Zero Pollution
Just A Telephone Call Away
ORDERING UP ZERO
Those who want to buy their personal source of zero-polluting electricity need to do only
three things:
1.

Pick up the phone and call someone who sells solar photovoltaic systems—devices like
those commonly found on pocket calculators, for example—that generate electricity
without the need of massive mirrors or backup systems;

2.

Pay; then,

3.

Wait—maybe for quite a while.

These days, due to incentive programs in California, Japan, Germany and other places,
the demand for the
remarkable devices is
greater than supply, and the
lines are long. But once the
systems are installed, the
energy is free, plentiful and
utterly non-polluting. PVs,
as they’re called, will
power homes, offices, cars
and even airplanes. The
panels can be bolted to the
ground, a roof—or even
molded into shapely
curves. The devices
seldom fail—a reason that
many systems now come
with a 25-year warranty.
When one does fail,
however, the rest keep on
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working. They work in
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EINSTEIN’S NOBEL
PRIZE

installation to be the best way to use the panels. The com pany that
owns the panels is leasing the land at no cost, and Nellis is buying the
power for 20 years at about 2.2 cents/kW h, instead of the 9 cents paid to
Nevada Power, saving the Air Force $1 m illion each year. None of the
$100 m illion cost cam e from the Air Force. (Source: USAF)

Sunlight is made of
tiny packets of energy called photons, which collide with the atoms of some metals, dislodging

trillions of electrons that, in the aggregate, are
called electricity. Describing and explaining this
“photoelectric” effect won the Nobel Prize for
physics for Albert Einstein in 19212. The word
literally means turning light into electricity, and it
is what enables the making of kilowatts from
light.
Solar photovoltaics do have their negative
qualities. They don’t work at night, for example.
On the other hand, they do work, and very well,
during daylight when demand for electricity is
greatest. Moreover, the electricity can be stored
– in something such as a battery—or used to
make hydrogen by splitting water.
Then there’s cost: Even in the brightest
sunlight a kilowatt of solar-derived electricity
Figure 2 Albert Einstein won the 1921 Nobel
Prize for describing and explaining the
costs more than one made from coal. Prices,
“photoelectric” effect, which literally m eans
however, are falling rapidly, with some experts
turning light into electricity. Sunlight is m ade of
predicting that by 2010, PVs will be able to
tiny packets of energy called photons that collide
compete dollar-for-dollar with coal.3 Moreover,
with the atom s of som e m etals, dislodging
electrons that, in the aggregate, are called
it is worth remembering that coal is cheaper in
electricity. (Source: State University of New York
large measure because those who use it are being
at Buffalo)
allowed by government to kill and injure humans,
cause global warming, acidify lakes and damage
crops, forests and other plant life. Money is only one way of measuring price, and often not the
best.
Photovoltaic systems consist of individual cells made of silicon, an abundant element and
the same material from which computer chips are made. Cells are linked to form panels, which,
in turn, are combined into arrays. The arrays can be small, providing just a few watts of
electricity or large, generating enough power for hundreds of homes.

ELECTRICITY, FAST AND CHEAP
The largest PV array in the United States is at the Nellis Air Force Base in Nevada,
consisting of 72,000 solar panels containing nearly 6 million solar cells. It occupies 140 acres
and makes about 14 megawatts, enough for about 3,500 homes, illustrating the utility of solar
PVs.
The company that owns the panels is leasing the land at no cost, largely because it is a
closed hazardous waste site, so other uses are severely limited. Still, the relatively large demand
of PVs for land is why some consider rooftop installation to be the best way to use the panels.
Nellis is buying the power for 20 years at about 2.2 cents/kWh, instead of the 9 cents that would
be paid to Nevada Power, saving the Air Force $1 million each year. None of the $100 million
cost came from the Air Force. Nellis also illustrates the speed with which solar PV arrays can be

built and put into operation: Construction started in April, 2007, and 26 weeks later, in
December, power was flowing to the base.4
Similarly, the world’s largest PV plant,
the solar park at Jumilla, Murcia in southeastern
Spain, was constructed by a team of 400 people
in just 11 months. Different investors own the
200 separate photovoltaic arrays, made of
120,000 solar panels that generate an annual
income of about $28 million per year.5
Renewable energy use in Spain has increased at a
spectacular pace, making it the world’s second
largest producer of wind energy after Germany
and a front-runner in solar and biofuel
technologies. In 2007, wind turbines, which
Spain uses to complement solar because wind
tends to blow when the sun doesn’t shine and
vice versa, provided 27 percent of the country’s
total electricity supply. Wind turbines generate
8,375 megawatts in Spain, more than nuclear,
coal or any other single energy source.6

Figure 3 The world’s largest solar photovoltaic
system at Hoya de Los Vincentes, Jum illa,
Spain is 23 m egawatts, m aking enough
electricity for about 5,700 hom es. (Source:
Laverdad)

TRYING TO KICK THE OIL HABIT
Photovoltaics, like fuel cells and many other modern advanced technologies, were
initially developed to meet the needs of the U.S. space program for a reliable source of electricity
for American satellites. The leap by PVs from space to the Earth’s surface was spurred by the
1973 oil embargo against the United States, which Arab members of the Organization of
Petroleum Exporting Countries (OPEC) initiated in response to the U.S. decision to re-supply the
Israeli military during the October 1973 Arab-Israeli War.7 Interest accelerated further after the
1978–79 oil shock, which almost doubled the price of crude.8
The embargo galvanized American politicians, with President Richard Nixon launching a
“Project Independence” in 1973 and President Jimmy Carter declaring in 1978 that the nation
was engaged in the “moral equivalent of war.”9 By the decade’s end, the nation had committed
to spending $1.2 billion over 10 years to commercialize renewable energy technologies,
especially solar photovoltaics. The Congress enacted a program to reach a cumulative
production of solar PVs by the year 1988 of 4 million kilowatts—enough to power about 1
million homes—and to reduce the cost 6 to 12 cents per kilowatt hour, depending on the quality
of the sunlight and the cost of capital.10 The programs worked: within three years, module prices
had dropped 75 percent.11

But with the
election and
inauguration of Ronald
Reagan, it all came to an
abrupt end. He slashed
support for the
programs, dropping
funding for solar
research to zero literally
overnight.12 Now,
almost three decades
later, solar PVs are
finally beginning to
fulfill their promise.

