


The Power and Promise of the Sun
Fulfilling the Promise
The sun is our greatest energy source: powerful, lasting,
reliable, and available all over the world. Every hour the
sunlight that reaches the earth exceeds the amount of energy
used by every person on the planet in an entire year.

Harnessing the sun’s power has provoked the imagination 
of humans since the beginning of time. As a civilization 
we have gone from simply using the natural benefits of the
sun’s rays, heat and light to actually converting those rays
into electrical current.

The technology is Photovoltaics and it can be designed to
meet almost any need in practically any location. Solar 
cells made of material thinner than a human hair, convert
sunlight directly into electricity without any moving parts. 
In space and in air, on land and at sea, photovoltaics
produce energy when and where it is needed.

It is a modern sophisticated technology that uses the oldest,
most abundant source of energy we have, the sun.

Above: People have long dreamed of developing photovoltaics for practical
purposes as this image from a 1932 issue of Popular Mechanics demonstrates.

Below: Since the late 1960s, solar cells
have been the accepted power source
for the world's satellites. 

Above: Bell Laboratories
announced the development
of  the first modern silicon
solar cell in 1954.
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Planning for the Sun

Above: Laying out streets properly by
having the main streets run east-west
makes it easier to build homes that let
in the winter sun and keep out the
summer heat. The ancient Greeks built
whole cities such as Priene with the sun
in mind.

A Lesson from Greece 400 BC.

During the fifth century BC., the Greeks faced severe fuel
shortages. Fortunately, an alternative source of energy was
available—the sun. Archaeological evidence shows that a
standard house plan evolved during the fifth century so that
every house, whether rural or urban, could make maximum
use of the sun’s warm rays during winter. 

Those living in ancient Greece confirm what archaeologists
have found. Aristotle noted, builders made sure to shelter
the north side of the house to keep out the cold winter
winds. And Socrates, who lived in a solar-heated house,
observed, “In houses that look toward the south, the sun
penetrates the portico in winter” which keeps the house
heated in winter. 

The great playwright Aeschylus went so far as to assert that
only primitives and barbarians “lacked knowledge of houses
turned to face the winter sun, dwelling beneath the ground
like swarming ants in sunless caves.” 

Right: Built in the late 1990s, the suburb of
Nieuwland, in Amersfoort Netherlands, is a modern
model for community planning to maximize use of
solar energy. Passive solar design features provide

the bulk of heating and cooling needs, while a
combined 1-Megawatt capacity of solar electric

arrays provide power to the community.

Above: A solar “score card” shows the energy
differences that occur based on the house
orientation to the sun.
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The Magic of Glass 66 AD
A Lesson of Roman Ingenuity
In the first century AD the Romans discovered how to make
clear glass for window coverings. They also discovered the
magic of glass—it readily admits sun rays into the space it
covers but does not allow the resulting longer heat waves to
escape. The Romans used their discovery to improve on
Greek solar architecture by covering south-facing windows
with glass. 

Vitruvius, the preeminent Roman architectural writer of the
1st century BC., advised builders in the Italian peninsula,
“Buildings should be thoroughly shut in rather than exposed
toward the north, and the main portion should face the
warmer south side.” Varro, a contemporary of Vitruvius,
verified that most houses of at least the Roman upper class
followed Vitruvius’ advice, stating, “What men of our day
aim at is to have their winter rooms face the falling sun
[southwest].” Sunlight was such an important aspect of
architecture, the Romans passed laws that forbade other
builders from blocking a solar-designed structure’s access 
to the winter sun. 

The Romans also used this technology to build their famous
hot baths. Large glass windows facing the winter sun kept
their baths warm. On sunny days these windows trapped
enough solar heat to keep the baths as hot as 100º F. 

Above: A ruin of an original Roman heliocaminus. The term means “sun furnace.” The Romans used
the term to describe their south facing rooms. The use of glass windows made them became much
hotter in winter than similarly oriented Greek homes.

Below Left: Cross section of a Roman heliocaminus. 

Right: Modern greenhouses
demonstrate a technique

similar to the Roman
technology. Built with glass

roofs, they provide plants
sunlight and warmth

regardless of the season.
South facing windows provide warmth by
letting most of the Sun’s heat in and not

allowing the heat waves to escape.

