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3 Energy to Power Our World
by Nicole D  LaDue and Lindsey Mohan

Before the discovery of fossil fuels, 
our ancestors relied primarily 
upon wood and other plant 

materials for fuel. Every day, people had 
to collect enough burnable material for 
cooking, heating homes, and fueling fires 
to make tools. In developing countries, 
some populations still live this way. 
Since the 1800s, however, industrialized 
nations have greatly developed the 
capacity of fossil fuels to provide power 
for many human activities.  

Today, industrialized nations use 
 carbon-based fossil fuels such as coal 
and petroleum for heat and power. These 
fuels make our way of life possible. We 
use gasoline to drive to work and school, 
and much of the electricity we use to run 

our homes and businesses comes from 
burning coal or natural gas. We also use 
petroleum fuel to ship goods around our 
nation and the globe. Other fuel sources, 
such as nuclear, hydroelectric, wind, and 
solar provide energy to our electricity 
grid, but most of our energy comes from 
burning fossil fuels. 

In this chapter, we will discuss how 
our energy use has changed over time, 
especially since the Industrial Revolution. 
We will take a closer look at how fossil 
fuels form in order to understand what 
makes these materials so energy-rich 
and discuss how the burning of these 
fuels has contributed to anthropogenic 
(human-caused) climate change. 
Finally, we’ll examine scientific data on 

carbon dioxide emissions from different 
activities we engage in everyday. 

Energy Portfolios
An energy portfolio describes the 
types and amounts of energy used by a 
society. A well-developed and desirable 
energy portfolio is often described as a 
diverse portfolio. Centuries ago, people 
did not have many options for fuel, so 
energy portfolios were not diverse. They 
likely consisted of wood or other plant 
and animal-based products, such as 
charcoal. Wind energy from windmills 
was harnessed by some societies. In 
the mid-1800s, as humans started to 
use coal and water power to run newly 
invented machines, energy portfolios 
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became more diverse. Today, our energy 
portfolios are even more diverse, using 
both fossil fuels and alternative energy 
sources, such as nuclear, solar, or wind 
energy. 

Energy portfolios are represented in 
a variety of ways, but oftentimes we 
see these portfolios as pie charts with 

percentages showing different energy 
sources. 

Energy in the  
United States
Energy usage in the United States has 
changed dramatically over its relatively 
short history. Before the 1850s, most of 
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The technology we have today requires a great deal of energy to keep our 
societies functioning. Most of this energy comes from fossil fuels, whereas 
just a few centuries ago, this energy came primarily from wood and other 
plant-based materials. Today, our energy needs are met mostly with fossil 
fuels we extract from deep underground, but we also use other sources 
of energy by harnessing wind, solar, hydroelectric, and nuclear power, to 
name only a few.

Energy portfolios are a way societies represent their energy sources. Some 
countries have more diverse portfolios compared to other countries. Energy 
use in the United States relies predominantly on fossil fuels, but use of 
these fuels is different. For example, coal and natural gas are primarily 
used to power homes, while petroleum is used for transportation. The 
use of fossil fuels in the United States and Canada dwarfs use by other 
industrialized nations. Fossil fuels are ancient plant-and-animal materials 
buried millions of years ago and, through time and pressure, transformed 
into the energy-rich hydrocarbons we burn today.

The chapter explores how energy needs have been met over time and takes 
a closer look at the discovery and use of fossil fuels in modern times.

43Energy to Power Our World



the forest east of the Mississippi River 
was cleared as humans used the trees 
for energy and building materials. The 
energy we use today comes from a 
more diverse mix, including fossil fuels, 
nuclear power, and renewable energy 
sources such as biofuels and wood 
products, plus hydroelectric, solar, and 
wind power.  

Around 1890, coal surpassed wood 
as the dominant source of fuel in the 
United States. Despite some fluctuations 
in the early half of the 20th century, coal 
use has grown fairly steadily since about 
1960. Today, petroleum is our dominant 
fuel source, followed by natural gas 
and coal. Alternative energies such as 
nuclear and hydroelectric power supply 
just a fraction of the total energy used in 
the United States.

