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Potential Energy and Energy Conversion 
Table for Students  

  
Potential Energy Energy Conversion 
Natural gas 
Potential energy 
source:  natural gas 

Natural gas is a fossil fuel.  It formed millions of years ago from plants and 
animals.  It is located underground inside rock formations.  Natural gas is 
primarily used to produce heat.   
 
Natural gas is a non-renewable source of energy.  
 
(The above information is from the NEED Project, p. 10) 
 
Natural gas is mined from deep inside the earth, pumped out, and then shipped (up 
to millions of miles) through underground pipelines to the gas supply facility in 
your state.  It is then distributed to a regional power supply company.  In 
Michigan, one of the power companies is Consumers Energy.   
 
Natural gas pipelines are laid deep in the ground throughout your town and 
neighborhood.  Some houses, but not all, have pipes connecting the larger pipes in 
your neighborhood to the smaller natural gas lines in your house.   If you have a 
gas stove, the stove has gas lines connecting it to the larger gas lines in your house 
that are connected to the even larger gas lines in your neighborhood that are 
connected to the even larger gas line piping network throughout your town where 
those pipes are connected to the main supply area.  
 
Energy Conversion:  chemical energy to thermal energy 

Electricity–coal 
burning 
Potential energy 
source:  coal  

Coal is a black, solid fossil fuel formed from the remains of ancient plants in 
swamps millions of years ago.  It is located underground.  It is found in many 
areas of the United States.  Wyoming, West Virginia, Kentucky, Pennsylvania, 
and Texas are the top coal-producing states.  Coal buried deep inside the earth is 
reached through underground mine shafts.  Most coal is burned to produce heat. 
 
Coal is a non-renewable source of energy.   
 
Coal is used to produce more than half of the electricity in the United States.    
(The above information is from the NEED Project, p. 8) 
 
Coal is mined from deep inside the earth, chiseled out, and carried to the surface.  
The coal is then shipped, primarily by railroad and barge, throughout the country 
to power plants.   Since it is a very heavy, dense material, coal is expensive to 
transport.  
 
Burning coal (and oil) creates sulfur dioxide, nitrogen oxide, and carbon dioxide.  
These gases are the main contributors to creating acid rain, smog, and global 
warming.  The mining technologies cause habitat destruction and loss, and pose 
severe health risks often leading to fatal disease (black lung disease of coal 
miners) for the workers.  
 
Energy Conversion:  chemical energy to electrical energy to thermal energy 
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Wood 
Potential energy 
source:  wood fibers 

Different types of woods have different amounts of embodied energy.  Dense, dry 
woods have the highest embodied energy.  For example, seasoned oak has more 
embodied energy than pine.   So, the type of wood that is being burned is very 
important.  
 
More than 2 billion people around the world depend primarily on wood for their 
energy needs.  In many countries, wood is becoming scarce.  When too many 
trees are cut down, rivers can become muddy and the animal and plants living in 
the rivers die.  Also, during heavy rains, landslides can occur more easily without 
the trees’ roots stabilizing the land. 
 
In countries wood is the primary fuel source, the amount of time typically spent 
gathering wood is 3 hours every day.  Scientists believe in countries where wood 
is burned to cook food, the pollution from burning wood increases eye and lung 
diseases in women and children.  
 
Even though wood is a renewable resource–new trees can be planted after others 
have been cut down–it is important to remember that it may take many 
generations for a tree to grow to maturity.     
 
Energy Conversion:  chemical energy to thermal energy 

Solar 
Potential energy 
source:  the sun 

Solar energy is radiant energy from the sun.  It travels to earth in electromagnetic 
waves (or rays). We use solar energy everyday–to see!  It lights our earth. 
 
The sun heats things on earth.  Solar energy is only available when the sun is out.  
If it is a cloudy day or at night, there is no solar energy available.  
 
Special ovens are used around the world to focus the sun’s heat and cook food.  
Using the sun to cook food and heat water is becoming more popular in many 
countries that once used wood.  
 
Solar energy is a very clean renewable energy source, producing no air or water 
pollution.   
(The above information is from the NEED Project, p. 11) 
 
Energy Conversion:  electromagnetic energy to thermal energy 
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 Natural Gas Picture Story Pack (1 of 2) 
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Natural Gas Picture Story Pack (2 of 2) 
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Electricity from Coal Picture Story Pack (1 of 2) 
 
 
 

   
 
 
 

            



E.E.K! Project for Sustainable Development 10/15/2006–Sustainable Futures Group   2006–sustainablefutures@hotmail.com
  

3rd–25 

Electricity from Coal Picture Story Pack (2 of 2) 
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Wood Picture Story Pack (1 of 1) 
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Solar Picture Story Pack 
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Generating Energy: a cursory glance / brief descriptions  
 

Wind:  When a windmill is being used to generate electricity, the wind turns the 
vanes of the windmill.  The vanes turn a generator.  The generator makes the electricity. (When 
using highly efficient windmills–wind generators–this is the least expensive and cleanest source 
of energy.  Wind generated electricity is also the fastest growing source of renewable energy in 
the world). 
 

 
Cowley Ridge North/Sinnot 

Operator: Canadian Hydro Developers Inc 
Configuration: 20 X 1.3 MW N60 

Operation: 2001 
WTG supplier: Nodex 

Quick facts: These were the most powerful wind turbines in Canada at completion. 
Photograph courtesy o f Nordex Posted 16 Nov 2003 

http://www.industcards.com/wind-canada.htm 
 

 
 

 
 

Redwood Falls 
Location: Minnesota 

Operator: Southern Minnesota Munic ipal Power Agency 
Configuration: 2 X 950-kW NM54 

Operation: 2003 
T/G supplier: Micon 

Quick facts: The project cost about $2.1mn. 
Photograph courtesy of Southern Minnesota Municipal Power Agency Posted 9 Jul 2005 

http://www.industcards.com/wind-usa-mw.htm 
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Hydro:  Falling water is used at a hydro-electric plant to generate electricity.  
The turbines turn a generator.  The generator makes the electricity.  
 

 
Title: 

Ice Harbor Dam located on the Snake River near Burbank, Washington 
Credit: 

US Army Corps o f Engineers 
 
 
 
 

 

Geothermal:  The hot water or steam from inside the earth spins the turbines.  
The turbines turn the generator.  The generator makes electricity. 
 

 
Title: 

Geothermal power plant generator in Imperial County, California 
Caption: 

The Leathers geothermal power plant is located in the Salton Sea (geothermal resource area) located in 
southeastern Cali fornia (just 60 miles east o f San Diego). It is part o f the Imperial Valley Partnership Project 
and is under contract to sell power to Southern Cali fornia Edison Company under a 30-year power purchase 

agreement. The combined capacity at Imperial Valley is about 268 net MW (nominal). 
Credit: 

Gretz, Warren 
 
 



E.E.K! Project for Sustainable Development 10/15/2006–Sustainable Futures Group   2006–sustainablefutures@hotmail.com
  

3rd–30 

Solar: A solar cell is any device that directly converts the energy in light into 
electrical energy through the process of photovoltaics. When sunlight strikes the surface of a PV 
cell, an electrical field is generated resulting in a flow of current when the solar cell is connected 
to an electrical load.  (www.doe.gov)      
 

 
Arizona Public Service 

Quick Facts: 
Arizona's state-mandated portfolio standards give concentrating PV a welcome boost. This Amonix installation for 

Arizona Public Service features dual-axistrackers and uses optical lenses to concentrate the sunlight onto cells within 
each square.  The rectangular solar arrays, each standing in excess of 40 feet high, are concentrating solar arrays. Each 

of these arrays consists of from two to five very large modules — called megamodules. Each megamodule consists 
of concentrating lenses that focus the sunlight onto a very small photovoltaic cell. 

Credit: 
McConnell, Robert 

 
 
 
 

 
Lancaster, South Carolina 

Quick Facts: 
This photovoltaic system, installed on a home and home business in Lancaster, South Carolina, is grid-tied. The 

910-kW system, was installed by South Carolina Solar, provides five-day backup power. 
Credit: 

South Carolina Solar 
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Arizona Public Service 

Quick Facts: 
The MicroDish is made by Concentrating Technologies using Spectrolab solar cells. It is the world's first gird-tied 
high-concentration CPV system to use the latest high-efficiency cells. The dual-axis tracking modules use small 

mirrors to focus sunlight on high-efficient multijunction cells. Individual fins extend outward to cool each cell. The 
MicroDish is supplying electricity to the Arizona Public Service grid. 

Credit: 
Arizona Public Service 

 
 
 
 
 

 
Denver, Colorado 

Zero energy habitat home; NREL's 2005 Habitat for Humanity house 
Quick Facts: 

This Habitat house now is looking like home. The solar thermal collectors and photovoltaic panels have been 
installed.  This home is super insulated, very tightly constructed and designed for passive solar gain to reduce heating 

loads to a small fraction of the requirements of an average Denver home. A heat recovery ventilation system will 
assure indoor air quality while recovering ventilation air thermal energy. A highly efficient, greatly downsized 
heating system will meet the remaining space heating needs. The home is equipped with a solar water heating 

system and a substantial PV array. The PV array will be grid connected and sized to produce excess energy in the 
summer to balance out the excess consumption in the winter leading to net zero energy consumption. 

Credit: 
Beverly, Pete 
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Coal: Coal is mined from deep inside the earth, chiseled out, and carried to the 
surface.  The coal is then shipped, primarily by railroad, throughout the country to power plants. 
The coal is the fuel for a power plant’s boiler.  The burning coal creates steam that is used to spin 
the turbines and in turn spin the generator.   
 

 
Belle River, Michigan 

Operator:  
 Detroit Edison Company 

Fuel:   
subbituminous coal boiler 

Quick Facts:  
 Michigan Public Power Agency (MPPA) owns 18.6% o f belle River.  In 1981, Detroit Edison agreed to maintain 

part o f the 2,200 acre site speci fically for wildlife preservation.  This was certi fied by the Wildli fe Habitat 
Council in 1996.  Belle River has also received  ISO 14001 certi fication.   

Photo Credit:   
Lansing Board o f Water & Light, 18 September 2005 

http://www,industcards.com/st-coal-usa-mi.htm 
 
 
 

 
Jharkhand, India 

Operator: 
Damodar Valley Corporation 

Fuel: 
Hard coal boiler 

Photo Credit: 
Ministry of Power, 12 May 2004 

http://www.industcards.com/st-coal-india.htm 
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Nuclear:   Uranium is the fuel used in nuclear power plants.  But, uranium must undergo a 
process called fission in order to create the heat necessary to make high-pressure steam.   formed 
into small (about the diameter of a dime) pellets and arranged in 
 

 
The Cook Energy Center 

Location: 
Located on 650 acres on the shoreline of Lake Michigan near Bridgeman, MI.   

Quick Facts: 
There are two pressurized water reactors. Unit 1 is rated at 1,020 megawatts. Unit 2 is rated at 1,090 

megawatts. Cook Unit 1 is one of the leading nuclear power generators in the United States, producing 
143,000,000 megawatt hours through 1998. 

Photo Credit: 
www.cookin fo .com 

 
 
 
 
 
 
 
 
 
 
 

 
Shearon Harris Nuclear Power Plant 

Location: 
Near Raleigh, North Carolina 

Quick Facts: 
The dome-shaped structure is the containment building.  

Photo Credit: 
http://www.howstu f fworks.com/nuclear-power.htm 

from the on-line article, “How Nuclear Power Works” by Marshall Brain 
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Notes To Teachers for Lesson 3 
 
WORLDWIDE ENERGY USE: 
United States: 
Even though the United States accounts for 5% of the world’s population, we consume 25% of 
the available supply.  That places us as the world leaders of per-capita energy use.  The typical 
American family spends nearly $1300 per year on home utility bills.  The burning of coal, oil, 
and natural gas for energy accounts for 85% of carbon dioxide emissions and the largest 
contributor to air pollution.  
 
World-wide: 
Energy use and population are not evenly distributed throughout the world.  As a result, two 
issues become inextricably joined:  a growing number of people need access to energy sources 
and large consumers of energy need to decrease their energy consumption.  There are a finite 
amount of fossil fuel sources available.  The chart below compares the percentage of population 
and energy use in different regions of the world.  As you will see, overall energy consumption 
and per capita energy use do not directly correlate to percentage of population.  What effect does 
this uneven distribution of energy use have on societies?  One main result is that impoverished, 
‘undeveloped’, countries remain that way.  Another is countries may use alternatives to fossil 
fuel burning for their energy sources. 
 
