Solar Frequently Asked Questions
This is a database of frequently asked questions (FAQs) related to the four solar technologies: Concentrating Solar Power, Photovoltaics, Solar Heating and Solar Lighting. Each technology is broken down into different categories to make it easier for you to search. If you can't find your question here, please contact us so that we may help you.

Concentrating Solar Power

· The Basics — What is CSP? 
· What is concentrating solar power? 

· How does concentrating solar power (CSP) work? 
· What's the difference between concentrating solar power (CSP) and other solar technologies
Q: What is concentrating solar power?
A: The real powerhouse in CSP plants is focused sunlight. CSP plants generate electric power by using mirrors to concentrate (focus) the sun's energy and convert it into high-temperature heat. That heat is then channeled through a conventional generator. The plants consist of two parts: one that collects solar energy and converts it to heat, and another that converts the heat energy to electricity. Within the United States, over 350MW of CSP capacity exists and these plants have been operating reliably for more than 15 years.

CSP systems can be small enough (Stirling systems as small as 10 kilowatts are under development) to help meet a small village's power needs. (For comparison, a typical U.S. home might require a system generating about 5 to 15 kilowatts to meet most of its power needs, according to some renewable energy experts.) CSP systems can also be much larger, generating up to 100 megawatts of power for use in utility-grid-connected applications. Some CSP systems include thermal storage to provide power at night or when it's cloudy. Others are combined with natural gas systems in hybrid power plants that provide power on demand. 

The amount of power generated by a concentrating solar power plant depends on the amount of direct sunlight at the site. CSP technologies make use of only direct-beam (rather than diffuse) sunlight. 

Today's CSP systems can convert solar energy to electricity more efficiently than ever before. Utility-scale trough plants are the lowest cost solar energy available today and further cost reductions are anticipated to make CSP competitive with conventional power plants within a decade. So, CSP is a very good renewable energy technology to use in the southwestern United States as well as in other sunny regions around the world. 

Other Resources: 

Q: How does concentrating solar power (CSP) work?
A:  Some of the following documents are available as Adobe Acrobat PDFs. Download Acrobat Reader.

Basically, CSP systems collect and concentrate (focus) the solar energy in sunlight to generate electricity. The three kinds of concentrating solar power systems — parabolic troughs, power towers, and dish/engines — are classified according to how they collect solar energy. 

Parabolic Troughs: In parabolic trough systems, curved, trough-like collectors reflect and concentrate sunlight onto a receiver, a pipe running along the inside of the curved surface of the trough. The concentrated solar energy heats a heat transfer fluid (usually oil) flowing through the pipe; this heated fluid is then used to run a conventional steam generator for electricity production. 

If we install numerous troughs in parallel rows, we have what's known as a collector field. The field is typically aligned on a north-south axis, which allows the troughs to track the sun from east to west during the day. This ensures that the sunlight is continuously focused on the receiver pipes and that electrical output is highest in the summer months when it is needed most. Trough systems with thermal storage capabilities can also store thermal energy for electricity generation later in the evening. The largest trough systems operating today generate about 80 megawatts of electricity (for comparison, a 5- to 15-kilowatt system can provide most of the power needs of an average U.S. home), however, it may be possible to build plants as large as 400 megawatts which can greatly reduce the cost of delivered energy. 

Currently, all parabolic trough plants are hybrids. This means that they include a fossil fuel system to supplement the solar energy at night or when it's cloudy. The fossil fuel part of a hybrid system runs on natural gas. 

Power towers: A power tower system is made up of many large, sun-tracking mirrors (heliostats) that focus sunlight on a receiver at the top of a tower. The sunlight heats up a heat transfer fluid in the receiver, which then is used to generate steam. The steam, in turn, is used in a turbine-generator to produce electricity. 

In early power towers (such as the Solar One plant), steam was the heat transfer fluid. Current designs (including Solar Two, pictured) made use of molten nitrate salt because of its superior heat transfer and energy storage capabilities. Individual commercial plants can be small or large enough to produce anywhere from 50 to 200 megawatts of electricity. 

Dish-engine systems: A solar dish-engine system is an electric generator that "burns" sunlight instead of gas or coal to produce electricity. The major parts of the system are the solar concentrator and the power conversion unit. 

The dish, or solar concentrator, is the primary solar component. It collects the sun's direct-beam energy and concentrates it on a receiver located at the focal point of the dish. The reflective surface of the concentrator is made of glass mirrors, which reflect approximately 92% of the sunlight that strikes them. 

The power conversion unit includes the thermal receiver and the engine/generator. The thermal receiver the interface between the dish and the engine/generator absorbs the concentrated solar beam, converts it to heat, and transfers the heat to the engine/generator. A thermal receiver can be a bank of tubes with a gas, usually hydrogen or helium, which is the heat transfer medium. Thermal receivers can also be heat pipes in which an intermediate fluid boils and condenses to transfer heat to the engine. The engine/generator uses heat from the thermal receiver to produce electricity. The most common type of heat engine in dish-engine systems is the Stirling engine, which uses heat from an external source (like the sun) to create mechanical power that in turn drives a generator to produce electricity. The Solar Energy Technology Program is investigating concentrating PV receivers that use high-efficiency PV cells to generate electricity—the advantage being the elimination of moving parts and potential for very high efficiencies and low cost.

Other Resources:  For more information about trough systems, see the following documents: Technology Characterization: Solar Parabolic Trough (PDF 303 KB) 
Solar Trough Power Plants - HTML (PDF 230 KB)

Parabolic Trough Roadmap (PDF 1053 KB) 

For more information about the most recent analysis work done on parabolic troughs and power towers, please see "Assessment of Parabolic Trough and Power Tower Solar Technology Cost and Performance Forecasts" 

For more information about power tower systems, see the following documents:
Technology Characterization: Solar Power Towers (PDF 303 KB)

Solar Two Demonstrates Clean Power for the Future (PDF 557 KB) 

For more information about dish-engine systems, see the following documents: Technology Characterization: Solar Dish Engine (PDF 888 KB) 

Solar Dish/Engine Systems (PDF 200 KB) 
Q: What's the difference between concentrating solar power (CSP) and other solar technologies?
A: They all make use of the abundant energy of sunlight. But they differ in the ways that they capture and use solar energy to produce heat or electricity. Most solar water- and space-heating technologies, for example, use sunlight directly to produce heat rather than using the sun's heat to produce steam that drives a generator to produce electricity, the way CSP does. 

Electricity can also be generated by photovoltaic (PV) systems. These technologies convert sunlight directly to electricity using the semiconductor materials in solar panels. 

CSP technologies first concentrate the sun's energy using reflective devices such as troughs or mirror panels. The resulting concentrated heat energy is used to power a conventional turbine and produce electricity. In the future, CSP technologies will be used to power concentrating PV technologies.

· Applications — How and where is CSP used? 
· Since the sun doesn't shine 24 hours a day, can we count on solar energy to supply power when we need it? 

· Since concentrating solar power plants are reliable, why haven't more been built in the last few years? 

· Since Solar Two is no longer operating, are solar power tower plants considered failures? 

· Do concentrating solar power (CSP) plants require a lot of land? How much, exactly? 

· Where are the best places to build a concentrating solar plant?

Q: Since the sun doesn't shine 24 hours a day, can we count on solar energy to supply power when we need it?
A: Concentrating solar power (CSP) technologies can include cost-effective thermal storage techniques. These allow a CSP system to set aside the heat energy that accumulates during the day for later conversion to electric power. CSP plants can also be part of a hybrid power system, in which one part runs on fossil fuels. Both options enable CSP plants to generate electricity even when the sun isn't shining — for example, at night or during cloudy weather.

Other Resources: 

Q: Since concentrating solar power plants are reliable, why haven't more been built in the last few years?
A: One reason is the relatively low cost of fossil energy in most areas of the United States. The majority of today's power plants run on inexpensive coal. And the current utility environment generally favors new natural gas power plants, which have comparatively low initial costs (first costs). With fossil fuel plants, however, customers (ratepayers) must bear the risk of higher fuel costs in the future. 

In contrast, the fuel needed to run a concentrating solar power (CSP) plant is sunlight, which is free. A CSP plant uses its field of mirrors to deliver the thermal energy that's provided by the fossil fuels burned in a conventional (e.g., gas- or coal-powered) plant. So, investing in a CSP plant is the equivalent of buying a lifetime supply of fuel. But the first costs associated with CSP plants can be high. To guarantee that they'll recover their first costs, most CSP plant operators would probably want to have some long-term power purchase agreements lined up, to minimize the financial risk. 

Other factors could also play a role in delayed investment in CSP. These include the perceived risks associated with new technologies and a need for tax equity with conventional technologies. Financial and regulatory incentives, advances in CSP technologies, and cost reductions resulting from economies of scale are just some of the things that could help to increase investments in CSP.

Other Resources: 

Q: Since Solar Two is no longer operating, are solar power tower plants considered failures?
A: Some of the following documents are available as Adobe Acrobat PDFs. Download Acrobat Reader.

No. Solar Two was an adaptation of the Solar One experiment of the 1980s. The goal was to validate solar power generation using molten salt for thermal energy transport and storage and to show that the technology is viable for dispatchable power. The Solar Two project successfully met all its objectives. And some key U.S. industry participants in the project have begun a commercial solar power tower project in Spain. They are actively seeking U.S. customers for domestic plants.

