Photovoltaics: Plugging in the Sun

Every hour of every day, enough energy from the Sun
reaches Earth to meet the entire planet’s energy
needs for an entire year

6.4x1017 kJd/hour

Compare with the 1.7x1012 kJ/mole of H, consumed
In a fusion reactor

The U.S. currently taps less than 0.5% of our
electrical energy needs via solar power

A change in this percentage could provide the answer
to the pending energy shortage




Photovoltaics: Plugging in the Sun

In a way, all energy on Earth could be considered as
“solar power”

It is the energy of the Sun which allows plants to grow
and keeps the planet a suitable temperature for life

Fossil fuels are the ancient remains of that life, and
provide most of the energy used on Earth

This Is a means of indirectly converting solar energy
Into electrical energy

But it’s not a rapid process — it takes billions of years
to replace the fossil fuel stockpile

What people mean by “solar power” is a method of
tapping into the Sun’s radiant energy directly



Photovoltaics: Plugging in the Sun

Photovoltaic cells (or solar cells) are electrochemical
cells which convert radiant energy into electrical
energy without an intermediate such as fuel

Such cells already exist — if you're using a scientific
calculator, chances are really good that it's solar
powered

It takes only one or two PV cells to power a calculator

If more energy is needed, multiple PV cells can be
connected together in an array

Such PV arrays are already commonly used to power
satellites, traffic signals, safety lighting, etc.

How do they work?
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How do they work?

To understand that, we need to understand something
about the way metals behave

PV cells are made from a class of materials called
semiconductors

Semiconductors are materials which partially
resemble metals in their properties

Metals are defined as being good conductors of
electricity

That Is, an electron put in to one end of a piece of
metal will travel freely to the other end

Why?
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Why?

One way of picturing the bonding in metals is a model
called the “electron sea model”

In this model, we imagine solid metals as an array of
positive nuclel fixed in space

These nuclei are surrounded by their valence electrons
But those outermost electrons are only loosely bound

When lots of nuclel and lots of valence electrons are
gathered together, the valence electrons are free to
move from one nucleus to another

Thus, the electrons can be pictured as a liguid negative
charge, traveling throughout the material
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Semiconductors work almost the same way

But in semiconductors, the valence electrons are
more tightly bound than in metals

As a result, they do not “flow” completely freely

Energy needs to be put in in order for the valence
electrons to move

So: conductors have freely moving electrons,
nonconductors have strongly bound electrons, and
semiconductors are normally nonconductive, but
can be made to conduct if energy Is supplied

One of the first semiconductors discovered and one of
the first applied to PV cells is silicon. Si, AN 14
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Photovoltaics: Plugging in the Sun
Energy needs to be put in in order for the valence
electrons to move - How much energy?

The energy required for a mole of electrons of Si to be
freed up to move is 108 kd/mole

That corresponds to 1.8x10-1° J/electron
In a PV cell, that energy comes from light...

... and that 1.8x10-1° J/electron corresponds to light with a
wavelength of 1100 nm (E=hv, A=c/v)

Visible light corresponds to wavelengths from 400-750 nm

So visible light is shorter wavelength, and has more
energy

Visible light has enough energy to free an electron in
Si!
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Visible light has enough energy to free an electron in Si!

Nonetheless, this process is not efficient enough to
provide reliable solar power

We'd like a way to make the material more conductive
than standard silicon

One way that this can be accomplished is using a
process called doping, where small amounts of other
elements are added to pure silicon

Typically, we use about 1 ppm gallium (Ga) or arsenic
(As) for this
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Either kind of doping means that it requires less energy
to induce conduction

This means that longer wavelengths of light can do the
job

This means that more of the Sun’s rays can be
harnessed

How do we harness this to provide predictable current?

We sandwich layers of n-type semiconductors together
with p-type semiconductors, forming p-n junctions
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We sandwich layers of n-type semiconductors together
with p-type semiconductors, forming p-n junctions

Electrons from the n-type layer diffuse into the positive
holes in the p-type layer

This produces a voltage across the junction

As light shines on the junction, electrons move, and the
current flows

Just as important as the reduced energy for conduction
IS the fact that the junction provides a direction of the
flow, and this can be tapped as in any other
electrochemical cell

As long as the cell is exposed to light, current will flow
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Photovoltaics: Obstacles

So why isn’t solar power providing ALL of our electrical
needs?

Much like the hydrogen fuel cell, the silicon needed for
PV cells is in short supply

Silicon itself is plentiful — sand is SIO,, and essentially
Infinite

But pure Si Is quite rare, and the purification process is
expensive

PV cells require 99.999% pure silicon



Photovoltaics: Obstacles

So why isn’t solar power providing ALL of our electrical
needs?

The process of converting radiant energy is also
somewhat inefficient

In principle, 31% of the Sun’s energy to which the PV
cell Is sensitive could be converted into electricity

But some of the radiant energy Is reflected or absorbed
by the rest of the cell

Modern PV cells have efficiencies up to 15%
Compared to ~4% Iin the 1950s

Compared to the 63% maximum efficiency of a
conventional power plant



Photovoltaics: New Directions

Scientists are also searching for new compounds to
replace silicon

Much of the effort has been put into using germanium —
the element between gallium and arsenic, with the
same number of valence electrons as silicon

New options include 50/50 compounds whose number of
valence electrons average the same as Si or Ge

GaAs, InAs, CdSe, CdTe

Some exciting developments have occurred with
mixtures of indium, gallium and nitrogen which have
greater maximum efficiency and are able to access
more of the Sun’s emitted wavelengths



Photovoltaics: New Directions

Another direction of research is in changing the form of
the silicon

Non-crystalline silicon is more efficient at absorbing
photons

This allows the absorbing material to be made much
thinner

Similar research is going on into producing much thinner
iIndividual layers within the cell, meaning electrons
have shorter distances to travel to the p-n junctions
and efficiency can be higher

Lower-grade silicon can be used for these new
applications
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Photovoltaics: The Future

Like many other technologies we’ve discussed, the price

of PV cells is decreasing at the same time that fossil
fuels become more expensive

In 1974, PV electricity cost $3 per kilowatt-hour
In 2003, the price was approximately 25 cents

The Solel solar plant in California’s Mojave Desert
operates at 10 cents per kW/hr

A 200 MW plant could operate on 1 square mile

It IS estimated that the entire electrical needs of the U.S.
could be met by a solar plant the size of New Jersey
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Photovoltaics: The Future

In the U.S., the Million Solar Roofs program has pledged
to install 1 million residential PV systems by 2010

Grew out of California statutes to encourage solar power
Initially confined to CA, but has since expanded

Couples PV electrical power with solar thermal systems
designed to heat air and water directly

By partnering with local businesses, they have made the
technologies much more affordable to interested
consumers



Photovoltaics: The Future

The most explosive growth in solar power is in regions
Inaccessible to “traditional” power

PV systems require very little wiring, and are nearly
maintenance-free

Alaska, Colombia, the Dominican Republic, Mexico, Sri
Lanka, South Africa, China, India

And Indonesia, where 70% of homes are off the power
line grid



Photovoltaics: The Future

Solar powered cars have been designed and driven

Both the U.S. and Australia have long distance road
races for solar vehicles

Solar powered bikes, boats and planes have been
successfully tested

For these races, PV cells are coupled with traditional
(and non-traditional) storage batteries

A reminder of the fact that solar power is only available
when the sun is shining

But by diverting extra power during daylight into
recharging batteries, solar power has the potential to
provide much of the energy shortfall