Energy sources are valued for their 
energy output. The British thermal unit 
(Btu) is one measure of energy output. 
A Btu is the amount of energy required 
to heat one pound of water one degree 
Fahrenheit. This is about the amount 
of energy released when burning a 
match. The energy content of various 
fuel sources is usually described by Btus. 
We also use this unit of measurement 
to describe the capacity of appliances to 
heat or cool. For example, furnaces and 
barbeque grills usually indicate their 

capacity with a Btu rating. The reason 
that some fuels are highly valued and 
used more than other fuels is often due 
to the energy output we can obtain from 
those fuels. Fossil fuels, for example, 
provide a great deal of energy compared 
to other sources such as solar energy.

Currently, we burn fossil fuels to  

produce more than 85 percent of the 
total energy used in the United States.  
Of our total energy use, however,  
different sources supply different 
uses. For instance, of all the energy 
used to power transportation in the 
United States, 95 percent of it comes 
from petroleum. Just more than half 
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U.S. ENERGY OVER TIME

ENERGY USE BY SECTOR

In the United States we use our energy resources in different ways. 
Coal is used to produce electricity for homes and businesses. Natural 
gas is used predominantly in homes, while petroleum dominates the 
transportation sector.

Energy use in the United States has grown dramatically since the 19th century. Today, energy resources are more 
diverse, but Americans still rely mostly on fossil fuels to meet energy needs.
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(51percent) of the electricity used by 
appliances in homes and businesses 
comes from burning coal. 

Energy Use  
Around the World 
The United States uses approximately 
21.1 percent of global energy consumed 
each year (Annual Energy Review, EIA 
2006). Considering that the country 
has only 4.6 percent of the world’s 
population, Americans consume, on 
average, more than any other country, 
except Canada.

Consider how much energy Americans 
use by comparing the United States to 
China. Both countries have about the 
same land area and use approximately 
the same amount of energy, but China‘s 
population is four times that of the 
United States. Also, we might think that 
American lifestyles are similar to those 
of Europeans, but people who live in  
the United States use almost twice as 

much energy per person as people living 
in Germany, France, or the United 
Kingdom. 

Fossil Fuels
Most students have likely heard the term 
fossil fuel in some capacity or another. 
They may know that we use fossil fuels 
in our cars, and they might associate 
these fuels with factories or power 

plants. Given the high level of attention 
that climate change and fossil fuels have 
had in the media, even early elementary 
students may have some knowledge 
about fossil fuels.

However, few students have any real 
idea how dependent their everyday 
experiences are on the use of fossil 
fuels. Even if students can name some 
fossil fuels and know that they come 

ENERGY USE PER CAPITA

The U.S. Energy Information Administration (EIA) monitors national and global energy use. In 2007, EIA  
calculated that American citizens consumed an average of 337 million Btu compared 172 Btu per German  
citizen and 156 Btu per British citizen. Data can be downloaded from EIA’s International Energy Statistics website: 
http://www.eia.doe.gov/emeu/international/contents.html

City lights of Toronto, Canada, shine brightly in the night.
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from the days of dinosaurs, they are 
not likely to know what makes them 
such ideal energy sources, or how they 
revolutionized our energy system.

What Are Fossil Fuels? Coal, 
natural gas, and crude oil (the raw 
material from which gasoline and 
other petroleum products are derived) 
form from organic material that has 
been buried and compacted by natural 
Earth processes over millions of years. 
Fossil fuels were once plant and animal 
materials, but chemical reactions that 
take place under heat and pressure 
transformed them into different 
substances. At an atomic level, all fossil 
fuels contain hydrogen and carbon atoms 
that are bonded together into molecules 
called hydrocarbons. The history of heat 
and pressure changes on the original 
organic material and the way the carbon 
and hydrogen atoms are bonded together 
is different for coal, oil, and natural gas. 

Natural Gas. The most common 
type of natural gas is methane, which 
has a chemical formula of CH₄. When 
methane and oxygen gases are together, a 
small amount of energy (such as a spark) 
can start a chemical reaction between 
the two substances. This reaction is 
known as combustion, or burning. In 
the combustion of a hydrocarbon such 
as methane, the bonds between carbon 
and hydrogen atoms break apart to 
form new bonds with the oxygen atoms. 
The formation of new chemical bonds 
with oxygen releases energy—the same 
amount of energy that it took to bond 
hydrogen and carbon together through 
photosynthesis when the plant material 
was alive. The formation of new carbon-
oxygen bonds and hydrogen-oxygen 
bonds releases more energy than it takes 
to break the original carbon-hydrogen 
bonds, so overall, the combustion 
reaction releases energy.