Other Resources: For general information about CSP, please see the U.S. Department of Energy's Sunlab Web site 

For more information about power tower systems, see the following documents:
Technology Characterization: Solar Power Towers (PDF 303KB) 

Solar Two Demonstrates Clean Power for the Future (PDF 557KB)
Q: Do concentrating solar power (CSP) plants require a lot of land? How much, exactly?
A: Relatively speaking, no. Consider Hoover Dam, for example. Nevada's Lake Mead, which is home to the dam, covers nearly 250 square miles. In contrast, a CSP system occupying only 10 to 20 square miles could generate as much power annually as Hoover Dam did in one recent year. And if we take into consideration the amount of land required for mining, CSP plants also require less land than coal-fired power plants do. 

It's hard to say exactly how much land is required for a CSP plant, however, because this depends on its generating capacity and the particular technology used. For example, a 250-kilowatt plant composed of ten 25-kilowatt dish/engine systems requires less than an acre of land. And a parabolic trough system uses about 5 acres for each megawatt of installed capacity. But in any case, the solar resource needed to generate power using CSP systems is quite plentiful. Imagine being able to generate enough electric power for the entire country by covering about 9 percent of Nevada — a plot of land 100 miles on a side — with parabolic trough systems!

Other Resources: 

Q: Where are the best places to build a concentrating solar plant?
A: In the United States, the Southwest is ideal for concentrating solar power plants. The National Renewable Energy Laboratory has developed highly accurate maps of solar resources for the United States and many other regions; these resource maps allow us to assess potential sites with great accuracy.

Other Resources: 
· Benefits — Why should I use CSP? 
· What are the environmental impacts of concentrating solar power plants (CSP)? 

· What are the advantages of using concentrating solar power (CSP) rather than other power generation technologies? 

· What is the benefit of continuing federal support for research and development in concentrating solar power?

Q: What are the environmental impacts of concentrating solar power plants (CSP)?
A: Concentrating solar power plants have few environmental impacts; land use is the primary one. Although a CSP plant's "footprint," or the amount of land it occupies, is larger than that of a fossil fuel plant, the two actually use about the same amount of land. This is true because fossil fuel plants require a significant amount of land for exploration, mining, and road-building purposes. And CSP plants have the advantage in that they produce no environmental contaminants or greenhouse gases. However, the fossil fuel component of a hybrid power plant does not have the same benefits.

Other Resources: 

Q: What are the advantages of using concentrating solar power (CSP) rather than other power generation technologies?
A: One key competitive advantage of CSP systems is that they closely resemble most of the nation's current power plants in some important ways. For example, much of the equipment now used for conventional, centralized power plants running on fossil fuels can also be used for CSP plants. CSP simply substitutes the use of concentrated solar power rather than combustible fossil fuels to produce electricity. This "evolutionary" — in contrast to "revolutionary" or "disruptive" — aspect means CSP can be integrated fairly easily into today's electric utility grid. It also makes CSP technologies the most cost-effective solar option for large-scale electricity generation. 

For example, CSP can make a significant contribution to the increasing need for affordable electricity in California and other "sunshine" states. The nine Solar Energy Generating Station (SEGS) plants in southern California were constructed in less than a year each, and the final two plants each had a capacity of 80 megawatts. The SEGS plants have already demonstrated a production capacity of 200 megawatts per year; this could be reestablished in two years, providing local jobs and a boost to the manufacturing economy. If a few —even four or five —developers began implementing this technology in the southwestern United States, more than 20,000 megawatts could be online by 2020, according to some experts.

Other Resources: 

Q: What is the benefit of continuing federal support for research and development in concentrating solar power?
A: Concentrating solar power is fast approaching commercial viability, and the U.S. industry is actively seeking commercial projects. To ensure the success of initial power plants and enable large-scale construction of additional ones, the industry requires continuous access to the research base that forms the foundation of CSP plant designs. Eliminating federal support for CSP at this stage could disrupt plans to build critically important, much-needed new commercial plants. Continued funding assures that the benefits of earlier U.S. investments will not be lost, and that future U.S. solar power plant capacity will be provided by a healthy domestic industry.

Other Resources: 
· Financial Considerations — What are the cost issues? 
· Are concentrating solar power technologies viable in today's energy markets? If so, where are the best market opportunities?

Q: Are concentrating solar power technologies viable in today's energy markets? If so, where are the best market opportunities?
A:  Trough systems are commercially available and in use today. However, because of the very low cost of today's fossil fuels, they cannot yet compete on a cost-of-electricity basis with fossil-based systems,. A favorable financing arrangement—one likely to be stimulated by green power markets—could enable parabolic troughs to begin to play a role in the marketplace, however. And as global demand for clean energy sources rises, trough systems will become more financially attractive. 

The long-term success of all the concentrating solar power technologies—including dish/engines, which are still in the demonstration phase—depends on continued technological progress. It also depends on an increasing desire for, and commitment to, clean energy. With some of the best direct normal solar resources anywhere on Earth, our nation's southwestern states are poised to reap large—though as yet largely uncaptured—economic benefits from this important natural resource. Several states are already taking advantage of this opportunity. California, Nevada, Arizona, and New Mexico are all exploring policies that will nurture the development of their solar industries. 

In addition to the CSP projects under way in this country, projects are being developed internationally using GEF grants. South Africa, Israel, Iran, and Jordan are also evaluating project opportunities. And independent power producers are beginning to design and develop parabolic trough power projects in Greece and in Spain. If CSP deployment in one or more of these initial markets is successful, many additional project opportunities are expected in these and several other regions.

Other Resources: 
Photovoltaics

· The Basics — What is PV? 
· What is photovoltaics (solar electricity), or "PV"? 

· How can we get electricity from the sun? 

· What are the components of a photovoltaic (PV) system? 

· What's the difference between PV and other solar energy technologies? 

· How long do photovoltaic (PV) systems last? 

· How does sunlight affect life on Earth? 

· How long do PV systems last? 

· How much electricity does a photovoltaic (PV) system generate? 

· What does energy conversion efficiency mean?

Q: What is photovoltaics (solar electricity), or "PV"?
A: What do we mean by photovoltaics? The word itself helps to explain how photovoltaic (PV) or solar electric technologies work. First used in about 1890, the word has two parts: photo, a stem derived from the Greek phos, which means light, and volt, a measurement unit named for Alessandro Volta (1745-1827), a pioneer in the study of electricity. So, photovoltaics could literally be translated as light-electricity. And that's just what photovoltaic materials and devices do; they convert light energy to electricity, as Edmond Becquerel and others discovered in the 18th Century.

Other Resources: 

Q: How can we get electricity from the sun?
A:  When certain semiconducting materials, such as certain kinds of silicon, are exposed to sunlight, they release small amounts of electricity. This process is known as the photoelectric effect. The photoelectric effect refers to the emission, or ejection, of electrons from the surface of a metal in response to light. It is the basic physical process in which a solar electric or photovoltaic (PV) cell converts sunlight to electricity. 

Sunlight is made up of photons, or particles of solar energy. Photons contain various amounts of energy, corresponding to the different wavelengths of the solar spectrum. When photons strike a PV cell, they may be reflected or absorbed, or they may pass right through. Only the absorbed photons generate electricity. When this happens, the energy of the photon is transferred to an electron in an atom of the PV cell (which is actually a semiconductor). 

With its newfound energy, the electron escapes from its normal position in an atom of the semiconductor material and becomes part of the current in an electrical circuit. By leaving its position, the electron causes a hole to form. Special electrical properties of the PV cell—a built-in electric field—provide the voltage needed to drive the current through an external load (such as a light bulb).

Other Resources: 

Q: What are the components of a photovoltaic (PV) system?
A: A PV system is made up of different components. These include PV modules (groups of PV cells), which are commonly called PV panels; one or more batteries; a charge regulator or controller for a stand-alone system; an inverter for a utility-grid-connected system and when alternating current (ac) rather than direct current (dc) is required; wiring; and mounting hardware or a framework.

Other Resources: 

Q: What's the difference between PV and other solar energy technologies?
A: There are four main types of solar energy technologies: 
1. Photovoltaic (PV) systems, which convert sunlight directly to electricity by means of PV cells made of semiconductor materials. 
2. Concentrating solar power (CSP) systems, which concentrate the sun's energy using reflective devices such as troughs or mirror panels to produce heat that is then used to generate electricity. 
3. Solar water heating systems, which contain a solar collector that faces the sun and either heats water directly or heats a "working fluid" that, in turn, is used to heat water. 
4. Transpired solar collectors, or "solar walls," which use solar energy to preheat ventilation air for a building.

Other Resources: For tips on saving energy and using solar and other renewable energy technologies in your home, please visit the U.S. Department of Energy's consumer information Web pages 

To learn more about PV and solar hot water systems, please visit the Florida Solar Energy Center site.

Q: How long do photovoltaic (PV) systems last?
A:  A PV system that is designed, installed, and maintained well will operate for more than 20 years. The basic PV module (interconnected, enclosed panel of PV cells) has no moving parts and can last more than 30 years. The best way to ensure and extend the life and effectiveness of your PV system is by having it installed and maintained properly. 

Experience has shown that most problems occur because of poor or sloppy system installation. Failed connections, insufficient wire size, components not rated for dc application, and so on, are the main culprits. The next most common cause of problems is the failure of the electronic parts in the balance of systems (BOS): the controller, inverter, and protection components. Batteries fail quickly if they're used outside their operating specification. For most applications (uses), batteries should be fully recharged shortly after use. In many PV systems, batteries are discharged AND recharged slowly, perhaps over a period of days or weeks. Some batteries quickly fail under these conditions. Be sure the batteries specified for your system are appropriate for the application.

