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Solar Energy: An Overview

As we enter the 21st century, public awareness of the
environmental damage that can come from using conventional
energy sources and the vulnerability inherent in depending upon
energy sources of ever-dwindling and finite supply, is reaching
an all-time high. Consequently, more and more people are
starting to ask “What about solar energy?”

Although public approval for solar energy is high, there is
some confusion over just how it can be used as a substitute or
supplement for conventional energy sources such as coal, oil,
gas, and nuclear. There’s a simple reason for that: though
conventional fuel sources are typically used in only one way
(combustion for the fossil fuels, reaction for nuclear), there is a
variety of ways in which the sun may be used to provide
energy. This factsheet will present a brief overview of the
major solar technologies, and provide references where more
information may be found on each.

Free Energy?

One reason for the popularity of solar energy is the
perception that it is “free.” Perhaps a better choice of words
would be to say that it is unmetered and renewable. There are,
as with any energy source, costs involved in the equipment used
to collect, store and distribute the energy.

There is also the need to have clear access to the sun
during peak solar hours. For instance, it would not make
sense to locate an installation in the woods or in the shadow
of a 12-story building because it would not have adequate
solar access. (See “Selecting a Site for Your Passive Solar
Home” and “Siting of Flat Plate Solar Thermal Collectors
and Photovoltaic Modules," free fact sheets distributed by
the N.C. Solar Center). Furthermore, the amount of solar
energy available varies according to the time of day, the
time of the year, the whims of the weather and the region of
the country.

Table 1 lists the average daily solar radiation available in
a few representative cities of the U.S. It shows a clear variation
in the availability of the solar resource in different areas of the
country. For instance, the amount of solar energy available per
unit area in Raleigh is about two-thirds that available in Tucson,
Arizona; on the other hand, it is about 30 percent greater than
that available in Olympia, Washington. This does not mean
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Table 1. Annual Average for Latitude Tilt
kiloWatts-hours per square meter per day
Tucson, Arizona 6.5
Sacramento, California 55
Miami, Florida 5.2
Atlanta, Georgia 5.1
Charlotte, North Carolina 5.0
Greensboro, North Carolina 5.0
Raleigh, North Carolina 5.0
Wilmington, North Carolina 5.0
Asheville, North Carolina 4.9
Boone, North Carolina 4.9
Richmond, Virginia 4.8
Chicago, lllinois 4.4
Caribou, Maine 4.2
Syracuse, New York 4.1
Olympia, Washington 3.6

that solar energy is not feasible in areas with less solar availabil-
ity; it does, however, suggest that the sizes and types of systems
which are appropriate and economical will vary from region to
region.

The variation in the solar resource available from day to
day (and certainly from day to night) can sometimes be miscon-
strued as a sign of undependability by decision-makers who are
accustomed to contracting for a specific amount of fuel to be
delivered at a specific time. This is not the case; it does mean,
however, that solar energy systems must include some provision
for energy storage, or a backup system to replace or supplement
the sun when it is unable to meet the energy demand.

Because of the need to provide energy storage or a backup
system, solar systems are sometimes more expensive to purchase
than their conventional fuel counterparts. Even though the solar
system may cost less to operate over its lifetime, some purchasers
see only the initial cost difference. Part of the cost difference
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between solar and traditional systems is actually illusory, a
consequence of the way we have traditionally looked at energy
costs. The use of conventional fuels carry along with them
many costs which are passed along to society at large rather
than to the direct consumer of the energy, thus making the
conventional energy sources appear more economical.

Some of the costs which are currently being charged to
society rather than the energy consumer include: the emissions
from fossil fuel combustion which contribute to acid rain,
global warming and decreased air quality; the damage caused to
environmentally sensitive areas due to oil spills from drilling or
transportation of oil or gas; hazardous radioactive wastes from
the generaton of electricity using nuclear energy which must be
transported and disposed of; and the cost of maintaining a
military presence in the Persian Gulf in order to maintain secure
passage for petroleum shipments. By accepting these as costs
that society in general must face, we are, in effect, subsidizing
the use of these conventional fuels, thus making them appear
more economical for energy users.