The chemical equation for the 
combustion of methane is  CH₄ + 
2O₂ → 2H₂O  + CO₂ (+ energy). This 

means that for each methane molecule 
that chemically combines with two 
oxygen molecules in a combustion 
reaction, two molecules of water and 
one molecule of carbon dioxide plus 
a specific amount of energy will be 
produced. Thus, carbon dioxide is one 

of the products of burning methane. 
Similarly, other types of natural gas  
also result in the production of  
carbon dioxide.  

Oil. Crude oil is a combination of 
liquid hydrocarbon molecules that 
can be separated into products such 

Natural gas plant in Texas

Offshore oil platform in the Gulf of Mexico
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as gasoline, heating oil, and asphalt. 
To separate the black crude oil into its 
component parts, petroleum refineries 
raise the temperature of the mixture and 
capture the products that boil out of it 
at different temperature ranges. As the 
temperature is raised, increasingly larger 
molecules boil out of the mixture and 
then condense; they can be collected 
with other similarly sized molecules.

The molecules in gasoline are typically 
hydrocarbon chains with 4 to 12 carbon 
atoms per molecule; diesel fuel contains 
hydrocarbon chains with about 8 to 21 
carbon atoms per molecule. When these 
petroleum products are combusted 
inside the engine of a car or truck, 
they produce energy and a molecule of 
carbon dioxide for every carbon atom 
involved in the reaction. 

Coal. Coal is made mostly of carbon, 
but it also contains varying amounts of 
hydrogen, oxygen, nitrogen, sulfur, and 
other elements. Coal is solid because 
its carbon atoms are bonded together 
into strong ring–shaped molecules 
rather than existing as the hydrocarbon 
chains found in liquid oil. Coal is 
classified by the amount of carbon it 
contains. Coal that has the highest 
amount of carbon, typically more than 
90 percent of the total weight, has the 
highest potential for producing energy 
through combustion; this high-grade 
coal is called anthracite. Grades of coal 
that have progressively lower amounts 
of carbon are called bituminous 
coal, lignite, and peat. When coal is 
burned to release energy, the reaction 
releases carbon dioxide. Burning coal 
also releases pollutants such as sulfur 
dioxide, nitrogen oxide, particulates, 
and mercury compounds. Coal is 
considered the “dirtiest” fossil fuel for 
the environment.

How Do Fossil Fuels Form? Fossil 
fuels have the name fossil because  
they form from the remains of plants 
and animals that were once alive. 

Though many people associate the term 
fossil only with solid bones or shells, it 
also refers to any remnants or traces of 
once-living material. 

In general, fossil-fuel deposits 
represent regions that had abundant 
life, with swamps and shallow seas 
dominating the landscape. Over millions 
of years, natural geologic processes 
covered these areas with layers of mud 
and sand. The decaying organic matter 
was buried and compacted, eventually 
forming coal, oil, and natural gas. 

All fossil fuels represent energy that 
was originally captured from the sun 
through photosynthesis. Plants use 
water, energy, and carbon dioxide to 
make sugar, converting the solar energy 

to chemical energy. 
If a plant is exposed to air after it dies, 

oxygen reacts with sugars in the plant 
matter, breaking the bonds between 
carbon atoms. Aided by a variety of 
bacteria and fungi that ingest and 
digest the sugars, the plant eventually 
decomposes. However, if dead plant 
material is buried under layers of mud 
at the bottom of a swamp, no oxygen 
or decomposers can reach the decaying 
plant matter. In this case, the organic 
material will not decompose completely, 
and the carbon it contains is preserved. 
If additional layers of mud and rocks 
eventually cover the buried organic 
matter, the weight can squeeze out any 
water left in the material. Pressure, 

Cars line up at tollbooths during rush hour on the San Francisco-Oakland Bay Bridge. 
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heat, and the absence of water can 
result in plant sugars (C₆H₁₂O₆) slowly 
transforming into hydrocarbons as 
the relatively unstable oxygen atoms 
are removed through slow chemical 
reactions.  

