
LESSON 10: How could burning fossil fuels cause more CO2 to get into the
atmosphere?

PREVIOUS LESSON We zoomed into the last 200 years of Earth’s history to understand what led to a rapid increase in CO2 emissions. We watched a visualization and read about
key innovations in human history that transformed the types of energy used to power our communities. We figured out that, as population grows and energy
consumption rises, human activity contributes to the rapid rise in CO2 .

THIS LESSON

INVESTIGATION

2 days

We wonder if using fossil fuels to power homes and cars has anything to do with rising levels of CO2. We burn a
sample, and as the fuel loses mass, CO2 and water vapor are produced. We examine fossil fuel molecules and
identify that they are made mostly from carbon, hydrogen, and oxygen. We then model Earth’s carbon system
and trace carbon atoms once stored in fuels, as they burn and enter the atmosphere. We figure out that
photosynthesis cannot take up CO2 at the same rate that burning fuels puts CO2 in the atmosphere. We create
an initial cause-and-effect diagram to link burning fossil fuels to the droughts and floods from the anchor.

NEXT LESSON We will develop and support a causal model between fossil fuel use and changing water resources and will review and clarify a tweet regarding climate change
and its impacts. We will take an assessment refuting inaccurate claims made in another tweet regarding human activities and climate change.

BUILDING TOWARD NGSS

MS-ESS3-1, MS-ESS3-3, MS-ESS3-
4, MS-ESS3-5, MS-ETS1-2

WHAT STUDENTS WILL DO

10.A Ask questions to clarify whether the CO  in the atmosphere can come from burning fossil fuels for energy.

10.B Apply mathematical concepts to identify that the rate of combustion putting CO  into the atmosphere is not proportional to the rate for
photosynthesis taking CO  out of the atmosphere leading to an imbalance in Earth’s carbon system.

WHAT STUDENTS WILL FIGURE OUT

Carbon dioxide and water vapor (greenhouse gases) are products of the combustion of fossil fuels.
Carbon stored underground moves to the atmosphere because of the combustion of fossil fuels.
Photosynthesis is the only way to get carbon dioxide out of the atmosphere. The rate of photosynthesis is not enough to take up carbon
dioxide from combustion of fossil fuels.
Combustion of fossil fuels is creating a carbon imbalance in the atmosphere.
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Lesson 10 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Elicit from students prior knowledge about molecules that provide energy.

A-C white board, chart paper, markers

2 20 min BURNING FUEL DEMONSTRATION LAB
Demonstrate burning two fossil fuels and record carbon dioxide and water produced.

D-I document projector (optional), Investigating
Burning Fuel

3 10 min EXAMINE FUEL AND FOOD MOLECULES
Examine molecular models of fuel and sugar that are printed on cards to look for similarities, differences,
and the atoms that make up each molecule.

J-K Fuel Molecule Cards cut apart

4 10 min FACILITATE A BUILDING UNDERSTANDINGS DISCUSSION
Discuss with the class the model ideas from this class. Record ideas on the Model Ideas list and update
Progress Trackers.

L Model Ideas list

End of day 1

5 12 min NAVIGATION AND SETTING UP CARBON SYSTEM MODEL
Work with students to develop an Earth’sCarbon System Model based on prior knowledge that students
can use to explain and predict in subsequent activities.

M-N chart paper, three colored markers

6 16 min TRACE CARBON USING THE CARBON DICE GAME
Simulate the carbon system by having students act like carbon atoms moving around the system before
and after combustion started.

O dice, Quick Reference Card (optional), Carbon
Dice Game Instructions and Station Cards, Station
Cards

7 12 min FACILITATE A CONSENSUS DISCUSSION AND UPDATE MODEL
Facilitate a Consensus Discussion that identifies that there is an imbalance in carbon dioxide in the
atmosphere due to burning fossil fuels at a rate faster than can be taken up through photosynthesis.

P-S Earth’s Carbon System Model, Model Ideas list

8 5 min NAVIGATION
Have students draw an initial cause-and-effect diagram in their science notebook to connect fossil fuel use
to changing water resources in communities.

T Exit Ticket: Cause-and-Effect Diagram

End of day 2



Lesson 10 • Materials List
per student per group per class

Investigating Burning Fuel materials Burning Fuels Set Up video
butane lighter
large clear Pyrex bowl or small aquarium
carbon dioxide sensor or bromothymol blue (BTB)
white paper
methanol-based fuel gel
2 petri dishes (if using BTB)

Lesson materials science notebook
dice
Quick Reference Card (optional)
Exit Ticket: Cause-and-Effect Diagram

Fuel Molecule Cards cut apart white board
chart paper
markers
document projector (optional)
Model Ideas list
three colored markers
Carbon Dice Game Instructions and Station Cards
Station Cards
Earth’s Carbon System Model

Materials preparation (30 minutes)
Prior to day 1, let your front office know that you are burning materials in the lab and make sure that you have temperature-based, rather
than smoke-based, fire detectors in the lab. If your class has a no-flame policy, you can show students the Burning Fuels Demonstration video
at www.teachersopensciedfieldtest.org/droughtsfloods . Use the video for students to make their observations and make sense from the
data they collect by watching what happens when the fuel is burned.

Prior to day 2, develop a blank Earth’s Carbon System Model with labels “at the surface,” “below the surface,” and “above the surface.”

Day 1: Burning Fuel Demonstration Lab
Setup: Lay out and test the lab materials as suggested in the Burning Fuels Set Up video at www.teachersopensciedfieldtest.org/droughtsfloo
ds and as outlined in Burning Fuels Instructions. Make sure to test the carbon dioxide and humidity detector. It should turn on automatically
and show readings for each condition.