At one time, the U.S. government offered a tax credit to
encourage the use of solar energy, but that offer expired at the
end of 1985. The state of North Carolina, however, continues
to offer a 35 percent tax credit for residential passive, active
and photovoltaic solar energy systems up to a maximum credit
that ranges from $1,400 to $10,500, depending upon the
technology. A tax credit is also available for commerical
businesses and industry of 35 percent, up to a maximum credit
0f $250,000. Contact the Solar Center for a copy of the solar
tax credit guidelines.

Types of Solar Energy

If examined in the broadest sense, most forms of energy
ultimately owe their origin to the sun. The sun creates the air
temperature differences which provide the air currents which
make wind energy possible; it provides the light to grow the
biomass fuels, such as wood and grain used to distill ethanol; it
provides the moving force behind the Earth’s water cycle, thus
making hydroelectricity possible; even the fossil fuels began as
vegetation long ago in the Earth’s history. For simplicity,
however, this factsheet will dwell only on the use of solar
energy in its strictest sense.

In general, solar energy systems can be categorized as
being one of two types: Thermal Systems, which use the sun’s
energy in the form of heat, and Light Utilizing Systems, which
use the sunlight directly to provide energy or lighting.

The order in which these technologies are discussed
below is not intended as a priority order. Because these
technologies are used for different applications and are in
varying stages of development, no attempt has been made to
make comparisons of current feasibility or economics.

THERMAL SYSTEMS

Active Systems

Active solar energy systems are used to provide heat for
thermal comfort in buildings (space heating) and water heating.
Most space heating applications are in residences, but commer-

cial buildings are heated with active solar systems as well.
Residential water heating is the most common application for
active systems, but they are also effective for heating larger
volumes of water for commercial purposes, such as for car
washes, laundries, motels, beauty salons, public health facili-
ties and even swimming pools. Several of the rest areas along
the interstate highways in North Carolina use active solar
systems to provide both space and water heating.

Active systems use mechanical equipment such as pumps
and fans to regulate and distribute the energy collected from
the sun. A typical system consists of one or more flat plate
collectors connected to a storage and distribution system. The
flat plate collector is essentially a well insulated box with a
dark metal absorber plate underneath a transparent cover. A
heat transfer fluid, either air or a liquid, is moved through the
collector, where it picks up heat from the absorber plate. The
fluid is then directed to a storage area (typically a rock bin for
air systems, a water tank or some type of phase change material
for liquid systems) where it is available for use in the space or
water heating system.

For space heating, either an air or liquid system may be
used. In air systems, the heated air from storage is used to
heat the house; in liquid systems, a heat exchanger is used to
transfer heat from the liquid in storage to the air to be distrib-
uted through the building.

Water heating systems typically use liquid collectors.
The collector fluid may either be water, or a different fluid with
less freezing potential. In this case, a heat exchanger is used to
transfer the heat from the collector fluid to the water.

For more information on active solar systems, request
the following free fact sheets from the Solar Center: “Space
Heating with Active Solar Energy Systems,” “Passive and
Active Solar Domestic Hot Water Systems,” “An Illustrated
How-To-Do-It Solar Air Heater Manual,”, "Troubleshooting
Your Solar Water Heating System", and “Heating Your
Swimming Pool with Solar Energy.”
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Figure 1. Flat-Plate Solar Collector



Passive Systems

Like active systems, passive solar systems are used to
provide space and water heating for buildings. Unlike active
systems, they do not use pumps or fans to store or distribute
heat. Instead, they rely on the natural heat transfer forces of
conduction, convection and radiation to distribute the heat
collected.

Passive space heating systems consist of south-facing
glass to collect heat, and massive building materials within the
structure (such as brick, concrete, stucco, tile, or containers of
water) to store the heat. These massive materials have the
ability to absorb heat, and then release it slowly to the surround-
ing, cooler areas.

Because buildings in North Carolina can cost as much or
more to cool as they do to heat, care must be taken to see that
winter heating strategies do not overheat the structure during
the rest of the year. For this reason, sloped glass is generally
not advised in North Carolina. Similarly, west-facing glass
should also be minimized. Other passive cooling strategies,
such as shading, natural ventilation and the use of landscaping
to help cool the structure and its surroundings, all come from
looking at the building’s relationship to the sun.

