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[image: image2.emf]• Sun’s core extreme conditions

– temperature is 15.6 million Kelvin

– pressure is 250 billion atmospheres

• Nuclear fusion produces ~386 billion 

megawatts/sec
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[image: image4.emf]Nuclear Fusion

• Unites small mass 

nuclei into larger mass 

nuclei 

• Releases extremely 

large amounts of 

energy

• More efficient energy 

production than fission 
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[image: image7.emf]How Does Fusion Work?
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[image: image8.emf]Fusion for Energy Production

Uses “heavy” isotopes of hydrogen

• Deuterium 

– plentiful in ordinary water

• Tritium  

– produced from lithium
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[image: image10.emf]Advantages of Fusion

• Produces large amounts of energy 

• Fuels are plentiful

• Inherently safe 

– malfunction results in shutdown of fusion reaction

• No atmospheric pollution leading to acid rain or 

greenhouse effect

• No long-term storage of radioactive waste 
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[image: image11.emf]Fusion Energy Production

Fuel for the lifetime electricity needs of 

average person (industrialized country)   

produced from

– 10 g of deuterium extracted from 500 L of 

water

– 15 g tritium produced from 30 g of lithium

• if all of the world’s electricity were provided by 

fusion

– lithium reserves for at least 1000 yrs 
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[image: image12.emf]Fusion Energy Production

Fusion energy 

released from 

1g gram D/T 

mixture 

generates about 

the same 

amount of 

energy as 2400 

gallons of oil
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[image: image15.emf]Renewable Energy 

Solar

• Biomass

• Hydroelectric

• Wind Power

• Ocean Energy

Geothermal
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[image: image16.emf]Harnessing Energy From the Sun

Taking Advantage of Solar Fusion
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[image: image17.emf]The Sun’s Energy Output

• Generates 3.94 x 10

23

kW of energy daily

• Total energy reaching the earth’s surface is 

~80,000 x 10

12

W 

– 10,000 x  the current global energy demand
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[image: image18.emf]The Sun’s Energy Output

• 4/5 falls on oceans 

– drives the water cycle

– evaporation causes rain 

• creates a hydropower resource

• 1/5 falls on land 

– 2,000 times greater than total world energy 

demand

• Energy captured via variety of solar 

technologies
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[image: image19.emf]“Insolation”

• Amount of solar energy reaching a 

specific location on earth’s surface 

at a specific time.

• Value dependent on 

– position of sun

– atmospheric conditions

• Sun directly overhead/sky is clear

– radiation horizontal surface

– ~1000watts/m

2

– highest value without concentrating 

sunlight with mirrors or lenses
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[image: image20.emf]Insolation

insolation lessened when sun isn’t directly overhead
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[image: image23.emf]Solar Energy Capturing 

Technologies

• Passive Solar

– Space heating via conscious design of buildings

• Solar Thermal

– Solar energy used to heat water

• Photovoltaic

– Conversion of solar energy into electricity
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[image: image24.emf]Converting Solar Energy into 

Electricity

The Photovoltaic Cell
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[image: image25.emf]• Each wavelength corresponds to both a frequency 

& an energy

• The shorter the wavelength, the higher the 

frequency and the greater the energy
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[image: image27.emf]The Photoelectric Effect

• When light strikes a 

metallic surface, 

electrons are 

sometimes ejected 

from the surface of the 

metal
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[image: image30.emf]The Solar Cell

• composed of a silicon 

semiconductor treated with 

special additives.

• Sunlight striking the cells 

generates a flow of 

electrons proportional to 

– intensity of sunlight

– area of the cell.
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[image: image31.emf]Components of the PV Cell

• Semiconductor grade 

silicon 

– <0.001ppm impurities

• Trace materials called 

dopants

– boron (p-silicon)

– phosphorus (n-silicon)

• Metal base and metallic 

contact conduct current
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[image: image32.emf]The Solar Cell

• A typical solar cell in full sunlight generates 

~0.5 volts.

• Connecting solar cells increases the voltage

– module of 36 solar cells provides voltage to 

charge a 12-volt battery
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[image: image33.emf]The Solar Module

Consist of multiple solar 

cells

Each cell in full 

sunlight generates 

~0.5 v 

Two modules rated ~50 W each

powers street light using 12 V 

battery storage


	Watt=1 joule/sec (standard unit of power)

Power=current x voltage

A 50 watt module can generate 50 j/sec
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[image: image34.emf]Arrays

• Arrays 

– large power producers

– consist of several modules.

• Can provide up to several megawatts of power.