Other Resources: 

Q: How does sunlight affect life on Earth?
A: All life on earth is supported by the sun, which produces an amazing amount of energy. Only a very small percentage of this energy strikes the earth but that is still enough to provide all our needs. A nearly constant 1.36 kilowatts per square meter (the solar constant) of solar radiant power impinges on the earth's outer atmosphere. Approximately 70% of this extraterrestrial radiation makes it through our atmosphere on a clear day. In the southwestern United States, the solar irradiance at ground level regularly exceeds 1,000 w/m2. In some mountain areas, readings over 1,200 w/m2 are often recorded. Average values are lower for most other areas, but maximum instantaneous values as high as 1,500 w/m2 can be received on days when puffy-clouds are present to focus the sunshine. These high levels seldom last more than a few minutes. The atmosphere is a powerful absorber and reduces the solar power reaching the earth at certain wavelengths. The part of the spectrum used by silicon PV modules is from 0.3 to 0.6 mirometers, approximately the same wavelengths to which the human eye is sensitive. These wavelengths encompass the highest energy region of the solar spectrum. 

Talking about solar data requires some knowledge of terms because on any given day the solar radiation varies continuously from sunup to sundown and depends on cloud cover, sun position and content and turbidity of the atmosphere. The maximum irradiance is available at solar noon which is defined as the midpoint, in time, between sunrise and sunset. Irradiance is the amount of solar power striking a given area and is a measure of the intensity of the sunshine. PV engineers use units of watts (or kilowatts) per square meter (w/m2) for irradiance. Insolation (now commonly referred as irradation) differs from irradiance because of the inclusion of time. Insolation is the amount of solar energy received on a given area over time measured in kilowatt-hours per square meter (kwh/m2) - this value is equivalent to "peak sun hours". Peak sun hours is defined as the equivalent number of hours per day, with solar irradiance equaling 1,000 w/m2, that gives the same energy received from sunrise to sundown. In other words, six peak sun hours means that the energy received during total daylight hours equals the energy that would have been received had the sun shone for six hours with an irradiance of 1,000 w/m2. Therefore, peak sun hours corresponds directly to average daily insolation given in kwh/m2. Many tables of solar data are often presented as an average daily value of peak sun hours (kwh/m2) for each month. Insolation varies seasonally because of the changing relation of the earth to the sun. This change, both daily and annually, is the reason some systems use tracking arrays to keep the array pointed at the sun. For any location on earth the sun's elevation will change about 47° from winter solstice to summer solstice. Another way to picture the sun's movement is to understand the sun moves from 23.5° north of the equator on the summer solstice to 23.5° south of the equator on the winter solstice. On the equinoxes, March 21 and September 21, the sun circumnavigates the equator. For any location the sun angle, at solar noon, will change 47° from winter to summer. 

The power output of a PV array is maximized by keeping the array pointed at the sun. Single-axis tracking of the array will increase the energy production in some locations by up to 50 percent for some months and by as much as 35 percent over the course of a year. The most benefit comes in the early morning and late afternoon when the tracking array will be pointing more nearly at the sun than a fixed array. Generally, tracking is more beneficial at sites between 30° latitude North and 30° latitude South. For higher latitudes the benefit is less because the sun drops low on the horizon during winter months. 

For tracking (structures that follow the sun across the sky by various mechanisms, thereby increasing the energy captured from the sun) or fixed arrays, the annual energy production is maximum when the array is tilted at the latitude angle; i.e., at 40°N latitude, the array should be tilted 40° up from horizontal. If a wintertime load is the most critical, the array tilt angle should be set at the latitude angle plus 15° degrees. To maximize summertime production, fix the array tilt angle at latitude minus 15° degrees. 

Using inaccurate solar data will cause design errors, so you should try to find accurate, long-term solar data for your system location. These data are becoming more available, even for tilted and tracking surfaces. Check local sources such as solar system installers, universities, airports, or government agencies to see if they are collecting such data or know where you might obtain these values. If measured values on a tilted surface are not available, you may use the modeled data here. Data for fixed and single-axis tracking surfaces at three tilt angles (latitude and latitude ±15°) are provided. Two-axis tracking data are given also, as well as a set of world maps that show seasonal values of total insolation at the three tilt angles. All data are in units of kilowatt-hours per square meter. This is equivalent to peak sun hours—the number of hours per day when the sun's intensity is one kilowatt per square meter.

Other Resources: 

Q: How long do PV systems last?
A: A well-designed and maintained PV system will operate for more than 20 years. The PV module, with no moving parts, has an expected lifetime exceeding 30 years. Experience shows most system problems occur because of poor or sloppy installation. Failed connections, insufficient wire size, components not rated for dc application, and so on, are the main culprits. The next most common cause of problems is the failure of electronic parts included in the Balance of Systems (BOS) - the controller, inverter, and protection components. Batteries will fail quickly if they are used outside their operating specification. In most applications, batteries are fully recharged shortly after use. In many PV systems the batteries are discharged AND recharged slowly, maybe over a period of days or weeks. Some batteries will fail quickly under these conditions. Be sure the batteries specified for your system are appropriate for the application.

Other Resources: 

Q: How much electricity does a photovoltaic (PV) system generate?
A: A 10% efficient PV system in most areas of the United States will generate about 180 kilowatt-hours per square meter. A PV system rated at 1 kilowatt will produce about 1800 kilowatt-hours a year. Most PV panels are warranted to last 20 years or more (perhaps as many as 30 years) and to degrade (lose efficiency) at a rate of less than 1% per year. Under these conditions, a PV system could generate close to 36,000 kilowatt-hours of electricity over 20 years and close to 54,000 kilowatt-hours over 30 years. This means that a PV system generates more than $10,000 worth of electricity over 30 years.

Other Resources: Consumer's Guide to Buying a Solar Electric System. September 1999. NREL. (PDF 704 KB). Look on page 9 for a map titled, "Calculating Electricity Bill Savings for a Net-Metered PV System". 
Download Acrobat Reader.

Q: What does energy conversion efficiency mean?
A: Some of the following documents are available as Adobe Acrobat PDFs. Download Acrobat Reader.

Energy conversion efficiency is an expression of the amount of energy produced in proportion to the amount of energy consumed, or available to a device. The sun produces a lot of energy in a wide light spectrum, but we have so far learned to capture only small portions of that spectrum and convert them to electricity using photovoltaics. So, today's commercial PV systems are about 7% to 17% efficient, which might seem low. And many PV systems degrade a little bit (lose efficiency) each year upon prolonged exposure to sunlight. For comparison, a typical fossil fuel generator has an efficiency of about 28%. 

We're working on ways to convert more of the energy in sunlight to usable energy and increase the efficiency of PV systems, however. Some experimental PV cells now convert nearly 40% of the energy in light to electricity. In solar thermal systems (like solar water-heating roof panels), efficiency goes down as the solar heat is converted to a transfer medium such as water. Also, some of the heat radiates away from the system before it can be used.

Other Resources: EERE's Solar Yellow Pages. A list of directories of companies that make solar products, design, install solar systems, and companies that provide training and consulting services 

DOE's Building America Program site provides information about how to reduce energy use in homes. 

Links to DOE sites that provide information about solar energy. 

NREL's High-Performance Building Research provides information about efforts to reduce energy consumption in residential and commercial buildings by integrating passive solar, energy efficiency, and renewable energy technologies. 

Energy Savers: Tips on Saving Energy and Money at Home. (Brochure) August 1998. You can download copies of the brochure from this location. Hard copies of the brochure are also available through the EERE Clearinghouse, 1-800-DOE-3732. 

Consumer's Guide to Buying a Solar Electric System. September 1999. NREL (PDF 155 KB). 

SNL's Photovoltaic Program site provides information about the various applications of PV systems. 

The Solar Electric House: A Design Manual for Home-Scale Photovoltaic Power Systems by Steven Strong and William Scheller. Sustainability Press. 1993. To order contact NC Solar Center at Box 7401, NCSU, Raleigh, NC 27695, 919-515-5778. The fee for the book is $21.95. 

Home Power Magazine: The Hands-On Journal of Home-Made Power 

ASES's Solar Today Magazine 

The New Solar Electric Home: The Photovoltaics How-To Handbook — Joel Davidson. 1990. To order contact American Solar Energy Society, 2400 Central Ave., G-1, Boulder, CO 80301, 303-443-3130. The fee for the book is $18.95 for members and $16.95 for non-members. 

Florida Solar Energy Center. 

Solar Energy Industry Association. 

Sustainable Buildings Industries Council – 202/628-7400
· Applications — How and where is PV used? 
· Where are photovoltaic (PV) systems being used? 

· Can I use photovoltaics (PV) to power my home? 

· Can I use photovoltaics (PV) to power my business? 

· Can I design and install a photovoltaic (PV) system myself? 

· When will I be able to buy a solar electric or PV-powered car? 

· When will solar electric systems replace coal and nuclear power plants? 

· How much space would be needed for photovoltaic systems to meet the entire electrical needs of the United States? 

· Are photovoltaic (PV) systems used in government buildings? 

· How do I know if I have enough sunlight for PV? 

· How big a solar energy system do I need?

Q: Where are photovoltaic (PV) systems being used?
A: PV (solar electric) systems are generating clean electric power all over the world, both here and abroad. Today, we can see PV systems at work on urban skyscrapers like 4 Times Square in New York City and in the small rural villages of Brazil. PV systems are especially well suited for places where an electrical grid cannot be accessed easily or where access is too expensive. 

In many remote areas, PV is the least-cost option for meeting energy needs. However, PV is proving to be a reliable source of power in an ever-growing number of applications, even where there is easy access to power lines. Cost-effective examples of lighting powered by PV include small garden lights, street lights, lighting for recreational areas, highway signs, warning signs and signals, and lighting for businesses and homes. We can find examples of these applications in both the developed and developing world. 

