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Concentrator system

• Incoming solar radiation 
focused (by parabolic mirrors) 
before it hits the collection 
system

• Higher temperatures change 
water to steam

• Steam turns turbine in an 
electric generator



12/20/2009

2

Types of Solar Energy Collection Systems

• Passive

– Use natural processes to collect and transfer heat

– Ex. Greenhouses 

• Active

– Use mechanical methods to control energy process

1. Collecting surface – decreased reflection, flat, glass

2. Blackened surface(beneath) – collects sunlight

3. Water (in pipes) – used for heating or other mechanical 
means

Photovoltaic Conversion Systems
Solar cells are made of semi-conductive materials (like silicon) 

that is treated to form an electric field with a positive and 
negative end

1. Light energy strikes solar cell
2. Electrons are knocked loose 

from the atoms of the cell 
material

3. Attaching electrical conductors 
to the positive and negative 
ends of the electric fields 
creates a circuit

4. The freed electrons then flow 
in a current, resulting in 
electricity!
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Solar Power Usage Worldwide

• Germany, Japan and US

• Sunbelt states

– California, New Jersey and 
New York

• Spain has most rapidly growing 
market for photovoltaic 
development (2008)

Possible Solar Power Usage

Worldwide Map of solar regions US Map of solar regions
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Solar Heating Panels

Å Simply, they take the UV rays 
from the sun and turn the 
heat into DC energy.

Å They consist of cells that are 
made of silicon. These cells 
can last for decades. 

Å The amount of energy the 
panel converts depends on 
several factors such as angle 
to the sun, how close they are 
together, etc…

Solar Power - Advantages

• ‘Free’

• Inexhaustible 

• ‘Clean’ production – no 
harmful chemical by-products

http://upload.wikimedia.org/wikipedia/commons/c/ce/Gleisdorf.Solarbaum.jpg
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Solar Power - Disadvantages

ÅWorks only during the 
day

ÅAffected by cloudy 
weather

Å Low power output
ÅRequires large areas
ÅHigh Initial costs

Solar Power Efficiency

• Currently the best solar cells 
about 40% efficient

• Best comercially available are 
25%

• Average efficiency is 10%

• By comparison, nuclear 
power is about 50% efficient
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Cost of Solar Power

ÅHigh initial cost to buy
ÅVery low maintenance cost
ÅNormal cost of operating is 

about 60 cents per kWh
Å Lifetime is expected to be 

about 40 years

Photovoltaic Cells

• Developed in 1950 at Bell’s Lab 
in New Jersey

• They are set up in an array of 
cells that convert solar 
radiation directly into direct 
current electricity

• Typically made of: 
-amorphous silicon
-polycrystalline silicon            
-microcrystalline silicon 
-cadmium telluride
-copper indium selenide 
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Animation Awesomeness

Animation Awesomeness
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Video

Photovoltaic Cells - Advantages

• ‘Uses renewable resource 
• No harmful effects to the environment
• Quiet and visually unobtrusive.
• Can be placed on roofs of existing buildings 
• Powers nearly every satellite circling the 

earth
• Reliably for long periods of time
• Virtually no maintenance. 
• Can be constructed to any size based on 

energy requirements
• Can easily change the size as energy needs 

change
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Photovoltaic Cells - Disadvantages

Å Some toxic chemicals, like 
cadmium and arsenic, are 
used in production 
process.

Å Solar energy is more 
expensive to produce

Å Solar power is a variable 
energy source 

Thermal Voltage Calculation

• k = 1.38 x 10-23 J/K (Boltzmann constant)

• T - temperature (measured in Kelvin)

• q - charge of electron = 1.60 x 10-19



12/20/2009

10

Practice Problem

The thermal voltage from a solar panel on the roof of 
Jane’s house is 80.0 V. What must the temperature outside 
be?

Voltage Calculation

• k = 1.38 x 10-23 J/K (Boltzmann Constant)

• T = temperature

• q = charge of electron = 1.60 x 10-19

• m = diode ideality factor
– Known as the emission coefficient

– Varies between 1 and 2

– Almost always 1

• Voc = open circuit voltage
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Practice Problem

The temperature around the solar panel made of silicon 
cells (ideality factor of 1) is 50°C. If the total voltage output 
is 30.0V what must the open circuit voltage be?
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