Coal generally forms from buried 
plant material that grew in swamps 
and bogs on land. Conversely, deposits 
of oil and natural gas are formed from 
the remains of microscopic marine 
organisms. Small life forms, such as 
algae and plankton, thrive in shallow 
ocean waters where they can capture 
sunlight through photosynthesis or 

ingest other plankton. When these 
microscopic organisms die, they fall 
to the sea floor, taking the carbon-
hydrogen-oxygen compounds they 
built with the sun’s energy with them. 
Great accumulations of these dead 
organisms can eventually be buried and 
squeezed by thick layers of sand and 
rocks. Given the right conditions of 
heat and pressure over millions of years, 
the organic material is transformed into 
liquid oil. Because it is less dense than 
rocks and water, the oil moves generally 
upward through permeable layers of 
rocks, such as sandstone, until it is 

trapped by an impermeable layer of 
rock, such as clay. 

In general, the deeper a deposit 
of marine organisms is buried, the 
higher the temperature and pressure 
it will experience. Heat and pressure 
can break some of the bonds of the 
hydrocarbon chains, releasing small 
molecules such as methane to bubble 
upward as natural gas. In most cases, as 
an oil deposit heats, it releases a larger 
proportion of natural gas and preserves 
a smaller proportion as oil. Shallower 
oil deposits that don’t experience 
extreme heat will usually have a lower 
proportion of natural gas and a higher 
proportion of oil.  

Fossil fuels are highly concentrated 
sources of energy. Imagine the 
difference in the potential energy 
content between a mass of organic 
material that was squeezed and heated 
for millions of years compared to a tree 
of the same size that is cut down for 
firewood.

Fossil fuels are incredibly energy-
rich in terms of the molecular bonds 
that hold them together. A great deal 
of energy is released when hydrogen 
and carbon molecules combine with 
oxygen.That energy is transformed into 
heat energy in car engines and then 
into kinetic energy (motion) as the 
heat energy turns the wheels of a car. 
Fossil fuels can also be transformed into 
electrical energy to power the appliances 
in our homes. 

The energy of fossil fuels started out as 
solar energy and was transformed into 
chemical energy through photosynthesis 
in plants and the animals that consumed 
the plants. Burial of these plants and 
animals preserved this chemical energy, 
and the materials transformed into fossil 
fuels. Now, after humans mine and drill 
these fuels from Earth, they transform 
the chemical energy into light, heat, 
motion, and electricity that we use to 
power our everyday activities.

Coal is the most abundant fossil fuel in the United States, and coal mining has 
been an influential industry for more than a century.

Anthracite coal has the highest carbon count (more than 90 percent). It has fewer 
impurities and is more valuable than ordinary bituminous coal.
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What Are Fossil Fuels?

W hen asked where fossil fuels come from, many students will likely describe 
something related to dinosaur bones as opposed to plant materials. The word 
fossil immediately creates some confusion among most students.

Scenario 
Today you teach the class about the formation of fossil fuels. The following question is 
asked as the starting discussion question to assess what your fifth-grade students already 
know, and you also use it to end the day’s lesson as review.

Question 
What is a fossil fuel?

Scientific Answer
A fossil fuel is an energy-rich material, such as coal, natural gas, or crude oil. A fossil is 
accurately described as any remains from ancient plants or animals, including bones, plant 
material, imprints, or any other evidence of an ancient living thing. Fossil fuels are created 
when heat and pressure are applied by natural Earth processes to fossil remains over millions  
of years, and fossil fuels are actually made mostly from plant material from long ago.

Student Answers (Before Instruction)
Ezequiel: Fossil fuels are fossils, which are found long ago in the era of dinosaurs and ancient plants. And 
over time, those plants and dinosaurs were covered in mud and turned into fossils.

Martinez: Fossil fuels are natural things like oil and gasoline. Because we get coal from log lost dead 
dinosaurs. Then we melt it to make oil.

Andrea: Well, when an animal dies, its fossils get broken down into the earth, and after thousands and 
thousands of years, we found them and we start using them to make energy for our cars. 