 
 
 

World Population and World Energy Use  
Country/Region % World Population %Energy 

Consumption 
Per Capita Energy 
Use (kg) 

Middle East / North 
Africa 

4.9% 4.8% 1,374 

North America 5.2% 28.6% 7,823 
Latin America / 
Caribbean 

8.4% 5.7% 960 

Sub-Saharan Africa 10.1% 1.7% 237 
Europe / Central Asia 15.4% 33.6% 3,097 
South Asia 22.0% 3.4% 222 
East Asia / Pacific 33.9% 22.2% 934 
The above statistics were compiled by Zero Population Growth. 
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Global Warming:  A working definition 
 

Technically, the term(s) global warming or global cooling refer to the 
natural warming and cooling trends that the earth has experienced all 
through its history.  However, the term “global warming” has become a 
popular term encompassing all aspects of the global warming problem, 
including the potential climate changes that will be brought about by an 
increase in global temperatures.   
(ww.climatechangecentral.com/default.asp)   

 
This term has become popularized and is currently used to express an extremely different set of 
circumstances–than the natural warming trends throughout history–the world’s population is now 
facing.  
 
For the first time in history, people are the direct cause of the warming of the planet.  This 
unprecedented event is upsetting the balance of nature causing climatic shifts that even thus far 
have proven to be disastrous for all life.  The current rate of habitat loss, increase in storm 
severity, increase in pollution induced illnesses, and the increase in death, and malformation of 
those living in areas that are exposed to polluted foods, land, and water is intensifying at an 
alarming rate around the globe.   
 
It is of the utmost importance for the youth of today to have a conscious awareness of their direct 
complicity in the warming of the planet and to then decide how they might or might not change 
their actions that directly affect the health of all life on the planet and the life of the planet itself.   
 
Therefore, an encompassing, working definition of global warming can be thought of as: 
 
 A gradual warming of the Earth’s atmosphere caused by the burning of fossil fuels and 
industrial pollutants.   
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Photograph courtesy of Greenpeace.  Blomstrandbreen Glacier in Svalbard, Norway. Taken in 1918 (top) and today 
(bottom), this photograph illustrates the retreat of the glacier approximately 2 km in the past 80 years.  Since 1960, 

the average retreat of that glacier has been about 35 m a year, accelerating in the last ten years.  
 

 
 
The Greenhouse Effect 
Global warming is often explained through the example of the greenhouse effect.  In a 
greenhouse–a building made of glass or clear plastic–the sun shines through the walls and the 
heat is trapped inside.  The same basic principle applies for regulating the temperature of the 
earth.   
 
The earth’s atmosphere is a complicated system of gases and energy.  It allows energy from the 
sun to pass through to the earth and also allows energy from the earth to escape into space.  By 
delicately balancing this exchange of energy, the atmosphere regulates our climate.  
 
A blanket of invisible gases surrounds the earth.  These gases make up the earth’s atmosphere.  
When the sun shines through the earth’s atmosphere onto the earth, certain gases such as carbon 
dioxide and water vapor trap the heat of the sun close to the earth.  This is important, because 
without this blanket of gases, the earth would be very cold and uninhabitable.  As the earth 
absorbs the sun’s warmth, it reflects the heat back toward space.  When the earth’s atmosphere 
takes in more energy than it releases, this causes the earth to become warmer.   
 



E.E.K! Project for Sustainable Development 10/15/2006–Sustainable Futures Group   2006–sustainablefutures@hotmail.com
  

3rd–37 

The burning of coal, oil, and natural gas has increased the concentration of certain gases in our 
atmosphere.  Factories, electric power plants, and vehicles that burn fossil fuels to create energy 
are raising the level of carbon dioxide in the atmosphere.   
 
How does this happen?  Fossil fuels consist primarily of hydrocarbons.  Hydrocarbons are atoms 
created from hydrogen and water.  When hydrocarbons burn, the carbon combines with oxygen 
to produce carbon dioxide.  When excessive amounts of carbon dioxide build up in the 
atmosphere, more and more of the sun’s heat is trapped in the atmosphere surrounding the earth.  
In this scenario, rate of greenhouse gas increase exceeds the rate of absorption.  The result is a 
human activity induced climate warming.  Carbon dioxide is one of the greenhouse gases 
believed to cause global warming; others are methane, nitrous oxide, and chlorofluorcarbons 
(CFCs). 
 
How is this a problem?  A rise in temperature, even a degree, can wreck havoc on the balance of 
ecosystems.  At this point, scientists have documented an increase of nearly one degree 
Fahrenheit in the past century.  The rising global temperatures are the most serious threat of 
global warming.   
 
 
The Warming Trend:  Can a few degrees make a difference? 
Throughout history, major shifts in temperatures have occurred at a very slow rate–usually 
changing only a few degrees over thousands of years.  However, over the last century, scientists 
have documented a 1° F rise in the temperature of the planet.  If temperatures continue to rise at 
this rate, climate scientists predict that global warming will raise the average temperature of the 
planet by 3 to 10 degrees Fahrenheit over the next 80 years. 
 
How much of a difference can a few degrees make?  The answer is simply:  a few degrees in 
global temperature change can have drastic affects on the planet.  The warming trend increases 
the intensity of both droughts and storms such as hurricanes, tornadoes, and flooding.  Since 
1995, more than 5,400 square miles of Arctic ice shelves have melted causing rises in sea-levels 
around the world.  Given that 70% of the earth’s surface is covered by water, low-lying parts of 
the world are now much more vulnerable to flooding and the devastation that follows.  
Variability in temperature, precipitation, soil moisture, humidity, and wind can increase 
susceptibility or growth of diseases and pest resistance, and change the natural occurrence of 
fires, droughts, and floods.  Varieties of plants and animals including coral reefs and pine forests 
are incapable of shifting habitat and are in rapid decline. Climate shifts can also affect food 
supplies, and the availability of shelter, space, and water for all. 
 
This change in climate is likely to accelerate in the next century and could continue until several 
decades after the greenhouse gas concentrations reach a peak.  (When that peak occurs 
specifically depends on how we choose to live our lives). 
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As studies suggest, according to the EPA (Environmental Protection Agency), breathing smoggy air containing fine 
pollution particles can be as dangerous as breathing second hand cigarette smoke.  (Photo courtesy EIA:  the air over 

the Los Angeles, California is hazy with pollution). 
 
 
 
Global Warming and Increased Health Problems 
  
Infectious disease is the second major threat that global warming poses to human health.  
Scientists at Harvard Medical School have linked recent U.S. outbreaks of dengue fever, malaria, 
and hantavirus to climate change.  As temperatures increase, formerly cool areas become new 
habitats for disease-carrying mosquitoes and rodents.  These creatures are the vectors for 
diseases that more commonly thrived in tropical climates.   
 
Since 1990, outbreaks of locally transmitted malaria have occurred in California, Florida, 
Georgia, Michigan, New Jersey, and New York.   The Intergovernmental Panel on Climate 
Change (IPCC) predicts that as warmer temperatures spread north and south from the tropics and 
to higher elevations, malaria-carrying mosquitoes will spread with the shifting climates.  This 
may put as much as 65% of the world’s population at risk of infection.  This is an increase of 
20% within the next century.   
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Energy Sources 
NATURAL GAS:   
As of 1998, natural gas provided 21% of all the energy produced worldwide.*  Natural gas 
is a fossil fuel and as all fossil fuels–oil, coal, and gas–is extracted from the earth.  Once 
fossil fuels are extracted they cannot be replaced and a finite amount of these fuel sources 
exist. New natural gas technologies using combined cycle combustion turbines produce 
energy more efficiently with fewer emissions than older gas plants.  Essentially, these 
systems capture the waste heat that is used to make high pressure steam to do something 
useful and not let that energy heat the atmosphere.   
 
Fewer emissions equal less contribution to creating smog and acid rain.  The new 
technologies for natural gas still rely on mining natural resources, and cause habitat 
destruction and loss, but use cleaner, safer practices to make energy.  

*(Wasserman, Susan.  “Energy Futures”  Earth Matters:  Studies for Our Global Future.  
Washington D.C.:  Zero Population Growth, 2nd ed., 1998, p.125) 
 
ELECTRICITY: 
THE BASICS:  How Electricity is Generated 
Making electricity is a mechanical process.  A fuel (coal, natural gas, nuclear power, oil, wood) 
is used to heat a boiler that makes high pressure steam.  The steam that is made spins a turbine.  
The turbine spins a generator.  The generator makes the electricity.  
 
The following are a few examples of how that process can play out:   
 

• Windmill:  When a windmill is being used to generate electricity, the wind turns the 
vanes of the windmill.  The vanes turn a generator.  The generator makes the electricity. 
(When using highly efficient windmills–wind generators–this is the least expensive and 
cleanest source of energy.  Wind generated electricity is also the fastest growing source 
of renewable energy in the world.)   

• Hydro:  When falling water is used at a hydro-electric plant to generate electricity, the 
waves smash into turbines.  The turbines turn a generator.  The generator makes the 
electricity.  

• Geothermal:  The hot water or steam from inside the earth spins the turbines.  The 
turbines turn the generator.  The generator makes electricity.     

 
*****Oftentimes, 60-70% of the net energy created is lost as heat.  This heat loss is called 
‘waste heat’ and is created when the generator makes the electricity.  This waste heat heats the 
atmosphere.  Out of 100 units of electricity generated, barely 30 units of useable electricity are 
available in a typical electricity generating situation. *****  

 
WOOD: 
More than 2 billion people world-wide depend primarily on wood for their energy needs.  
Biomass burning leads to deforestation and contributes up to 40 percent of global greenhouse gas 
emissions.  It’s also firmly linked to acute respiratory infection, which is the leading health 
hazard to women and children in developing countries as well as lung and eye disease.  In 
countries where wood has been traditionally relied on as the primary energy source, fuel wood is 
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becoming scarce.  In cultures that depend on fuel wood as their primary energy source for 
cooking, three hours per day is typically spend gathering wood.  

Potential Energy and Energy Conversion 
Table for Teachers 

 
Potential Energy Energy Conversion 
Natural gas 
Potential energy 
source:  natural gas 

Natural gas is mined from deep inside the earth, pumped out, and then shipped to 
the gas supply facility in your state.  It is then distributed to a regional power 
supply company.  In Michigan, one of the power companies is Consumers 
Energy.   
 
Natural gas pipelines are laid deep in the ground throughout your town and 
neighborhood.  Some houses, but not all, have pipes connecting the larger pipes in 
your neighborhood to the smaller natural gas lines in your house.   If you have a 
gas stove, the stove has gas lines connecting it to the larger gas lines in your house 
that are connected to the even larger gas lines in your neighborhood that are 
connected to the even larger gas line piping network throughout your town where 
those pipes are connected to the main supply area.   
 
Energy Conversion:  chemical energy to thermal energy 

• Turn on the gas:  methane is released in the air (clicking sound that many 
stoves make, there is a second or so after you turn on the dial to light the 
stove before the gas ignites–that is when the methane is released) 
(mechanical to chemical) 

• The methane reacts with the oxygen in the air and a spark happens 
(chemical to chemical) 

• The spark ignites the natural gas from the burners (chemical to chemical)  
• The ignited natural gas is now undergoing combustion (it is burning) and 

maintains a flame (chemical to chemical) 
• The flame produces heat (chemical to thermal) 
• The heat is transferred to the pan on the stove (thermal to thermal) 

The heat from the pan is transferred to the food or water in the pan (thermal to 
thermal) 

Electricity–coal 
burning 
Potential energy 
source:  coal  

Coal is mined from deep inside the earth, chiseled out, and carried to the surface.  
The coal is then shipped, primarily by railroad, throughout the country to power 
plants.   
 
Burning coal (and oil) creates sulfur dioxide, nitrogen oxide, and carbon dioxide.  
These gases are the main contributors to creating acid rain, smog, and global 
warming.  The mining technologies cause habitat destruction and loss, and pose 
severe health risks often leading to fatal disease (black lung disease of coal 
miners) for the workers.  
 
Energy Conversion:  chemical energy to electrical energy to thermal energy 

• As the coal burns, it produces heat (chemical to thermal)   
• The heat from the coal burning turns the turbine (thermal to mechanical) 
• The turbine creates electricity (mechanical to electrical) 
• The electricity in your stove coils heat when turned on (electrical to 

thermal) 
• The heat is transferred to the pan on the stove (thermal to thermal)  
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• The heat from the pan is transferred to the food or water in the pan 
(thermal to thermal) 

Electricity–high 
impact hydro 
Potential energy 
source:  falling water 

In order to build a hydro-electric plant, rivers must be dammed.  Dams change the 
natural flow of rivers and endanger fish and other species’ livelihood and habitat.   
Dams often cause degraded water quality, depleted food sources, and block 
migratory pathways all leading to threatening species survival. .  
 
