pulls all the wiring and connects all the components. If you’re a beginner, turn everything over to your electrician after the array is installed. In any case, all AC connections must be made by a licensed electrician. Contract with your electrician during the design phase so all parties know what to expect before installation begins.


Architect/engineer. Architects and engineers can help with structural design considerations and specifications, such as roof attachment, roof loads, ground-mount structure design and installation, and specialty mounting systems, like those for flat roofs. The local building authority might require an engineer’s stamp on any installation plan. Review and approval of detailed plans might cost several hundred dollars, while design services and expert advice might be charged at an hourly rate.


Solar w/consultant. A DIYer might hire a local solar installer to consult on the design, provide technical help, or purchase system equipment at a competitive price. If you’d like to get this kind of à la carte help from an installer or company, just keep in mind that the installer’s time is money, just like everyone else’s. It’s fine to call up one or more installers and ask about their services and discuss how they might help with your project, but resist the urge to pump them for free advice; their expertise is valuable.


Solar installer. Solar installers offer turnkey planning, design, and installation services. They also apply for rebates that lower your cost and advise you about tax breaks and other incentives that homeowners must apply for themselves (again, always check with your tax adviser). Good installers offer competitive warranties for their work and system components, and many are happy to provide technical assistance down the road (within reason, of course).
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If You Don’t DIY: Tips for Choosing a Solar Professional


Choosing a solar professional to install your system is, in many ways, a lot like finding any other home contractor, and the basics of due diligence certainly apply: get more than one bid, ask for references, and look at the company’s history and reputation. But given the relative youth and rapid growth of the industry — and the fact that much of your investment will be tied up in the solar equipment — it’s especially important to check for expertise, experience, and solid products and warranties.
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Look for expertise with PV systems. Even if a company is relatively new, it should have experienced installers in charge. At least one member of the installation crew should have PV Professional Installation certification from the North American Board of Certified Energy Practitioners (NABCEP). You can ask for proof of NABCEP certification, as well as the license number of the electrician who will perform the final AC hookups. Installation companies commonly have to provide these when bidding for certain jobs.


	
Check the member directories of local industry associations if you need a place to start your search. The Solar Energy Industry Association (SEIA) and the American Solar Energy Society (ASES), two of the biggest national groups, sponsor many state and regional chapters. For example, the Colorado chapter of SEIA is called COSEIA; California’s is CALSEIA.


	
Expect turnkey service. Design, installation, permits, paperwork, rebates, utility hookup — the works. You shouldn’t be asked to do anything a pro normally does.


	
Data monitoring. Most inverters include monitoring capability (hardware and software) that allows you to check your PV system’s performance from a computer or other device. Your solar professional should know how to hook up this function and teach you how to use it.








Answering the Big Three


When you call a professional solar installer to inquire about adding a PV system to your house, before long you’ll be talking about three things: (1) area, (2) electrical loads, and (3) budget. As a DIY installer, you should ask yourself the same questions to confirm that both you and your house are ready for the project ahead.





1. Area: Where Are the PV Modules Going?


On a typical home in the Northern Hemisphere, the ideal place for a PV array is a south-facing rooftop. Here, the modules are out of the way (and not taking up space in your yard), they face the sun during the peak hours of daylight, and they’re above a lot of obstructions that might cast shadows onto the array. It’s okay if your roof doesn’t face due south; PV systems can work on east- and west-facing roofs, too, but any rotation toward the south is helpful.


To determine whether your roof is big enough, start with a ballpark estimate: PV modules can produce about 10 to 15 watts per square foot of area. A 5,000-watt, or 5-kilowatt (kW), system needs about 500 square feet of roof area. (We’ll get to sizing in a minute.) You can probably take quick measurements of your roof area from a ladder (if not, get on the roof), but keep a couple of things in mind:




	You can’t install modules within 5 to 10 inches of any roof edge or the roof peak. In some jurisdictions this no-installation zone may extend as far as 3 feet from the edge or peak; ask the local building authority for guidelines.