PV is ideal (and often used) for water pumping, because water can be pumped into a storage tank during daylight hours and then distributed by gravity whenever it is needed. These systems commonly pump water for livestock watering tanks in remote areas. In some parts of the developing world, entire village water supplies are powered by PV. Other uses include remote monitoring, refrigeration, and energy for small commercial ventures. Virtually any power need can be met with PV.

Other Resources: To learn more about applications of PV and other solar technologies in the world, please visit our Solar America Tour Also, see PV in Use for other useful applications of PV. 

To learn more about energy saving tips and renewable energy technologies, please visit U.S. Department of Energy's Energy Saver's Web site.

Q: Can I use photovoltaics (PV) to power my home?
A: PV can be used to power your entire home's electrical systems, including lights, cooling systems, and appliances. PV systems today can be blended easily into both traditional and nontraditional homes. The most common practice is to mount modules onto a south-facing roof or wall. For an additional aesthetic appeal, some modules resemble traditional roof shingles or can be built right into glass skylights and walls. This building-integrated PV provides a dual-use building material, reduces PV system costs by using the building as the mounting or support structure, and reduces utility bills with on-site power production.

Other Resources: To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site

To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and contact your State's Energy Office. One caveat: any time you work with a contractor, it is wise to check references. 

To find a solar energy system designer or installer in your area, please visit our solar yellow pages for a list of sources of solar professionals.

Q: Can I use photovoltaics (PV) to power my business?
A: PV systems can be blended into virtually every conceivable structure for commercial buildings. You will find PV being used outdoors for security lighting as well as in structures that serve as covers for parking lots and bus shelters, generating power at the same time. Indoors, PV systems are used to offset and operate all kinds of electrical systems, including lights, cooling systems, and appliances. 

Today's modules can be built into glass skylights and walls. Some resemble traditional roof shingles. Architects can use building-integrated PV to design buildings that are environmentally responsive, aesthetically pleasing, and produce their own power. Building-integrated PV provides a dual-use building material, reduces PV system costs by using the building as the mounting or support structure, and reduces utility bills through on-site power production.

Other Resources: To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site 

To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site

To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and contact your State's Energy Office. One caveat: any time you work with a contractor, it is wise to check references.

Q: Can I design and install a photovoltaic (PV) system myself?
A: Maybe! However, unless you are very handy or experienced in home wiring, we suggest using experienced professionals to design and install anything more than the simplest application, for the following reasons: 

You might void the manufacturer's warranties.
You might not have a functional system after spending your hard-earned money on the system.
Electricity can be dangerous; you might get hurt.
You might damage your home or appliances during installation. 

The goal of a stand-alone system designer is to assure customer satisfaction by providing a well-designed, durable system with a 20-year life expectancy (or more). This depends on sound design, specification and procurement of quality components, good engineering and installation practices, and a consistent preventive maintenance program. 

System sizing is perhaps the easiest part of achieving a durable PV power system. To determine the correct system size, you must first analyze your electricity loads. 

In addition to sizing the system correctly, a thorough knowledge of the availability, performance, and cost of components is the key to good system design. Price/performance trade-offs should be made and reevaluated throughout the design process. When you start your design, obtain as much information as you can about the components you might use. After studying all the issues, you can do an initial sizing of the PV system and get some ideas about specifying system components.

Other Resources: To find a solar energy system designer or installer in your area, please visit our solar yellow pages for a list of sources of solar professionals.

Q: When will I be able to buy a solar electric or PV-powered car?
A: Because most automobiles are very heavy and aren't very efficient, it would be very difficult to power one with solar cells. But if a car were built specifically for PV, it could provide suitable transportation. As we've seen in many student-built vehicles for competitions, solar cars are very light and efficient and have enough battery storage to travel for miles on a cloudy day or at night. Solar cars can travel the speed limit on normal highways, but only as long as the sun is shining or until their batteries run down. 

A more realistic car would be another kind of electric vehicle, one that many companies are working on right now. These cars could be charged by solar panels during the day, for example, while people are at work. They could also be plugged in at home for charging when the sun is not shining. To see an example of this, please visit "grid-connected PV" in the PV in Use pages. 

The benefits of solar cars are obvious: they don't pollute, and free sunlight is their fuel. The drawbacks are that, using today's technology, a solar car has to be very lightweight for the panels to provide enough energy to power the car at road speeds, and it has to have enough battery storage to travel long distances without sunlight (e.g., at night and on overcast days). 

As part of continued research and development, many organizations are improving the systems used in solar cars to make them more efficient and cost effective and thus more widely used (the systems, anyway). Wider use of solar electric cars (or other electrics) probably depends on the availability of inexpensive, lightweight, compact energy storage methods. Car companies are making great strides in this area with the new gas/electric hybrids, and future progress is likely to be rapid.

Other Resources: For more information about research and development activities related to solar vehicles, please visit these Web sites: 

The American Solar Challenge (ASC) is a competition to design, build, and race solar-powered cars in a cross-country event. 

Office of Transportation Technologies Web site. 

DOE's Alternative Fuels Data Center site on solar vehicles. 

World Solar Challenge, an international solar car/vehicle race. 

Energy Efficiency and Renewable Energy Network briefing on solar powered vehicles. October 2000.

Q: When will solar electric systems replace coal and nuclear power plants?
A: Right now, our nuclear and fossil-fuel-based energy is quite inexpensive compared with the cost of solar energy. Oil and coal prices are low in most places, so solar energy still can't compete on a first-cost basis in many regions of the world, such as the United States. As this situation changes, we'll begin to see many more solar energy systems being built in areas that now use fossil fuels and nuclear energy for electricity generation. 

Another driver in the deployment of solar systems is public demand for clean energy. Fossil-based energy pollutes the environment, and nuclear energy creates hazardous waste. If we stop to consider the environmental and health costs of fossil-fuel and nuclear energy, then solar energy already makes sense today. 

However, in developing countries where there is little or no supply system for conventional energy, solar energy is being used more and more. It can be much less expensive than many other options, and the environmental benefits associated with this cleaner form of energy are significant. In developing countries, the key barriers to wider use are the need for financing and for electric distribution networks.

Other Resources: To learn more about solar energy technologies, please visit our solar energy information portal. See also, the Florida Solar Energy Center Website for a wide array of information about solar and PV systems. 

To learn more about the business direction of the U.S. Photovoltaics Industry, please see the PV industry's Technology Roadmap, updated January 2003. (PDF 674 KB)
Download Acrobat Reader.

Q: How much space would be needed for photovoltaic systems to meet the entire electrical needs of the United States?
A: If PV were a primary energy source, what would the world look like? Would PV collectors cover every square inch of available land? Contrary to some popular notions, the landscape of a world relying on PV would be almost indistinguishable from the landscape we know today. The impact of PV on the landscape would be low, for three reasons. First, PV systems have siting advantages over other technologies; for example, PV can be put on roofs and can even be an integral part of a building, such as a skylight. Second, even ground-mounted PV collectors are efficient from the perspective of land use. Third, adequate sunlight is ubiquitous and often abundant, and present in predictable amounts almost everywhere. As we move away from fossil-fuel energy, PV will become important because of its land-use advantages: 

PV's low-impact siting for flat-plate systems. In the United States, cities and residences cover about 140 million acres of land. We could supply every kilowatt-hour of our nation's current energy requirements simply by applying PV to 7% of this area—on roofs, on parking lots, along highway walls, on the sides of buildings, and in other dual-use scenarios. We wouldn't have to appropriate a single acre of new land to make PV our primary energy source! 

PV's efficient ratio of produced energy to land use. Even if it isn't installed on rooftops, flat-plate PV technology is the most land-efficient means to produce renewable energy. 

PV has a competitive conversion efficiency, a high capacity factor, and can be "packed" densely in a given area. We still wouldn't have a land use issue, even if we didn't use roofs for PV. We would need only 10 million acres of land — only four-tenths of one percent of the area of the United States — to supply all of our nation's energy using PV. Is that a lot of land? Not for something as important as producing electricity, and not in comparison to some of the other ways we use land.

Other Resources: 

Q: Are photovoltaic (PV) systems used in government buildings?
A: With its 500,000 buildings, the federal sector represents about one-half of one percent of the entire U.S. building inventory, but this is still considerable. Each year, U.S. taxpayers spend more than $3 billion to heat, cool, light, and power those buildings. 

During the past 20 years, this energy bill has been reduced by investing in energy efficiency and using renewable energy (including solar) systems in new and existing federal buildings. The federal government is committed to installing solar electric and solar thermal energy systems on 20,000 federal buildings by 2010. In fact, the government exceeded its preliminary commitment of installing 2,000 systems on federal buildings by the year 2000.

Other Resources: To learn more about the federal government's commitment to renewable and energy efficiency, please visit the Federal Energy Management Program (FEMP) Web site.

Q: How do I know if I have enough sunlight for PV?
A: A photovoltaic (PV) system needs unobstructed access to the sun's rays for most or all of the day. Climate is not really a concern, because PV systems are relatively unaffected by severe weather. In fact, some PV modules actually work better in colder weather. Most PV modules are angled to catch the sun's rays, so any snow that collects on them usually melts quickly. There is thus enough sunlight to make solar energy systems useful and effective nearly everywhere in the United States. 