Safety: Make sure you have an area in which you can safely conduct the burn tests. If you do these burn tests in the lab, make sure
they are on non-flammable lab tables. The amount of smoke and ash that will go into the air is minimal, but let your front office

know that you are burning things in the lab today and make sure that you have temperature-based, rather than smoke-based, fire detectors
in the lab. If you are concerned about any of these, you can relocate this lab to be done along a concrete surface outside. Again, let your
front office know of this before you take students outside. Be sure to have a fire extinguisher available.
Disposal: Remaining fuel can be kept for future demonstrations. See instructions on the container for disposal of empty containers. Most
containers can be placed into a non-flammable container (e.g., a coffee canister) and placed in the garbage.
Storage: Remaining fuels should be stored in a designated flammable cabinet that is locked.

file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods
file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods


Lesson 10 • Where We Are Going and NOT Going
Where We Are Going

In the OpenSciEd Scope and Sequence, students will have experienced the Bath Bombs Unit, Homemade Heater Unit, Inside Our Bodies Unit, and Maple Syrup Unit before this unit. In those prior
units, students learned a great deal about chemical reactions and applied those ideas to processes in living systems. In the Bath Bombs Unit students learned that the atoms that make up the
molecules of the substances can break apart and rearrange to form new molecules made of the same atoms, only in different arrangements. In the Homemade Heater Unit they added to their
understanding that these reactions can release or absorb energy from the surroundings. Students applied these ideas to metabolic reactions in animals in the Inside Our Bodies Unit and likened
cellular respiration to combustion in that unit. They also developed a deeper understanding of cellular respiration and photosynthesis, and how these processes move carbon through food
webs during the Maple Syrup Unit.

This lesson will leverage science ideas from students’ prior learning and extend them by asking students to (1) trace carbon through the combustion of fossil fuels to CO  in the atmosphere and
(2) scale the processes of cellular respiration, photosynthesis, and combustion as they develop and use a model of Earth’s carbon system.

This lesson will have students ask questions about the role of human activities using fossil fuels to clarify that the evidence supports the claim that these activities have caused levels of CO  in
the atmosphere to rise at a rate faster than natural processes can take up. Gathering this evidence in this lesson will help students craft arguments in the next lesson.

Where We Are NOT Going

Students have already established conservation of mass during combustion when they observed burning fat in a closed system during the Inside Our Bodies Unit in Lessons 10-11. Since
conservation of mass and conservation of carbon atoms has been established in prior units, this lesson will not ask students to balance a combustion equation to confirm that the same
number of atoms in the reactants equals the number of atoms in the products. The class will discuss conservation but not balance the equation. If your students need to do more with figuring
out conservation of atoms and mass through a chemical reaction, use this opportunity for students to apply those concepts by massing a completely closed system and to practice balancing a
combustion equation using methane as the fuel.

This lesson also does not include a full Earth’s Carbon System Model that includes oceans. A suggested alternative is provided on day 2, if you believe your students would benefit from a more
complete carbon system model.
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5 min

LEARNING PLAN for LESSON 10
1 · NAVIGATION
MATERIALS: science notebook, white board, chart paper, markers

Navigate into a new lesson. Display slide A, and say, From the last class, we were talking about fossil fuels. What do we know about fossil fuels?
Students should recall that we use fossil fuels to get energy for homes, cars, electricity, etc. They should also recall that, as we use more fossil
fuels, the amount of CO  is increasing in our atmosphere. They may also share that fossil fuels are deep underground and were formed
millions of years ago from decaying plants and animals.

Ask, We have many different fossil fuels—how do we get energy from them? Students should reply that we must burn them to get the energy we
need. Connect to previous units by saying, So, do you remember burning fat in the Inside Our Bodies Unit? What did you figure out was reacting
with the fat to burn? Students should remember that the fat reacted with oxygen to burn. Ask, Is this true for everything that burns? Students
should recall that combustion reactions always have oxygen as one of the reactants.

Set up a general chemical equation. Say, We know a way to write chemical reactions from the Bath Bombs Unit. We will just make a general
equation for fossil fuels. If we start with a fossil fuel, what do we need to add to our chemical equation? Write the equation on the board and
review terms like “reactants” and “products” with students and note on which side of the arrow they go. You may even want to label those on
the board. Keep it up throughout the lesson. Use the example below to help.

(reactants) (products)

Fossil fuel + oxygen (O ) →

Consider the products of burning fossil fuels. Display slide B. Continue the navigation by saying, I wonder what we get from burning fossil fuels
besides the energy? Lead a short discussion using the dialogue examples below.

Suggested prompts Sample student responses

Did we figure out any products from burning fat? Yes—carbon dioxide. We figured that out when we burned the fat.

Do you think we get the same products when burning fossil fuels? Yes.

I’m not sure—we should check!

Ask questions to identify or clarify evidence. Say, We figured out earlier that we are using a lot of fossil fuels for energy and we also know
that CO levels in our atmosphere are increasing. These two things are correlated. But we don’t know for sure that burning fossil fuels is what is

causing the CO  levels to go up. We think so, and we may have heard that before—but we do not have evidence to support the claim that burning
fossil fuels causes CO  levels to rise. What questions can we ask and answer that will help us figure that out? Give students a minute to think of
questions they may want to ask and answer.