Figure 4 Som e experts refer to the United States as the “Saudi Arabia of
sunlight” because there is so m uch of it, especially in the southwest.

AMERICA: THE SAUDI ARABIA OF SUN
Global production of solar photovoltaic cells rose
sixfold between 2000 and 2006, with 41 percent growth in
2006 alone. Solar cells connected to the electricity grid make
less than 1 percent of the world’s electricity. That figure
jumped nearly 50 percent in 2006, to 5,000 megawatts, with
booming markets in Germany and Japan propelled the
increase.

For a number of years, PV growth has been held back
by a shortage of manufacturing capacity for purified
polysilicon. But more than a dozen companies in Europe,
China, Japan, and the United States are increasing
production so sharply that in 2006, more than half the
world’s supply was used to produce solar PV cells. One firm
estimates that costs will drop by more than 40 percent.13
Growth in solar PV has also been propelled by a
variety of advances, including the following:
Solar PVs integrated into buildings
The vast majority of PVs installed in or on
buildings—rooftops, for example—are after thoughts: panels
built elsewhere, then bolted in place and hooked into the
structure’s wiring. Increasingly, however, PVs are being built
right into structures, substituted for roof shingles, or even

Figure 5 The Tim es Square
building features thin-film PV panels
that replace traditional glass
cladding m aterial. The PV curtain
wall extends from the 35th to the
48th floor on the south and east
walls of the building, m aking it a
highly visible part of the m idtown
New York skyline. (Source: U.S.
DOE)

incorporated into roofs, window overhangs, and walls.14 A Cambridge, Massachusetts firm,
Konarka Technologies, for example, makes solar cells from plastic films to be integrated into a
wide range of products, including windows, blinds and consumer goods.15
When PV systems are properly integrated into a building “envelope,” they don’t just
provide power and light, they contribute to the structure itself. Since a building has to have
windows, roofs and siding, why not have versions that produce power? It makes financial sense,
too, because the savings on conventional structural materials often offset the cost of the PV
materials.
Modern inverters
The electricity made by solar PVs is direct current (DC), like that stored in batteries, not
the alternating current (AC) that flows from the typical wall outlet. To change the electricity from
DC to AC so it can be fed directly into the power grid requires inverters, and better inverters
means lower costs and greater reliability. Inverters are by no means the only parts of the so-called
“balance of system” or BOS, but they are the most vital link in the panel-to-grid connection.16
As costs for panels have dropped so have those for inverters, though not as much.
Reliability, ease of installation, user friendliness, efficiency, size and weight have all improved
significantly.17

NEW SOLAR PV TECHNOLOGIES
Concentrating Solar PV
Just as the heat of sunlight can
be concentrated using mirrors, so too
can the light be focused. This
decreases the area required for a
photovoltaic array, by greatly boosting
efficiency, perhaps as much as two- or
three-fold. The advantage of solar
concentrating PVs are numerous:
efficiency can achieve 40 percent, with
no moving parts, rapid response, lower
costs, all with a wide variety of sizes.18
Turning Over New Leaves

Figure 6 Flexible solar sheets cut in the shape of leaves and
hooked to tiny wind generators, make electricity from sunlight and
wind alike.

As the threat of global warming
becomes greater and more obvious,
innovative ways of exploiting solar
photovoltaic energy are sprouting
like—well, in this case, leaves in the

spring.
Cutting leaf-shaped solar panels from flexible solar cells, the Sustainably Minded
Interactive Technology based in Brooklyn, N.Y. project takes the shape of ivy growing on a

building. The leaves are solar cells while the wind that causes them to flutter is harvested as
viable energy using a series of piezoelectric generators on the underside of each leaf. The leaves
are made of 100 percent recyclable polyethylene, and are available in a variety of colors and
opacities. The project’s developers are hoping the modular system will be in stores within two
years.19
Solar Powered Vehicles
Not content with simply generating electricity from sunlight, some innovators are seeking
to displace fuels used to power cars, scooters and even airplanes. The most recent approach is to
integrate solar PVs into the structures of the vehicles. The world’s first commercially available
solar-powered cars are being sold in Europe.20 Meanwhile, the National Aeronautics and Space
Administration has developed the Pathfinder-Plus solar powered aircraft, which can stay aloft all
day powered only by sunlight. It maneuvers without rudders, ailerons, tails or other control
surfaces typical of conventional aircraft and is controlled from the ground station. It set a new
altitude record of 80,201 feet in 1998. Another unique solar-powered flying wing called Helios
soared to 96,863 feet in 2001.21

Figure 7 The Pathfinder-Plus solar powered aircraft can stay aloft all day,
powered only by sunlight. It m aneuvers without rudders, ailerons, tails or
other control surfaces typical of conventional aircraft and is controlled
from the ground station. It set a new altitude record of 80,201 feet in
1998. Another unique solar-powered flying wing called Helios soared to
96,863 feet in 2001. (Source: NASA)
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