Courtesy of John Perlin, A Golden Thread
Courtesy of John Perlin, A Golden Thread

        



Heating and Cooling with Solar Energy
Necessity is the “Wife” of Invention

In 1881, Edward S. Morse was a respected scientist and 
he had a problem. His furnace was broken and there was no
money for a new one. That winter, the house became 
so cold, custards froze in the pantry. Mrs. Morse became
increasingly annoyed and pressured Morse to fix the
problem. Morse had to improvise. He remembered that 
on more than one occasion the black curtains behind the
south-facing windows in his study became very hot when the
sun streamed in and that the air, sandwiched between the
windows and curtains also heated up, rose and circulated
into the room, heating the interior. So why not build a sun
heater based on these observations to take the place of the
broken furnace? He placed a slab of slate in front of a
south-facing window. As the sun struck the slate it warmed
up. Cold air passed between the window and slab. As it
warmed, it rose, becoming even hotter, and then recirculated
into the house through an opening near the ceiling. The
temperature in the house increased significantly, pleasing his
wife, and encouraging Morse to apply for a patent for his
invention.

Years later in 1964, a french inventor, Felix Trombe
popularized Morse’s thermal wall. Today it is commonly
called the Trombe Wall.

Right: A modern example 
of a thermal mass wall. 

This wall is constructed of clear
cylinders of water placed along

a south-facing window.During the day sunlight heats
the air between the wall and

the window.

Convection currents the warm
air through the room.

At night, the remaining
warmth of the wall radiates

heat to the room.

Above: A diagram of a modern 
thermal mass wall that uses containers 

of water for heat absorption. 

Right: Edward Morse’s 1881 patent 
for his thermal mass technology.

    



Heating Water with the Sun
Making a Good Idea Better

The first commercial solar water heaters hit the market in
1891. They consisted of four black metal tanks placed inside
a glass-covered box usually placed on the roof. Sun trapped
by the glass heated the water inside the tanks. By 1897, one-
third of the households in Pasadena, California used these
solar water heaters, called the Climax. The Climax had one
short-coming: the tanks would cool down during the night
or during cloudy weather. In 1909, William J. Bailey came
up with a solution that has revolutionized solar water
heating ever since. He placed water pipes on a flat metal
plate in a shallow glass-covered box. As the sun heated the
water, the hotter water would naturally rise into an insulated
storage tank where it would stay warm overnight. Around
the world solar water heater systems with separate collection
and storage units currently produce an energetic equivalent
to 115 gigawatts, equal to the power produced by 230
electricity generating power plants. 

Above: Photograph taken in 1913 in the Pomona Valley. 
The solar water heater is located above the right eave on the front of the house.

Right: This diagram
shows the complete

system which includes
panel at roof’s edge

connecting to an
isolated insulated
storage tank and
indoor plumbing.

Though the system
shown, dates back

almost a century, it
remains the basic

configuration still used
by most for solar hot

water systems.

Above: A 1892 ad for Kemp’s invention. For an
investment of $25, the owner saved about $9 a year
on coal. By 1900, Kemp had sold more than 1,600
solar water heaters in southern California.

Courtesy of John Perlin, A Golden Thread

Courtesy of John Perlin, A Golden Thread

Courtesy of John Perlin, A Golden Thread

          



Steaming Hot Solar Power
A Lesson from the Desert 1912.

The ancient Chinese, Greeks and Romans discovered that
curved shiny surfaces could concentrate the sun rays onto 
an object with enough intensity to make it burst into flames
within seconds. Thousands of years later in 1912, inventor
Frank Schuman used long rows of curved mirrors to boil a
fluid that would drive a solar pump. Seventy-five years later
an Israeli company built a similar plant in the California
desert to generate almost 400 megawatts of electricity!

Left: The Solar Electric Generating Station plants in California’s Mojave Desert are
the world’s largest parabolic trough facilities. These nine plants, which range in size
from 14 MWe to 80 MWe and were built between 1985 and 1991 have a combined
capacity of 354 MW, enough to power 350,000 homes.

Below: Egypt, 1912: one of the earliest
energy plants using Frank Schuman’s
solar steam technology with multiple

rows of “parabolic troughs.”

Courtesy of the National Renewable Energy Laboratory

Above: Schuman’s patent drawing
illustrates how sunlight can be focused
to produce intense heat.

Courtesy of John Perlin, A Golden Thread

Courtesy of John Perlin, A Golden Thread

          



A Solar Dream Comes True
The Beginning of a Silicon Era

In 1953, the Bell telephone system had a problem.
Traditional dry cell batteries that worked fine in mild
climates degraded too rapidly in the tropics and ceased to
work when needed. The company asked its famous research
arm, Bell Laboratories, to explore other freestanding sources
of electricity. It assigned the task to Daryl Chapin. Chapin
tested wind machines, thermoelectric generators, and steam
engines. He also suggested that the investigation include
solar cells, and his supervisor approved the idea. 