Even hail won't harm most PV systems. Most homes have adequate roof space for a PV system, but you will have to size your system first to discover how much space is required. If you don't have adequate roof space, look at other options such as integrating the system into a wall or putting the system in the backyard. You could also use the system to cover a porch or patio in the backyard or mount the system on the roof or wall of a garage. Remember: an energy-efficient building requires a smaller PV system.

Other Resources: To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site. 

To obtain information about solar resources in your area, see Solar Radiation for Energy: A Primer and Sources of Data. 

To view some helpful decision-making tools, please visit DOE's Building Energy Tools Directory. 

To learn more about the basics of PV, please see Sandia National Laboratories (SNL) PV Web site. To request a copy of Stand-Alone Photovoltaic Systems: A Handbook, a very popular handbook that presents recommended design practices for stand-alone PV systems.

See also the Consumer's Guide to Buying a Solar Electric System. September 1999, NREL (PDF 68 KB). 
Download Acrobat Reader.

Q: How big a solar energy system do I need?
A: The size of solar system you need depends on several factors—such as how much electricity or hot water or space heat you use, how much sunshine is available where you are, the size of your roof, and how much you're willing to invest. You can contact a system designer/installer like those listed in our PV Directory or other solar industry directories to determine what type of system would suit your needs. 

You can also check out DOE's Building Energy Tools Directory for energy analysis tools such as PV-DesignPro (photovoltaic design, tracking systems, solar, electrical design) or RETScreen (pre-feasibility analysis, heating, renewable energy). PC-Solar 2.0 provides passive solar calculations (solar shading, external shading, internal shading, solar incidence).

Other Resources: To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site 

To view some helpful decision-making tools, please visit DOE's Building Energy Tools Directory at 

To find a solar energy system designer or installer in your area, please visit our solar yellow pages for a list of sources of solar professionals. 

To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site

To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and contact your State's Energy Office . One caveat: any time you work with a contractor, it is wise to check references. 

To learn more about the basics of PV, please see Sandia National Laboratories (SNL) PV Web site. To request a copy of Stand-Alone Photovoltaic Systems: A Handbook, a very popular handbook that presents recommended design practices for stand-alone PV systems. 

Consumer's Guide to Buying a Solar Electric System. September 1999. (PDF 704 KB). 
Download Acrobat Reader. 

Florida Solar Energy Center — Simplified sizing procedures for solar domestic hot water systems
· Benefits — Why should I use PV? 
· Why should I use photovoltaics (PV)? 

· Why should I purchase a PV system? 

· Are there disadvantages to using solar energy?

Q: Why should I use photovoltaics (PV)?
A: For a growing number of users, PV is the clear choice. You should definitely consider using a PV system if it operates better and costs less than the alternatives. The cost of energy produced by PV systems continues to drop. However, kilowatt-hour for kilowatt-hour, and depending on where you live, PV energy still usually costs more than energy from your local utility. Also, the initial cost of PV equipment is higher than that of an engine generator. But there are many applications for which a PV system is the most cost-effective long-term option, such as for power in remote areas. 

The number of installed PV systems increases each year because their many advantages make them the best option overall. Consider the following issues: 

Site Access - A well-designed PV system will operate unattended and requires minimum periodic maintenance. The savings in labor costs and travel expenses can be significant. 
Modularity - A PV system can be designed for easy expansion. If your power demand could increase in future years, the ease and cost of increasing the PV power supply should be considered. 
Fuel Supply - Supplying conventional fuel to the site and storing it can be much more expensive than the fuel itself. Solar energy is delivered free of charge! 
Environment - PV systems create no pollution and generate no waste products when operating. 
Maintenance - Any energy system requires maintenance, but experience shows that PV systems require less maintenance than other alternatives. 
Durability - Most of today's PV modules are based on a proven technology that has experienced little degradation in more than 15 years of operation. 
Cost - For many applications, the advantages of PV systems offset their relatively high initial cost. 

System designers know that every decision made during the design of a PV system affects the cost. If the system is oversized because the design was based on unrealistic requirements, the initial cost is unnecessarily high. If less durable parts are specified, maintenance and replacement costs will increase. The overall system life-cycle cost (LCC) estimates can easily double if inappropriate choices are made during system design. Don't let unrealistic specifications or poor assumptions create unreasonable cost estimates and keep you from using this clean power source. As you size your PV system, be realistic and flexible, and select an experienced designer to assist you.

Other Resources: 

Q: Why should I purchase a PV system?
A: People decide to buy solar energy systems for a variety of reasons. For example, some individuals buy solar products to preserve the Earth's finite fossil-fuel resources and to reduce air pollution. Others would rather spend their money on an energy-producing improvement to their property than send their money to a utility. Some people like the security of reducing the amount of electricity they buy from their utility, because it makes them less vulnerable to future increases in the price of electricity. 

If it's designed correctly, a solar system might be able to provide power during a utility power outage, thereby adding power reliability to your home. Finally, some individuals live in areas where the cost of extending power lines to their home is more expensive than buying a solar energy system.

Other Resources: To learn more about solar energy, please visit our solar energy information portal. 

A list of EREC Reference Briefs that discuss the various ways to reduce energy use in residential buildings. 

To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site 

To find a solar energy system designer or installer in your area, please visit our solar yellow pages for a list of sources of solar professionals. 

Photovoltaics and Commercial Buildings - A Natural Match: A study highlights opportunities and locations for using photovoltaics to power businesses. September 1998. NREL. (PDF 210 KB) 
Download Acrobat Reader. 

Energy Savers: Tips on Saving Energy and Money at Home. (Brochure) August 1998. You can download copies of the brochure from this location: www.eere.energy.gov/consumer/tips/. Hard copies of the brochure are also available through the EERE Clearinghouse, 1-800-363-3732. 

To learn more about the basics of PV, please visit the Florida Solar Energy Center.

Q: Are there disadvantages to using solar energy?
A: Solar energy technologies often have a higher "first cost." This means that a person is likely to pay more money up front to purchase and install a solar system. Still, in nearly all cases, the high initial cost is recovered through substantial fuel savings over the life of the product (15-30 years).

Other Resources: To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site

To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and contact your State's Energy Office . One caveat: any time you work with a contractor, it is wise to check references. 

To find a solar energy system designer or installer in your area, please visit our solar yellow pages for a list of sources of solar professionals.
· Getting a system — How is it designed, installed and maintained? 
· How is a solar electric system designed, installed, and maintained? 

· Where can I find someone who designs, installs, and maintains photovoltaic (PV) systems? 

· Where can I get products such as PV shingles?

Q: How is a solar electric system designed, installed, and maintained?
A: You could install a photovoltaic (PV) or solar electric system yourself. But to avoid complications or injury, you will probably want to hire a reputable professional contractor with experience in installing solar systems. PV systems have few moving parts, so they require little maintenance. The components are designed to meet strict dependability and durability standards so they can stand up to the elements. However, they are fairly sophisticated electric systems, so installation usually requires the knowledge and experience of a licensed electrical equipment contractor. 

Although the initial cost for a PV system can be relatively high, by taking advantage of available financing, a complete system will pay for itself in a short time. Many PV panels have a life expectancy of 30 years or more! And many utilities are realizing that reduced utility-generated electricity demand is one of the benefits of PV systems, and some offer incentives to building owners to install PV.

Other Resources: For tips on saving energy and using solar and other renewable energy technologies in your home, please visit the U.S. Department of Energy's consumer information Web pages 

To learn more about energy saving tips and renewable energy technologies, please visit U.S. Department of Energy's consumer information Web pages

To learn more about energy saving tips and renewable energy technologies, please visit U.S. Department of Energy's consumer information Web pages

To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and contact your State's Energy Office. One caveat: any time you work with a contractor, it is wise to check references. 

To find a solar energy system designer or installer in your area, please visit our solar yellow pages for a list of sources of solar professionals. 

Other recommended sources include:
The North Carolina Solar Center
Home Power Magazine: The Hands-On Journal of Home-Made Power
ASES's Solar Today Magazine
Florida Solar Energy Center.

Q: Where can I find someone who designs, installs, and maintains photovoltaic (PV) systems?
A: We suggest you look for a PV installer or equipment provider in the telephone directory under "Solar Energy Equipment and Systems Dealers." 

It is a good idea select a designer or installer of solar energy systems from the list in your local yellow pages by first asking for information from several of them about their experience with PV systems as well as how much their services and products cost. With a system designer, you can discuss power requirements or hot water needs for your building, sunlight availability, and other important factors, and determine the type of system that's needed to meet your needs. System designers and installers should be able to provide you with cost estimates and other pertinent information. 

If your house is not yet designed or built, it is important to make the building as energy efficient as possible to reduce your PV system's energy requirements. Many states have incentives for renewable energy, so it's a good idea to check them out, too.

Other Resources: To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and also contact your State's Energy Office. One caveat: any time you work with a contractor, it is wise to check references. 

To view useful energy calculators and analysis tools, please visit DOE's Building Energy Tools Directory for tools such as PV-DesignPro (photovolatiac design, tracking systems, solar, electrical design) or RETScreen (pre-feasibility analysis, heating, renewable energy). PC-Solar 2.0 provides passive solar calculations (solar shading, external shading, internal shading, solar incidence). 

To find a solar energy system designer or installer in your area, please visit our solar yellow pages for a list of sources of solar professionals. 

To learn more about energy saving tips and renewable energy technologies, please visit U.S. Department of Energy's consumer information Web pages U. S. Department of Energy's Energy Saver's Web site 

Other recommended sources include:
The North Carolina Solar Center
Home Power Magazine: The Hands-On Journal of Home-Made Power
ASES's Solar Today Magazine
Florida Solar Energy Center.

Conduct a search on the Internet. 