Ask a few students to share their questions and record them on the board. Questions may include: What are the products of burning fossil
fuels? Do all fossil fuels produce the same things? When you burn fossil fuels, do you get carbon dioxide?✱

✱ SUPPORTING STUDENTS IN
ENGAGING IN ASKING QUESTIONS
AND DEFINING PROBLEMS

By middle school, students should be asking
questions to clarify or identify evidence. In
this case, students need evidence that
burning fossil fuels produces carbon dioxide
and is what is causing the amount of carbon
dioxide in the air to increase. There will be
several opportunities in this lesson for
students to use this practice to clarify or
identify evidence related to the combustion
of fossil fuels.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING ENERGY
AND MATTER

If students mention that they need to know
the atoms in the fossil fuels to know what
the products are, then they are using this
crosscutting concept. They know that the
atoms in the products come from the
molecules and atoms in the reactants. If
students do not use the CCC here, they will
have additional opportunity to use it in later
activities.
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20 min

ASSESSMENT
OPPORTUNITY

Building towards: 10.A Ask questions to clarify whether the CO  in the atmosphere can come from burning
fossil fuels for energy.

What to look/listen for:
students asking for evidence for the products of the combustion of fossil fuels and
students recognizing and asking questions about energy as a product of the combustion reactions, as
well as matter that comes from the reactants.

What to do: Listen as students share their questions that they can answer to help them figure out if burning
fossil fuels and rising CO  levels are related. Their questions should ask for evidence to support or refute this
claim. Questions they may ask are: What are the products of the combustion reaction of fossil fuels? Do you get the
same products from all fossil fuels? Is CO  one of the products of burning fossil fuels?

Predict product(s) of burning fossil fuels. Display slide C and say, What do we predict will happen when we react this fuel with oxygen? What
would happen to the atoms? What product or products would we get? Jot down your predictions in your notebook. Title your response, “Predictions of
reacting fossil fuel with oxygen.” Student predictions about the products may include carbon dioxide, possibly carbon monoxide, smoke, and
ash. Students may also list energy as a product. Students may say that the atoms or molecules in the fossil fuels turn into the atoms of the
products.✱

ADDITIONAL
GUIDANCE

The next two activities may be done in either order depending on which makes the most sense based on the
questions and ideas that your students share in the navigation. If your students want to know what the atoms
are in the molecules that make up fossil fuels when they are asked about the products of burning them, this is
great! It indicates that students truly understand the law of conservation and know that the atoms in the
products must come from atoms that are reacting. If your class wants to see the molecules first, do the
EXAMINE FUEL AND FOOD MOLECULES activity first and do the BURNING FUEL DEMONSTRATION LAB
after students have had a chance to look at the molecules. On the other hand, if students want to burn the fuels
and use a detector or indicator to find out the products of burning fossil fuels, then continue in the order it is
written here.

Ask for volunteers to share ideas. Allow a few students to share their predictions. Predictions will include the production of carbon dioxide.
Ask, How have we tested for this in the past? Students should recall using BTB and/or CO  sensors to test for the presence of CO  and want to
use them again.

2 · BURNING FUEL DEMONSTRATION LAB
MATERIALS: Investigating Burning Fuel, science notebook, document projector (optional)

Collaborate to plan the demonstration. Say, Let’s see if our predictions are true. You said we can measure CO  using a sensor or using BTB. We did
that in Inside Our Bodies Unit. Let’s use a similar setup to test for the products from burning fossil fuels. What question are we trying to answer?
Keeping that in mind will help us decide how to set up the investigation. Students should respond that we are trying to answer the question,
“What are the products of the reaction of fossil fuel and water?”

✱ SUPPORTING STUDENTS IN
ENGAGING IN ASKING QUESTIONS
AND DEFINING PROBLEMS

Asking questions to identify and/or clarify
evidence is one of the practices to focus on
during this activity. Students who are
skeptical about results are demonstrating
that they are beginning to act and think like
scientists. This is a good place to encourage
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Suggested prompts Sample student responses

What question are we trying to answer? We want to know what is produced when we burn it.
What are the products of burning fossil fuels?

What things do we need to consider? We think it produces a gas, so we need to trap the gas.

How did we do that in earlier units? We used a big clear bowl to trap the gas. We also tried to make it air
tight.

That is hard to do sometimes—we will do the best we can. But we have
to let oxygen in or use a really big bowl!

What else should we consider or do? Last time we made mass measurements—we measured the fat to see
if the mass was changing.

Are mass measurements something we should do this time? Not really.

But we need to see if the fuel mass is changing.

OK, how are we going to know if CO  is produced? We can use a CO  sensor—put it under the bowl.

Or we could put a container of BTB and watch for a color change.

It sounds like we need to make observations of any changes we notice.
Our CO  sensor also measures humidity. What is humidity?

Humidity tells you about water vapor in the air.

I wonder if that changes? We can measure that, too, since we have it in
our sensor.

Set up science notebooks for the demonstration. Display slide D. Have students make a two-column chart on a new page in their
notebooks. They should label the two columns, “Before” and “After.” Tell students to record measurements before you burn the fuel and
after. They should also make any additional observations that they think are important to figuring out what the products of the reaction are.
To answer the questions for this investigation, it is not necessary to measure the mass of the fuel before and after. However, if students want
to make these measurements, allow them to do so. This is not a closed system, but students can measure the lighter before and after the
demonstration. Use these measurements to reinforce where the matter is going when the fuel burns.

Bring students together and introduce the investigation system. Ask students to gather around the demonstration table but remain at least
4 feet from the table. This distance is required for safety and will ensure that everyone can see. You may allow the first row to sit in chairs and
have the students behind them stand.

ADDITIONAL
GUIDANCE

See the Teacher Prep section for what needs to be prepared before this demonstration.