Chapin soon teamed up with another Bell researcher, Gerald
Pearson who was engaged in pioneering semiconductor
research with Calvin Fuller. Fuller, a chemist, had discovered
how to control the introduction of the impurities necessary
to transform silicon from a poor to a superior conductor of
electricity. Together this team took silicon solid-state devices
from their experimental stage to produce the first
Photovoltaic (PV) module.  

On April 25, 1954, proud Bell executives held a press
conference where they impressed the media with Bell solar
cells powering a radio transmitter, broadcasting voice 
and music. The New York Times, on page one of its 
April 26, 1954 issue, proclaimed the construction of the
first PV module marked “the beginning of a new era,
leading eventually to the realization of one of mankind’s
most cherished dreams—the harnessing of the almost
limitless energy of the sun for the uses of civilization.” 

Today, PV modules power satellites; ensure the safe passage
of ships and trains; bring water, electricity, and telephone
service to many who had done without; and supply clean
energy to those already connected to the grid.

Above: The first advertisement for the Bell solar cell, from
the August 1954 issue of National Geographic.

Right: A modern silicon solar cell based on the research
and discoveries of the original Bell Laboratories scientists.

Above: Pearson, Chapin &
Fuller were the principal
developers of the silicon
solar cell.

Courtesy of AT&T Archives

Courtesy of AT&T Archives

       



Solar Schoolhouse Olympics
A Sunny Contest where Everyone is a Winner

In several California communities, The Solar
Schoolhouse Olympics has provided the motivation 
for students to design and build exceptional solar
powered projects. Students explore the art and science
of passive solar and daylighting design when building
their model homes, finishing off with a solar water
heater and solar electric rooftop. Drawing on lessons
from the past, and incorporating state-of-the-art solar
technology available today, students begin to visualize
the future through hands on model building. 

Solar cooker projects encourage an appreciation of
physics and allow for a wide range of experimentation
and investigation. Solar fountains, cars, and whirlygigs 
utilizing solar electric cells open the creative forces to
understanding and optimizing solar cells and loads for
maximum performance. 

The Solar Art event encourages students’ artistic talents
to convey a effective message with an image and slogan.
All contestants must describe their projects to judges
and their peers, enhancing the learning experience
through the teaching of others. These Solar Olympians
are pointing the way to brighter future. 

Above & Left: Unique and playful solar
fountain projects provide an entertaining
demonstration of solar power in action.

Far Left: A solar home model designed to use rooftop photovoltaic arrays and
an evacuated tube hot water system. The overhang of the roof on the southern
side would help keep this home cool during hot summer days.

Left: A proud Olympian poses with his solar oven project. Reflective material on
the flaps directs the sun’s rays into the interior oven where the heat is trapped
by a pane of glass.

    



Modern Photovoltaics at Work
Where ever the sun shines.

The term photovolatic combines “photo,” from the Greek
word for light, with “voltaic,” named after Alessandro
Volta, a pioneer in the science of electricity and the inventor
of the battery. The process of photovoltaics converts sunlight
directly into electricity using photovoltaic (PV) cells. 

Because PV cells are modular and can work anywhere the
sun shines, they can be used to accomplish tasks in space, 
on mountain tops and in areas too impoverished or remote
to access.

Solar power is the answer for the nearly 21⁄2 billion people
who live without access to electricity. Traditional power
plants take years to build and bring on line. PV systems that
provide decades of electricity can be transported by animal
or vehicle and be up and running in hours.

The first photovoltaic water pump was introduced in 1976.
Since then, tens of thousands of such pumps have provided
safe, clean water for communities all over the world.

Even where electricity is plentiful, when disaster strikes, the
electrical infrastructure often collapses, leaving entire regions
without power. Emergency personnel can quickly carry in
ultra light solar panels, and set them up in minutes to
reestablish electricity for vital needs.

Above: An expedition to Mt. Everest
uses a foldable PV array to generate
power for laptops, lighting and
satellite phones.

Above: In drought-stricken Mali, Africa, 
PV cells generated the power to pump clean,
potable water from deep under ground.

Right: Solar cells provide affordable
electricity in areas such as Niger,

one of the world’s poorest countries.