Student Answers (After Instruction)
Ezequiel: Before I thought fossil fuels were dinosaur fossils and trees, but now I know it’s not dinosaur 
bones, but trees and oils from back then and gases that were trapped underground because of all the pressure.

Martinez: Fossil fuels are made by like dead trees that have fallen. Then the bark, it gets decomposed and 
turns into coal. Or dead grass or dead plants that got decomposed and make oil. 

Andrea: Fossil fuels are made by plants and trees that were pressurized down by sediment and heat. And 
the plants and the trees got fossilized, and then we’re starting to use them to make liquid for our gas and oil. 

What Would You Do?
Given students’ pre-instruction ideas, what concepts seem to be the most important to focus on when 
teaching fossil fuels? 

Given students’ post-instruction ideas, what would you do next to improve their understanding?

Ancient plant 
Lycopodium 
squarrosum, a  
major source  
of European coal. 
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W hen asked to name fossil fuels, many students are able to list 
coal, oil, and natural gas. However, many students have trouble 
understanding where fossil fuels come from. In addition to this 

confusion, students may have trouble linking the carbon that was originally 
in the ancient living things to the carbon in fossil fuels. The idea that the 
carbon used now in fossil fuels also existed millions of years ago is a difficult 
concept for students to wrap their minds around. It may also be hard for 
students to understand how long it takes fossil fuels to form. Long periods 
lose meaning for children as numbers begin to exceed thousands to millions 
of years. 

Classroom Context
Ms. Walker’s sixth-grade science class discussed fossil fuels during their unit 
on global warming. Most of Ms. Walker’s students already learned to name 
fossil fuels, and most students associate these fuels with global warming. 
Many students already know that burning fuels releases carbon dioxide (or 
“bad” gas and pollution) into the air, and that this release of carbon dioxide is 
bad for the environment. 

Video Analysis
In the video, you see that Ms. Walker’s students can name fossil fuels. Fossil fuels include coal, natural gas, and 
crude oil, all of which take about 300 million years to form, with their origins being plant-based materials, not 
dinosaur bones. During a preinterview, Eliazar describes fossil fuels as coming from dinosaurs and taking only 
a few hours to form. Eliazar’s explanation represents what many of Ms. Walker’s students believed about fossil 
fuels prior to additional instruction. Ms. Walker wanted her student to move beyond the idea that fossil fuels 
come from dinosaurs, so she approached the question in a different way. Because students knew that carbon 
dioxide comes from burning fossil fuels, Ms. Walker decided to have her students explain where the carbon in 
the carbon dioxide comes from. When she asked this question, most of her students were confused, but Emily 
explained that the carbon was originally in plants and animals before it became fossil fuels. The discussion about 
carbon continued beyond Emily’s explanation, and students heard about how carbon bonds in fossil fuels are 
strong, making them good energy sources. After this discussion, many students were still confused, although they 
seemed to realize that fossil fuels come mostly from ancient plants (not just dinosaurs). You will see one student, 
Samantha, mention carbon in her explanation of fossil fuels, during a post interview. Yet, Samantha admits that 
she does not understand fossil fuels even after the discussions. 

Reflect 
How can you help students better understand fossil fuels?
Think about why fossil fuels are challenging for students to comprehend. How would you approach teaching 
this topic? What is the benefit of focusing on carbon that helps students move beyond explaining fossil fuels as 
coming from dinosaurs and dinosaur bones?

Fossil Fuels  
and Carbon

Students: Grade 6 

Location: South Gate, California  
(a coastal community)

Goal of Video: The purpose of 
watching this video is to see 
students discuss what fossil fuels are 
and how they relate to carbon. 
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Carbon Emissions 
Just as energy is transformed through 
photosynthesis and burning, matter 
involved in these processes is also 
transformed. The ancient plants and 
animal materials that became fossil fuels 
were fundamentally different materials 
from the coal, oil, and natural gas they 
became. Chemical reactions changed 
the starting substance into a different 
material.

When we burn fossil fuels and convert 
them to a form of energy we can use 
(light, motion, heat, and electricity), 
that material is also changed. Though 
we know that matter cannot be created 
or destroyed, it can be confusing to 
fill a car’s tank with gas and have it 
“disappear” as we drive the car. The 
discrepancy can be understood when 
we know that the primary products 
of combustion are invisible gases. 
Combustion changes the location of 
carbon that has been buried beneath 
Earth’s surface for millions of years, 
releasing it into our atmosphere.