	Modules cannot cover most roof penetrations, such as plumbing vents, chimneys, and skylights. However, sometimes obstructions can be cut shorter or trimmed to allow modules to be installed over them. Consult the local building authority for recommendations.  
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If your roof turns out to be a poor candidate due to space constraints or lack of sun exposure (see Shade Matters), you can set your sights on a ground-mount array, which is not a bad thing. Ground-mounting adds some cost and time to the installation but offers a few key advantages: you can position the array for optimal sun exposure, you don’t have to drill holes in your roof, and you never have to remove the array to replace your roofing. What you do need is a sizable space in your yard or on your property that’s completely or nearly free of shade throughout the year.
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Ground-mounts can be located and positioned for optimal sun exposure.








Tip


Build for Solar


If you happen to be building a new house or large addition, try to keep south-facing roofs free of penetrations, leaving a wide-open space for a sizable PV array.








2. Loads: How Much Electricity Do You Need?


Answer this question by determining how much electricity you use. This is as easy as adding up a year’s worth of electricity bills. However, looking at two or more years is better, especially if you have air-conditioning or any electric heating, as these are more weather-dependent than lighting and regular appliance use. Just be sure to use only full years for accuracy, and to look only at electrical usage, not natural gas or heating oil.


Gather your utility bills for 12 consecutive months and add up the total kilowatt-hour (kWh) usage of each month to determine your annual usage. Many utility bills now have a bar chart or graph showing your monthly electrical usage for the entire year on a single bill. If you look at more than a year’s worth of bills, add up the total from all complete years and divide by the number of years to find the average annual usage. You will use this number for comparison when you calculate your system’s estimated solar production with PVWatts, in chapter 2.


Note: Many utility bills now have a bar chart or graph showing your monthly electrical usage for the entire year on a single bill. In case you’re curious, the national average is about 900 kWh per month (most homes range from 400 to 1,000 kWh/month), or about 11,000 kWh per year. That’s a pretty high number, but if you don’t heat with electricity or cool your house with conventional air-conditioning, your usage is probably well below average. Of course, any significant energy efficiencies you can employ now — whether it’s replacing old incandescent lights with LEDs, unplugging an extra fridge in the garage, or swapping your air conditioner for a whole-house fan or evaporative cooler — will allow you to get by with a smaller and less expensive PV system.






Tip


Roofing Replacement


PV modules can easily last over 30 years, which means they’ll likely outlive your roofing material. And a new roof means temporarily removing the modules. Not a huge deal, especially if you installed them in the first place. But it’s not something you’ll want to do after just a year or two. So if your roof is ready for replacement, you should think seriously about tackling that job before adding a PV system.







3. Budget: How Much Can You Spend?


For general reference, a PV system with a DIY installation can cost about $2 per watt of capacity. Professional installation can typically cost anywhere from $3 to $5 per watt. Residential systems typically range in size (or output) from about 3 to 8 kilowatts. That means a total initial cost of about $6,000 to $16,000 for a DIY system and about $15,000 to $30,000 for a professionally installed system. Smaller systems tend to cost more per watt than larger systems, due to economies of scale.


Regardless of who installs your system, the federal tax break available through 2021 can reduce your total cost by up to 30%. This is a tax credit subtracted from the tax amount you owe; it is not a check from the federal government. Additional rebates and incentives offered by utilities or state or local programs can reduce the cost further. See Solar Financials for more information on financial incentives.


As you’ve probably heard, rebates and other incentives seem to be a dying breed, but don’t feel too bad. Today the cost of a PV system is about one-third of what it was in the year 2000. And if you installed a PV system back in the 1970s, you might have paid anywhere from $12 to $50 per watt.


After answering the Big Three questions (or at least discussing them), a pro’s next step is to visit your house to take measurements and perform a more thorough assessment of your site. You will do the same — and that’s the focus of chapter 2.