Right: Utility lines may stand a few feet
away, but photovoltaics prove more

cost effective than digging up
pavement and/or sidewalks to power

emergency call boxes, flashing warning
lights and illuminated bus shelters.

Left: The International
Space station generates
its power using PV 
cells. It is the system of
choice for nearly all
space satellites. 

Courtesy of NASA

Courtesy of John Perlin Solar Archives

Courtesy of John Perlin Solar Archives
Courtesy of SolarW

orld

     



The Next Generation of Solar Homes
Modern Scholars Creating Solar Innovations

The Solar Decathlon is an international competition
sponsored by the U.S. Department of Energy. Teams of
students from colleges and universities all over the world,
compete to design, build and operate the best solar powered
home. The competition requires that they transport their
houses to the National Mall in Washington, D.C., and
assemble them to be judged in a ten-part competition to
determine which house most beautifully and effectively
harnesses the power of the sun. 

Each contest evaluates a different aspect of the homes. Points
are assigned for architectural design, how livable and build-
able the house is, the comfort of the inside “climate” and
how well each team documented and communicated what
they were doing. In addition, the teams needs to produce
enough electricity and hot water from sunlight, to cook
food, wash clothes, provide hot water for bathing, and run
household electronics and refrigerators. Each team even 
has to power a solar-electric car. At the end of the ten-day
competition the team with the highest scores in all of the
contest is declared the winner.

Many teams expand the concept of zero energy and include
the energy used in producing their building materials in their
calculations. Bios-based, recycled and renewable materials
are used in most houses. 

The Solar Decathlon will take place again in 2007. 
Visit www.solardecathlon.org for more information.

Left: The 2005 entry from California Polytechnic State
University won third place in the overall competition.

Top: Throughout the 2005 competition, thousands of visitors toured the zero-energy homes built in the
solar village on the Washington D.C. Mall.

Right: The 2005 University of
Maryland home has a curved roof

inspired by the path of the sun
across the sky. 

      



Daylighting is a Cool Way to Go
Letting Light in and Keeping Heat Out

Before the age of the electric light, daylighting design 
was the most prominent means of bringing light into
the interior of a building. Not to be confused with
sunlighting, or passive solar heating, the objective of
daylighting design is to provide diffuse sunlight into the
building without the associated glare or heat gain of
direct sunlight.  Schools built prior to the 1960s can be
found to have large north-facing windows (no direct
sunlight), with overhangs or walkways on the southern
side to block direct sunlight. Studies have shown that
schools with proper daylighting result in happier
students, and better test scores. 

The Dena Boer Elementary School in Salida, CA is part
of a continuing tradition of building well daylit schools
within the Salida School District. The design incorporates
deep overhangs at vertical windows, and advanced
prismatic skylights with louvers, providing balanced
high-quality light and a good learning environment for
students. Via an electronic wall switch, occupants can
control the light levels by adjusting the louvers in the
skylight well.  The triple-glazed, prismatic skylights
reduce heat gain, while letting in the visible light.
Operable skylights allow for venting during warm
periods in spring and fall. Above: Students at Dena Boer Elementary School enjoy an abundance

of natural light in their classrooms.

Skylight                      Clerestory                   Angled Clerestory                     Monitor                Window with Overhang     Window with Light Shelf

Basic Daylighting Techniques

Left: There are many different design
strategies for providing internal spaces
with diffuse natural light.

Above: Simple features
such as clerestory
windows let in natural
sunlight while keeping out
the sun’s heat.

        



Cooking with the Sun
The Sunshine Gourmet

In ancient China, the son in charge of lighting the stove
carried a curved mirror in his belt. He used this to start a
fire by focusing sunlight onto kindling. Europeans in the
15th Century lit the family stove in the same way. 

The first meal recorded to be cooked only with sunlight was
made by Horace de Saussure in 1767. He heated soup in 
an insulated box topped with several layers of glass. In the
1830’s, Sir John Herschel used a similar solar oven to cook 
a “very respectable stew of meat.” This meal was eaten
“with no small relish by the entertained bystanders” at the
Cape of Good Hope in South Africa. 

Solar inventor Augustine Mouchot, built the precursor to the
modern solar oven in 1877 for the French Foreign Legion.
His oven collected solar energy with glass solar heat traps
and curved mirrors. The mirror, resembling an inverted
lampshade, focused sunlight onto a glass-covered pot in
which he placed food. The invention allowed soldiers and
others traveling in remote fuel-short areas to eat. Mouchot
wrote that the solar stove provides people in Africa “with 
a small and simple portable stove requiring no fuel for the
cooking of food.” As firewood becomes scarcer in many
places in the world, people are once again turning to
Mouchot’s template for cooking without fuel. 