Common systems for passive solar water heating are the
batch and the thermosiphon systems. The batch heater is a do-
it-yourself project consisting of a black water tank placed in an
insulated, weathertight enclosure with a tilted transparent cover.
The thermosiphon system uses a standard flat plate collector,
but avoids the need for a pump by locating the storage tank
above the collector and depending on natural convection to
move the heated water upwards. There is also a commercially
available system which utilizes an alcohol mixture which
changes phase and passively pumps itself through the system to
a heat exchanger.

The Solar Center distributes the following free fact sheets
on passive solar topics: “Passive Solar Options for North
Carolina Homes,” ‘“Passive Solar Retrofit for North Carolina
Homes,” “Summer Shading and Exterior Insulation for North
Carolina Windows,” “Selecting a Site for Your Passive Solar
Home,” “Energy Saving Landscaping for Your Passive Solar
Home,” “Passive Cooling " and “An Illustrated How-To-Do-1t
Solar (Batch) Water Heater Manual.”

Solar Concentrating Collector Systems

Steam power plants produce most of the electricity
generated in the United States. Using the heat from a nuclear
reaction or the burning of coal, water is heated to steam, which
drives the turbine-generators which produce the electricity. By
using collectors which concentrate the sun’s rays, solar energy
can provide temperatures high enough to produce steam to run a
turbine. The U.S. Department of Energy is conducting research
on several types of concentrating collectors. The three most
promising systems have been the parabolic dish system, the
central receiver system and the parabolic trough system.

Parabolic dish systems use a parabolic mirror that focuses
incoming solar radiation on a receiver mounted above the dish
at its focal point. A dish system can be used either to operate an

individual Rankine-cycle or Stirling engine located at its focus,
or linked together with other dishes to heat a transfer fluid
which is then used to drive a turbine.

The central receiver system consists of a field of thou-
sands of mirrors (called heliostats) surrounding a tower which
holds a heat transfer fluid. Each heliostat has its own tracking
mechanism to keep it focused on the tower to heat the transfer

RECEIVER OR
ENGINE/RECEIVER

CONCENTRATOR
REFLECTIVE
SURFACE

TRACKING
MECHANISM

Figure 2. Parabolic Dish Collector

fluid, which is then used to run a turbine. The world’s largest
central receiver system is the Solar One plant near Barstow,
California. Itis a 10 MW demonstration plant that can produce
7 MW on a cloudy day.

Receiver

AN

Heliostats \
Tower

Figure 3. Central Receiver

Parabolic trough systems use mirrored troughs which
focus energy on a fluid-carrying receiver tube at the parabola’s
focal line. Either the troughs or the tubes track the sun to heat
the fluid, which is then pumped through heat exchangers to
generate superheated steam to run a turbine generator. Today
parabolic trough generating systems provide over 350 MW of



installed generating capacity on the Southern California Edison
electrical grid. To ensure its reliability as a power supplier,
these systems also have an auxiliary gas-fired boiler to provide
uninterrupted power during peak demand periods.

Although the applications mentioned here are concerned
with the generation of electricity, the essential product of each
system is heat, which could potentially be used to provide
process heat for industrial applications.

For more information on solar thermal concentrating
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Figure 4. Parabolic Trough Collector

collector systems, call EREC (Energy Efficiency and Renewable
Energy Clearinghouse) at 1-800-523-2929 and request fact
sheet numbers FS 129 and FS 130 on “Solar Thermal Concen-
trating Collector Concepts.”

Solar Ponds

A solar pond is a body of water which is used to collect
and store solar energy. The pond, either natural or man-made,
contains salt water, which acts differently than fresh water. In a
fresh water pond, sunlight entering the pond would heat the
water and, by natural convection, the heated water would rise to
the top, while the heavier cool water would sink to the bottom.
Salt water, however, is heavier than fresh water and will not
rise or mix by natural convection. This creates a larger tem-
perature gradient within the pond. Fresh water forms a thin
insulating surface layer at the top, and underneath it is the salt
water, which becomes hotter with depth-as hot as 200+F° at the
bottom.