Because of the increasing 
concentration of carbon dioxide in 
Earth’s atmosphere, people point to 
the negative impact from fossil fuels. 
Further, people question whether 
fossil fuels can continue to supply our 
demand for energy for many years to 
come. Today we find ourselves in a 
conundrum. On the one hand, fossil 
fuels revolutionized our societies and 
made our current lifestyles possible. 
Our success as a nation is inextricably 
linked to what we have accomplished 
by using fossil fuels. However, we also 
know that these amazing energy sources 
are limited in quantity, and we know 
that our systems for extracting them 
cause environmental damage. We also 
know that we are sending large amounts 
of carbon dioxide into the atmosphere 
when we burn them, resulting in 
amplification of the Greenhouse 
Effect and leading to climate change. 

One of our biggest concerns today is 
figuring out how the world can meet 
our demands for energy in a way that 
reduces our use of fossil fuels.

Combustion of Fuels. The burning 
of fossil fuels releases the carbon that 
was originally stored in plant and animal 
matter as carbon dioxide. Some countries 
have vast amounts of underground 
coal available to them. Coal can be 
mined, processed, and burned relatively 
cheaply and often does not need to be 
transported great distances. These factors 
make coal an inexpensive energy source. 
As countries expand economically and 
develop their industries, they often 
burn more coal. While the United States 
underwent this transition to coal-based 
power in the 1800s, other countries, 
such as China, are in the process of 
building new coal-fired power plants for 
electricity generation today. 

The amount of CO₂ that is produced 
from each energy source varies. Common 
gasoline releases less CO₂ for the energy 
we recover compared to coal products. 
Burning natural gas for energy produces 
even less CO₂ per unit of energy 
produced than either gasoline or coal. 

Surprisingly, burning wood produces 
almost the same amount of carbon 
dioxide as an equal amount of energy 
produced from some forms of coal. 

The United States currently produces 
approximately 6 billion metric tons of 
carbon dioxide per year. Our present 
carbon emissions come from petroleum 
(primarily used for transportation 
needs), coal (primarily used for 
electricity production) and natural 
gas (primarily used for commercial/
residential heating). 

Students may have heard about carbon 
emissions or carbon dioxide, but their 
understanding of combustion of fuel 
to produce carbon dioxide is probably 
not well developed. When asked to 
explain where the gasoline has gone 
when a car’s gas tank has gone from 
full to empty, many students respond 
that the gasoline turned into energy or 
evaporated into the air. More recently, 
students are starting to recognize that 
the gasoline reacts with oxygen to form 
gases that enter the air, but they can 
still lack a solid understanding of how 
liquid gasoline becomes gaseous carbon 
dioxide and water vapor. 

Through combustion of fossil fuels, such as coal, carbon dioxide and water are 
released into the air.
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The process of burning is a visual experience that students know well. 
As such, we tend to think burning means the same thing to everyone. Be 
aware that it may mean very different things to different students within 
the same classroom. Pay particular attention to when and how students 
use the word burn, and try to establish a shared meaning for it among 
your students. For some students, burning may mean that something 
“evaporates” or “vaporizes” or simply “goes away.” For others, it may be 
likened to decomposition. Still other students may use burning to describe 
a process by which matter turns into energy. The goal is to have all 
students see burning in terms of a chemical reaction that does not create 
or destroy matter. 

   Teaching  
     Tip

EMISSION COEFFICIENTS

Fossil fuels, as well as wood, give off varying amounts of carbon dioxide in relation to their energy output. This 
graph shows that burning wood and coal produce more carbon dioxide compared to burning other fossil fuels 
for the same amount of energy output. Data for this graph can be downloaded from the U.S. Energy Information 
Administration emission coefficient page: Available at http://www.eia.doe.gov/oiaf/1605/coefficients.html.