See Burning Fuels Instructions for directions on how to set up the demonstrations and for additional support.

that skepticism and to encourage students to
ask questions of you and of their peers to
clarify evidence for the products of these
reactions.
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Remind students of the investigation system you used in the Inside Our Bodies Unit and display slide E. This setup shows one similar to the
one used in the Inside Our Bodies Unit, but if you are using something different, you may replace the
picture with one of your setup. Identify each part of the investigation system and call attention to the
fuel that you are using. Have students record the name of their fuel in the first column of their chart.
You will use a butane lighter initially. Pass one around the class and have students notice the liquid fuel
(butane) in the lighter.

Say, Let’s see if our predictions are true. What measurements and observations do we need to make?
Students may respond with some of the following ideas:

measure CO  concentration
observations of any visible changes to the bowl or items inside the bowl
observations of any “smoke”
mass of the fuel to see if its changing (if recommended by students)

Set up the investigation system. Follow the instructions on Burning Fuels Instructions to set up the system. Use the teacher reference for
more details of the setup and running the demonstration.

Take the initial measurements of the air in the system. If your school has a no-flame policy,
play the Burning Fuels Demonstration video at www.teachersopensciedfieldtest.org/droughtsfloo
ds . Once values on the sensor have stabilized, have students record initial readings from the
sensor or the color of BTB under the bowl. The butane lighter should not be lit.

Run the investigation. Display slide F. Ask for a student volunteer to read the readings off of
the detector for the amount of carbon dioxide and water vapor (relative humidity). Have them
show the other students where they are getting the information on the detector. (The image
shows a carbon dioxide reading of 616 parts per million (ppm) and a relative humidity reading
of 34 percent.) Allow the demonstration to proceed until the CO  sensor has reached its
maximum level.

SAFETY
PRECAUTIONS

Ensure student safety.
Have students put their safety goggles on.
Students should still be in a circle around the demonstration table at least four feet away from it (for
safety and so that everyone can see).

Share what the class has figured out. Allow students to remain around the demonstration table. Ask a few students to share what they have
figured out are the products of burning butane. Display slide G. Refer to the general equation you started earlier. Write “butane” underneath
“Fossil Fuel” in the chemical reaction.

(reactants) (products)

Fossil fuel + oxygen (O ) →
Butane

As students share, encourage other students to ask questions that will help them clarify evidence. Encouraging this is an important part of
the discussion. An example dialogue is shown below.✱

2

2

2

file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods


p g

Suggested prompts Sample student responses Follow-up questions

Can someone share one thing they figured
out with this demo?

I figured out that carbon dioxide was
produced.

Does someone have a follow-up question for
______ that will help you understand more
about what he/she figured out?

I figured out that water was also produced. Does someone have a follow-up question for
______ that will help you understand more
about what he/she figured out?

ADDITIONAL
GUIDANCE

Students learned in the Storms Unit what relative humidity measures, but they may need to be reminded. One
hundred percent humidity does not mean that the air is filled with only water vapor molecules. Here is a short
summary used in Storms Unit with students to explain what it is measuring. Say: Relative humidity isn’t a measure
of the percentage of water in the air, but rather how close the amount of water in the air is to the maximum that can
be in the air before it reaches the maximum that can be held in the air. For example, 100 percent relative humidity
means that the air can’t hold any more water vapor without it clumping together and coming out in little droplets. On
some days, 100 percent relative humidity could mean that the air has reached that 4 percent value we saw in the
range of possible amounts of water vapor found in the air from day-to-day and place-to-place.

Students will also notice condensation on the inside of the bowl as the flame is burning. This is additional
evidence that water vapor is a product of burning fossil fuels.

Students should reply that CO  and water vapor (or just water) are products of burning butane.
Students may have asked if this is true for all fossil fuels, and, if so, that is great. Build on their question.
But if they have not brought this idea up, ask, Do you think this is true for all fossil fuels that burn?
Students should be skeptical about this generalized idea after only testing one fossil fuel. Ask students
what we can do to find out if the products of other reactions of burning fossil fuels yield the same
products.

Suggest an additional test. Display slide H and say, I have another fuel that we can try. It is made from
fossil fuels as well. Methanol is an alcohol that is made from petroleum products—fossil fuels. Has anyone
seen one of these cans of fuel that are fuel gel? A familiar brand of fuel gel is Sterno. Some of these are
made from fossil fuels, like this one. Hold up the can or pass it around for students to see.

Repeat the same procedure using the can of methanol based fuel gel in place of the butane lighter.
You should get similar results.
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ASSESSMENT
OPPORTUNITY

Building towards: 10.A Ask questions to clarify whether the CO  in the atmosphere can come from burning
fossil fuels for energy.

What to look/listen for:
students asking each other for evidence for the products of the combustion of fossil fuels such as:

What evidence do you have that H O is produced?
How do you know the H O wasn’t in the air to start with?
Do you have evidence beyond the humidity sensor values?
What evidence do you have that CO  is produced?
How do you know the CO  wasn’t in the air to start with?

students being skeptical because there is not sufficient evidence to convince them that fossil fuels in
general produce carbon dioxide and water when they burn;
students requesting or asking questions to get more evidence to support their findings—evidence that
is sufficient to make a claim that carbon dioxide and water are products of the combustion of a variety
of fossil fuels; and
students recognizing that energy is a product of the combustion reactions, as well as matter that
comes from the reactants.

What to do: Encourage students to ask each other questions, especially if the student responding is vague or
gives an incomplete answer. Students should be asking questions of each other to clarify any claims or the
evidence they have collected. Some students may need sentence starters to help them frame their questions.
If your students need this support, write a few sentence starters on the whiteboard. Some examples of starters
include: What do you mean by________? What evidence do you have that____________ is true? How do
you know _____________?

Return to general chemical reaction. Display slide I. Say, We have burned two different fossil fuels and have gotten similar results. Are you
comfortable with saying that carbon dioxide and water are two products of the reaction? Students may all be convinced but you may have some
who are not. The teacher reference, Burning Fuels Instructions, gives suggestions for other tests with additional fossil fuels.