Energy Conversion:  mechanical energy to electrical energy to thermal energy 

• Falling water turns the turbines (mechanical to mechanical) 
• The turbines create electricity (mechanical to electrical) 
• The electricity in your stove coils heat when turned on (electrical to 

thermal) 
• The heat is transferred to the pan on the stove (thermal to thermal) 
The heat from the pan is transferred to the food or water in the pan (thermal to 
thermal) 

Electricity–nuclear 
Potential energy 
source:  nuclear 
energy 

Although nuclear reactor plants do not create smog-emissions, nuclear plants do 
create dangerous radioactive wastes that are difficult to dispose of and last for  
235,000 years.  No permanent safe storage sites exist in the world for the waste.  
 
Energy Conversion:  chemical energy to thermal energy 

• The waste heat from the nuclear energy reactors are used to turn the 
turbines (thermal to mechanical) 

• The turbines create electricity (mechanical to electrical) 
• The electricity in your stove coils heat when turned on (electrical to 

thermal) 
• The heat is transferred to the pan on the stove (thermal to thermal) 
The heat from the pan is transferred to the food or water in the pan (thermal to 
thermal) 

Electricity–
geothermal  
Potential energy 
source:  hot water or 
steam inside the 
earth 

Geothermal electricity is generated by utilizing steam or hot water that lies below 
the surface of the earth in certain locations.  In the western and southwestern 
United States, there are geothermally active areas.    
 
Geothermal plants produce and emit little air pollution.  
 
Energy Conversion:  thermal energy to thermal energy 

• The heat from the geothermal plant is used to turn the turbines (thermal to 
mechanical) 

• The turbines create electricity (mechanical to electrical) 
• The electricity in your stove coils heat when turned on (electrical to 

thermal) 
• The heat is transferred to the pan on the stove (thermal to thermal) 
•  
• The heat from the pan is transferred to the food or water in the pan 

(thermal to thermal) 
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Electricity–biomass 
Potential energy 
source:  organic 
wastes 

Biomass facilities use the energy that is stored in organic matter to make 
electricity. These facilities burn wood, agricultural wastes, or methane gases from 
landfills in order to spin a turbine that generates electricity.   
 
Energy Conversion:  chemical energy to thermal energy 

• Organic wastes or wood is burned (chemical to chemical) 
• The combustion reaction produces heat (chemical to thermal) 
• The heat is used to turn the turbines (thermal to mechanical) 
• The turbines create electricity (mechanical to electrical) 
• The electricity in your stove coils heat when turned on (electrical to 

thermal) 
• The heat is transferred to the pan on the stove (thermal to thermal) 
• The heat from the pan is transferred to the food or water (thermal to 

thermal) 
Wood 
Potential energy 
source:  wood fibers 

Different types of wood have different amounts of embodied energy.  Dense, dry 
woods have the highest embodied energy.  For example, seasoned oak has more 
embodied energy than pine.   So, the type of wood that is being burned is very 
important.  
 
More than 2 billion people world-wide depend primarily on wood for their energy 
needs.  And, in countries where wood has been traditionally relied on as the 
primary energy source, fuel wood is becoming scarce.  Deforestation leads to 
siltification of rivers, land erosion, and soil nutrient depletion. This then in turn 
affects crop yields, drinking water quality / availability, species destruction, and 
decline in species populations of plants and animals.  
 
The pollution from burning wood for fuel has been linked to acute respiratory 
infection, lung disease, and eye disease.  Acute respiratory infection is one of the 
leading health hazards to women and children in developing countries.  In 
countries where wood has been traditionally relied on as the primary energy 
source, fuel wood is becoming scarce.  In these area of wood scarcity the typical 
amount of time spent gathering wood is 3 hours.   
 
**Even though wood is considered a renewable resource it is important to discuss 
the issues around the amount of time it takes for a tree to reach maturity.  This 
topic could be an excellent assignment for  writing a persuasive essay.  Very few 
stands of old growth trees remain–many trees that were hundreds of years old 
have been cut down.  It is important for the students to recognize that if you cut a 
tree down a new tree is not a direct replacement.  Important issues for 
extrapolation / student research:  habitat, forest ecosystem, soil health, soil 
erosion, forest management.    
 
 
Energy Conversion:  chemical energy to thermal energy 

• Organic wastes or wood is burned (chemical to chemical) 
• The combustion reaction produces heat (chemical to thermal) 
• The heat is transferred to the pan from the fire (thermal to thermal) 
• The heat from the pan is transferred to the food or water (thermal to 
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thermal) 
 

Solar 
Potential energy 
source:  the sun 

Solar energy is radiant energy from the sun that travels to earth in electromagnetic 
waves (or rays).  Solar energy is produced in the sun’s core when atoms of 
hydrogen combine under pressure to produce helium, in a process called fusion.  
During fusion, radiant energy is emitted.   
 
Solar energy is harnessed with solar collectors that turn the radiant energy into 
heat.  Photovoltaic cells turn radiant energy into electricity.  We also use solar 
energy to see.  Solar energy is not available all the time–in darkness or whcn 
dense cloud cover is present.   
 
At this point, it is expensive to use solar energy to produce electricity, but new 
technologies will make solar energy a major energy source in the future.   
 
Solar energy is a very clean energy source, producing no air or water pollution.   
 
Energy Conversion:  electromagnetic energy to thermal energy 
A solar cell is any device that directly converts the energy in light into electrical 
energy through the process of photovoltaics.  A typical silicon PV cell is 
composed of a thin wafer consisting of an ultra-thin layer of phosphorus-doped 
(N-type) silicon on top of a thicker layer of boron-doped (P-type) silicon.  An 
electrical field is created near the top surface of the cell where these two 
materials are in contact, called the P-N junction.  When sunlight strikes the 
surface of a PV cell, this electrical field provides momentum and direction to 
light-stimulated electrons, resulting in a flow of current when the solar cell is 
connected to an electrical load.  The current (and power) output of a PV cell 
depends on its efficiency and size, and is proportional to the intensity of sunlight 
striking the surface of the cell.  Because of this, a typical commercial solar cell 
has an efficiency of about 1/6 of the sunlight striking the cell generates electricity.  
The first solar cells, built in the 1950s, had efficiencies of less than 4%.  (The 
above information taken directly from Department of Energy website 
(www.doe.gov)    
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Lesson 4:  3rd grade 
Radiant Energy 

 
 

Lesson Overview: The sun’s energy (electromagnetic energy) provides us directly 
with heat and light.   

Lesson Concept:  Electromagnetic energy (solar energy) is vital to our world. 
 
Materials: 

• Clamp light 
• Extension cord 
• Incandescent light bulb 
• IR Thermometer 
• Student hand-out (or use as overhead):  Absorption and Reflection 

  
Standards: 

• Mathematics: 
o II.3.EE.5  (Geometry and Measurement:  Explore scale drawings, models and 

maps and relate them to measurements of real objects).   
o II.3.EE.6  (Geometry and Measurement:  Apply measurement to describe the real 

world and solve problems). 
• Science: 

o II.1.EE.4  (Reflect on the Nature, Adequacy, and Connections Across Scientific 
Knowledge:  Develop an awareness of and sensitivity to the natural world). 

o IV.1.EE.4  (Use Scientific Knowledge from the Physical Sciences in Real-World 
Contexts:  Identify forms of energy associated with common phenomena). 

 
Timeline: 1 class period (45 – 50 minutes) 
 
Class Structure: whole class lesson / experiment 
 
Assessment Strategy: EEK! Daily Assessment 
    General Assessment Strategy #1 
    General Assessment Strategy #2 
    General Assessment Strategy #3 
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Lesson 4:  3rd grade 
Radiant Energy 

 
This lesson explores how and how much of the sun’s energy reaches the earth.  
 
Lesson Overview:  The sun’s energy (electromagnetic energy) provides us directly with heat 
and light.   
Lesson Concept:  Electromagnetic energy (solar energy) is vital to our world. 
 
Supplies Needed: 

• Clamp light 
• Extension cord 
• Incandescent light bulb 
• IR Thermometer 
• Student hand-out (or use as overhead):  Absorption and Reflection 

 
Background Information: 
Please share this background information with the students at some point in this lesson. 
 

I. The Power of the Sun 
Energy from the sun reaches Earth in the forms of heat and light.  This energy is the driving 
force behind creating wind, weather, and seasons.   We may not often think of the sun as having 
so much power, but if the earth was located closer or further away from the sun, it would most 
likely not be a place where life could thrive.  So, in other words, we owe our life to the sun! 
 
 
 

II. Basic Sun Statistics 
a. The sun is very large compared to the size of Earth.   
b. The suns’s diameter (1,380,000 kilometers) is about 110 times Earth’s diameter. 
c. If you thought of the sun as a large bowl, it could hold more than 1 million Earths.  
d. Even though the sun and the moon appear to be nearly the same size, the sun is 

located 400 times further away from Earth than the moon.   
e. The sun is very hot.  The surface temperature of the sun is about 5500°C 

(6000°K) 
(The above information from Earth Science,  Spaulding, Nancy and Samuel Namowitz, D.C. 
Heath and Company, Lexington, MA, 1994,  p. 398) 
 

III. The Solar System and the Sun’s Energy 
The earth is part of a larger system called the solar system.  The solar system is comprised of 8 
planets.   Within this system, the earth is the 3rd planet from the sun.  

• A supersonic jet can fly from Paris to New York in about 3 1/2 hours.  If a supersonic jet 
could fly through space at the same speed, it would take about 10 years to reach the sun.  
That is how far away the sun is from Earth. 

Teacher’s Note: At the end of this lesson are more detailed teacher resource 
materials.   
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CLASS EXERCISES: 
Sun Experiments: 
The following experiments attempt to demonstrate: 

• Heat of the sun 
• Distance between Earth and sun 

 
 
Experiment #1:  Heat of the Sun 
Turn on a clamp light with an incandescent bulb and let it get hot (Make sure the students wet 
their fingers before touching the bulb so they don’t get burned!)  Let the student’s touch the bulb 
to feel how hot it is. 
Statistics:    

• The surface of the light bulb is approximately xº F 
o Measure the bulb temperature with the IR Thermometer 

• The surface of the sun is x times hotter than that bulb 
o Work this problem out on the board 
o Have the students guess how much hotter the sun might be before solving the 

problem 
 
 
Experiment #2:  Distance between Earth and Sun 
Have the students create a circle in the middle of the room that is (x feet around).  This circle 
represents a scale version of the earth.  Ask the students, “If this circle represents the size of the 
earth, how far away do you think the sun would be?’  Figure out scale dimension and place 
where sun would be.   Sun to earth distance = 1.498 x 10 to the 11th m 
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IV.  Absorption and Reflection 
Look at the diagram below: 

             Jessica Western and Matt Isaacson 
 
 
 
 
 
Questions: 

• How much of the sun’s energy (solar energy) reaches Earth?   
70% of the sun’s energy reaches Earth.   

• What happens to solar energy when it reaches Earth? 
It is absorbed.  This happens in a variety of ways.  Imagine what happens when you lie in the sun 
on a warm day.  Most of the 70% of the sun’s energy is absorbed by solid materials and water 
and is almost immediately converted to heat.  Any material that is heated by the sun will radiate 
heat outward.  Sometimes you can see this on a hot day as heat waves shimmering in the air 
above hot pavement.  Eventually, the absorbed heat will radiate through the atmosphere and 
leave the planet. 

• How much of the sun’s energy does not reach Earth? 
30% of the sun’s energy never reaches the earth’s surface. 

• What happens to the sun’s energy that does not reach Earth? 
It is immediately reflected back as light to outer space.  Most of this reflected light bounces off 
the clouds and never reaches the surface of Earth.  But, some of the 30% does reach the surface 
but bounces off snow and water leaving Earth in the form of light.  This reflected light makes 
Earth visible from space–it is also how we have daylight.  
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V. Using Solar Energy 
Imagine what happens when you lie in the sun on a warm day–your body feels very warm, 
perhaps even hot.  That warmth is created from your body absorbing the sun’s energy in the form 
of heat.  Can you imagine what the heat from the sun could be used to do?  (hint:  how do you 
make food?)   Cook food! 
 