See NREL's Web site for U.S. Renewable Energy Manufacturers and Service Providers. October 2000. 

And you can order products online through these organizations:
Real Goods Trading Corporation
Customer Relations Department: 800-762-7325
email: Real Goods 

Q: Where can I get products such as PV shingles?
A: We usually cannot provide information on specific products and services. However, the Energy Efficiency and Renewable Energy Clearinghouse has developed a list of companies that manufacture photovoltaic (PV) shingles. You can obtain the list by calling 1-800-363-3732. PV shingles or roofing materials can replace conventional roofing materials, and they produce electricity in the bargain. You might also want to conduct a search on the Internet to find companies that sell this product.

Other Resources: To find a solar energy system designer or installer in your area, please visit our solar yellow pages for a list of sources of solar professionals. 

You can also — 
Contact the Solar Energy Industries Association for a list of solar service providers (202-383-2600). 

Contact your utility company to see which vendors it might recommend.
· Financial Considerations — What are the cost issues? 
· How much does a solar energy system cost, and how much will I save on utility bills? 

· Can I afford photovoltaics (PV)? 

· How do I find out about financial incentives such as rebates or tax credits in my home state? 

· What resources, grants, loans, and other incentives are there for installing a PV system? 

· How can I start my own photovoltaic business? 

· What is net metering? Is net metering available where I live and work? 

· What is the energy payback period for photovoltaics (PV)? 

· What is an average break-even point for a solar energy system? 

· How can federal facilities make the economics of solar work for them, given the long payback period? Are there financial incentives available to help them pay for solar roofs?

Q: How much does a solar energy system cost, and how much will I save on utility bills?
A: Some of the following documents are available as Adobe Acrobat PDFs. Download Acrobat Reader.

Unfortunately, there is no single or simple answer. But a solar rebate and other incentives can reduce the cost of a PV system. This cost depends on a number of factors, such as whether it is a stand-alone system or is integrated into the building design, the size of the system, and the particular system manufacturer, retailer, and installer. For solar water heaters and space heaters, you also have to consider the price of the fuel used to back up the system. In most cases, you would have to add the cost of natural gas or electricity to get a more accurate estimate of how much you can expect to pay for a solar energy system. 

It is also difficult to say how much you will save with a solar energy system, because savings depend on how much you pay your utility for electricity or natural gas, and how much your utility will pay you for any excess power that you generate with your solar system. You can ask your solar system provider how much your new system will produce on an annual basis and compare that number to your annual electricity or hot water demand to get an idea of how much you will save. 

Other Resources: 

To learn more about solar energy, please visit our information portal. 

To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site 

To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site

To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and contact your State's Energy Office . One caveat: any time you work with a contractor, it is wise to check references. 

To find a solar energy system designer or installer in your area, please visit Find Solar for a list of sources of solar professionals. 

Consumer's Guide to Buying a Solar Electric System. September 1999. NREL. (PDF 704 KB). 

The Florida Solar Energy Center provides information about solar energy system applications 

Your U.S. Department of Energy (DOE) regional support office may be able to provide some guidance. 

To learn more about the Million Solar Roofs Initiative, an effort to install one million solar energy system by 2010, please visit 

To learn more about financing opportunities, please see The Borrower's Guide to Financing Solar Energy Systems: A Federal Overview. September 1998. (PDF 501KB). 

Q: Can I afford photovoltaics (PV)?
A: That depends. Generally, PV energy costs are higher than those of energy bought from your local utility. However, if you need power in an area not served by a utility, PV may be the most cost-effective option. All over the world, PV system installations are increasing. As more people learn about this versatile, clean power option, this trend will continue, bringing costs down and affordability up. 

Most of us must consider our goals in light of our wants and needs when determining affordability. Availability is an important determinant, and it has a unique meaning for a PV system. This is because it depends not only on reliable equipment but on the level and consistency of sunshine, and the capabilities of the energy storage system, at your site. 

Because the weather is unpredictable, designing a PV system to be available at all times and conditions is expensive and often unnecessary. PV systems with long-term availabilities greater than 95% are routinely achieved at half the cost or less of systems designed to be available 99.99% of the time. Designing for lower availabilities decreases the size of the PV array and batteries and saves many dollars. 

Another way to resolve the cost and availability issue is to specify a hybrid system, which includes another energy source (usually one that runs on a fossil fuel such as propane). Although saving money is important, you'll want to acquire a safe system that will last 25 years or more. Quality may cost more initially, but it will save money in the long run.

Other Resources: 

Q: How do I find out about financial incentives such as rebates or tax credits in my home state?
A: Several resources are available to help you track down this information. 

Other Resources: To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and contact your State's Energy Office. One caveat: any time you work with a contractor, it is wise to check references. 

Your U.S. Department of Energy (DOE) regional support office may also be able to provide guidance. 

To find a solar energy system designer or installer in your area, please visit Find Solar for a list of sources of solar professionals. 

Q: What resources, grants, loans, and other incentives are there for installing a PV system?
A: A variety of state and local incentives are available, as noted below. 

Other Resources: To learn more about energy saving tips and renewable energy technologies, please visit U. S. Department of Energy's Energy Saver's Web site

To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and contact your State's Energy Office . One caveat: any time you work with a contractor, it is wise to check references. 

Your U.S. Department of Energy (DOE) regional support office may also be able to provide guidance. 

To learn more about the Million Solar Roofs Initiative, an effort to install one million solar energy system by 2010. 

To find a solar energy system designer or installer in your area, please visit Find Solar for a list of sources of solar professionals. 

To learn more about financing opportunities, please see The Borrower's Guide to Financing Solar Energy Systems: A Federal Overview. September 1998. (PDF 501 KB) 
Download Acrobat Reader. 

Q: How can I start my own photovoltaic business?
A: We don't know of any publications that deal specifically with this topic. But you might want to contact the marketing department of the manufacturers of the types of PV products you're interested in, or search the Internet for relevant publications. 

Training programs for solar installers are offered by several groups. A Sandia National Laboratories Web site lists many of them www.sandia.gov/pv/training.htm. 

For more information about the tax credits, grants, and other incentives available in your area, check the national Database of State Incentives for Renewable Energy (DSIRE). DSIRE is a searchable online renewable energy database that includes state financial incentives, programs and regulatory policies, utility programs and incentives, solar programs in school, local government and community incentives, programs and policies that support renewable energy.

Other Resources: For more information about opportunities to work with DOE and its partners. See also your U.S. Department of Energy (DOE) regional support office . Please visit our education page to learn about adult education and career opportunities in solar energy.

To learn more about the Million Solar Roofs Initiative, an effort to install one million solar energy system by 2010. 

To learn more about partnership opportunities with the National Renewable Energy Laboratory, please visit Applying Technologies to learn about partnership opportunities. 

To learn more about partnership opportunities with Sandia National Laboratories. 

Links to DOE sites that provide information about solar energy. 

SEIA's home page provides access to a selection of information about solar energy companies. 

To learn more about the training courses offered by Solar Energy International, write to:
PO Box 715
Carbondale, CO 81623-0715
970/963-8855, Fax: 970/963-8866

Q: What is net metering? Is net metering available where I live and work?
A: Net metering is a policy that allows homeowners to receive the full retail value for the electricity that their solar energy system produces. The term net metering refers to the method of accounting for the photovoltaic (PV) system's electricity production. Net metering allows homeowners with PV systems to use any excess electricity they produce to offset their electric bill. As the homeowner's PV system produces electricity, the kilowatts are first used for any electric appliances in the home. If the PV system produces more electricity than the homeowner needs, the extra kilowatts are fed into the utility grid. 

Currently, more than 30 states have metering programs across the United States. To find out more about the programs in specific states, please check our National Database of State Incentives for Renewable Energy (DSIRE).

Other Resources: To learn more about net metering, please visit our PV in Use page.

Q: What is the energy payback period for photovoltaics (PV)?
A: Some of the following documents are available as Adobe Acrobat PDFs. Download Acrobat Reader.

Typically, the energy payback time (i.e., the time it takes for a PV system to generate the same amount of energy that it took to manufacture the system) for PV systems is 2 to 5 years. Since a well-designed and maintained PV system will operate for more than 20 years, and a system without moving parts will operate for close to 30 years, PV systems produce far more energy over their useful life than we use to manufacture them.

Other Resources: To learn more about other benefits and paybacks of PV, please visit Why PV is Important. 

See also:
National Renewable Energy Laboratory. Energy Payback: Clean Energy from PV. 1999. (PDF 74 KB). 

An Empirical Perspective on the Energy Payback Time for Photovoltaic Modules. By Karl E. Knapp, Energy & Environmental Economics, Inc., and Theresa L. Jester, Siemens Solar Industries, presented at the American Solar Energy Society Annual Meeting in Madison, Wisconsin. June 16-21, 2000.(PDF 53 KB). 

Numerous papers that have been written about energy payback times for PV systems.

Q: What is an average break-even point for a solar energy system?
A: Some of the following documents are available as Adobe Acrobat PDFs. Download Acrobat Reader.

It depends. The break-even point for a system depends on financing and incentives, which vary from place to place, and it depends on your solar resources and what you would pay for another source of energy. A system designer that has information about your location, the amount of energy you typically use, how much land or roof area you have for the system, etc., could give you a more accurate answer. 

You can obtain a very good estimate by contacting a reputable system designer or installer. 

Other Resources: Consumer's Guide to Buying a Solar Electric System. September 1999. (PDF 704 KB). 

Photovoltaics and Commercial Buildings - A Natural Match: A study highlights opportunities and locations for using photovoltaics to power businesses. September 1998. NREL. (PDF 210 KB). 