Using his portable solar oven, Mouchot baked a pound 
of bread in 45 minutes, and boiled over two pounds of
potatoes in one hour. He also cooked a roast “whose juices
sizzled to the bottom” in less than half an hour. 

This type of oven is called a concentrator solar cooker.
Concentrator cookers can reach much higher temperatures
than solar box cookers. Mouchot made one model that
could melt tin, lead, and zinc in a matter of minutes.

Above: Bolivia: Solar cooking allows families in developing countries to spend much less money on
cooking fuel and to increase the amount they spend on food and other necessities.

Mirror-like panels
reflect more

sunlight into oven.

Heat is contained
using a translucent

“window.”

Insulated walls
slow heat loss.

Black cookware and
bottom tray inside
oven absorb heat.

How a Solar Oven Works

Courtesy of  SolarCookers International

Above: This drawing of Mouchot’s sun oven shows
how it could be adjusted throughout the day to
keep it facing the sun. It was also collapsible, so
the soldiers could easily take it with them on their
famously long marches. 

         



Undrinkable Water made Potable
Using the Sun to Quench your Thirst

Thousands flocked the Atacama desert in Chile for silver 
in the late 1800s. Although water ran underneath the desert,
its high salt content made it undrinkable. Charles Wilson
changed all that by producing drinkable water with the
desert’s plentiful sun. He pumped brine water through
shallow glass-covered troughs. The heat of the sun
evaporated the salty water. The salt remained on the bottom
of the troughs. The vapor-laden air, much hotter than the
outside atmosphere, condensed when it came in contact with
the cooler glass. The glass clouded up. Droplets formed,
coalesced and trickled down the sloping glass ceiling into
collecting grooves that led to a fresh water storage tank. On
peak days, the five thousand gallon tank would fill all the
way. Selling that number of gallons per day could bring in
up to $2,000, paying back the initial investments for the
50,000 square foot installation in under a month. 

The inflatable solar still was developed by Dr. Maria Telkes
during World War II as an essential survival tool for Air
Force pilots. Such solar stills made sea water drinkable for
flyers who bailed out from the crippled planes, saving the
lives of thousands of soldiers. Above: One of the first large scale solar stills provided drinking water in the middle of the desert.

Right: A version of Dr. Telkes
inflatable still is available today

as a safety device for boaters.

Solar heat causes water droplets to
form, run down the sides into channel
around base and into reservoir.

Membrane to trap
salt and impurities

How an Inflatable Solar Still Works

Buoyancy ring

Detachable
reservoir

Inflation and
filling tube for
5L of salt water

Courtesy of Aquam
ate Products

Courtesy of John Perlin, A Golden Thread

      



Solar Schoolhouse is a K-12 energy education program developed
by The Rahus Institute.* The program uses the sun as a starting
point for teaching about energy resources, conservation, and
other energy topics. 

*The Rahus Institute is a 501c3 non-profit organization working to promote greater use of renewable energy
through education, research, program and policy development.    

©2007 The Rahus Institute       www.rahus.org

Key features of the program include:

• Lesson plans are correlated to California
teaching standards. Lessons are 
modular for ease in integration within
existing curriculum.

• Teacher workshops are a central part of
the program. These include half- and 
full-day workshops, and the 5-day 
Solar Schoolhouse Summer Institute. 

• Resource Kits which include: solar panels,
Solar Power Monitor Kit, Solar Cell
Classroom Set, Sun Ovens, and more.

• Your Solar Home video, poster, 
and guidebook. 

• Solar Decathlon 2005 book and video.

• Guidebooks for Outdoor Environmental
Educators and solar pond and 
fountain design

• Assistance with installing solar electric
(photovoltaic) systems at schools.

• Real time monitoring system for grid-
tied solar electric systems. Compare
performance of your school solar system
with schools across the country. 

• ‘Experienced’ 55 and 60 watt solar
electric modules available at low-cost 
for school projects: small grid-tie arrays,
fountains, lighting, etc.

For more information, visit www.solarschoolhouse.org

Historical images and text provided by John Perlin,
author of From Space to Earth—The Story of 

Solar Electricity and co-author (with Ken Butti) 
of A Golden Thread—2500 Years of Solar

Architecture and Technology.

           