A Brief History of Cooking with the Sun:  Using Solar Ovens 

• Recorded history of cooking with solar ovens dates back to over 300 years ago.   
In 1878, Scientific American published an article describing how a group of people successfully 
cooked a meal of meat and potatoes for seven people in Bombay, India. 
    

• What is a solar oven? 
A solar oven is basically an insulated box with an opening that hasa cover made from  
transparent glass or plastic.  The inside walls are either black or reflective.  
  

• How does a solar oven work? 
Solar ovens use the “greenhouse effect” to cook food.  The sun’s energy–solar radiation–passes 
through the transparent cover made of glass or plastic.  If the inside walls are black, the sunlight 
is absorbed and heats the inside of the oven and cooks the food.  If the walls are reflective, the 
sunlight reflects onto the pot and heats it.  
  

• Can the ovens actually cook food?   
Yes.  If using a design similar to Maria Telkes with reflector wings surrounding the opening of 
the oven, temperatures often reach 400° to 450° Fahrenheit and are suitable for any kind of 
cooking except frying.  If using a box cooker (another solar oven design), maximum 
temperatures are usually lower.  The box cooker has one reflector wing attached with a hinge so 
it can be tilted to adjust to the sun when necessary.  A box cooker usually reaches around 250° to 
300° Fahrenheit.  

 
• Are there many different kinds of solar ovens? 

Yes.  There are solar ovens that look like big bowls with wings attached to the top of them.  
These designs are called parabolic cookers or concentrating cookers and do not have covers but 
are open to the air.  They have been successfully used to stir-fry foods.  
   

• Where can solar ovens be used? 
Solar ovens can be used effectively anywhere there is a sunlight and a warm climate.  The main 
issues affecting successful cooking with solar cookers are:   

o type of food traditionally eaten 
o climate (enough sunlight throughout the day and warm air climate) 

 
• What are the benefits from using a solar cooker? 

There are significant health advantages–ecosystem health and public health.  Over 2 billion 
people in developing countries suffer from upper respiratory diseases due to inhaling wood 
smoke.  There is an average of 960 million tons of fuel wood burned for cooking per year.  Using 
solar cookers worldwide could reduce fuel wood use by 350 tons per year.  (UNICEF, Synopsis 
of Estimate of fuel saving potential of solar cookers, 1994) 
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• Why don’t more people use solar cookers? 
Cost, climate, and foods: 

o Cost:    The average cost for a wooden box solar cooker is $40.  The average 
Kenyan yearly income is $400.  Spending 10% of the total family income for the year is a 
significant purchase.  Organizations promoting solar cooking are encouraging villages to 
build larger, communal style cookers.  This can lower the overall cost per person and 
create a higher level of community “buy-in”.  

o Climate:   Solar cookers are most effective in warm, sunny climates.   
o Foods:  Grains, legumes, and breads cook best in a solar cooker as well as 1-pot 

stews.  Many traditional foods require frying.    
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Absorption and Reflection 
3rd Grade 
 
 
 
 
 
 
 
 
 
 

             Jessica Western and Matt Isaacson 
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Teacher Resource Material for Lesson 5: 
 
 

         Illustrators:  Jessica Western and Matt Isaacson 
 

 
A few basic facts about the sun and radiant energy:   
• The sun produces energy in its core when atoms of hydrogen combine under pressure to 

produce helium.  This process is called fusion.  Radiant energy–the energy from the sun–
is emitted when fusion occurs.  Essentially, the sun is one, very big, very hot energy 
source. While it may not last forever, scientists predict that the sun will continue to burn 
sending energy to earth for 5.5 billion more years.  

• When solar energy reaches Earth, about 30% is immediately reflected back as light to 
outer space.  Most of this reflected light bounces off of the clouds and never reaches the 
surface of Earth.  But, of the 30% that does reach the Earth’s surface bounces off of snow 
and water leaving Earth in the form of light.  This reflected light makes Earth visible 
from space–it also is how we have daylight.   

• The remaining 70% of the sunlight (the sun’s energy) that reaches Earth is absorbed.  
This happens in a variety of ways.  Imagine what happens when you lie in the sun on a 
warm day.  Most of the 70% of the sun’s energy is absorbed by solid materials and water 
and is almost immediately converted to heat.  Any material that is heated by the sun will 
radiate heat outward.  Sometimes you can see this on a hot day as heat waves shimmering 
in the air above hot pavement.  Eventually, the absorbed heat will radiate through the 
atmosphere and leave the planet. 

• A large amount of the absorbed heat, approximately 24%, evaporates water.  This process 
powers the water cycle.   Essentially, when the sun shines onto the earth it evaporates 
water in oceans, rivers, and lakes.   Evaporated water is water vapor.  The water vapor 
rises into the atmosphere and forms clouds.  The water vapor cools, condenses, and falls 
to the earth as snow, rain, sleet, hail or another form of precipitation.  
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• When water evaporates it changes from a liquid state to a gas state when it becomes 
water vapor.  Then, when the water vapor condenses back to the liquid state 
(precipitation), the same amount of energy released to turn it into water vapor is the same 
amount that was absorbed to turn the condensed water vapor into precipitation.   
Therefore, even the incoming sunlight that powers the water cycle (hydrologic cycle) also 
eventually leaves the earth in the form of heat.   

• No matter how energy is absorbed or changes form, it never increases or decreases in 
amount.  All the solar energy that is absorbed on Earth in one form or another eventually 
changes to heat energy that radiates to outer space.   

• Look at the following diagram to help explain the above points:   
 
All of the above information is based on information from Dr. Art’s Guide to Planet Earth:  
for Earthlings ages 12 to 120, Art Sussman, Ph.D. p. 48.   Published by Chelsea Green 1-
800-639-4099 
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Lesson 5:  3rd grade 
Mini Books:  Maria Telkes and Solar Cooking 

 
 

Lesson Overview: Solar ovens are being used to cook food around the world today.   
Lesson Concept: Our everyday actions impact others around the globe.   
 
Materials: 

• Student hand-out: Maria Telkes Mini Book 
• Markers / Crayons / Pencils 

  
Standards: 

• English: 
o IX.11.EE.1  (Inquiry and Research:  Generate questions about important issues 

that affect them or topics about which they are curious, and use discussion to 
narrow questions for further exploration). 

• Mathematics: 
o II.3.EE.5  (Geometry and Measurement:  Explore scale drawings, models and 

maps and relate them to measurements of real objects).  
• Science: 

o III.5.EE.5  (Use Scientific Knowledge from the Life Sciences in Real-World 
Contexts:  Describe positive and negative effects of humans on the environment). 

o IV.1.EE.4  (Use Scientific Knowledge from the Physical Sciences in Real-World 
Contexts:  Identify forms of energy associated with common phenomena). 

• Social Studies: 
o II.2.EE.1  (Geographic Perspective:  Describe how people use the environment to 

meet human needs and wants). 
o II.2.EE.2  Geographic Perspective:  Describe the ways in which their environment has 

been changed by people, and the ways their lives are affected by the environment). 
 
Timeline: one to two pages per class lesson (45 – 50 minutes):  9 lessons total in the mini-book  
 
Class Structure: mini-book project 
 
Assessment Strategy: EEK! Daily Assessment 
    General Assessment Strategy #2 
    General Assessment Strategy #3 
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Lesson 5:  3rd Grade 
Mini Books:  Maria Telkes and Solar Cooking 

 
This lesson is a 10-page mini history lesson about Maria Telkes and the history of solar cooking.   
 
Lesson Overview:  Solar ovens are being used to cook food around the world today.   
Lesson Concept:  Our everyday actions impact others around the globe.   
 
Supplies Needed: 

• Student hand-out: Mari Telkes Mini Book 
• Markers / Crayons / Pencils 

 
Teacher’s Note:  Directions for putting together the mini-book 

o Make double sided copies of the pages (3 double sided pages total) 
o Stack them on a table with the star symbol (•) in the right-hand lower corner of the 

page  
o The top page will have an upside down image of Maria Telkes on the top of the 

page and ‘The Sun Queen 1900 – 1996’ with images on the bottom of the page 
o The 2nd piece of paper will have ‘Page Nine’ on the top of the page and ‘Page Two’ 

on the bottom of the page 
o The 3rd piece of paper will have ‘Page Seven’ with images on the top of the page 

and ‘Page Four’ with images on the bottom of the page 
o Crease in the center (fold all pages in half) 
o Staple along crease 

 
Please use the separate document on the CD-Rom titled “Telkes Mini-Book” for a printable 
version for your students.   
 

 
 
Background Information: 
Maria Telkes is considered the “inventor” of the modern solar oven.  She actually did not invent 
the solar oven, but modified designs that had been previously used and tested creating a more 
efficient design.  Her design is used throughout the world today.   Primarily, though, she was a 
leading scientist in the study of renewable energy forms.   
 
 
 
CLASS EXERCISE: 
Have students create the mini-book.  All support materials are provided in the Teacher Mini-
Book Resource section following.  There are a total of 10 lessons that can be divided throughout 
one week if desired. 
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TEACHER MINI-BOOK RESOURCE MATERIAL: 
The following resource material directly corresponds to the pages of the Student Mini-Book.   
 
Title:  Sun Queen/ 1900-1996 
 
Page One:  Dr. Maria Telkes was born in Hungary (1900) and went to college to be a scientist. 
 

• Exercise: 
o Divide the map into:  hemispheres, continents, and countries  
o Have students locate Hungary on the world map.   

• Starter questions:   
o What hemisphere is Hungary in? 
o What continent is Hungary in? 
o What country is Hungary in?   
o How far is Hungary from the United States––take a guess 

 
Teacher Background Information: 

• Please use your class wall map to assist the students with this page 
• Northern hemisphere; European continent; Eastern Europe 
• The distance between Budapest, Hungary and Cleveland, Ohio (as the crow flies) is 4637 

miles (7463 kilometers). 
• Draw a line between the northern and southern hemisphere, color the continents different 

colors, outline Poland in a color, place a star on the general location of Hungary 
 

 
 
Page Two:  In 1925, Maria Telkes moved to the United States to be a scientist. 
No image on this page, students will create image 

• Exercise: 
o Have students draw the transportation method after discussing how she might 

have traveled to the U.S. in 1925.  (Refer to the following support materials for 
discussion tips). 

• Starter questions: 
o How do you think she traveled there?   
o How many miles do you think the she traveled to reach the United States? 

Teacher Background Information:  Brief Histsory of Transportation 
Ships: 

• When Maria Telkes traveled to the United States, the popular transportation modes of 
long distance travel were the ship and locomotive.   

• Ships are one of the oldest and most important means of transportation. The Egyptians 
invented sails by 3200 B.C. and used sailing vessels to explore their region.   

• Throughout history different cultures used these vessels for transportation of goods and 
people and to explore the world.  The shipping industry created vast trade routes between 
the continents and shaped cultures.  

• In the early1900s, steel hulls–rather than wood hulls–were developed and fuel-oil 
replaced sailing (or was used in conjunction) as the main power source.   
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Trains:    
• The first steam locomotive was invented by Richard Trevithick in 1804 in England.  
• In 1830, the first locomotive passenger service ran in the U.S.  
• In the 1930s and 1940s railroads switched from steam locomotives to diesel locomotives. 

Cars: 
• The word automobile was first used in France in the late 1880s.  It comes from the Greek 

word auto-, meaning self, and the French word mobile, meaning moving. 
• In the 1890s, the automobile was so new and so strange it was part of circus acts.  
• In the 1800’s cars were fueled by steam. 
• By the 1920s, cars were fueled by gasoline.  
• The automobile was not reliable for long distance travel until the 1940’s.  

Planes: 
• In 1903 the Wright brothers made the first airplane flight in history.  
• But it was not until the 1950s that the airplane was seen as a safe method of travel and 

non-stop passenger flights were available.  
 

 
 

Page Three:  As a scientist, Maria Telkes wanted to help people and the environment. 
• Exercise: 

Have students draw a picture of what they think a solar energy scientist might do. 
• Starter questions: 

o Do you think solar energy is a renewable or non-renewable resource?  
o How would you describe (define) renewable energy? 

 
Teacher Background Information:  Renewable and Solar Energies 
• There has been much debate over defining renewable energy because of the policy and 

regulation associated with promoting clean energy resources.   
• In general, renewable energy does not include energy resources derived from fossil fuels, 

waste products from fossil fuels, or waste products from inorganic sources, according to 
The Texas Renewable Energy Industries Association.  

• Solar energy is seen as having the possibility to be the key energy source in the future, 
since sunshine is the most predominant source throughout the globe. 

