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Solar Energy 

Solar Energy Basics 

 

Solar is the Latin word for sun—a powerful 

source of energy that can be used to heat, 

cool, and light our homes and businesses. 

That's because more energy from the sun 

falls on the earth in one hour than is used by 

everyone in the world in one year. A variety 

of technologies convert sunlight to usable 

energy for buildings. The most commonly 

used solar technologies for homes and 

businesses are solar water heating, passive 

solar design for space heating and cooling, 

and solar photovoltaics for electricity. 

Businesses and industry also use these 

technologies to diversify their energy 

sources, improve efficiency, and save money. 

Solar photovoltaic and concentrating solar 

power technologies are also being used by 

developers and utilities to produce electricity 

on a massive scale to power cities and small 

towns. 

Concentrating Solar Power 

 

Many power plants today use fossil fuels as a 

heat source to boil water. The steam from 

the boiling water spins a large turbine, which 

drives a generator to produce electricity. 

However, a new generation of power plants 

with concentrating solar power systems uses 

the sun as a heat source. The three main 

types of concentrating solar power systems 

are: linear concentrator, dish/engine, and 

power tower systems. 

Linear concentrator systems collect the sun's 

energy using long rectangular, curved (U-

shaped) mirrors. The mirrors are tilted 

toward the sun, focusing sunlight on tubes 

(or receivers) that run the length of the 

mirrors. The reflected sunlight heats a fluid 

flowing through the tubes. The hot fluid then 

is used to boil water in a conventional steam-

turbine generator to produce electricity. 

There are two major types of linear 

concentrator systems: parabolic trough 
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systems, where receiver tubes are positioned 

along the focal line of each parabolic mirror; 

and linear Fresnel reflector systems, where 

one receiver tube is positioned above several 

mirrors to allow the mirrors greater mobility 

in tracking the sun. 

A dish/engine system uses a mirrored dish 

similar to a very large satellite dish. The dish-

shaped surface directs and concentrates 

sunlight onto a thermal receiver, which 

absorbs and collects the heat and transfers it 

to the engine generator. The most common 

type of heat engine used today in dish/engine 

systems is the Stirling engine. This system 

uses the fluid heated by the receiver to move 

pistons and create mechanical power. The 

mechanical power is then used to run a 

generator or alternator to produce electricity. 

A power tower system uses a large field of 

flat, sun-tracking mirrors known as heliostats 

to focus and concentrate sunlight onto a 

receiver on the top of a tower. A heat-

transfer fluid heated in the receiver is used to 

generate steam, which, in turn, is used in a 

conventional turbine generator to produce 

electricity. Some power towers use 

water/steam as the heat-transfer fluid. Other 

advanced designs are experimenting with 

molten nitrate salt because of its superior 

heat-transfer and energy-storage capabilities. 

The energy-storage capability, or thermal 

storage, allows the system to continue to 

dispatch electricity during cloudy weather or 

at night. 

Passive Solar 

 

Step outside on a hot and sunny summer 

day, and you'll feel the power of solar heat 

and light. Today, many buildings are 

designed to take advantage of this natural 

resource through the use of passive solar 

heating and daylighting. 

The south side of a building always receives 

the most sunlight. Therefore, buildings 

designed for passive solar heating usually 

have large, south-facing windows. Materials 

that absorb and store the sun's heat can be 

built into the sunlit floors and walls. The 

floors and walls will then heat up during the 

day and slowly release heat at night, when 

the heat is needed most. This passive solar 

design feature is called direct gain. 

Other passive solar heating design features 

include sunspaces and trombe walls. A 

sunspace (which is much like a greenhouse) 

is built on the south side of a building. As 

sunlight passes through glass or other 

glazing, it warms the sunspace. Proper 

ventilation allows the heat to circulate into 

the building. On the other hand, a trombe 
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wall is a very thick, south-facing wall, which 

is painted black and made of a material that 

absorbs a lot of heat. A pane of glass or 

plastic glazing, installed a few inches in front 

of the wall, helps hold in the heat. The wall 

heats up slowly during the day. Then as it 

cools gradually during the night, it gives off 

its heat inside the building. 

Many of the passive solar heating design 

features also provide daylighting. Daylighting 

is simply the use of natural sunlight to 

brighten up a building's interior. To lighten up 

north-facing rooms and upper levels, a 

clerestory—a row of windows near the peak 

of the roof—is often used along with an open 

floor plan inside that allows the light to 

bounce throughout the building. 

Of course, too much solar heating and 

daylighting can be a problem during the hot 

summer months. Fortunately, there are many 

design features that help keep passive solar 

buildings cool in the summer. For instance, 

overhangs can be designed to shade windows 

when the sun is high in the summer. 

Sunspaces can be closed off from the rest of 

the building. And a building can be designed 

to use fresh-air ventilation in the summer. 

Solar Photovoltaic 

Technology 

Solar cells, also called photovoltaic (PV) cells 

by scientists, convert sunlight directly into 

electricity. PV gets its name from the process 

of converting light (photons) to electricity 

(voltage), which is called the PV effect. The 

PV effect was discovered in 1954, when 

scientists at Bell Telephone discovered that 

silicon (an element found in sand) created an 

electric charge when exposed to sunlight. 

Soon solar cells were being used to power 

space satellites and smaller items like 

calculators and watches. Today, thousands of 

people power their homes and businesses 

with individual solar PV systems. Utility 

companies are also using PV technology for 

large power stations. 

