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Fossil Fuels
The most common uses for fossil fuels are
Electricity

Currently, coal produces the
largest amount of electricity
Kitchens

Industrial Production

Transportation

Most modes of
transport are powered
by coal and petrol

Nearly 1/3 of world's population uses fossil
fuels like coal for cooking and heating

Coal and oil power most
industries world-wide
Heating

Fossil fuels like coal and gas are
most often used for heating

Global Dependence
on Fossil Fuels
 World energy consumption, mostly dependent on fossil fuel is







growing at 2.3% a year.
A total of 21.3 billion tonnes of Carbon Dioxide (CO2) is produced every
year through the burning of fossil fuels!
About 87% of electricity created in the world, comes from coal burning.
Coal burning (followed by crude oil and natural gas), is the biggest source
of carbon dioxide emission in the world.
If the rate of coal usage remains the same, the total coal supply in the
world will be used up in 1500 years! However, the accelerated demand of
coal supply is bound to finish it in roughly 86 years.
These methods have, and continue to contribute significantly to the
amount of pollution that plagues our modern era.

Air Pollution
from Fossil Fuels
 Through the combustion of fossil fuels, petroleum

refineries, and coal burning power plants, produce
harmful emissions that create air pollution
 Common causes of air pollution include:
 CFCs (Chlorofluorocarbon)
 Carbon Dioxide
 Sulfur Dioxide
 Nitrogen Oxides

Seen above, a lady is forced to wear a mask to
protect herself from the harmful air pollution
being emitted around her

What are the alternative methods to using fossil fuels for energy?

Solar, Wind, Geothermal, Tidal Power, Nuclear Power, and…

THERMOELECTRIC ENERGY
What is it?
• Essentially, it is using a temperature gradient in order to create a current
• It is often dismissed as counterintuitive science, but it has many uses, including:
-heating/cooling,
-generating electricity,
-measuring temperature, and
-controlling temperature
• Three commonly seen subcategories include
-the Seebeck effect
-the Peltier effect, and
-the Thomson effect

Seebeck Effect

Discovered in 1821 by an East Prussian scientist named
Thomas Johann Seebeck (1770-1831)

 It is produced in a circuit containing two or more

different metals when the junctions between the
metals are maintained at different temperatures
 The effect is caused by the thermal energy of the
valence electrons* in the warmer part of the
metal
-the kinetic energy of these electrons
(which are very free in metals), allows them to
migrate toward the colder part more readily than
the colder electrons migrate to the warmer part.
-the colder part of the metal is therefore
more negatively charged than the warmer part
resulting in electric potential
 For every degree difference between the two
metals, there is a continuous flow of charge of
several microvolts
 As difference in temperature increases, the
thermoelectric effect increases

*Valence electrons are the
outer most electrons of an
atom (corresponding to the
highest principal quantum
number).

Seebeck Effect Applications
• As seen in the diagram, the Seebeck
effect can be used to convert
temperature differences into electrical
power.
• There are four basic components:
1)a heat source (in this case shown,
it is a burner box with a propane fuel
source),
2)a TEG module (i.e., a
thermoelectric generator — also
known as a Seebeck device),
3)a ‘cold-side’ heat sink, and
4)the electrical load.
-The system may also include a
voltage regulation circuit, or a fan for
the heat sink.

(Image from the Tellurex website)

Peltier Effect

Discovered in 1834 by a French physicist named
Jean Peltier (1785-1845)
 A thermodynamic effect which occurs when current is passed





through a thermocouple circuit
the production of heat at one junction and the absorption of heat at
the other junction is used in computers as a cooling process
The heat produced is additional to the heat arising from the
resistance of the wires
The two metals must be dissimilar because one must be of a higher
potential energy
Typically requires a temperature gradient of 70 degrees Celsius

The current moves from the cold end where heat
is absorbed towards the warm end of the circuit
where heat is removed.

Application: Peltier
Cooling Unit
 When an electric current is supplied heat is

transferred from one side of the unit to the other
 Small, compact, transportable, silent
 No circulating parts or moving fluid
 Costly, relatively low efficiency

As current moves through
the unit heat is absorbed on
one side (blue) and released
on the opposite side (red)
resulting in a net heat
transfer.

More examples of
Peltier Cooling
Cooled
car
seats

Cool satellites
and space craft

Dehumidifiers

Laser cooling
Cool computer components

Car batteries

Thomson Effect

Discovered in 1851 by an Scottish physicist
William Thomson, also known as Lord Kelvin) (1824-1907)

 It states that any conductor which has a

temperature gradient will either absorb or emit heat
depending on the material of the conductor
 A positive effect is observed when current moves
from the hotter end to the cooler end
 A negative effect is observed when current moves
form the cooler end to the hotter end

How much electricity can be
generated from waste heat?
 A pot of hot water has 4-

thermoelectric modules
attached around the sides.
 The input is a light with a 12
volt 15A lamp,
 The output from this simple
TEG (thermoelectric
generator) is about 8 watt
 Although this example uses
a light source, almost any
heat source can be used!
(Such as solar heat, ocean
heat, geothermal heat, even
body heat!)