Say, Can we add products to this reaction that we started with? If some students are not convinced that this reaction can be generalized, write
“butane” and “methanol” underneath “Fossil Fuel” so that you honor their skepticism but can move ahead.

(reactants) (products)

Fossil fuel + oxygen (O ) → carbon dioxide + water

ADDITIONAL
GUIDANCE

Students may ask about other products of the combustion of fossil fuels, such as smoke or carbon monoxide.
While the major component of a fossil fuel, such as gasoline is octane, there are other additives and
compounds included in the gasoline mixture. If pure octane is provided sufficient oxygen during combustion,
the products will be carbon dioxide and water. However, complete combustion rarely takes place. If there is
insufficient oxygen available, some carbon monoxide will also be produced. Carbon monoxide (CO) is the result
of incomplete combustion—it happens when there is not enough oxygen available during combustion. Smoke
may also be produced. This happens when there are additives, incomplete combustion, or other factors. Smoke
may contain liquids and solids that contain very fine particles of elemental carbon. You can see soot often
when there is a lot of smoke in a fire.
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10 min3 · EXAMINE FUEL AND FOOD MOLECULES
MATERIALS: science notebook, Fuel Molecule Cards cut apart

ADDITIONAL
GUIDANCE

Your class may have done the Examine Fuel and Food Molecules activity before the Burning Fuel
Demonstration Lab. If so, adjust the directions for this activity to account for the different order of activities
from what is printed here.

Link the products of the reaction to the reactants. Display slide J. Students may have wondered about the atoms in the reactants when
predicting the products of the reaction of fossil fuels with oxygen.✱ If you have students who are still skeptical about reactions of fossil fuels
always producing carbon dioxide and water, this activity may provide the additional evidence they need to be convinced.

Say, What did we learn about the atoms that make up products in a chemical reaction from Unknown material with identifier: ca,n? How can we use
what we know about atoms in a chemical reaction and what we figured out to be products of the reaction to help us predict what fossil fuels are
made of?

Have students jot down in their notebooks atoms that they think make up fossil fuels. Remind them that we know fossil fuels react with
oxygen in the air when they burn.

Examine common fuel molecules and sugar molecules. Distribute the cards cut from Fuel Molecule Cards so that each group of students has
one set of cards.

Display slide K and say, As you work with your group, think about how the molecules are similar and how they are different. Group them into two
groups—sugars and fuels. How are these two groups similar and how are they different? Be ready to share what you have figured out.

Suggested prompts Sample student responses Follow-up questions

What did you find that was similar for all of
these molecules?

They all have carbon and hydrogen in their
molecules. Some have oxygen.

What does that tell you about the products
when we burn one of these?

Did you find any differences? Some molecules were very complex and
some were pretty simple.

Can you give an example of a simple
molecule and one that you think is complex?

Some of the molecules had oxygen and
some did not.

If the products of burning the ones without
oxygen are still CO  and H O, where does the
oxygen in these products come from?

I have been calling these “fuel molecule
cards.” Are all of these fuels?

No, some are sugars.

But we learned that sugar is a fuel for our
bodies, so I guess sugars are a type of fuel,
just not for our homes or cars.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING ENERGY
AND MATTER

The Examine Fuel and Food Molecules
activity reinforces the big idea and
crosscutting concept that matter is
conserved because atoms are conserved in
chemical processes. As students wonder
about the atoms in the reactants and want to
use that information to help them either
predict or confirm the atoms in the products
of the reaction, they are demonstrating that
they have internalized and are truly using
this crosscutting concept to figure out new
science ideas. Knowing that the reactants in
the reaction (hydrocarbons and oxygen)
contain hydrogen, carbon, and oxygen and
then reasoning that those atoms and only
those atoms must make up the products of
the reaction is a fundamental step in using
the crosscutting concept of conservation as
an intellectual tool that will help them
understand core science ideas.

Take advantage of opportunities in this
activity to encourage students to apply this
crosscutting concept to respond to questions
and to share ideas. Examples of ways to
accomplish this are included here but feel
free to add additional support for your
students if needed.
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10 min4 · FACILITATE A BUILDING UNDERSTANDINGS DISCUSSION
MATERIALS: science notebook, Model Ideas list

Facilitate a Building Understandings Discussion. Project slide L. Use this opportunity to establish agreement to answer the questions
generated prior to the demonstration. Ask, Did we answer your questions that I wrote on the board when we first started this lesson?

Look at the questions students generated at the end of the navigation. Students should have answered most if not all of their questions.

Say, Wait! It seems we figured out something big. Let’s think about this carbon that is now in carbon dioxide in the air. And we know that is a problem.
Can someone remind me why a lot of CO  in the atmosphere is a problem?

Suggested prompts Sample student responses Follow-up questions

Why is extra CO  (from burning fossil fuels) in
the atmosphere a problem?

It is what is causing us to get warmer—we
figured that out in another lesson. (Lesson 7)

Isn’t this just a natural cycle?

Where did the carbon in the CO  come from? It came from burning fossil fuels. Are you saying the atoms from the CO  were
in the fossil fuel?

Where did the fossil fuel come from? It was buried in the ground—down deep! Can you describe how carbon is moving
through our Earth system?

So, we have carbon that was once
underground as part of the molecules that
make up fossil fuels. And where is it ending
up?

In the atmosphere! And what is wrong with that? Is that a
problem?

So, it sounds like we have some ideas to add
to our Progress Tracker. What ideas or idea
should we add that we have figured out
today?

KEY IDEAS Purpose of this discussion: See what we can agree upon regarding the combustion of fossil fuels.