To find a solar energy system designer or installer in your area, please visit Find Solar for a list of sources of solar professionals. 

Q: How can federal facilities make the economics of solar work for them, given the long payback period? Are there financial incentives available to help them pay for solar roofs?
A: Solar energy systems meet federal life-cycle cost requirements in situations where they are providing high-value power or where the cost of alternatives is high. All costs must be considered in comparing solar to other options, however. For remote systems, the government considers the cost of transporting fuel to a site, and the risk and cost of fuel spills during transit or storage. Solar energy is often the least-cost alternative when a project involves building an electricity distribution line. The Federal Energy Management Program (FEMP) has many examples of cost-effective solar installations on its Web site. 

Federal facilities may also qualify for state or utility incentive programs for using renewable energy. In Hawaii, the Coast Guard and the Navy have used a utility rebate to buy down the cost of thousands of solar hot water systems. Check the DSIRE Web site for more information about state incentives for renewable energy. 

Direct financial support for federal renewable energy projects depends on appropriations. When grants are available, FEMP usually announces them on its Web site or in its newsletter for federal energy managers. 

A wide variety of resources are available through DOE FEMP to assist federal agencies in financing solar energy projects. Funding options available for federal projects include the following: 

Direct Appropriations – These allow the federal government to retain all of the savings from cost-effective renovations and to avoid incurring interest charges. This method also enables agencies to implement energy efficient projects with minimal contractual obligations. 

Energy Saving Performance Contracts (ESPCs) – Here, federal facilities enter into contracts with energy service companies that assume the capital costs of installing energy and water conservation equipment and renewable energy systems in federal facilities; companies are repaid out of the agency's guaranteed energy cost savings over the term of the contract. 

Super Energy Saving Performance Contracts (Super ESPC's) – These were developed to make the ESPC process easier. Super ESPC contracts are based on the indefinite delivery, indefinite quantity provision of the Federal Acquisition Regulation. 

Utility Incentives – These allow federal facilities to participate in utility incentive programs to finance projects.

Other Resources: To learn more about the Federal Energy Management Program (FEMP). 

To learn more about FEMP's Renewable Energy Program. 

To learn more about financing alternatives available to federal agencies though FEMP 

To learn more about financing options available to federal agencies interested in participating in energy efficiency and renewable energy projects 

FEMP's bimonthly newsletter, FEMP Focus 

U.S. Department of Commerce. Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis — April 2003 (NISTIR 85-3273-18). This document can be downloaded from the National Institute of Standard and Technology Website (PDF 330 KB). 
Download Acrobat Reader. 

NREL. A Manual for the Economic Evaluation of Energy Efficiency and Renewable Energy Technologies. March 1995. You can order this publication through NTIS using the order number DE95000211INZ. 

To order: or sales Desk: 1-800-553-6847 or (703) 605-6000 / 8 a.m. – 6 p.m.; EST, Mon-Fri. The publication costs $36.50. 

Call the FEMP Help Desk for more information: 1-800-363-3732.
· Getting more educated — How can I learn more about PV? 
· How can I learn more about solar energy? 

· Where can I get information about colleges and universities that offer solar science classes? 

· Where can I get information about jobs in this industry? 

· Where can I get information about solar energy competitions? 

· Where can I get U.S. government research information on photovoltaics (PV)? 

· What funding is available for PV research, development, and demonstration projects?

Q: How can I learn more about solar energy?
A: Many Web sites provide excellent information about solar energy for educators, students, and consumers. These are just a few: 

Visit our "For Students and Educators Section" for classroom ideas.
The U.S Department of Energy's Solar Energy Technology Program 
The National Renewable Energy Laboratory's Photovoltaic Program
Sandia National Laboratory's Photovoltaic Program
How Stuff Works — About Photovoltaics
Other Resources: Information about solar science projects is available through these organizations: 

The U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy has a Web site that focuses on young students; it's called Dr. E's Energy Lab and contains great ideas for student projects and learning about energy. 

The Energy Information Administration Kid's Page provides a wide selection of information to help children learn about energy. 

The Florida Solar Energy Center's renewable energy curriculum is updated regularly. The material forms a six-week stand-alone science curriculum or can be used in individual class sessions. The curriculum gives complete details on more than 30 classroom presentations. There is no charge for the material. 

The American Electric Power's Watts on Schools project offers information about solar energy and schools. It provides lessons and activities about solar and PV data collected from school solar energy systems. 

NREL's Education Partnership Website. 

DOE and NREL. Solar Energy Science Project. December 1995 (PDF 260 KB). 

The California Energy Commission has a program called Energy Quest, which provides information on energy-education materials for students, parents, and teachers. 

Energy Center for Wisconsin has a list of books on this subject - 

Schools Going Solar is a project of the Interstate Renewable Energy Council. The aim of the project is to bring solar energy to schools across the United States. 

The Alliance to Save Energy provides educational information about energy efficient technologies. 

Stanford University's Solar Center site presents a collection of fun educational activities for children.

Q: Where can I get information about colleges and universities that offer solar science classes?
A: A vast number of colleges and universities across the United States have programs related to renewable energy. It's a good idea to either conduct a search on the Internet or visit your local library and search for colleges and universities that offer the type of program you're looking for. Here are some other suggestions: 

The U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy's Education Web site contains many links to universities offering curricula and solar classes under "training and careers" and "higher education opportunities." 

NREL's Education Partnership Website
Other Resources: 

Q: Where can I get information about jobs in this industry?
A: Here are several ways to find information about employment opportunities in the solar research field or solar industry: 

The U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy's Education Web site contains many links to universities offering curricula and solar classes under "training and careers" and "higher education opportunities." 

For government jobs:
To learn about career opportunities at DOE. 

If you are interested in finding out about jobs available at NREL. 

The Energy Center of Wisconsin's Energy Career Guide Website 

For industry jobs, you might want to look at the companies listed in these directories
PV Portal list of companies
Other Resources: 

Q: Where can I get information about solar energy competitions?
A: There are several exciting national competitions, including these: 

Junior Solar Sprint. The U.S. Department of Energy's National Junior Solar Sprint (JSS) Program is a classroom-based, hands-on educational program for 6th-, 7th-, and 8th-grade students. JSS student teams apply math, science, and creativity to construct model solar-powered cars and race them in interscholastic competitions hosted within their schools or within their states or regions. More information can be found at. 

American Solar Challenge (formerly Sunrayce). From July15 to 25th, 2003, 2300 miles of solar racing will challenge teams from around the world. High-tech and high-efficiency solar cars will cross the Great Plains, climbthe Rocky Mountains, and dash over the Great American Desert to the finish line in Southern California. Find contest information. 

Solar Decathlon, sponsored by the U.S. Department of Energy. For seven days in 2002, college and university students from across the nation created a bustling community of energy-efficient, completely solar-powered homes on the National Mall in Washington, D.C. Teams are getting ready to do it again in 2005! For more information. 

Other Resources: The Potomac Regional Solar Energy Association site provides information about current events and programs in the Maryland, Virginia, and D.C. area. 

The National Renewable Energy Laboratory's Office of Education Web site features many sources for competitions:

Q: Where can I get U.S. government research information on photovoltaics (PV)?
A: You can obtain copies of government-sponsored research reports through these organizations: 

The National Technical Information Service is the largest central resource for government-funded scientific, technical, engineering, and business-related information today. 

The U.S. Government Printing Office (GPO) operates 24 U.S. Government Bookstores throughout the country. GPO's online bookstore.

Other Resources: NREL's Publications Database 

Sandia's Photovoltaic Program publication list
Q: What funding is available for PV research, development, and demonstration projects?
A: Funding for solar energy research, development, and demonstration projects is available through various federal, state, and nonprofit organizations. To learn more, please see the following: 

Our "Financial Opportunities" page for a number of sources. 

DOE's Office of Industrial Technologies' NICE3 grant program provides funding to state and industry partnerships (large and small business) for projects that develop and demonstrate advances in energy efficiency and clean production technologies. 

DOE's Small Business Innovation Research Program (SBIR) provides grants to small firms with strong science or engineering research capabilities in energy-related fields. The program's aim is to support high-quality research and development of advanced concepts concerning energy-related scientific or engineering problems, which could lead to significant public benefit if the research is successful. 

EERE's Financing Solutions Website provides links to energy efficiency and renewable energy financing resources for homeowners, small business, industry, utilities, state and local programs, and federal buildings. 

Environmental Protection Agency's Environmental Financing Program assists communities in their search for creative approaches to funding their environmental projects; call 202-564-4994, or fax 202-565-2587. 

Database of State Incentives for Renewable Energy provides information about financial incentives available from individual states for renewable energy projects. 

The California Energy Commission provides information about contracts and funds available for a wide array of energy projects; call 916-654-4788. 

The New York State Energy Research and Development Authority (NYSERDA) is a public benefit corporation that helps businesses, municipalities, and residents of New York State solve their energy and environmental problems while developing new, innovative products and services that can be manufactured or commercialized by firms in the state. For information about R&D contracts available from NYSERDA, please contact the Central Operator: toll-free at 1-866-NYSERDA or 518-862-1090 (8:30 am - 5:00 pm, Monday through Friday) or visit its Web site.

Other Resources:
Solar Heating

· The Basics — What is Solar Heating? 
· How does a solar water-heating system work? 

· Are there any disadvantages to using solar energy?