Thermoelectric Generator Advantages
1. COST
 When comparing the costs of solar power generators vs. Thermoelectric

generators based on the amount of electricity produced per day, TEGs cost far
less per kWh than solar!
 The PV (Photovoltaic) equivalent of a 50 watt TEG operating on a wood
stove is 330 watt or 1.2 kWh per day.
 This means using three 50 watt TEGs you would make the same amount
of electricity as 990 watts of solar PV panels. Depending on the brand
used…



The cost of three 50 watt TEGs is from $750 to $1000
The cost of the 990 watts of solar would be from $2,500 to $5000

2. CONTINUAL
• Unlike solar, TEGs are NOT dependent on the sun to produce electric
power
• You can have a heat source 24/7-365!
• You will need a cheap or free source of heat, but if you already have an
existing heat source (ex. Wood stove, hot flu gases) there is no added fuel
cost to run the TEG
• Rated to last more than 200,000 hours of continuous operation

TEG Advantages continued
3. RELIABLE
• TEGs have no moving parts to break or maintenance to perform
• (With the exception of maintaining coolant level and changing the circulating
pump every 2 to 3 years on water cooled models
• They are compact & completely silent

Home power Stations
• One of many possible uses for a 50 watt TEG is
to provide supplemental or back-up electricity for
home owners who use outdoor wood/biofuel
furnaces
• Note that adding ten 50 Watt Power Strips to an
outdoor wood/biofuel furnace can produce 12
kWH of electricity per day
• Based on the average household usage of
30.66 kWh per day, this TEG home power
station is enough to reduce the average
household electric bill by more than ONE
THIRD!

Improving Efficiency of
Thermoelectric Materials
 Most applications of thermoelectric materials are

only 5-10% accurate due to high output resistance
 Difficulty in designing efficient devices is being
able to conduct current without producing heat
 Currently, most thermoelectric materials are semiconductors made of bismuth, tellurium, selenium
and antimony
 By improving the efficiency of these materials
thermoelectricity could be an environmentally
friendly energy harvesting alternative to fossil fuels

Figure of Merit
 A numerical expression used to compare one

thermoelectric material with another in terms of
efficiency
 The figure is determined by this expression:
-S is the Seebeck coefficient
- λ is the thermal conductivity
- σ is the electrical conductivity

 Thus, the best thermoelectric material will have a

large Z value indicating the denominator of the
equation (thermal conductivity) is minimized

Thermoelectrics:
Underlying Principles
 Electrons (charge carriers) move both towards and away

from the cold end of the system
 The voltage is created when the charge carriers are
scattered by impurities, imperfections and phonons
(atomic vibrations)
 This scattering is energy dependent and causes a the
electrons to move in the two directions at different rates
 As a result, there is a charge difference created in the
system based on the scattering of electrons and a
current is created

Quantum Physics in
Thermoelectrics
 When nanostructures are created the electrons in

the material begin to behave like ideal particles
 Polylogarithms and the Lambert function may be
applied to study the behaviour of these particles
 These mathematical methods can aid in reducing
the thermal conductivity of materials and increasing
the figure of merit

Why Quantum Physics?
 Electrons are known as fermions (particles with half

integer spins) which obey Fermi-Dirac statistics
 When the Thermoelectric properties such as the
Seebeck coefficient are calculated using classical
Boltzmann statistics, there are disagreements
between theoretical and experimental values
 However, values obtained using quantum statistics
generally agree with the experimental values,
allowing one to create more efficient thermoelectric
devices.

Conclusions
 Overall, the thermoelectric effect may help to provide

an environmentally friendly way of producing energy
 Large scale applications of this effect depend on the
ability to develop new thermoelectric materials with
improved efficiency
 The development of these materials is an interesting
application of quantum physics and highlights how
mathematics is a unifying thread in all sciences
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Common Air Pollutants
 CFC’s (chlorofluorocarbons)
 Act as a catalyst in breaking up ozone molecules
and damage the ozone layer
 Carbon Dioxide
 Forms a energy barrier that prevents
heat absorbed by the earth from being
released and causes global
temperature increase
 Sulfer dioxide & Nitrogen Oxides
 Main components in formation of
acid rain

The picture above shows a forested area that
has been significantly affected by acid rain.