Listen for these ideas:
Water appeared on the walls of the container.
Carbon dioxide increased on the sensor.
Carbon dioxide and water are produced from burning fossil fuels.
Carbon from fossil fuels that were buried underground is now part of the atmosphere.
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12 min

Add new ideas to the class Model Ideas poster, and students add the
idea to their Progress Tracker. Say, What is the one big idea we figured out
today that would be important to include on our Model Ideas poster?
Students should respond that they figured out that burning fossil fuels
produces carbon dioxide and water. Encourage students to add this idea
to their Progress Trackers as you write the idea on the Model Ideas poster
(shown in red in the image). Students may want to include the general
chemical equation that we completed.

Fossil fuel + oxygen (O ) → carbon dioxide + water

Say, Remind me why we are not really worried about too much water vapor
even though it is produced, too, and is a greenhouse gas. Students should
recall that, when humidity gets too high, the water will precipitate out of
the atmosphere—the water cycle takes care of it!

Another big idea to add to the Model Ideas list is described in the
previous dialogue—carbon stored underground moves to the
atmosphere because of the combustion of fossil fuels. Add this idea to
the list, too, and encourage students to add it to their Progress Trackers.

Wrap up class and navigate to day 2. Say, So, we are putting carbon (as carbon dioxide) into the atmosphere by burning fossil fuels. What things
burn fossil fuels? Students should reply vehicles, most electricity is generated using fossil fuels, homes are heated with electricity, oil, natural
gas, or propane—all fossil fuels or made by fossil fuels.

Continue by saying, We must be putting a lot of carbon into the atmosphere. And, we know this is becoming a problem with rising temperatures. I
wonder if there are any natural processes that take CO  out of the atmosphere? Do you have any ideas? Allow a few students to respond without
discussion. We will pick up with this question in the next class.

End of day 1

5 · NAVIGATION AND SETTING UP CARBON SYSTEM MODEL
MATERIALS: chart paper, three colored markers

Use the combustion demonstration to brainstorm other sources of CO . Say, We figured out burning fuels gives off CO  into the air. But we
know of other sources that put CO into the air, and we know of things that can take CO  out of the air.

Have students turn and talk about things they know that give off or take in CO . Display slide M. Give students 1 minute to brainstorm ideas
in partners, then elicit ideas from the whole class. Listen for students to suggest the following

Plants take in CO  and give it off, too.
People breathe out CO .
Animals breathe out CO .
Decomposers give off CO .

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

The setup for the carbon system model
should move quickly and mirror how the
class developed the water system model in
Lesson Set 1. In this lesson and future
lessons, students will focus on using the
carbon system model to explain and predict,
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Anything that does cellular respiration gives off CO .
Anything that does photosynthesis takes in CO .

Say, Wow, there are a lot of ways we can move CO  into and out of the air. And there
are a lot of organisms on Earth, including us, that are giving off CO  into the air, too.
Seems like we need to account for other sources of CO  to get a more complete picture
of how it’s moving in and out of the atmosphere.

Set up Earth’s Carbon System Model. Display slide N. Say, When we were trying
to figure out what was going on with water, we set up a model to help us make
predictions about what was happening in the system. Let’s try that again, but this time,
let’s capture what we already know about the components and interactions that
involve carbon at the surface, above the surface, and below the surface. Maybe
tracing the carbon can help us see where in the system there is a change that’s creating
a problem. It was easy for us to brainstorm where we find water but maybe more
difficult to brainstorm where we find carbon. Can we generate a list of places where
there is carbon together?

Through questioning, build a system model that includes the components of the
carbon system.✱

Suggested prompts Sample student responses

What are the different molecules we know about that have carbon in
them?

Sugar/glucose, proteins, fats, fuels.

And where do we find these molecules? They’re inside us and every living thing.

They’re inside foods we eat or make up the foods we eat.

They make us fossil fuels.

Pretty much anything that is living or was once living has these
molecules that make it up.

Great. So, if we were to brainstorm where carbon is located at the
surface where could we find it?

Plants, animals, decomposers, people.

Let’s add those to the surface. And where are fossil fuels at the
surface?

Factories, cars, places where they drill oil, coal mines.

Fossil fuels are interesting. They are at the surface and below the
surface, too. How should we represent that in the model?

Put fossil fuels underground. Put some stuff at the surface that uses
fuels, like gasoline.

And what form is carbon above the surface? Carbon dioxide.

y p p
so there is less emphasis on developing the
model itself, which is done based on
students’ prior learning in other units and
earlier lessons in this unit.
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ALTERNATE
ACTIVITY

The carbon system model included in this lesson is limited because it only includes a few components and
processes. The ocean plays a significant role in carbon cycling and its exclusion here is a notable limitation. If
you wish to add components and processes that your students know about, modify the model to include those
components and additional processes. If you choose to modify, consider adding the ocean and the two sea-to-
air gas exchange processes that take up and emit carbon into the atmosphere from the ocean.

Say, OK, so we have some major components of the system on our model. Brainstorm with
your partner what you already know about how carbon can move between these components
at the surface and above the surface,. For example, how does the carbon become a CO
molecule or get taken up from the air into something at the surface? And how do fossil fuels
become fuels and get taken out from under the ground?

Add interactions to the model focusing on natural processes. Elicit from students their
ideas about natural processes that move carbon between the components. Listen for
students to suggest:

Photosynthesis by plants takes carbon dioxide out of the atmosphere (connect
to the Maple Syrup Unit as needed).
Respiration by people, animals, plants, and other decomposers puts carbon
dioxide into the atmosphere (connect to the Inside Our Bodies Unit and Maple
Syrup Unit as needed).
Buried ancient plants and animals is how fossil fuels are made (connect to
Lesson 9). Use students’ prior knowledge of this only and do not worry about
whether they understand this process fully—it’s OK to work with a general
understanding of it.