In Chapter 2 you read about 
combustion, in which a fuel source is 
oxidized. This fuel source may be plant 
matter, such as wood, or fossil fuels 

or the wax that makes up a candle. In 
all cases, these fuel sources are mostly 
made of carbon and hydrogen and 
potentially oxygen atoms. When the 

fuel reacts with oxygen, a chemical 
reaction occurs. Energy is transformed 
from the chemical energy in the fuel 
into light, heat, or motion. The material 
products are carbon dioxide and  
water vapor. Following is the chemical  
reaction that occurs when methane 
burns:  CH₄ + 2O₂ → 2H₂O  + CO₂.

Notice how similar this equation  
is to cellular respiration that occurs  
as our bodies “use” or “burn” food  
to fuel our body functions:  
C₆H₁₂O₆ + 6O₂ → 6H₂O  + 6CO₂.

Both of these processes begin with  
a carbon-based material—either a  
food or a fuel. They react with oxygen 
to produce carbon dioxide and  
water vapor. All these processes—
burning wood, fossil fuels, or food 
in our bodies—do similar things 
chemically to meet specific energy 
needs. 
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Learning From  
a Burning Candle

R ecording the mass of a candle both before and after burning makes an easy demonstration of combustion 
that can be completed in your classroom (Environmental Literacy Project). During burning, the mass of the 
candle decreases. Students may ask (or you may ask them), “Where did the missing mass go?” Students 

may focus their explanations on the candle melting, but probe further, so students must explain what happened to the 
liquid wax. Students might also focus on the smoke, but continue asking them to explain what they mean by smoke. 
(e.g., What is smoke made up of?). To check understanding, you can also light and burn a match, and ask students what 
happens to the wood of the match as it gets shorter.

Materials    
•	 Digital Balance sensitive to 0.1 or 0.01 grams
•	 Good-quality candle, at least votive size
•	 Lighter
•	 Paper/chart to record observations
•	 Match (optional)

Directions
Prior to conducting the demonstration with students, test the demonstration on your own. Depending on the 
sensitivity of your digital balance and on the quality of your candle, you may get inconsistent results. Good-quality 
candles that will stay burning even when the building’s air system is on and a balance sensitive to 0.01 grams will 
ensure convincing results for your students. If your balance is sensitive only to 0.1 grams, consider using a slightly 
larger candle and burning it over an entire class period to get valid results. 

Gather digital scale, candle, and lighter, and make sure that students can see the demonstration.

Turn on and zero out the digital balance. Weigh the candle and record the start mass.

Light the candle, and let the candle burn for at least ten minutes. During the burning, have students write and discuss 
their predictions for what will happen to the candle mass. Ask students to make a prediction whether the mass will go 
up, down, or stay the same, and to explain the reasoning behind their predictions in writing and with their partner.

After at least ten minutes, record a second mass reading for the candle. Have students discuss whether the second 
mass reading supports or disproves their prediction. Use the following questions to generate discussion.

Variations and Extensions:  Variations on this activity might include placing the burning candle inside a cool glass jar 
to collect moisture. Some teachers may even monitor carbon-dioxide levels using probeware as the candle burns. 
Also, consider taking additional readings across the class period to establish patterns for the decrease in mass. 

Ask Your Students
Where does the mass of the candle go as it decreases? 

How do the materials change when the candle burns?

How does energy change when the candle burns?

How is the candle burning like burning gasoline in your car or propane in your barbeque grill?
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The Atmospheric 
Bathtub

O ne representation of carbon emissions that has been used with adults is the atmospheric-bathtub analogy. 
The atmospheric-bathtub analogy likens inputs of carbon dioxide into the atmosphere to water filling up 
a bathtub. Processes that take carbon dioxide out of the air, such as ocean absorption and photosynthesis, 

are likened to water running down the bathtub drain. The idea is that the bathwater level will stay the same if the 
amount of water entering the tub is equivalent to the amount of water draining out of the tub. Like the bathtub, our 
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atmosphere is filling up with carbon dioxide, but the “drain” is not removing it as fast as it enters our atmosphere.

On the surface, this analogy seems simple enough that even young children may understand the general principles. 
Yet, as Sweeney and Sterman (2000) show, even adults have difficulty with this concept, especially when the 
atmospheric bathtub becomes more complicated than our bathtubs at home. For example, our atmospheric 
bathtub has multiple drains (i.e., carbon sinks) compared to the one drain on our bathtubs at home. The capacities 
of those drains are different and work on different time scales. The delayed effect of one drain compared to another 
may confuse students given that water generally runs very quickly down the drains found in our bathtubs.