Powering Wireless
Monitors
 Perpetua Technology created “Power

Pucks” that generate electricity using the
Seebeck effect
 Power Pucks are essentially small
thermoelectric generators made of
semiconductor materials that can be
manufactured into many shapes
 The minimum life expectancy is 10 years
and cost effectiveness in this time span
is more than noticeable (from the
company site)
 These power pucks can be used to
power portable medical monitors for
hospital patients, bouys that transmit
tsunami warnings and to supplement
current electrical power sources in
buildings

Radioisotope Thermoelectric
Generators (RTGs)

 Radioactive material naturally decays this produces heat
 This is the best equipment selection in space because it

is reliable and gives continuous energy
 Used in the New Horizons spacecraft that is currently en
route to Pluto
 Used in Apollo missions to the Moon
 Viking missions to Mars
 Pioneer, Galileo, Ulysses,
Voyager, and Cassini; outer
solar system missions

RTG used on the Cassini Probe

Automobile Use
 TE can be used in electric and

hybrid vehicles
 The batteries of electric cars heat
up and must be kept below 50˚C
 The exhaust systems of hybrid
cars as well as there energy
 Both can use TE to create energy
 The energy needed to drive electric
cars is controlled by utility
companies and the energy for gas
cars is controlled by the
Organization of the Petroleum
Exporting Companies
 Electric cars can not travel as far as those with an engine requiring
gasoline
 Electric cars require a longer period to recharge compared to the time it
takes a gas car to refuel

More applications of the
Seebeck Effect
 These thermoelectric generators may be used in a

variety of applications such as:
 When solar power generation is unreliable or inefficient
 In industrial processes, including…

Chemical plants

Cement plants
Glass production

Steel mills

Application: Refrigeration
 Refrigeration involves pumping heat out of a

chamber to lower the internal temperature
 A unit for thermoelectric refrigeration is made of
small cubes of different metals connected together
electrically
 When a current is passed through the cubes heat is
transferred from one metal to the next
 Heat is absorbed by the unit from the food or
beverages and then dispersed outside the chamber
by passing along the connected metals

Application: Refrigeration
Advantages

Disadvantages

 Compact size

 Unit is not effective when

 Light weight (weighs 1/3 of

surrounding air is above 90
degrees Fahrenheit
 Requires dusting and
vacuuming to maintain level of
heat dissipation







ordinary compressor system)
Lower priced by 20 to 40% than
ordinary compressor or
absorption units
Low battery (less than 4.5
amps)
Better than an ice chest which
wastes space for ice
Can keep food cool for 3 times
longer than ice chest

Above is a fridge that uses
thermoelectric technology

Application:
Thermoelectric Generators

 Made from thermoelectric modules

which are solid-state integrated
circuits that employ the Peltier,
Seebeck, and Thomson effects.
 The Seebeck effect is responsible
for electrical power generation. It’s
construction consists of pairs of ptype, and n-type semiconductor
materials forming a thermocouple.
 These thermocouples are then
connected electrically forming an
array of multiple thermocouples
(thermopile)

Image & info from http://www.tegpower.com

• They are then sandwiched between two thin ceramic wafers
• When heat and cold are applied to this device, it generates electricity
• In addition, any machine/device that generates heat as a by-product can be
improved greatly by recovering the energy lost as heat.

Recent Developments:
Nanowires
 Peidong Yang, Matt Law, Lori

Greene, Justin Johnson and Richard
Saykally at Berkeley have developed
nanowires which have improved
thermoelectric efficiency
 The thermal conductivity of silicon
was reduced by adjusting wire
diameter so the material is essentially
one dimensional (diameter
approaches zero)
 Nanowires can be used in solar cells
to help capture the energy contained
in both sunlight and heat from the
sun

Certain metals serve as more efficient
materials depending on the
temperature at which the
thermoelectric material is being used.
Each curve above represents a
different material combination

Recent Developments:
Phonon Glass Crystals
 Research by G. S. Nolas, D. T. Morelli and Terry M.

Tritt has led to the development of a material called
“skutterudites”
 The material has properties of phonon glass crystals
which conduct heat like an insulator and electricity
similar to a conductor
 The material allows atoms to be placed in spaces
within the crystal structure which aids in reducing
the denominator in the figure of merit equation and
thus improves the efficiency of thermoelectric
materials (Nolas, Morelli, & Tritt, 1999)

Summary of Clean Air
Applications
Once we discover how to use thermoelectric
processes in the most efficient way…
 A vehicle’s exhaust can be used as the driving
source of power for eco-friendly air conditioning, incar stereo,
 We can conserve energy ordinarily lost as ambient
heat
 We can reduce our need of fossil fuels for heating
by creating photovoltaic cells (which use both
sunlight and heat from the sun)
 Industries such as steel mills can use this form of
energy to drive processes that ordinarily require the
burning of fossil fuels and create air pollution