	

	Slide 35
	
[image: image35.emf]The Photovoltaic Cell

How It Works
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[image: image36.emf]Semiconductors

A Introduction to Band Theory
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[image: image37.emf]Bonding in Solids:Band Theory

Bonding in metals, insulators and 

semiconductors can be described via 

molecular orbital (MO) theory


	

	Slide 38
	
[image: image38.emf]A Molecule With Two AOs

• When two atoms each with 

a single atomic orbital 

bond, two new MOs are 

formed

• One is lower in energy than 

an isolated AO (bonding 

MO)

• One is higher in energy 

than an isolated AO (anti-

bonding)

• These orbitals are separated 

by an energy gap
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[image: image39.emf]A Molecule with Three Atoms

• When three atoms are 

brought together, a 

bonding string 

connecting all three is 

created.

• Three MOs result

– bonding MO

– anti-bonding MO

– non-bonding MO
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[image: image40.emf]The Combination of Four Atoms

• Four atoms give four 

MOs

– two bonding

– two anti-bonding

• The two bonding MOs 

are not equivalent in 

energy

• The two anti-bonding 

MOs have different 

energies
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[image: image41.emf]As the number of atoms increases:

– the spacing between the lowest bonding and highest 

anti-bonding orbital increases

– The spacing between individual orbitals decreases
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[image: image42.emf]• Even numbers AOs give an even number of MOs

– n/2 bonding

– n/2 anti-bonding

With odd numbers of AOs,  there will be a non-bonding MO
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[image: image43.emf]• As the number of MOs increases, the bonding & anti-

bonding orbitals get closer together filling the middle

• With a huge number of atoms, the orbitals will be so 

close together they blur creating bands of bonding & 

anti-bonding orbitals
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[image: image44.emf]• Materials are classified by the energy gap between 

bonding and anti-bonding orbitals

• Electrons that enter the anti-bonding band are free to 

move about the crystal (electrical conduction)
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[image: image45.emf]• Some band gaps:

– diamond   502kJ/mol (insulator)

– Si 100kJ/mol (semiconductor)

– Ge 67 kJ/mol(semiconductor)


	

	Slide 46
	
[image: image46.emf]The Semiconductors

• To efficiently induce an electric field in a 

PV cell, two different semiconductors are 

sandwiched together.

– p type semiconductor

• “positive” - has an abundance of holes

– n type semiconductor

• “negative”- has an abundance of electrons
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[image: image47.emf]Atomic Structure of Silicon

• 14 electrons

– 10 inner shell electrons

– 4 valence electrons

• Valence shell of silicon 

may:

– accept 4 electrons

– give away its 4 electrons

– share its 4 electrons

• Multiple silicon atoms 

share valence electrons  

forming a crystal lattice
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[image: image48.emf]The Silicon Lattice

• Each silicon shares a 

valence electron with a 

neighboring silicon 

atom

• The basic lattice unit 

– 5 silicon atoms

• original Si & 4 others 

with which it shares its 

valence electrons
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[image: image49.emf]Doping

• Introduces atoms of another element into  

silicon crystal 

– alters electrical properties.

• Dopant has 3 or 5 electrons instead 4 

– 5 electrons generates n-type material

– 3 electrons generates p-type material
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[image: image50.emf]The n-Type Semiconductor

• Phosphorus 

– 5 valence e

-

• Occupies a spot formerly 

containing a Si atom.

– 4 valence e

-

take over the 

bonding responsibilities of 

Si.

– 5th free to move around 

the crystal

•
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[image: image51.emf]The p-Type Semiconductor

• Boron 

– 3 valence e

-

• B occupies a spot formerly 

containing a Si atom.

– 3 e

-

take over the bonding 

responsibilities of the Si.

– 4th covalent bond can’t form

• the hole
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[image: image52.emf]Inducing an Electric Field

• Energized electron released to become part 

of the current in an electrical circuit. 

• “hole” generated where the electron was 

originally located

– atom now positively charged.

• One area has excess of electrons and 

another is deficient

– electric field results
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[image: image54.emf]Design Considerations

• Absorption of photons occurs in the p layer.

• Want to free as many electrons as possible

• Do not want electrons to encounter holes 

and “recombine” with them before escaping 

the cell

– want electrons freed as close to the junction as 

possible so electric field can send them through 

the “conduction” layer (n layer)
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[image: image55.emf]• In an efficient PV cell

– absorption is maximized

– reflection & recombination is minimized

• These conditions maximize conduction improving 

conversion efficiency of the PV cell
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[image: image56.emf]Conversion Efficiency

• Proportion of solar radiation converted by 

PV cell into electrical energy

• Important for making PV energy 

competitive with other energy sources

• Early PV cells had a 1-2% conversion 

efficiency

• Currently 7-17% conversion efficiencies
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[image: image57.emf]The PV System

Three subsystems

• PV Devices (cells, modules, arrays)

– convert sunlight into direct-current (dc) 