• Renewable Energy Sources: 
  Solar Energy 
  Wind Power 
  Geothermal Energy 
  Hydroelectric 
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Page Four:  Maria Telkes used the sun as an energy source in her experiments.  She was called 
the “Sun Queen”.  

• Exercise: 
o Have the students locate the Sun and Earth in the Solar System and circle both. 
o Have the students learn a Sun Fact(s) from the discussion about the Solar System.  

(Please see following material for discussion tips). 
• Starter questions: 

o How far is the Sun away from the Earth? 
 

 
Teacher Background Information:  Solar System 

The Sun: 
• The sun is very large compared to the size of Earth.   
• The suns’ diameter (1,380,000 kilometers) is about 110 times Earth’s diameter. 
• If you thought of the sun as a large bowl, and Earth a piece of fruit, the sun could 

hold more than 1 million Earths.  
• The sun is very hot.  The surface temperature of the sun is about 5500°C 

(6000°K) 
The Solar System:    

• The earth is part of a larger system called the solar system.   
• The solar system is comprised of 9 planets (Mercury, Venus, Earth, Mars, Jupiter, Saturn, 

Uranus, Neptune, and Pluto), at least sixty-one moons (natural satellites), thousands of 
asteroids, millions of meteoroids, and many comets.    

• All of these objects travel around the Sun at high speeds in paths called orbits. 
• The sun is the central object around which other objects of the solar system revolve. 
• Within the Solar System, the earth is the 3rd planet from the sun.  
• A supersonic jet can fly from Paris to New York in about 3 1/2 hours.  If a supersonic jet 

could fly through space at the same speed, it would take about 10 years to reach the sun.  
That is how far away the sun is from Earth.  

• Even though the sun and the moon appear to be nearly the same size, the sun is 400 times 
further away from Earth. 

 
 
 
Periods of Revolution 
Planet  Period 
Mercury 88 Days 
Venus  225 Days 
Earth  365.25 Days 
Mars  687 Days 
Jupiter  12 Years 
Saturn  29.5 Years 
Uranus  84 Years 
Neptune 165 Years 
Pluto  248 Years 
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Page Five:  Dr. Maria Telkes was a great inventor!   
• Starter questions: 

o In the mid 1950’s through the late 1960’s, Maria Telkes was one of many people 
working on solar energy devices.  But, she was one of the few women working in 
this field of science.   

o Who were some of Telkes’ contemporaries and other influential women of this 
era?   

 
Teacher Background Information 

• Provide scenario of what was happening around the world in the late 1950s through late 
1960’s.   

• Other ‘famous’ women of the time: 
o Mother Teresa (1910 – 1997) 

Mother Teresa helped thousands of people and primarily worked with the poor of 
Calcutta, India.  Among other prizes, she received the Nobel Peace Prize in 1979.  
She was born in Macedonia in 1910 and joined a community of nuns in India in 
1931.  

o Frida Kahlo (1907 – 1954) 
Frida Kahlo was a painter.  Her work reflected the strong social, economic, and 
political ties she felt toward the cultural renewal of Mexico’s native heritage.  
Kahlo’s hauntingly personal paintings have influenced international recognition 
of Mexico’s cultural heritage and Mexican painters.  

o Maya Angelou (b. 1928) 
Maya Angelou is an author, poet, historian, songwriter, playwright, dancer, stage 
and screen producer, director, performer, singer, and civil rights activist.  She is 
best known for her writing.  Her work and presence have helped shape American 
society and push the boundaries of literary thought and humankind. 

o The Supremes 
The Supremes are considered by many to be the most successful female vocal 
group in the nation.  The women of the Supremes were role models for young 
women, especially African-American women, and helped reshape the sounds of 
music.  They were first signed to Motown Records in Detroit, MI in the late 
1950’s.  Their original name was the Primettes.  

o Rosa Parks (b. 1913) 
Rosa Parks is considered the “mother” of the civil rights movement.  
Historians believe the civil rights movement began on December 1, 1955 the day 
Parks chose not to give up her seat to a white passenger.  This stance began the 
bus boycotts that were used as demonstrations of race inequality in this country 
and led to the ending of segregation in the United States.  

o Marilyn Monroe (1926 – 1962) 
Marilyn Monroe changed preconceived notions of women’s bodies in society with 
her voluptuous curves and personified glamour and beauty.  During her career, 
she made thirty films.  She is inspirational to many and has become an American 
icon.  
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o Eleanor Roosevelt (1884 – 1962) 

Eleanor Roosevelt transformed the role of the First Lady.  She became First Lady 
when her husband, Franklin D. Roosevelt, was elected as president in 1933.  
During the presidency, she traveled around the world advocating human rights.  
She was influential and inspirational to many and expanded the expectations of 
women’s roles in society. 
 
 
  

Page Six: She cooked with sunshine! 
• Exercise: 

o Have students arrange the images in historic order (1st, 2nd, 3rd) 
• Starter Questions: 

o What do you think was the first item to be heated or cooked in a sun oven? 
o When do you think the first solar cooker was invented? 

Teacher Background Information:  A Quick Overview of Recorded Solar Oven (solar 
cooker) History 
• Experimentation with making food in solar ovens began over 300 years ago.   
• 1651 to 1708: Tschirnhousen, a German physicist, reportedly used a large lens to focus 

the sun’s rays to boil water in a clay pot.   
• 1767:  Horace de Saussure, a Swiss scientist, makes wooden “hot boxes” to cook 

fruit.  He also publishes a paper on solar cooking experiments. 
• 1770s: French scientist, Ducarla, a contemporary of de Saussure’s, improved on these 

primitive solar hot boxes by adding mirrors to reflect more light into the box and added 
more insulation.  He was able to cook foods, including meat, in just one hour.   

• 1877:  French scientist, Mouchot, designed and built solar cookers for French 
soilders in Africa. He baked bread in about 3 hours and even built a solar cooker that 
steamed vegetables.   

• 1878:  The magazine, Scientific American, published an article describing 
successful cooking of a meal of meat and potatoes for 7 people in Bombay, India.    

• Sir John Herschel wrote the first, known, book on cooking with the sun, Solar Energy 
and Its Industrial Applications. 

• 1884:  Dr. Samuel P. Langley, an American scientist, made a large box cooker of 
wood and cooked meals with it while on top of Mt. Whitney near Pasadena, California. 

• Early 1930s: French scientists renewed the country’s interest in solar cooking, and 
many cookers were sent to French colonies in Afirica. 

• Early 1950s: Scientists in India designed and manufactured commercial solar ovens and 
refelctor cookers. 

• Mid 1950s: Dr. Maria Telkes at New York University designed and demonstrated 
insulated solar ovens capable of reaching temperatures above 350° Farenheit. 

• 1955:  Association of Applied Solar Energy (AFASE) held its first conference in 
Phoenix, Arazonia.  Many practical solar ovens and reflector cookers were demonstrated 
at this meeting and received wide publicity. 

• Late 1950s: Solar cookers were introduced to Native American Indians living on 
reservations in the American Southwest. 
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• 1991:  International Solar Energy Society held its annual meeting in Denver, 
Colorado. More than 1400 delegates from dozens of foreign countries attended the 
conference, which included sessions on solar cooker design, and demonstrations of these 
cookers in use.   

•  1990s - present: Many organizations world-wide are bringing solar cooking to people in 
India, Haiti, South America, Central America, China, and throughout the African 
continent. 

The above information is from Cooking with the Sun, Beth and Dan Halacy, Morning Sun Press, 
1992–Morning Sun Press, P.O. Box 413, Lafayette, CA  94549, 925-932-1383–ISBN#0-
9629069-2-1 
 
 
 
   
Page Seven:  Dr. Maria Telkes redesigned the solar oven to make it more effective. 

• Exercise: 
o Engage students in a discussion about the two pictures of solar cookers. 

• Starter Questions: 
o By looking at the picture below, which one do you think is Maria Telkes’ design? 
o How do you think she improved the solar oven? 

Teacher Background Information:  The Basics on How a Solar Oven Works 
• A solar oven is basically an insulated box with an aperture that has a transparent glass or 

plastic cover (glazing). 
• Solar ovens use the “greenhouse effect” to cook food.  Short wavelength solar radiation 

passes through the glazing and strikes the interior sides of the oven and cooking pot.   
• The interior sides of the oven can be either reflective or black.   
• If the sides are  reflective, the sunlight reflects onto the pot and heats it.   
• If the sides are black, the sunlight is absorbed and then re-radiated at longer wavelengths 

heating the oven interior and cooking the food.   
• The glazing also helps reduce heat loss. 
• Solar ovens use both direct and indirect solar radiation–this allows them to operate better 

than concentrator cookers under slightly cloudy conditions.  
• Placing an insulated cover over the aperture glazing helps to reduce heat loss and keep 

food hot if thick clouds block the sun for extended periods.   
• Oven temperatures generally reach 400° to 450° F and are suitable for almost any kind of 

cooking except frying. 
• Solar Oven Designs and Telkes’s Improvement: 

o There are two major solar oven designs:  one that uses multiple exterior reflectors 
surrounding the top opening and one that uses only one reflector.  

o  The first (multiple reflectors) was developed by Dr. Maria Telkes and others.  
This was a significant contribution because the oven no longer needed to be tilted 
to adjust to the sun’s changing angles throughout the day. The reflectors are set at 
a specific angle to focus additional solar radiation into the oven. 

o The single reflector design attaches the reflector to the oven with a hinge.  This 
design requires adjusting the reflector usually every 30 minutes to re-orient the 
sun’s rays into the oven. 
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o The single reflector design usually reaches temperatures of 250° to 300° F.  
Consequently, this type of solar oven takes longer to reach maximum temperature 
and cooks food slower than a mutiple-reflector solar oven.  

 
(The above information discussing different types of solar is from the Office of Energy Efficiency 
and Renewable Energy, please see their website for further information www.eere.energy.gov) 
 
 
 
 
Page Eight:  She taught people all over the world how to cook with her solar oven. 
 

• Exercise: 
o Have students circle which foods they think would be best to cook in a solar oven  
o Have students create a recipe to cook in a solar oven.  Encourage them to create a 

recipe that they would enjoy eating. (ex.  beans and rice, or a stew of vegetables 
and meat, etc.) 

• Starter Questions: 
o What kinds of food do you believe could be best to cook in a solar oven / solar 

cooker? 
 
Teacher Background Information:  Overview of Foods Eaten Around the World 
The best foods to cook in a solar oven are beans, rice, and breads.  Foods that are simmered in 
order to cook them or ‘one-pot’ type of meals or stews are also very good choices for solar oven 
cooking.  Breads and other cake-like desserts also cook very well in a solar oven.     
 
 
 
 
Page Nine:  Where geographically do you think the solar oven would work the best? 

• Exercise: 
o Have students draw an image of the type of climate they believe would a good 

choice for cooking foods in a solar cooker / solar oven.  (The emphasis of this 
exercise is primarily two-fold:  1) to discuss countries where solar cookers are 
being used as a main source of cooking (our emphasis is India, Kenya, and Haiti) 
and 2) to discuss that solar cookers can be used anywhere in the world where the 
sun shines.    

• Starter Questions: 
o What places around the world would be good because of their climates? 
o What types of food do you believe would people eat in these parts of the world? 
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Teacher Background Information:  Countries to Focus On 
India:  At the end of 1993, 340,000 solar cookers were in use throughout India.  The 
Indian government has sponsored an incentive program for communities and individuals to 
purchase and use solar cookers.  This program includes:  free distribution of solar cookers to 
schools, colleges, and universities; free training programs; reimbursement of purchasing fees if 
the solar cooker is used for one-year continuously; and, 50% reimbursement for repairs and 
maintenance to the solar cookers for up to 5 years when used continuously. 
 

Cereal grains, primarily rice, provide approximately 50% to 69% of the average daily calories in 
the typical Indian diet. The average daily protein intake in India is less than 19%.   (Penguin 
Atlas of Food:  Who Eats What, Where, and Why, Millstone & Lang, ISBN # 0142002240)     
 

Since the Indian government has been actively involved in promoting the use of solar cookers, 
large, dish-type, cookers are being used in villages as community ovens.  This type of solar 
cooker can reach high enough temperatures to fry foods.  But, the more common box-type solar 
cooker can be used to cook a variety of traditional foods such as purees of grains and legumes, 
and stews made from grains, legumes, vegetables, and meats.  It should be noted, however, many 
of the traditional Indian foods require frying.  Therefore, the individually used box cookers are 
not as successful without significant training in how to cook traditional foods.  
 