Add interactions to the model focusing on processes for human energy. Elicit from
students additional ideas they brainstormed for human-related processes, such as the following:

Combustion of fossil fuels (connect to day 1 of this lesson and Lesson 9)
Drilling for oil and mining for coal (connect to Lesson 9 as needed and to students’ prior knowledge about how we get fossil fuels
from underground).

Say, We have a pretty complete system model now that shows some important components
and interactions that involve carbon. Now let’s use our model to make predictions about what
could be going on in the system that carbon dioxide is collecting in the atmosphere. What are
some of our ideas?

Listen for students to suggest:
Burning more fossil fuels today that are getting stuck in the atmosphere.
There are two arrows going into the atmosphere and only one coming out, so
maybe there is more going in than can come out.
We’re cutting down trees, so the photosynthesis arrow is getting smaller.
We’re getting more and more people, so the cellular respiration arrow could be
getting larger.

Say, It sounds like you think changes to these arrows could affect the flow of carbon into the
atmosphere, and the biggest changes may be around the combustion arrow and the
photosynthesis arrow. Let’s see if we can simulate the flow of atoms in this model to explain
how changes to the arrows affect the system.
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16 min6 · TRACE CARBON USING THE CARBON DICE GAME
MATERIALS: dice, Quick Reference Card (optional), Carbon Dice Game Instructions and Station Cards, Station Cards

ALTERNATE
ACTIVITY

There are two alternative activities to replace the Carbon Dice Game depending on if you (1) want to add
oceans or (2) are teaching in a remote setting. Please visit Carbon Dice Game Instructions and Station Cards for
more guidance on these alternative versions of the activity. Visit the Key Ideas callout below to help you modify
this activity as needed, but stay closely aligned to the learning goals.

Provide instructions to the Carbon Dice Game. Display slide O. Explain the components (i.e., stations) in the game and help students map
them to the Carbon System Model they just created. Explain that the students will complete two rounds of the game, both before and after
the combustion of fossil fuels. Explain that

stations around the room represent components of the Carbon System Model just developed,
students are carbon atoms inside different carbon molecules moving through the system,
students will roll the dice and move to different reservoirs of carbon based on the number they rolled,
round 1 of the game will represent the carbon system when fossil fuels were locked underground, and
round 2 of the game will represent the carbon system when people started using fossil fuels for energy.

Play round 1 of the game. Arrange students in their starting location. Have students in the fossil fuel reservoir remain in their seats. Roughly
about ⅔ of the class will be actively moving through the system, while the other third will be “locked” in the fossil fuel reservoir. Have some
students pause at each roll and share where they moved, why they moved there, or why they did not move. Have students complete roughly
10-15 rolls or up to 4 minutes. Students can roll the dice at their own pace and move as quickly as they can. You can pause their movement
as needed.

Play round 2 of the game. Introduce the change to the system with the addition of combustion of fossil fuels. Tell students that the carbon
atoms trapped in fossil fuels are now “unlocked” and that these students can start rolling their way into the system. Allow students 5-6
minutes to roll their dice and move through the system. Pause as needed when you start to notice a buildup in any of the reservoirs or a
depletion in reservoirs, such as fossil fuels. If you need to adjust the game, “reset” the students to the starting locations and make
adjustments. If you do this, take a minute to share how this simulation of the system is based on “chance” with the roll of the dice. In the real
world, the system is much more predictable.

Have students return their dice to you and return to their seats.

SAFETY
PRECAUTIONS

If you will use the dice with another class of students, make sure to sanitize the dice between classes. You can
do this by having students drop the dice in a bowl of warm bleach water at the end of the game and taking the
dice out to dry on a paper towel before the next class. One tablespoon of bleach to a gallon of water should be
sufficient. Follow guidance from here: https://www.dhhs.nh.gov/dphs/holu/documents/hom-sani.pdf

https://www.google.com/url?q=https://www.dhhs.nh.gov/dphs/holu/documents/hom-sani.pdf&sa=D&ust=1608182889367000&usg=AOvVaw27I8dj057RB395ILSiuOW0


12 min7 · FACILITATE A CONSENSUS DISCUSSION AND UPDATE MODEL
MATERIALS: Earth’s Carbon System Model, Model Ideas list

Ask students to share what they noticed during the game. Display slide P. Elicit
from students what they noticed happened to carbon after combustion was
added.

How did carbon move through the system before combustion of fossil
fuels?
What changed in the system when we added combustion?
Why do we think this change happened?

Give students the actual numbers to the carbon fluxes. Display slide Q. Using
sticky notes, post the numbers, in gigatons of carbon per year, to the arrows.

Photosynthesis takes in 121 GtC/year.
Cellular respiration adds approximately 119 GtC/year.
Combustion adds 10.5 GtC/year.

Give students a moment to turn and talk with a partner about what they notice.

Facilitate a Consensus Discussion. Display slide R. Prompt students to
engage in a discussion focused on the rates at which different processes

add or take out carbon dioxide from the atmosphere.✱
What do you notice about the rates of natural processes of photosynthesis
and cellular respiration?
What do you notice about the rates of processes putting CO  into the
atmosphere compared to the process taking CO  out of the atmosphere?
What can we conclude from our simulation with dice and these rates from
real-world data?

KEY IDEAS Purpose of the discussion: to engage in mathematical thinking about rates and proportions to conclude that
combustion is leading to more CO  in the atmosphere than can be taken up via photosynthesis.