• The Load

– application to be powered by the PV electricity

• The Balance of the System

– enable the PV electricity to be properly applied 

to the load
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[image: image59.emf]Types of Current

• Direct (DC) current

– flows in a single direction

• devices that run on batteries 

• Alternating (AC) current

– reverses its flow direction at regular intervals

• provided by power utilities

• runs most modern appliances

• DC current can be converted to AC using an 

inverter
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[image: image60.emf]Stand-alone system

• battery storage provides dc 

electricity 24/7

Connected to  a utility

• PV produces electricity 

during day 

– converted to AC

• Extra electricity sold to 

power utility

• Utility provides electricity 

at night


	


_1200745657.ppt


Harnessing Energy From the Sun

Taking Advantage of Solar Fusion
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The Solar Cell

		A typical solar cell in full sunlight generates ~0.5 volts.

		Connecting solar cells increases the voltage

		module of 36 solar cells provides voltage to charge a 12-volt battery










_1200745742.ppt


The Combination of Four Atoms

		Four atoms give four MOs

		two bonding

		two anti-bonding

		The two bonding MOs are not equivalent in energy

		The two anti-bonding MOs have different energies
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The Silicon Lattice

		Each silicon shares a valence electron with a neighboring silicon atom

		The basic lattice unit 

		5 silicon atoms

		 original Si & 4 others with which it shares its valence electrons
















_1200745787.ppt


Inducing an Electric Field

		Energized electron released to become part of the current in an electrical circuit. 

		“hole” generated where the electron was originally located

		atom now positively charged.

		One area has excess of electrons and another is deficient

		electric field results
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Conversion Efficiency

		Proportion of solar radiation converted by PV cell into electrical energy

		Important for making PV energy competitive with other energy sources

		Early PV cells had a 1-2% conversion efficiency

		Currently 7-17% conversion efficiencies
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Types of Current

		Direct (DC) current

		flows in a single direction

		devices that run on batteries 

		Alternating (AC) current

		reverses its flow direction at regular intervals

		provided by power utilities

		runs most modern appliances

		DC current can be converted to AC using an inverter
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Stand-alone system

		battery storage provides dc electricity 24/7





Connected to  a utility 

		PV produces electricity during day 

		converted to AC

		Extra electricity sold to power utility

		Utility provides electricity at night
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The PV System

Three subsystems

		PV Devices (cells, modules, arrays)

		convert sunlight into direct-current (dc) 

		The Load

		application to be powered by the PV electricity

		The Balance of the System

		enable the PV electricity to be properly applied to the load
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Design Considerations

		Absorption of photons occurs in the p layer.

		Want to free as many electrons as possible

		Do not want electrons to encounter holes and “recombine” with them before escaping the cell

		want electrons freed as close to the junction as possible so electric field can send them through the “conduction” layer (n layer)
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		In an efficient PV cell

		absorption is maximized

		reflection & recombination is minimized

		These conditions maximize conduction improving conversion efficiency of the PV cell
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The n-Type Semiconductor

		Phosphorus 

		5 valence e-

		Occupies a spot formerly containing a Si atom.

		4 valence e- take over the bonding responsibilities of Si.

		5th free to move around the crystal
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The p-Type Semiconductor

		Boron 

		3 valence e-

		B occupies a spot formerly containing a Si atom.

		3 e- take over the bonding responsibilities of the Si.

		4th covalent bond can’t form

		the hole
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Doping

		Introduces atoms of another element into  silicon crystal 

		alters electrical properties.

		Dopant has 3 or 5 electrons instead 4 

		5 electrons generates n-type material

		3 electrons generates p-type material
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		Materials are classified by the energy gap between bonding and anti-bonding orbitals

		Electrons that enter the anti-bonding band are free to move about the crystal (electrical conduction)









Anti-Bonding

Bonding

Tnsulator

Semiconductor

Conductor








_1200745765.ppt


The Semiconductors

		To efficiently induce an electric field in a PV cell, two different semiconductors are sandwiched together.

		p type semiconductor

		“positive” - has an abundance of holes

		n type semiconductor

		“negative”- has an abundance of electrons
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Atomic Structure of Silicon

		14 electrons

		10 inner shell electrons

		4 valence electrons

		Valence shell of silicon may:

		accept 4 electrons

		give away its 4 electrons

		share its 4 electrons

		Multiple silicon atoms share valence electrons  forming a crystal lattice
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		Some band gaps:

		diamond   502kJ/mol (insulator)

		Si             100kJ/mol (semiconductor)

		Ge              67 kJ/mol(semiconductor)
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		Even numbers AOs give an even number of MOs

		n/2 bonding

		n/2 anti-bonding



With odd numbers of AOs,  there will be a non-bonding MO
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		As the number of MOs increases, the bonding & anti-bonding orbitals get closer together filling the middle