Volts, Amps, Watts, and watt-hours


Electricity is the result of electrons flowing through a conductor, such as wires in a standard electrical circuit. All electrical circuits have a measure of voltage (or volts) and amperage (or amps). Simply put, voltage is the measure of pressure in a circuit, the force that pushes the electrons through. Amperage, also called the current, is the measure of the flow of electrons in a circuit. Together, the voltage and amperage tell us how much electricity is moving through the circuit, as well as how much electricity a circuit can safely handle.


A watt is an instantaneous unit of power that allows us to calculate the usage of an electrical device. It is derived by multiplying the voltage and amperage in an electrical circuit (volts × amps = watts).


A 10-amp appliance that plugs into a standard 120-volt household circuit has a wattage rating of 1,200 (10 × 120 = 1,200). This rating tells you how much wattage the appliance uses under normal operating conditions. Some appliances, like refrigerators and air conditioners, use more than their rated wattage when their motors are starting up.


However, we are interested in energy usage, which is power over time. To find the energy usage, simply take the power rating of the device and multiply it by the number of hours the device is used:


A 10-watt lightbulb running for 1 hour uses 10 watt-hours of electricity.


A 100-watt fan running for 10 hours uses 1,000 watt-hours, or 1 kilowatt-hour (kWh), of electricity. Thus, kilowatt-hours = watt-hours divided by 1,000.
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Assessing Your Site
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Goal Confirm the size and location of your PV array




Now that you’ve taken the first steps of estimating your energy needs and thinking about where your PV system might go, it’s time to take a closer look at both to determine the best location for the array and, ultimately, how big it needs to be. You’ll determine the size and output with PVWatts, the free online calculator provided by the National Renewable Energy Laboratory (NREL). PVWatts uses your home’s location and several other factors to estimate the amount of electricity you can expect to produce with a given system size. What it can’t do is visit your site, so it’s your job to measure your installation area, your roof slope, and your azimuth (not as bad as it sounds) and to consider additional factors, like shade, to come up with an accurate, realistic system size.
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Measuring Area, Slope, and Azimuth


Area, slope, and azimuth are the measurements that describe the placement and position of your future array. They are the primary design factors that are specific to your site, and you will need them in order to use the PVWatts calculator.


Area: The usable square footage of roof space or ground area for installing the PV modules.


Slope: The angle, or pitch, of your roof. The slope determines the tilt of the modules.


Azimuth: The direction your roof or ground-mount array faces (south, southeast, west, etc.), measured in degrees.


With a rooftop system, all three of these factors are limited by what you already have or are planning to build. With a ground-mount system, you get to choose the slope (the module tilt angle) and azimuth, provided there is sufficient area in a suitable location with minimal shade.





How to Measure Area


Accurate measurements are easiest with a helper and a 25-foot or longer tape measure. If you like, you can record your measurements on a simple map. The following steps apply to rooftop arrays. For ground-mount arrays, simply measure the available open space in the most likely installation area of your yard or property.




	
1. Before you climb onto the roof, draw a simple aerial-view map of any roof areas suitable for PV modules; this is usually a south-, southeast-, or southwest-facing roof area. Note on your map the relative locations of penetrations and obstructions, such as roof vents, plumbing pipes, skylights, and chimneys.


	
2. Once you’re on the roof, measure the length and width of each roof plane on your map. A suitable space typically measures at least 15 feet from the eave to the roof peak (also called the ridge) and 20 feet from side to side, but it’s possible to install a small grouping of modules in a smaller area.


	
3. Subtract 5 to 10 inches from the installation area for each roof edge and the ridge to allow for the required minimum margin around the array. Remember, your local building authority may have different requirements, such as a 2- or 3-foot-wide traffic path for firefighters; the 5- to 10-inch margin at the ridge and edges prevents wind uplift on the modules.
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