Solar panels used to power homes and 

businesses are typically made from solar cells 

combined into modules that hold about 40 

cells. A typical home will use about 10 to 20 

solar panels to power the home. The panels 

are mounted at a fixed angle facing south, or 

they can be mounted on a tracking device 

that follows the sun, allowing them to capture 

the most sunlight. Many solar panels 

combined together to create one system is 

called a solar array. For large electric utility 

or industrial applications, hundreds of solar 

arrays are interconnected to form a large 

utility-scale PV system. 
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Traditional solar cells are made from silicon, 

are usually flat-plate, and generally are the 

most efficient. Second-generation solar cells 

are called thin-film solar cells because they 

are made from amorphous silicon or 

nonsilicon materials such as cadmium 

telluride. Thin film solar cells use layers of 

semiconductor materials only a few 

micrometers thick. Because of their flexibility, 

thin film solar cells can double as rooftop 

shingles and tiles, building facades, or the 

glazing for skylights. 

Third-generation solar cells are being made 

from variety of new materials besides silicon, 

including solar inks using conventional 

printing press technologies, solar dyes, and 

conductive plastics. Some new solar cells use 

plastic lenses or mirrors to concentrate 

sunlight onto a very small piece of high 

efficiency PV material. The PV material is 

more expensive, but because so little is 

needed, these systems are becoming cost 

effective for use by utilities and industry. 

However, because the lenses must be pointed 

at the sun, the use of concentrating collectors 

is limited to the sunniest parts of the country. 

Solar Hot Water 

 

The shallow water of a lake is usually warmer 

than the deep water. That's because the 

sunlight can heat the lake bottom in the 

shallow areas, which in turn, heats the water. 

It's nature's way of solar water heating. The 

sun can be used in basically the same way to 

heat water used in buildings and swimming 

pools. 

Most solar water heating systems for 

buildings have two main parts: a solar 

collector and a storage tank. The most 

common collector is called a flat-plate 

collector. Mounted on the roof, it consists of a 

thin, flat, rectangular box with a transparent 

cover that faces the sun. Small tubes run 

through the box and carry the fluid — either 

water or other fluid, such as an antifreeze 

solution — to be heated. The tubes are 

attached to an absorber plate, which is 

painted black to absorb the heat. As heat 

builds up in the collector, it heats the fluid 

passing through the tubes. 
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The storage tank then holds the hot liquid. It 

can be just a modified water heater, but it is 

usually larger and very well-insulated. 

Systems that use fluids other than water 

usually heat the water by passing it through 

a coil of tubing in the tank, which is full of hot 

fluid. 

Solar water heating systems can be either 

active or passive, but the most common are 

active systems. Active systems rely on 

pumps to move the liquid between the 

collector and the storage tank, while passive 

systems rely on gravity and the tendency for 

water to naturally circulate as it is heated. 

Swimming pool systems are simpler. The 

pool's filter pump is used to pump the water 

through a solar collector, which is usually 

made of black plastic or rubber. And of 

course, the pool stores the hot water. 

Solar Process Heat 

 

Commercial and industrial buildings may use 

the same solar technologies—photovoltaics, 

passive heating, daylighting, and water 

heating—that are used for residential 

buildings. These nonresidential buildings can 

also use solar energy technologies that would 

be impractical for a home. These technologies 

include ventilation air preheating, solar 

process heating, and solar cooling. 

Space Heating 

Many large buildings need ventilated air to 

maintain indoor air quality. In cold climates, 

heating this air can use large amounts of 

energy. But a solar ventilation system can 

preheat the air, saving both energy and 

money. This type of system typically uses a 

transpired collector, which consists of a thin, 

black metal panel mounted on a south-facing 

wall to absorb the sun's heat. Air passes 

through the many small holes in the panel. A 

space behind the perforated wall allows the 

air streams from the holes to mix together. 

The heated air is then sucked out from the 

top of the space into the ventilation system. 

Water Heating 

Solar water-heating systems are designed to 

provide large quantities of hot water for 

nonresidential buildings. A typical system 

includes solar collectors that work along with 

a pump, heat exchanger, and/or one or more 

large storage tanks. The two main types of 

solar collectors used for nonresidential 

buildings—an evacuated-tube collector and a 

linear concentrator—can operate at high 
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temperatures with high efficiency. An 

evacuated-tube collector is a set of many 

double-walled, glass tubes and reflectors to 

heat the fluid inside the tubes. A vacuum 

between the two walls insulates the inner 

tube, retaining the heat. Linear concentrators 

use long, rectangular, curved (U-shaped) 

mirrors tilted to focus sunlight on tubes that 

run along the length of the mirrors. The 

concentrated sunlight heats the fluid within 

the tubes. 

Space Cooling 

Space cooling can be accomplished using 

thermally activated cooling systems (TACS) 

driven by solar energy. Because of a high 

initial cost, TACS are not widespread. The 

two systems currently in operation are solar 

absorption systems and solar desiccant 

systems. Solar absorption systems use 

thermal energy to evaporate a refrigerant 

fluid to cool the air. In contrast, solar 

desiccant systems use thermal energy to 

regenerate dessicants that dry the air, 

thereby cooling the air. These systems also 

work well with evaporative coolers (also 

called "swamp coolers") in more humid 

climates. 