(Solar Cooker Review:  India’s Solar Cooking Program, Dr. A.K. Singhai.  Further information 
discussing India’s solar cooking program can be found on the Solar Cooking Archive website 
www.solarcooking.org)    
 
 
Kenya:  Cereal grains cannot be grown in the tropics.  Therefore, roots and tubers are an 
important staple food.  Cassava, yams, cocoyam, taro, and sweet potato are all types of root 
vegetables.  These vegetables can be stewed, simmered or boiled until soft and then mashed into 
paste similar to mashed potatoes.  These types of vegetables provide 50% to 69% of the daily 
calories for the Kenyan people.  These foods tend to be high in carbohydrates, so they are often 
referred to as ‘starchy staples’.  These starchy staples are also low in protein and need to be 
supplemented by nuts or malnutrition is likely to result.  The average daily protein intake in 
Kenya is less than 19%.  (Penguin Atlas of Food:  Who Eats What, Where, and Why, Millstone 
& Lang, ISBN # 0142002240) 
 
A stew made from rice, meat, potatoes and tomatoes takes about three hours to cook in a solar 
oven on a sunny day in Kenya.  A pot of water takes about a half an hour to boil for tea. (Solar 
Cooking Archive, www.solarcooking.org) 
 
 

Haiti:  
Starchy tubers such as manioc and potatoes are typically eaten in Haiti as well as smoked fish, 
millet and plantains.  The average daily calorie intake from animal protein is approximately 12% 
per person.  Fruits, vegetables, and nuts make up approximately 20% – 30% of the average 
caloric intake per person and cereal grains average 30% - 40% of the total daily calories eaten.   
 

Most of Haiti is now deforested and has become a desert compared to the once lush rainforests 
that populated much of the island country.  Eighty-five percent of the Haitian population depends 
on traditional fuels, wood, charcoal, or dung, as their primary fuel source for cooking foods. 
(Penguin Atlas of Food:  Who Eats What, Where, and Why, Millstone & Lang, ISBN # 
0142002240) 
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Page Ten:  How do you think solar energy helps people?  Do you think it is important to use 
solar energy?  Why? Or Why not? 

o Provide blank space to write down ideas 
 
Teacher Background Information:  Deforestation and Habitat Loss 

o More than 2 billion people worldwide depend primarily on wood for their energy needs.   
o Domestic cooking accounts for 60% of wood burning in developing nations and as much 

as 90% in some areas.  (Please see the article, Introducing Solar Ovens to Rural Kenya, 
Dr. Kammen from Solar Cooking Archive for a more detailed discussion of health 
hazards from cooking in Kenya, www.solarcooking.org/kammen93.htm) 

 
 
One of the most diverse and important ecosystems on earth are forests.  Non-humans and 
humans alike depend on these systems to provide habitat and resources.  Trees are natural 
consumers of carbon dioxide (CO2).  CO2 is one the greenhouse gases building in the atmosphere 
and the primary contributor to global warming.  Destruction of trees not only removes these 
‘carbon sinks,’ but burning trees for fuel pumps even more carbon dioxide into the atmosphere 
along with methane (another major greenhouse gas).  (National Geographic Society, 
www.nationalgeographic.com/eye/deforestation/effect.html) 
 
The following information on deforestation has been compiled by Zero Population Growth 
(www.zpg.org) 
 

o Both tropical and temperate rainforests are rapidly disappeariing because they are being 
logged and burned far faster than they are being replenished.  

o One of the catasrophic consequences of continued deforestation is mass species 
extinction. 

o The tropical rainforests are home to 50% to 70% of all species on the planet.   
o An estimated 20 to 75 species become extinct every day due to rainforest destruction.   
o By 2015, 6% to 14% of all species on the planet today are expected to be extinct.  
o Since the roots of trees and smaller forest cover stabilize the soil, deforestation allows 

potentially severe local damage from rainfall including erosion, flooding and landslides.   
o Globally, deforestation affects the world’s climate.  A broad uprising of air follows the 

rainforests around the equator, driven, in part, by heat absorbed by tropical forests.  This 
massive uprising helps drive the circulation patterns of the entire global atmosphere.  
Tropical deforestation can disrupt this process, resulting in reduced rainfall and altered 
wheather conditions over a large portion of the globe.  

o An intact forest naturally removes carbon dioxide from the air and stores it through the 
process of photosynthesis.  When trees are cut down, this carbon dioxide is released into 
the atmosphere.   

o Tropical deforestation releases 1.5 billion tons of carbon dioxide every year–that’s 19 % 
of the total global CO2 emissions. 
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Reasons to Use Solar Cookers: 
o Burning fossil fuels release a wide range of pollutants–primarily carbon dioxide and 

methane the leading greenhouse gases causing global warming. Solar cooking does not 
burn these fuels. 

o Acute respiratory infections–caused by inhaling wood smoke–are becoming one of the 
leading killers in areas where wood burning is the primary source of fuel. In 1994, the 
World Health Organization (WHO) estimated that severe respiratory disorders kill more 
than 4 billion people a year. 

o 1.8 billion people live in 40 countries with critically low levels of forest cover. Women 
often bear the burden of forest scarcity having to walk further for wood, carrying loads of 
firewood long distances, or suffering from a variety of ills associated with cooking where 
wood is scarce.  (zpg.org) 

o Using solar cookers reduces time, effort, and resources spent searching for wood or 
purchasing a fuel source. This could measureably affect quality of life. 

o Solar cookers can have multiple purposes.  They can cook and bake food, and purify 
biologically polluted water by pasteurization.  Biologically polluted water causes many 
diseases and human misery killing millions of people annually.  

 
(Resource:   Heaven’s Flame:  A Guide to Solar Cookers, Joseph Radabaugh, 1998, ISBN# 0-
9629588-2-4.  This book is an excellent resource for building solar cookers (detailed instructions 
are provided) and general background on solar cooking.  This book can be purchased by 
contacting:  Home Power Publishing,  P.O. Box 275,  Ashland, OR  97520, 800-707-6585) 
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The Sun Queen   1900 - 1996 

         
  Zia Pueblo Sun Symbol  Ancient Celtic Spiral Sun           Aztec Rising Sun  
 

    
    Four Directions Sun  Huichol Tribe Sun Symbol         Ancient Sun from Crete 
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Page Nine:  Where do you think the solar oven would work the best? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Page Two:  In 1925, Maria Telkes moved to the United States to be a scientist. 
           * 
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Page Seven:  Dr. Maria Telkes redesigned the solar oven to make it more effective. 
 
 
 
 

 
 
 

 
 
 
 
 
 

 
         (not drawn to scale) 
Page Four:  Maria Telkes used the sun as an energy source in her experiments.  She was called 
the “Sun Queen”.            
            * 
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Lesson 6:  3rd grade 
Cooking Internationally:  3 Solar Oven Projects 

 
 

Lesson Overview: Solar ovens are being used throughout the world. 
Lesson Concept:    Many people throughout the world do not have access to wood, electricity, 

or gas to cook food and heat water. 
 
Materials: 

• World map 
  

Standards: 
• English: 

o VII.9.EE.1  (Depth of Understanding:  Explore and reflect on universal themes 
and substantive issues from oral, visual, and written texts). 

o VIII.10.EE.3  (Ideas in Action:  Use oral, written, and visual texts to identify and 
explore school and community issues and problems, and discuss how one 
individual or group can make a difference). 

• Social Studies: 
o II.2.EE.1  (Geographic Perspective:  Describe how people use the environment to 

meet human needs and wants). 
o II.2.EE.2  Geographic Perspective:  Describe the ways in which their environment 

has been changed by people, and the ways their lives are affected by the 
environment). 

o II.3.EE.1  (Geographic Perspective:  Identify locations of significance in their 
immediate environment and explain reasons for their location.   

o IV.1.EE.1  (Economic Perspective:  Identify ways families produce and consume 
goods and services). 

o IV.1.EE.2  (Economic Perspective:  List ways that individuals can conserve 
limited resources).   

 
Timeline: 1 class period (45 – 50 minutes) 
 
Class Structure:  whole class discussion 
 
Assessment Strategy: EEK! Daily Assessment 
    General Assessment Strategy #2 
    General Assessment Strategy #3 
    General Assessment Strategy #4 
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Lesson 6:  3rd Grade 
Cooking Internationally:  3 Solar Oven Projects 

 
 

This lesson is devoted to discussing 3 different solar oven projects underway in different parts of 
the world–Kenya, India, and Haiti.  
  
Lesson Overview:  Solar ovens are being used throughout the world. 
Lesson Concept:  Many people throughout the world do not have access to wood, electricity, or 
gas to cook food and heat water. 
 
Supplies Needed: 

• World map 
 
 
Background Information: 
There are many people throughout the world experimenting with and using solar ovens. Using 
solar ovens to cook food has many advantages.  But, there are two significant elements to 
consider when deciding if using a solar cooker is appropriate: 

• Climate–using solar cookers effectively requires a warm climate, or a warm day, with 
long sunny days (or a minimum of 4 hours of sun per day) 

• Food preferences–some traditional foods may not cook well in a solar oven 
 
 
CLASS EXERCISES: 
I.  Present and discuss the following three international solar cooking projects.  Topics for 
discussion may include: 

• Need for solar cooking (are the students aware of the needs) 
• Different methods of cooking throughout the world 

II.  Discuss using solar ovens not only to cook food but to also purify biologically polluted water 
by pasteurization.  Biologically polluted water causes many diseases in countries where people 
do not have access to safe drinking water sources.  

 
World Awareness:  What Do You Think? 

 
1. What is the approximate world population today? 
 a)  5 million b)  3 billion c)  6 billion 
 
2. How many people worldwide do not have access to safe drinking water? 
 a)  2.1 billion b)  90 million c) 1.5 billion 
 
3. Of all the water on the planet, how much is available for human consumption? 
 a)  5%  b)  3%  c)  less than 1% 
 
questions compiled by Population Connection  www.popconnect.org  1-800-767-1956 
c, a, c 
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SOLAR OVEN PROJECT PROFILES:  KENYA, INDIA, HAITI 
 
Kenya:  Dr. Daniel Kammen 
 
        

         Image from Solar Cooking Review (www.solarcooking.org/newsletters 
 
 
Dr. Kammen, a professor at UC Berkeley, has been actively involved in introducing solar ovens 
to rural Kenyan communities.  His projects have been successful mainly because he has adopted 
a deeply community-centered approach.  Support for the solar oven project has been provided by 
different organizations throughout the years–Earthwatch, the University of Nairobi, the Kenyan 
National Academy of Sciences, the Ambassadors Development Agency of East Kenya, and the 
African Center for Technology Studies.  The Solar Oven Project gained enough success to fund a 
dedicated staff member in Kenya who leads training seminars year-round with the assistance of 
community leaders who are also trained in building, cooking with, and teaching others about 
solar ovens.    
 
After initially introducing a solar oven within a village by cooking a meal of ugali (a traditional 
staple meal of cornmeal and beans), the villagers help each other build their ovens and then cook 
a meal together using the solar ovens.  In this way, using the solar ovens becomes a community 
event.  These projects have a very high success rate for communities continuing to use the solar 
ovens even after the Solar Oven Workshop is completed. 
 
As of 1993, Kammen’s project had helped introduce more than 175 solar ovens in East Kenya 
that were being used daily to cook food.  In the village of Zombe, 60 ovens were built for village 
use and the community decided to continue building and selling solar ovens as a “village 
industry”. 
 
The solar ovens that are built in Kenya are the design created by Maria Telkes in the 1950s.   The 
ovens are constructed out of plywood, glass, and aluminum foil.   
 
Below are a few of the main reasons how using renewable energy through solar cooking can 
make a huge impact on quality of life for rural Kenyans.  (These views and statistics have been 
copied from Peter Tyson’s article, “Solar Ovens Heat up in the Tropics”.  This article can be 
found at Technology Review, May-June 1994 v 97 n4, page 16(2).  For further information on 
Dr. Kammen’s Renewable Energy Projects, please see the Tyson article and articles published at 
www.solarcooking.org/kammen93.htm) 
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• Acute respiratory infection, caused by inhaling wood smoke, kills more children every 

year in Kenya than dysentery–a leading killer in developing countries.  
•  “Most rural Africans cook indoors by burning wood.  Inside these smoky cooking huts, 

the pollution affect is the equivalent of smoking several packs of cagarettes a day.  Acute 
respiratory infection, caused by inhaling wood smoke, kills more children every year in 
Kenya than dysentry–a leading killer in developing countries.” (Kammen, MIT 
Technology Alumni Association, 1994) 

• The average Kenyan spends up to 40% of their income on fuel, 74% of which is devoted 
to cooking.  