What to look/listen for:students to conclude on the following science ideas:
Natural processes seem to give off and take up CO  from the atmosphere at a similar rate
(Photosynthesis and cellular respiration are near equal).
When you burn fossil fuels, the CO  gets stuck in the atmosphere (Nothing to offset the process).
The carbon once stored underground is put in the atmosphere when we burn fossil fuels.
Only some living things can take carbon out of the atmosphere through photosynthesis.
Combustion is putting a lot more carbon dioxide into the atmosphere at a faster rate than it can be
taken out by the natural process of photosynthesis.

Additional guidance: If students are still wondering about water vapor versus carbon dioxide, tell students that
water vapor tends to stay in the atmosphere for days to weeks, but carbon dioxide stays in the atmosphere for
dozens of years to thousands of years. While water vapor is a greenhouse gas that is of concern, its short life in
the atmosphere makes it less problematic.

✱ SUPPORTING STUDENTS IN
THREE-DIMENSIONAL LEARNING

This discussion is an opportunity to engage
your students in multiple science practices
and crosscutting concepts to figure out
science ideas. Both Modeling and
Mathematical Thinking are useful to support
thinking in this moment. Scale, Proportion,
and Quantity, Matter and Energy, and
System Models are also helpful lenses to
apply. Prompt students to identify which
crosscutting concepts they believe are useful
lenses to make sense of the changes
happening in the carbon system model and
allow them to bring their different ideas to
the discussion. At some moment during the
discussion, focus students on proportional
thinking to facilitate their understanding of
the different rates for each process and how
changes to those rates affect the carbon
pools or reservoirs.2
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Add Model Idea(s) to the class list. Display slide S. As you facilitate the
discussion, ask students what ideas they can synthesize from the

evidence they have collected. Say, OK, so we took some carbon fuel stored
underground for a really long time, burned it, and now it’s CO  in the atmosphere. CO
stays up there a long time, and the only way to get CO out of the atmosphere is
through photosynthesis. How can we summarize what we figured out using the rates
of each process in our system model?

Ask students to offer suggestions, and choose 1-2 ideas to add to the class list.
Examples are shown in the image to the right and below.

Photosynthesis is the only way to get carbon dioxide out of the
atmosphere. The rate of photosynthesis is not enough to take up
carbon dioxide from combustion of fossil fuels.
Combustion of fossil fuels is creating a carbon imbalance in the
atmosphere.

ASSESSMENT
OPPORTUNITY

Building towards: 10.B Apply mathematical concepts to identify that the rate of combustion putting CO  into
the atmosphere is not proportional to the rate for photosynthesis taking CO  out of the atmosphere, leading to
an imbalance in Earth’s carbon system.

What to look/listen for:
students to apply the concept of rate to make sense of the imbalance that occurs when comparing
the rate of CO (carbon atoms) entering the atmosphere from combustion versus the rate of CO
taken out of the atmosphere from photosynthesis,
students to use the lens of proportional thinking and systems thinking to explain the uneven flow of
carbon through processes in Earth’s carbon system with the addition of combustion of fossil fuels, and
see the Key Ideas section above.

What to do: Challenge students to return to the graphs from Lesson 9 depicting population growth and energy
use and discuss (1) what would we predict will happen to the combustion number given our population growth
and needs for energy? and (2) What do we predict could happen to the photosynthesis number given land use
choices we learned about in the Palm Oil Unit? Have students complete a third round of the dice game but with
increased fossil fuels use so that, when they roll the dice, there is more opportunity to leave the fossil fuel
reservoir. Have them complete a round with reduced fossil fuel use where there is only one opportunity (rolling
a 6) to leave the fossil fuel reservoir. The additional rounds may help students see that the rate of use of fossil
fuels can greatly affect buildup of carbon in the atmosphere.
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5 min8 · NAVIGATION
MATERIALS: Exit Ticket: Cause-and-Effect Diagram

Elicit ideas for things that use fossil fuels in our lives. Ask students, What are some things we use every day that may get energy from burning
fossil fuels? Listen for students to suggest:

cars, planes, buses, or anything that uses gasoline,
electricity in homes or schools from coal power plants,
electronics that use power, and
factories that make things for us.

Have students develop a cause-and-effect diagram. Display slide T and pass out one copy of Exit Ticket: Cause-and-Effect Diagram to
each student as their exit ticket, though you can take this home for a home learning activity. Tell students to use the template to

create a cause-and-effect diagram showing how fossil fuel use is causing a change to a community’s water resources. Ask students to:
add boxes to two already in the template. Each box should represent an idea they figured out that is important in the chain of
events and
connect the boxes with arrows or lines showing what is related to or causing the next thing in the chain.

Allow students to work on their diagram at home, if needed, but emphasize that they will need them for the next class period. If completed
as an exit ticket, use them for formative assessment in preparation for Lesson 11 but return to students at the start of Lesson 11.

Additional Lesson 10 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

CCSS.Math.Content.6.RP.A.3: Use ratio and rate reasoning to solve real-world and mathematical problems.

After 6th grade students should be familiar with unit rates. In this lesson, students use the unit rate of gigatons
of carbon per year. Have your students compare rates for photosynthesis, cellular respiration, and combustion
to make sense of the increase in carbon dioxide in the atmosphere.

CCSS.Math.Content.7.RP.A.2: Recognize and represent proportional relationships between quantities.

Have students examine the rates of photosynthesis, cellular respiration, and combustion. The rates of
photosynthesis and cellular respiration are close to equal (proportional) to each other, though slightly different.
Have students think about what it means that photosynthesis is slightly more than cellular respiration (i.e., plant
growth). Have students compare the magnitude of combustion, which seems far less than the natural
processes, yet there is no proportional offset for this source of carbon dioxide.