Q: How does a solar water-heating system work?
A: Every solar water-heating system features a solar collector that faces the sun to absorb the sun's heat energy. This collector can either heat water directly or heat a "working fluid" that's then used to heat the water. In active solar water-heating systems, a pumping mechanism moves heated water through the building. In passive solar water-heating systems, the water moves by natural convection. In almost all cases, solar water-heating systems work in tandem with conventional gas or electric water-heating systems; the conventional systems operate as needed to ensure a reliable supply of heated water. 

There are many types of solar water heaters. Each has strengths to recommend it for specific climates and water conditions. Solar system professionals can help you select the most appropriate system for your area and your needs.

Other Resources: 

Q: Are there any disadvantages to using solar energy?
A: The energy in sunlight can be used for many purposes, including heating water for a building or swimming pool. And using solar energy has many environmental and life-cycle economic benefits. However, solar energy heating or solar electric products often have higher "first costs" than other, similar products do. This means it will probably cost more initially to purchase and install a solar system than it will to purchase and install another kind of heating or electric system. Still, in nearly all cases, you will recover your initial costs through substantial fuel savings (as shown in lower utility bills) over the life of the product. Many solar systems last from 15 to 30 years.

Other Resources:
· Applications — How and where is Solar Heating used? 
· Can a solar water heater replace an electric or gas water heater? 

· Can solar water heaters be used in northern states and other colder climates? 

· Can I use a solar water-heating system to heat my swimming pool? 

· Can solar power be used to heat my home and business? 

· What about heating my swimming pool with solar? 

· Can solar power be used to heat my home and business?

Q: Can a solar water heater replace an electric or gas water heater?
A: Not completely. Conventional electric or gas water heating systems are still necessary as a supplement to the solar water heating system, largely because the sun might not shine in a particular area for several days at a time. However, because solar water heaters are designed provide hot water directly to the tank of a gas or electric water heater, they reduce the need for the water heater to run on conventional fuels. And this in turn reduces your gas or electric bill. Depending on where you live, solar water heaters can provide up to 80% of your home's annual water-heating needs.

Other Resources: 

Q: Can solar water heaters be used in northern states and other colder climates?
A: Yes. Solar water heating technology is effective regardless of the outside temperature. In colder climates, more energy is required to heat cold incoming ground water, so using solar energy in such conditions could dramatically lower a consumer's utility bills. In addition, colder incoming ground water helps solar water heaters to operate at higher efficiencies.

Other Resources: 

Q: Can I use a solar water-heating system to heat my swimming pool?
A: Using a solar system to heat a swimming pool is the most common use for solar energy in the United States today. Solar pool-heating systems increase an unheated pool's water temperature by 10 degrees or more, and they can extend the swimming season by two to three months. Solar system prices range from $2,500 to more than $5,000, depending on the size of your pool and other conditions, such as shading from nearby trees and buildings and how close the pool is to the ocean. When solar systems replace a conventional gas or electric swimming pool heater, the initial investment can usually be recovered in about three years or less, because of reductions in subsequent utility bills.

Other Resources: 

Q: Can solar power be used to heat my home and business?
A: No pre-engineered residential solar space heating systems are readily available to consumers today. But many solar energy professionals can engineer a system for you, on request. However, solar space-heating systems are considerably more expensive than solar water-heating systems. Depending on the size of the space that needs heating, a solar system could cost anywhere from $3,000 to more than $10,000. A solar energy professional in your area can explain what would be involved to purchase this type of solar system. You may want to consider increasing your insulation and using passive solar technologies—such as large, energy-efficient, south-facing windows—as an alternative.

Other Resources: To learn more about energy-saving options, please visit DOE's Energy Savers Web site and contact the Sustainable Buildings Industries Council (202-628-7400). 

To find a solar energy system designer or installer in your area, please visit our "solar yellow pages" for a list of sources of solar professionals.

Q: What about heating my swimming pool with solar?
A: Solar swimming pool heating is the most common way that people in the United States utilize solar energy today. Solar pool-heating systems increase water temperature by 10 degrees or more over an unheated pool, and can extend the swimming season by two to three months. System prices range from $2,500 to more than $5,000, depending on the size of your pool and on other conditions such as shading and proximity to the ocean. When systems are installed to replace a conventional gas or electric swimming pool heater, the initial investment can usually be recovered in approximately three years, sometimes less.

Other Resources: 

Q: Can solar power be used to heat my home and business?
A: While there aren't any pre-engineered residential solar space heating systems available on the market, solar energy professionals could engineer a system for you. However, these types of systems are considerably more expensive than solar water-heating systems and, depending on the size of the heated space, could range from $3,000 to more than $10,000. A solar energy professional in your area can help you understand what would be involved in this type of solar system purchase. 

You may want to consider increased insulation and passive solar technology. For this, we recommend you contact the Sustainable Buildings Industries Council (202-628-7400) or DOE's Energy Savers Web site.

Other Resources: 
· Benefits — Why should I use Solar Heating? 
· What are the benefits of using solar energy to heat water in my home?

Q: What are the benefits of using solar energy to heat water in my home?
A: First, the fuel is free! Once you recover the higher initial costs of a solar system through reduced or avoided energy costs (that is, lower utility bills), your solar system will require expenditures only for maintenance. And when you include the cost of a solar water heater in a mortgage on a new home, the system often provides a positive monthly cash flow from the first day of ownership. The Solar Buildings Program offers a free software program that allows you to determine how much money you'll save by installing a solar water heater in your new home. 

Second, solar water heaters and other solar technology applications do not pollute. They do not add to the carbon dioxide, nitrogen oxides, sulfur dioxide, and other air pollutants and wastes produced by most of today's power plants, even those that run on natural gas. And they allow you to burn less natural gas in your home, as well.

Other Resources: 
· Getting a system — How is it designed, installed and maintained? 
· Aren't solar water heaters bulky and unattractive?

Q: Aren't solar water heaters bulky and unattractive?
A: In the 1970s, solar water heating technology was being developed and installed quite rapidly in response to that decade's energy crises. At that time, efficiency and ease of installation were the priorities, often at the expense of appearance. Many people thought that roof-mounted solar collectors were unsightly, even though they helped to reduce the amount of unsightly smoke billowing from coal-fired power plants! Still, the resulting attention to aesthetics has resulted in the "skylight" look of many of today's solar collectors.

Other Resources: To learn more about solar hot water-heating systems, please visit our solar hot water technology section.
· Financial Considerations — What are the cost issues? 
· How much does a solar water-heating system cost? 

· How much money will a solar water-heating system save on my utility bill? 

· How do I find out about financial incentives such as rebates or tax credits in my home state?

Q: How much does a solar water-heating system cost?
A: Unfortunately, there is no one answer to this question. The cost of a solar system depends on a number of factors, such as the size of the system and the particular system manufacturer, retailer, and installer. However, any solar rebates and other incentives available in your area will reduce that total cost. 

For solar water heaters and space heaters, you will also be taking into consideration the price of the fuel used to back up the system. In most cases, you will have to add in the cost of supplemental natural gas or electricity to get a fairly accurate estimate of how much you can expect to pay for a solar system. 

Installed costs vary widely, from $1,500 to more than $3,000. Some home builders are beginning to list solar water heaters as an option for their homes. Others include them as a standard feature in every home. In some cases, the builder or mortgage company may offer a lower interest rate when solar water heaters or other energy-efficient features are built into a new home, because the buyer can expect to save a significant amount of money on future energy bills. Although a solar water-heating system still costs more than a conventional electric or gas water heater, some states and utilities offer rebates that can reduce the total cost appreciably.

Other Resources: To learn more about financial incentives in your area, please visit the Database of State Incentives for Renewable Energy (DSIRE) and contact your State's Energy Office . One caveat: any time you work with a contractor, it is wise to check references. 

Your U.S. Department of Energy (DOE) regional support office may also be able to provide guidance. 

To find a solar energy system designer or installer in your area, please visit our solar yellow pages for a list of sources of solar professionals. 

To learn more about financing opportunities, please see The Borrower's Guide to Financing Solar Energy Systems: A Federal Overview, September 1999 (PDF 501 KB). 
Download Acrobat Reader.
Getting more educated — How can I learn more about Solar Heating?
· Do you have any suggestions for school projects involving solar energy?

Q: Do you have any suggestions for school projects involving solar energy?
A: Some of the following documents are available as Adobe Acrobat PDFs. Download Acrobat Reader.

Numerous Web sites provide information about solar energy for consumers and for academic and educational purposes. Here are just a few: 

Visit Sandia National Laboratory's Earth and Space Science educational pages.

Other Resources: Information about solar science projects is also available through these organizations: 

The U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy has a young student-focused Web site called Dr. E's Energy Lab. The site contains fun ideas for student projects and energy-related learning. 

The Energy Information Administration Kid's Page provides a wide selection of information to help children learn about energy. 

The Florida Solar Energy Center has a renewable energy curriculum that is updated regularly. The material makes up a six-week, stand-alone science curriculum or can be used in individual class sessions. The curriculum gives complete details on more than 30 classroom presentations. There is no charge for the material. 

The American Electric Power's Watts on Schools project offers information about solar energy and schools. For lessons and activities about solar and PV data collected from school solar energy systems, see. 

See also the teacher programs on NREL's Education Partnership Web site.

The California Energy Commission's entertaining Web site, Energy Quest, provides energy information and educational materials for students, parents, and teachers. 

And the Energy Center for Wisconsin has a list of books on this subject. 

Schools Going Solar is a project of the Interstate Renewable Energy Council, and its aim is to bring solar energy to schools across the U.S.. 

The Alliance to Save Energy provides educational information about energy efficient technologies. 

Finally, Stanford University's Solar Center site presents a collection of fun educational activities for children.