 
Kenya’s Foods:   
Cereal grains cannot be grown in the tropics.  Therefore, roots and tubers are an important staple 
food.  Cassava, yams, cocoyam, taro, and sweet potato are all types of root vegetables.  These 
vegetables can be stewed, simmered or boiled until soft and then mashed into paste similar to 
mashed potatoes.  These types of vegetables provide 50% to 69% of the daily calories for the 
Kenyan people.  These foods tend to be high in carbohydrates, so they are often referred to as 
‘starchy staples’.  These starchy staples are also low in protein and need to be supplemented by 
nuts or malnutrition is likely to result.  The average daily protein intake in Kenya is less than 
19%.   (Penguin Atlas of Food:  Who Eats What, Where, and Why, Millstone & Lang, ISBN # 
0142002240)   
 
A stew made from rice, meat, potatoes and tomatoes takes about three hours to cook in a solar 
oven on a sunny day in Kenya.  A pot of water takes about a half an hour to boil for tea. (Solar 
Cooking Archive, www.solarcooking.org) 
 
 
 
 
Kenya’s Water: 
Water is scarce in Kenya.  According to recent statistics from UNICEF, 47% of Kenyans do not 
have access to safe drinking water sources.  When clean, safe drinking water is not available, 
illnesses increase especially in children and death rates rise.   
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India:  A Government led Project 
 

 
    Image from Solar Cooking Review (www.solarcooking.org/newsletters) 
 

 
India has a long history of solar cooking.  In 1878, Scientific American published an article 
describing using a solar cooker.  In Bombay, a meal of meat and vegetables was successfully 
cooked for seven people. 
 
Since 1982, India’s government has sponsored the development of using renewable energy for 
everyday uses.  One of the main projects has been distributing box-type solar cookers across 
India.  The government will pay 1/3 of the total cost of the solar cookers to individuals and 
communities who are interested in learning how to use them.  
 
The Indian government has sponsored an incentive program for communities and individuals to 
purchase and use solar cookers.  This program includes:  free distribution of solar cookers to 
schools, colleges, and universities; free training programs; reimbursement of purchasing fees if 
the solar cooker is used for one-year continuously; and, 50% reimbursement for repairs and 
maintenance to the solar cookers for up to 5 years when used continuously. 
  
In order to entice people to try out cooking with solar ovens, the Indian government created 
advertisements that portrayed solar cookers as other luxury items–radios, televisions, 
refrigerators, ovens.      
 
At the end of 1993, 340,000 solar cookers were in use throughout India. Since the Indian 
government has been actively involved in promoting the use of solar cookers, large, dish-type, 
cookers are being used in villages as community ovens.  This type of oven can reach high 
enough temperatures to fry foods.  But, the more common box-type solar cooker can be used to 
cook a variety of traditional foods such as purees of grains and legumes, and stews made from 
grains, legumes, vegetables, and meats.  It should be noted, however, many of the traditional 
Indian foods require frying.  Therefore, the individually used box cookers are not as successful 
without significant training in how to cook traditional foods.  (Solar Cooker Review:  India’s 
Solar Cooking Program, Dr. A.K. Singhai.  Further information discussing India’s solar cooking 
program can be found on the Solar Cooking Archive website www.solarcooking.org)    
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India’s Foods: 
Cereal grains, primarily rice, provide approximately 50% to 69% of the average daily calories in 
the typical Indian diet. The average daily protein intake in India is less than 19%.  (Penguin Atlas 
of Food:  Who Eats What, Where, and Why, Millstone & Lang, ISBN # 0142002240).   
 
 Potatoes and onions are staple vegetables. Other seasonal fruits–mangos, dates, lemons, melons, 
citrus, and coconuts–are often eaten as pickles or as sweet, salty, or spicy (or a combination of 
these flavors) condiment relish served with rice or lentils.  Various kinds of greens–mustard, 
spinach, radish, fenugreek, and chickpea–are also eaten.  In general, vegetable consumption is 
low in most Indian households.  Other vegetables that are eaten, though not often, include 
cauliflower, okra, eggplant, many types of mushrooms, tomatoes, radishes, and cucumbers.     
 
A traditional meal of rice, lentils, and vegetables will typically take 1 1/2 to 2 hours to cook in 
the solar cooker.  Solar cookers are also used to dry fruits, roast nuts, and bake cakes.   
 
 
 
India’s Water: 
Today, India has the second highest population (only China has more people) in the world.  
There are nearly 5 times more people living in India than the United States. In 1997, 19% of the 
total population did not have access to safe drinking water sources.  Today, according to 
UNICEF, that figure has risen to 26% of the total population.  Given the impacts of such 
population density, India is also on the verge of water stress.   Compared to the United States, 
India has nearly one-half of the available water supply per person (as that of the average 
American).   
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Haiti:  Dr. Ruth Dow 
 

     Image from Solar Cooking Review (www.solarcooking.org/newsletters) 
 

 
Living in Michigan, today, is a solar cooking revolutionary.  For the past five and a half years, 
Ruth Dow and her husband Charles have taught people about solar cooking throughout Latin 
America.   They are volunteers with Alfalit International, Inc. an organization that has been 
teaching about nutrition, gardening, and solar cooking for the past 40 years. 
  
 
While Ruth and Charles have worked in Peru, Venezuela, Bolivia, Costa Rica, Nicaragua, 
Panama, Guatemala, Mexico, and the Dominican Republic, their work in Haiti was especially 
significant.  Most of Haiti is now deforested and has become a desert compared to the once lush 
rainforests that populated much of the country.  Many people–85% of the Haitian population– 
living in rural villages have depended on traditional fuels, wood, charcoal, or dung, as their 
primary fuel source for cooking foods.  Bringing solar cookers to villages in Haiti has created a 
new sense of independence for many communities though the Dows have found it is very 
difficult to change cooking practices and habits that have been in place for generations. 
 
Haiti’s Foods: 
Starchy tubers such as manioc and potatoes are typically eaten in Haiti as well as smoked fish, 
millet and plantains.   Families will often have a separate cooking kitchen–a dirt-floored shelter 
with a hole in the roof to let out the smoke–to keep the main house free from wood smoke and 
soot.  This is often a situation that is good for everyone but the cook who will typically spend 3-4 
hours a day in the smoke filled kitchen.  Haiti has experienced continued drops in per-capita food 
production since 1981, primarily due to extreme economic and political hardship and ecosystem 
destruction.    
  
Haiti’s Water: 
As of 1997, 69% of the total population did not have access to safe drinking water sources.  
Today, according to UNICEF, that figure has risen to 82% of the total population.  
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Lesson 7:  3rd Grade 

Solar Ovens: Brainstorming and Evaluating 
 
 

Lesson Overview: Design a solar oven. 
Lesson Concept:   Synthesizing information about solar cooking.  
 
 
Materials: 

• Paper 
• Pens / pencils / markers 
• Solar cookers (already built) 
• Student hand-out (or use teacher overhead):  to discuss other types of solar cooker 

designs  
 

Standards: 
• Mathematics: 

o III.1.LE.1  (Data Analysis and Statistics:  Collect and explore data through 
counting, measuring and conducting surveys and experiments).   

o III.1.LE.4  (Data Analysis and Statistics:  Identify what data are needed to answer 
a particular question or solve a given problem, and design and implement 
strategies to obtain, organize and present those data). 

o III.3.LE.2  (Data Analysis and Statistics:  Conduct surveys, samplings and 
experiments to solve problems and answer questions of interest to them).    

 
Timeline: 1 class period (45 – 50 minutes) 
 
Class Structure:  whole class discussion 
 
Assessment Strategy: EEK! Daily Assessment 

General Assessment Strategy #1 
    General Assessment Strategy #3 
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Lesson 7:  3rd Grade 
Solar Ovens: Brainstorming and Evaluating 

 
In this lesson, ask the students to design a solar cooker.   
 
Lesson Overview:  Design a solar oven. 
Lesson Concept:  Synthesizing information about solar cooking.  
 
Supplies Needed: 

• Paper 
• Pens / pencils / markers 
• Solar cookers (already built) 
• Student hand-out (or use teacher overhead):  to discuss other types of solar cooker 

designs  
 
Background Information: 
This lesson is a brainstorming exercise.  The students will not build solar ovens until 4th 
grade.  But, if you have the time and initiative, have the students build and test their solar 
oven designs.   
 
 

 
CLASS EXERCISES & LEAD QUESTIONS: 
I. Brainstorm the criteria for making a good solar cooker.  (‘Good’ being defined as the 
cooker will effectively and efficiently cook food).  If the students do not suggest the 
following ideas, suggest the following ideas for consideration:   

• What would be the best size for the cooker? 
o Portability–not too heavy or too big 
o Inside dimensions–large enough to cook a simple meal but you do not want to 

heat “extra” space inside of the cooker 
• How would the cooker ‘trap’ the sun’s energy? 

o Cover–some kind of cover is necessary to seal the opening of the cooker in 
order to allow energy in but also allow very little energy out (serve as 
insulation) 

• How would the cooker reflect the sun’s energy? 
o Design & insulation–what should the inside of the cooker be like (what 

color)? 
o Should there be reflectors on the top of the box? 

 
 

II. Designing Solar Cookers 
Have students work in groups to create designs of solar cookers based on their criteria for 
good design. 

 
 

III. Introduce 3 Solar Cooker Designs (bring in the built cookers) 
Ask the following questions: 

• Do any of the cookers incorporate their design criteria? 
• Which one do they think will work the best?  Why?  (detailed response) 
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IV.  Explain Each Solar Cooker 
Minimum Solar Box Cooker (2 designs) 

o Completely recyclable 
o Low-cost (under $10) 
o Easy to make 
o 1 design:  the inside is painted black (absorptive) 
o 1 design:  the inside is covered in foil (reflective) 

Heaven’s Flame Box Cooker 
o Reflective wings 
o Completely recyclable 
o Relatively low-cost ($40 or less) 
o More involved design than the Minimum Cooker 
o Better insulation 
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Solar Oven Designs–Box, Parabolic, and Combined 
All images from Solar Cooking Review (www.solarcooking.org/newsletters) 

 

       
Heaven’s Flame Box   Minimum Box Cooker  Solar Funnel Cooker 
Cooker 

 
 

 

          
Tire Cooker                     Reflective Open Box Cooker              Pavarti 12-sided Cooker (Parabolic) 
 
 

 
 

    
50 Gallon Drum Box Cooker    Pentagon Star Cooker (Parabolic / Box) 
 
 

 

 
Satellite Dish Parabolic Cooker
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Lesson 8:  3rd Grade 
Solar Ovens:  Experiments and Hypotheses 

 
 
Lesson Overview: Testing and graphing the results of two solar ovens’ heating capacity. 
Lesson Concept:  Not all solar ovens work equally well.  
 
 
Materials: 

• Paper 
• Pens / pencils / markers 
• Solar cookers (already built) 
• IR thermometer 
• Oven thermometer (standard style) 
 

Standards: 
• Mathematics: 

o III.1.LE.1  (Data Analysis and Statistics:  Collect and explore data through 
counting, measuring and conducting surveys and experiments).   

o III.1.LE.4  (Data Analysis and Statistics:  Identify what data are needed to answer 
a particular question or solve a given problem, and design and implement 
strategies to obtain, organize and present those data). 

o III.3.LE.2  (Data Analysis and Statistics:  Conduct surveys, samplings and 
experiments to solve problems and answer questions of interest to them).    

 
Timeline: 1 class period (45 – 50 minutes) 
 
Class Structure:  whole class experiment 
 
Assessment Strategy: EEK! Daily Assessment 
    General Assessment Strategy #3 
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Lesson 8:  3rd Grade 
Solar Ovens:  Experiments and Hypotheses 

 
 

In this lesson, students perform basic tests on the 2 different solar ovens that have been 
brought in to the classroom and then chart and graph all of the results.   
  
Lesson Overview:  Testing and graphing the results of two solar ovens’ heating capacity. 
Lesson Concept:  Not all solar ovens work equally well.  
 
Supplies Needed: 

• Paper 
• Pens / pencils / markers 
• Solar cookers (already built) 
• IR thermometer 
• Oven thermometer (standard style) 

 
Background Information: 
This lesson relies on conducting experiments with already built solar ovens.  The idea being 
that the solar ovens that are built by the 4th graders each year would be passed on to the 2nd 
and 3rd grade classes.  But, if this is your first year teaching this curriculum, you probably do 
not have two solar ovens available for classroom use.  Therefore, you may want to:  a) enlist 
parents or others to volunteer and build the class solar ovens (plans can be found in the 4th 
grade curriculum) or b) wait to teach the final 2 lessons, Lesson 9 and Lesson 10, until the 4th 
graders have made solar ovens. 