Think about the benefits and limitations of the atmospheric-bathtub analogy. How could such an analogy be used 
to help students understand large-scale emissions? Where might students struggle with using this analogy?
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A Burning Candle

C ombustion is a challenging concept for students to understand. 
At the visible scale, it seems like matter disappears as it burns. A 
match burns and gets shorter. A gasoline tank becomes empty. A 

candle burns until all the wax is gone. How do students make sense of these 
experiences, especially when they do not fully understand gases as a form 
of matter? All these experiences can be explained by fuels (such as wax, 
wood, or fossil fuels) being oxidized and giving off carbon dioxide and water 
as products. So how do teachers use everyday experiences, such as burning 
a match or a candle, to help students understand that solid or liquid fuels 
become gases? One suggestion is the candle activity described on page 59,  
In the Classroom: Learning From a Burning Candle. By simply taking an 
everyday experience, like a burning candle, and asking students to explain 
where the wax material goes, you can open the door for rich discussion 
about combustion. 

Classroom Context
The candle activity occurred in the middle of Ms. Walker’s lessons on climate 
change. Ms. Walker wanted to teach about combustion of gasoline in cars 
but used the candle activity first to help students make the connection between fuel becoming gases during the 
burning process.

Video Analysis
At the beginning of the candle lesson, Ms. Walker asks her students to make predictions about whether the 
candle would gain or lose mass as it burns. Steven hypothesizes the candle will gain mass, explaining that it 
will have “more atoms.” However, Amaya suggests that the candle will become lighter, because “CO2 is rising.” 
Next, students watch the candle burn for several minutes, and eventually the candle loses one gram of mass. Ms. 
Walker then asks her students to explain what happened to the mass. You will see that some students quickly 
identify carbon dioxide, while others struggle to explain where the matter went. During the post interview, Ms. 
Walker expresses her satisfaction with the activity, explaining that she thought many students understood 
how burning puts carbon dioxide into the air and that matter never actually “goes away.” This understanding is 
confirmed by post interviews with Alan and Samantha. Afterward, Ms. Walker uses the candle activity as a bridge 
to discussing burning gasoline in cars. 

Reflect 
How would you help students connect combustion and carbon dioxide? 
During the classroom discussion, several students use terms such as  goes away  or rises. Do students really mean 
that matter disappears? How could you probe for further information? In their post interviews, Samantha and 
Alan are able to connect what they had learned from the burning candle to carbon dioxide entering the air, but 
their understanding of the actual burning process is limited. What concepts would you focus on when teaching 
the process of burning? Why?

Students: Grade 5 

Location: South Gate, California  
(a coastal community)

Goal of Video: The purpose of 
watching this video is to see 
students discuss what happens to 
materials and energy as a candle 
burns.

56 Energy to Power Our World



 
 References

EIA. Annual Review. 2006.

EIA. “History of Energy in the United States: 1635–2000.” www.mnforsustain.org/energy_in_the_united_states_1635-2000.htm.  
June 6, 2010.

Sweeney, L. B., and J. D. Sterman. “Bathtub Dynamics: Initial Results of a Systems Thinking Inventory.” System Dynamic 
Review, 16.4 (2000): 249–286.

Teaching Resources
Basic information about coal: http://tonto.eia.doe.gov/kids/energy.cfm?page=coal_home-basics

Basic information about natural gas: http://tonto.eia.doe.gov/kids/energy.cfm?page=natural_gas_home-basics

Basic information about oil: http://tonto.eia.doe.gov/kids/energy.cfm?page=oil_home-basics

California Education and the Environment Initiative resources: http://www.calepa.ca.gov/Education/EEI/default.htm

Carbon Bathtub Article: http://ngm.nationalgeographic.com/big-idea/05/carbon-bath

EIA Energy Flow figure: http://www.eia.doe.gov/emeu/aer/pdf/pages/sec1_3.pdf

Population versus Energy consumption: http://www.worldpopulationbalance.org/population_energy

U.S. Department of Energy Resources: http://fossil.energy.gov/education/energylessons/
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