Although it can provide heat for other applications, the
most common use for solar salt gradient ponds is the generation
of electricity. Heated brine is drawn from the bottom of the
pond and piped into a heat exchanger, where its heat converts a
liquid refrigerant into a pressurized vapor which spins a turbine,
generating electricity. Since the U.S. Department of Energy’s
solar pond program was terminated, most solar pond progress
has been made in other countries, principally Israel and Austra-
lia. An Israeli project covering nearly 62 acres near the Dead
Sea produces up to 5 MW of electricity during peak demand
periods.

More information on solar ponds is available in Solar
Energy: Today’s Technology for a Sustainable Future, 1997,
available for $20.00 from The American Solar Energy
Society. ASES also publishes the “International Solar Pond
Letter,” available to members. Contact the American Solar
Energy Society at 2400 Central Avenue, Unit G-1, Boulder,
CO 80301, (303) 443-3130; Fax (303) 443-3212; Web
www.ases.org.

LIGHT UTILIZING SYSTEMS

Photovoltaics

Photovoltaics is the process of converting sunlight into
electricity by means of a photovoltaic cell. The photovoltaic
cell is a solid-state device composed of thin layers of semicon-
ductor materials which produce an electric current when
exposed to light. Single cells are connected in groups to form
a module, and modules are grouped to form an array. The
voltage and the current output from the array depend upon
how the system is configured.

Photovoltaic cells produce direct current (DC) electric-
ity, the type of electricity contained in batteries. Most appli-
ances, however, are designed to use alternating current (AC)
electricity, the type available from a standard wall socket.
When AC current is required, an inverter is added to the
photovoltaic system to change the current from DC to AC, but
this will incur a 10-15 percent loss of power output.

Photovoltaic-generated electricity has many applica-
tions. It has already become a permanent fixture in the
consumer products market by providing energy for products
with small power requirements, such as solar calculators and
watches. Other applications include water pumping, naviga-
tional signals, lighting, electric fence charging, vehicle battery
charging, radio relay stations, and utility-scale electricity
generation. The latter, while feasible, is not commonplace due
to the current low costs of producing electricity from coal or
nuclear energy.

Photovoltaics shows its true worth in the ease with
which it can be used to provide power to remote locations.
“Remote” can take on different meanings. Remote can refer to
villages in Third World nations that use photovoltaics to
provide power for irrigation of crops and the refrigeration of
medicines---power that had previously come from a balky
diesel generator, or was nonexistant, because they were miles
from an electricity generating station. Remote can refer to a
home a mile or so from utility lines that uses photovoltaics to
provide lighting, communication and refrigeration. Remote
can also refer to a photovoltaic security or yard light installed
because it was cheaper to install a photovoltaic system than to
pay the cost of running a utility line that short distance.

Systems may be either “stand-alone,” meaning that they
are not connected to an electric utility, or “utility-interactive.”
Utility-interactive systems require the use of an inverter, but
inverters are not required for stand-alone systems if only DC
appliances are to be used. Stand-alone systems may also
include a backup system such as a diesel or propane generator.




For more information on photovoltaics, see “Photovolta-
ics: Electricity from the Sun,” “Photovoltaics: A Question and
Answer Primer,” and “Siting of Active Solar Collectors and
Photovoltaic Modules” —free factsheets distributed by the
Solar Center.

Photovoltaic-Generated Hydrogen

Rather than being a separate solar technology, photovolta-
ic-generated hydrogen is actually a means of applying solar
energy (photovoltaic electricity) to an existing technology (the
hydrolysis of water to form hydrogen) to create an energy
source with many attractive attributes.

Photovoltaics partners well with hydrogen for many
reasons. First, one of the major drawbacks of any solar
technology is the variability of its supply-- that is, it’s impos-
sible to know from day to day exactly how much energy the sun
will provide. Solar-produced hydrogen provides a method of
storing the energy from the sun, thus negating the variability
problem.

Second, in addition to being easily stored, hydrogen is
easily transportable. Thus, it could be used as a transportation
fuel in cars, trucks, and airplanes. It could also be used in
virtually any application where natural gas may be used.