		With a huge number of atoms, the orbitals will be so close together they blur creating bands of bonding & anti-bonding orbitals
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As the number of atoms increases:

		the spacing between the lowest bonding and highest anti-bonding orbital increases

		The spacing between individual orbitals decreases
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Semiconductors

A Introduction to Band Theory
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A Molecule With Two AOs

		When two atoms each with a single atomic orbital bond, two new MOs are formed

		One is lower in energy than an isolated AO (bonding MO)

		One is higher in energy than an isolated AO (anti-bonding)

		These orbitals are separated by an energy gap
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A Molecule with Three Atoms

		When three atoms are brought together, a bonding string connecting all three is created.

		Three MOs result

		bonding MO

		anti-bonding MO

		non-bonding MO
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Bonding in Solids:Band Theory

   Bonding in metals, insulators and semiconductors can be described via molecular orbital (MO) theory
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Arrays

		Arrays 

		large power producers

		consist of several modules.

		Can provide up to several megawatts of power.











Array
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The Photovoltaic Cell

How It Works
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The Solar Module





Consist of multiple solar cells

Each cell in full sunlight generates ~0.5 v 

Two modules rated ~50 W each



powers street light using 12 V 

battery storage





Watt=1 joule/sec (standard unit of power)

Power=current x voltage



A 50 watt module can generate 50 j/sec











Module
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Converting Solar Energy into Electricity

The Photovoltaic Cell
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The Solar Cell

		composed of a silicon semiconductor treated with special additives.

		Sunlight striking the cells generates a flow of electrons proportional to 

		intensity of sunlight

		area of the cell.









Atypical Solar cell and circuit
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Components of the PV Cell

		Semiconductor grade silicon 

		<0.001ppm impurities

		Trace materials called dopants

		boron (p-silicon)

		phosphorus (n-silicon)

		Metal base and metallic contact conduct current









Cutaway of single-crystal
silicon solar cell

Metal Baseplate
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The Photoelectric Effect

		When light strikes a metallic surface, electrons are sometimes ejected from the surface of the metal
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		Each wavelength corresponds to both a frequency & an energy

		The shorter the wavelength, the higher the frequency and the greater the energy
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Insolation

insolation lessened when sun isn’t directly overhead



7














_1200745678.ppt






8














_1200745682.ppt


Solar Energy Capturing Technologies

		Passive Solar

		Space heating via conscious design of buildings

		Solar Thermal

		Solar energy used to heat water

		Photovoltaic

		Conversion of solar energy into electricity
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The Sun’s Energy Output

		4/5 falls on oceans 

		drives the water cycle

		evaporation causes rain 

		creates a hydropower resource

		1/5 falls on land 

		2,000 times greater than total world energy demand

		Energy captured via variety of solar technologies
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“Insolation”

		Amount of solar energy reaching a specific location on earth’s surface at a specific time.

		Value dependent on 

		position of sun

		atmospheric conditions

		Sun directly overhead/sky is clear

		radiation horizontal surface

		~1000watts/m2

		highest value without concentrating sunlight with mirrors or lenses
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The Sun’s Energy Output

		Generates 3.94 x 1023 kW of energy daily

		Total energy reaching the earth’s surface is ~80,000 x 1012 W 

		10,000 x  the current global energy demand
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Fusion for Energy Production

Uses “heavy” isotopes of hydrogen

		Deuterium 

		plentiful in ordinary water

		Tritium  

		produced from lithium
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Fusion Energy Production

    Fusion energy released from 1g gram D/T mixture generates about the same amount of energy as 2400 gallons of oil
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Renewable Energy 

Solar

		Biomass

		Hydroelectric

		Wind Power

		Ocean Energy



Geothermal
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Advantages of Fusion

		Produces large amounts of energy 

		Fuels are plentiful

		Inherently safe 

		malfunction results in shutdown of fusion reaction

		No atmospheric pollution leading to acid rain or greenhouse effect

		No long-term storage of radioactive waste 
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Fusion Energy Production

    Fuel for the lifetime electricity needs of average person (industrialized country)   produced from

		10 g of deuterium extracted from 500 L of water

		15 g tritium produced from 30 g of lithium

		if all of the world’s electricity were provided by fusion

		lithium reserves for at least 1000 yrs 
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Nuclear Fusion

		Unites small mass nuclei into larger mass nuclei 

		Releases extremely large amounts of energy

		More efficient energy production than fission 
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How Does Fusion Work?
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		Sun’s core extreme conditions

		temperature is 15.6 million Kelvin

		pressure is 250 billion atmospheres

		Nuclear fusion produces ~386 billion megawatts/sec
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Power of the Sun
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