 
Teacher’s Notes: 
An IR (infra-red) thermometer measures the surface temperature of an object.  While the 
oven thermometer will measure the overall temperature of the heated area inside the solar 
oven.    

• Have the students compare the temperature readings every hour with each 
thermometer as well as measure the rate that the water heats inside the oven.   

• Note:  Please use the same kind of container to heat the water in each experiment (in 
each oven).  A clean, metal container (with no sharp edges) works well).  

 
 
 
CLASS EXERCISES; 
The goal is to determine what are the differences between the different models of solar ovens 
brought in during Lesson 7. 
 
Test #1:  Measure the inside surface temperatures with an IR thermometer. 
 
Test #2:  Measure the inside temperature with an oven thermometer. 
 
Test #3:  Measure the temperature of the containers of water with an oven thermometer. 
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Graph Results: 
• Have students measure temperatures of Tests #1, #2, and #3 throughout the day 

(measure temperatures at least every hour).  
• Create a time-data study by charting / graphing all of the results. 
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Lesson 9:  3rd Grade 
Cooking with the Solar Ovens:  Choosing Recipes 

 
 

 
Lesson Overview: It is important to become familiar with different cultures than our own.  

One great way to be introduced to another culture is through taste–eating 
different foods.   

Lesson Concept:  Solar ovens can be used successfully to cook different types of food. 
  
 
 
Materials: 

• Tin cans for cooking bread 
• Pans for cooking stews 
• Recipes 
 

Standards: 
• Science: 

o II.1.EE.4  (Reflect on the Nature, Adequacy, and Connections Across Scientific 
Knowledge:  Develop an awareness of and sensitivity to the natural world). 

 
Timeline: 1 class period (45 – 50 minutes) 
 
Class Structure:  whole class experiment 
 
Assessment Strategy: EEK! Daily Assessment 
    General Assessment Strategy #1 
    General Assessment Strategy #3 
    General Assessment Strategy #4 
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Lesson 9:  3rd Grade 
Cooking with the Solar Ovens:  Choosing Recipes 

 
Students will decide on what foods / recipes they will cook the in the solar cookers that were 
used during Lessons 7 & 8.  
 
Lesson Overview:  It is important to become familiar with different cultures than our own.  
One great way to be introduced to another culture is through taste–eating different foods.   
Lesson Concept:  Solar ovens can be used successfully to cook different types of food. 

 
Supplies Needed: 

• Tin cans for cooking bread 
• Pans for cooking stews 
• Recipes 

 
 
Background Information: 
As with Lesson 8, this lesson also relies on conducting experiments with already built solar 
ovens–cooking food. 
 
It is important to stress that the solar ovens that the students tested in the previous lessons 
and the solar ovens that the students have made are solar ovens that are used in different 
countries around the world.  Solar ovens are used to cook food to feed people; they are 
not novelty items.  
 
The recipes included within this lesson were chosen for the following reasons:   

• They represent a few of the basic, staple dishes from the countries included in the 
international solar oven projects lessons. 

• The foods are available at the local grocery (Meijer’s in Michigan). 
• The dishes are one-pot dishes that can be easily cooked in the solar ovens. 
• The dishes can be prepared by the students (all prep). 
• The ingredients total under $5 per dish.   

 
 
 
Directions and Information for Lesson 10: 

• We hope that you will choose one of the recipes provided or another soup or stew that 
would constitute a meal for a family and not cook hotdogs or bake potatoes in the 
solar ovens.    

 
• Students may choose a dish from one of the 3 highlighted countries–Kenya, India, 

Haiti–create a recipe of their own, or cook breads.  We have provided a few recipes 
below for various meal ideas that will cook well in the solar oven.   Essentially, 
brothy soups, soft legumes (urad dal, yellow split peas, lentils) and rice are good 
choices.   

 
 

• Legume and rice to water cooking ratio:  generally 1:2 ratio (1 cup rice/legume to 2 
cups water)   

 

• Tin cans and Pyrex dishes are good cooking vessels for cooking stews. 
 

• Tin cans are good cooking vessels for cooking breads.  
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• Smaller batches are generally more successful than larger:  a meal for 4 – 6 people. 
 
CLASS EXERCISE: 
Day #1:  Deciding on recipes and dividing ingredient lists among students. 
Day #2:  Cooking in the solar ovens.  (Lesson 10) 

 
 
 
 

RECIPES 
 

Rice Dishes 
 

 
A Bit About Rice:  Rice is an incredibly important staple around the world.  Many different 
cultures eat rice daily and with vastly different foods.  There are also many different kinds of 
rice, each having its own distinctive texture, flavor, and scent when cooked.  A few different 
kinds of rice are:   

• Sushi rice (Japanese)–short-grain, plump rice that is slightly sticky when cooked.  
After this rice is cooked, it can be formed into a ball with slightly moistened hands.   

• Risotto rice (Italian)–round, medium-grain rice used for cooking with broths in many 
Italian dishes.  It is a very starchy rice. 

• Sweet (glutinous) rice (East Asia:  Thailand, Laos, Cambodia, Vietnam)–opaque, 
white, short-grain rice used for everyday and making desserts.  When cooked, this rice 
has a very creamy texture.   

• Rice noodles (Asia)–noodles made from rice flour and water.   
• White basmati rice (India)–Aromatic, long-grain rice grown historically in the 

foothills of the Himalayas where the sun and snow-fed rivers provide just the right 
nourishment.  In Hindi, the name basmati–means “one with a good smell”.  Aromatic 
rice, as basmati, has been prized through history.  Basmati rice is unique in its 
appearance.  The grain is slim and curves slightly upward.  Once cooked, the entire 
grain elongates to 3 times its original (uncooked) length.  

 
 
 

 
PLAIN BASMATI RICE (INDIA) 
 
1 cup basmati rice 
2 cups water 
 
Mix together in dish and place in solar oven.   
Depending on the weather, the rice should cook in approximately 1 hour and 15 minutes. 
The rice is cooked when all of the water has been absorbed. 
After the rice begins boiling, you may cover the cooking vessel with a lid.   
The best temperature for cooking rice in the solar oven–300° F. 
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BASMATI RICE WITH COCONUT (INDIA) 
 
1 cup basmati rice 
1 cup water 
1 cup canned coconut milk 
dash of salt (optional) 
1/4 c shred coconut (optional) 
 
This rice is a slightly sweetened version of the previous recipe and could serve as a dessert.     
 
Mix all of the ingredients together in dish and place in the solar oven.   
Depending on the weather, the rice should cook in approximately 1 hour and 15 minutes. 
The rice is cooked when all the water has been absorbed. 
After the rice begins boiling, you may cover the cooking vessel with a lid.   
The best temperature for cooking rice in the solar oven–300° F. 
 
 
 
 
SPLIT URAD BEANS (URAD DAL) (INDIA) 

 
1 cup urad dal 
4 cups of water 
1/2 teaspoon cumin 
3/4 teaspoon salt 
 
This is a staple dish of India–plain, lightly spiced beans.  After the dish has been cooked, it 
will have a creamy consistency (almost like porridge) and delicate flavor.  Add more salt if 
necessary.  Also, fresh lemon can be squeezed on top of the urad dal after it has been cooked 
for added flavor.  
 
Mix all of the ingredients together a dish and place in solar oven.   
Depending on the weather, the urad dal should cook in approximately 4 hours. 
The urad dal is cooked when most of the water has been absorbed and you have a creamy, 
white porridge.  
After the urad dal begins boiling, you may cover the cooking vessel with a lid.   
The best temperature for cooking urad dal in the solar oven–300°F  to  350°F. 
 
   
 
 
Urad dal is cooked throughout India though considered a staple food in the area of Punjab.  
Urad beans have a dull black outer hull, but once the hull is removed the bean inside is a 
creamy yellow color.  Urad beans are used in a variety of meals from soups and stews to 
dumplings and  poppadums–a light crisp cracker bread. 
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VEGETABLE STEW (AFRICA / HAITI) 
 
2 sweet potatoes 
3 to 4 cups of water or bouillon broth (mix bouillon cubes in water to taste) 
1 potato 
3 large carrots (optional) 
1 large can diced tomatoes 
pepper to taste 
2 cloves of garlic–finely chopped 
fresh herbs–finely chopped 
 
Cut the sweet potatoes and the potato into small cubes.  
Cut the carrots into thin slices.  
Combine all of the ingredients and pour them into the cooking vessel.   
Cook for 1 – 2 hours depending on the weather.  You may want to cook the stew in an uncovered 
dish if you are cooking during a very sunny day.  But, make sure the stew does not boil over.    
The stew is done when the potatoes are soft.  Serve with fresh herbs on top or cook the herbs into 
the stew for added flavor.   
 
 
 
MILLET (INDIA, AFRICA, HAITI) 
 
1 cup millet 
1/2 teaspoon salt (optional) 
1 tablespoon vegetable oil (optional) 
2 cups water 
 
Heat the water in solar oven until hot to the touch.  
Add the millet and cook for 1 – 2 hours depending on the weather.   
Millet is cooked when it has absorbed all the water.  Fluff the millet with a fork after you have 
removed the dish from the solar oven.  
 
 
 
 
 

 
Millet is believed to have been eaten by humans throughout Africa, Asia and southern Europe 
more than four thousand years ago.   Millet is a tiny round grain that is very high in protein, 
rich in magnesium, and easy to digest.   It is commonly roasted in a skillet over a hot flame 
before cooking in water.  When, cooking in a solar oven, though, this option is more difficult. 
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CORN BREAD (AFRICA, HAITI) 
 
1 cup yellow cornmeal 
3/4 cup flour 
1/3 cup sugar 
 3 teaspoons baking powder 
3/4 teaspoon salt 
1 cup milk or soy milk or water 
1 egg 
2 tablespoons oil 
 
In a large mixing bowl, mix together the cornmeal, flour, sugar, baking powder, and salt.   
In another bowl mix together the milk (soy milk, water), egg, and oil.  
Combine all of the ingredients until just blended.   
Pour into a large tin or multiple small tins. 
Bake until an inserted skewer or toothpick comes out clean. 
Depending on the weather, a small tin should take 1 hour and a large tin 1 – 2 hours. 
 
 
 
 
 

 
While corn may historically belong to the Americas, it is eaten throughout the world 
and can be found in Eastern Indonesian, African, Caribbean, and Indian recipes.  Corn 
is cooked in a variety of ways throughout the world from soft breads–polenta–in Italy, 
to porridges–mielie meel–in Africa, to flatbreads in India, tortillas in the Americas, and 
corn bread throughout the United States.    
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Lesson 10:  3rd Grade 
Cooking with the Solar Ovens 

 
 

 
Lesson Overview: It is important to become familiar with different cultures than our own.  

One great way to be introduced to another culture is through taste–eating 
different foods.   

Lesson Concept:  Solar ovens can be used successfully to cook different types of food. 
  
 
 
Materials: 

• Tin cans for cooking bread 
• Pans for cooking stews 
• Recipes 
 

Standards: 
• Science: 

o II.1.EE.4  (Reflect on the Nature, Adequacy, and Connections Across Scientific 
Knowledge:  Develop an awareness of and sensitivity to the natural world). 

 
Timeline: 1 class period (45 – 50 minutes) 
 
Class Structure:  whole class experiment 
 
Assessment Strategy: EEK! Daily Assessment 
    Post-Module Assessment Questions #1, #2, #3 
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Lesson 10:  3rd Grade 
Continue Cooking with Solar Ovens  

 
Students will cook foods in solar cookers. 
 
Lesson Overview:  It is important to become familiar with different cultures than our own.  
One great way to be introduced to another culture is through taste–eating different foods.   
Lesson Concept:  Solar ovens can be used to successfully cook different types of food. 
 
Supplies Needed: 

• Tin cans for cooking bread 
• Pans for cooking stews 
• Recipes from Lesson 9 or create your own 

 
 
 
Background Information: 
Students may choose a dish from one of the 3 highlighted countries–Kenya, India, Haiti–
create a recipe of their own, or cook breads.  We have provided a few recipes in Lesson 9. 
 
Tin cans and Pyrex dishes are good cooking vessels for cooking and stews. 
Tin cans are good cooking vessels for baking breads. 
 
 
CLASS EXERCISE: 
Cooking in the solar ovens. 

 
 

 
 
 

 