Third, hydrogen burns cleanly. Its chief product of
combustion is water; its only negative by-product is nitrogen
oxides, which can be readily controlled using existing technolo-
gies. It does not release any carbon emissions which contribute
to global warming. With photovoltaic energy used in its
creation, it is a fuel which is clean both in its production and
use.

Fourth, because solar hydrogen is created from water and
photovoltaic electricity, it is a renewable energy resource.

The main disadvantage to hydrogen is that the world
energy infrastructure is not set up to use it at this time. There
are no hydrogen-burning vehicles, industrial boilers, or other
devices readily available in the marketplace. Equally impor-
tant, there is no distribution network in place for hydrogen fuel.
For solar hydrogen to become a viable fuel alternative, both the
supply and demand sectors need to be developed within the
same time frame.

Either market demand for a clean transportation fuel, or
government mandates and support, or both, will be necessary to
provide the driving force to begin the complex process of
moving towards a hydrogen-using energy economy.

For more information on photovoltaic-generated hydro-
gen, see Solar Hydrogen: Moving Beyond Fossil Fuels, by
Joan M. Ogden and Robert H. Williams. It is available in the
Solar Center reference library, or it may be purchased for $10,
plus 33 shipping and handling from World Resources Institute
Publications, PO Box 4852, Hampden Station, Baltimore, MD
21211. Request publication “OGSHP.”

Daylighting

Daylighting is the use of natural light for a building’s
illumination needs during the day. It is not a measurable source
of energy per se; instead, it is a method of displacing the use of
energy which would otherwise be used for providing lighting in
buildings. Since lighting can comprise as much as 40 percent of
a commercial building’s energy use, daylighting can play a
valuable part in reducing a building’s energy consumption, as
well as being an aesthetically pleasing and healthy source of light
for its occupants. Daylighting is an especially attractive option
for buildings which are designed to be occupied primarily during
daylight hours, such as schools.

Daylighting is more of a design issue than a technology
issue; it takes careful siting and design by an architect knowl-
edgeable in the concepts of daylighting. Technology has helped
to make it a more feasible option, however, in providing more
advanced glazing materials, such as low-emissivity coatings for
glass, and more sophisticated lighting controls, which allow
dimming and multiple light levels from the electric light systems
which are used in conjunction with the daylighting system.

For more information on daylighting, see Davlighting
Multistory Office Buildings by Wayne Place and Thomas C.
Howard and Daylighting Classroom Buildings by Wayne Place,
Thomas C. Howard and Shannon Howard, available in the Solar
Center reference library or from Advanced Energy, 909 Capabil-
ity Drive, Raleigh, NC 27606-3870 .

Conclusion

There are problems with all energy sources. Oil is in short
supply and creates greenhouse gases and other pollutants when
burned. Natural gas, though somewhat cleaner in burning, is also
an exhaustible fuel source, and can cause environmental damage
in its extraction. Coal, though plentiful, creates greenhouse gases
and other pollutants when burned and is not a good fuel for
transportation. Nuclear energy, though not a source of green-
house gases or other air pollutants, generates radioactive wastes.

Solar energy is imperfect in that its supply varies from day
to day, and location to location. However, because of its minimal
effect upon the environment, its reliability for the future as a
renewable source of fuel, and its versatility for different applica-
tions, solar energy will become a rapidly growing part of our
energy picture.



For More Information
The North Carolina Solar Center has a reference library containing all the references listed here, as well as other free fact sheets and
information on solar energy, energy efficiency and related subjects. For more information on these topics, contact the Solar Center.

Written by:
Lib Reid
Solar Engineering Specialist
North Carolina Solar Center

Take advantage of the state tax credit for solar energy!

North Carolina recenty revised and updated its renewable energy tax credits, effective January 1, 2000.

For residential applications, homeowners may now take a 35 percent tax credit for all renewable energy sources, up to a
maximum credit of $10,500 for photovoltaic, wind, hydro, and biomass applications; $3,500 for active or passive spaceheating
systems; and $1,400 for solar water heating systems,. For commercial and industrial applications, the tax credit is also 35
percent, with a maximum credit of $250,000 for all solar and renewable energy applications. For further information on these
tax credits, contact the North Carolina Solar Center at 1-888-33-NC SUN.
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