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Human Energy Systems Timeline and Overview
	Lesson
	Activity
	Lesson Description
	Core Investigations
	Other Modifications
	Tools for Reasoning 
	Formative Assessment
	Media 
	Required Materials

	CORE 1
	1

(20 min)
	Pre-assessment
	Necessary
	 
	 
	Stand-Alone formative assessment
	 
	Human Energy Systems Pre-Assessment

	
	2

(30 min)
	Why is CO2 increasing in the atmosphere?

Students write down and discuss their ideas to explain two patterns of the Keeling Curve, the interannual increase and decrease due to seasonal photosynthesis differences (a review of carbon in ecosystems), and the overall increase in atmospheric carbon dioxide in the past 50 years.
	 Necessary
	
	
	Yes
	
	Worksheet: What’s the CO2 Trend? Explaining the Keeling Curve

	 
	3
(15 min)
	How are you using organic carbon?

Students write down ideas about how they use organic carbon in their everyday lives. This serves as a review for the difference between inorganic and organic carbon and for teachers as a formative assessment about students’ ideas about carbon and energy.
	 Necessary
	 
	 
	Yes
	 
	Public space to record ideas

Worksheet How do I use organic carbon?

	 
	 
	 
	 
	 
	 
	 
	 
	 

	CORE 2
	1
(20 min)
	Zooming in to Fossil Fuels 

Students connect fossil fuel materials to plant materials and recognize that fossil fuels are made of organic carbon.
	 Necessary
	 
	
	 
	Fossil Fuel PPT
	Reading: Where Do Fossil Fuels Come From?
Worksheet: Zooming in to Fossil Fuels


	
	2
(25 min)
	Follow the Carbon
Students learn about the process of fossil fuel creation, extraction, and use in energy systems, and the time scale associated with each process.
	 Necessary
	 
	
	 
	Fossil Fuel PPT
	Worksheet: Follow the Carbon

	 
	 
	 
	 
	 
	 
	 
	 
	 

	CORE 3
	1
(25 min)
	Extreme Makeover: Lifestyle Edition!

Students select a lifestyle associated with different transportation, food, buildings and electricity use. Students are given choices (i.e., Transportation Lifestyle A, B, C or D).
	Necessary
	
	
	
	
	Choose a Lifestyle Cards

Worksheet: Extreme Makeover: Lifestyle Edition (p. 1)


	
	2
(25 min)
	Consequences Revealed
After students select lifestyles, the carbon emissions associated with those lifestyles are revealed. Emission numbers are loosely based on four countries (US, China, Ethiopia and France). Students compare their chosen rate of emissions with current global average.
	 Necessary
	 
	
	 
	Who Lives These LifestylesPPT
	Worksheet: Extreme Makeover: Lifestyle Edition (p. 2)


	 
	 
	 
	 
	 
	 
	 
	 
	 

	CORE 4
	1
(60 min)
	Jigsaw Activity: How do we create carbon emissions in our energy system?

Students working in groups complete worksheets qualitatively connecting activities in each sector to carbon emissions.
Electrical energy: trace energy from an appliance back to the source in different types of power plants.
Transportation: connect different methods of transportation with burning fossil fuels.

Housing: CO2 emissions associated with building materials, heating and cooling.
Agriculture and food distribution: emissions associated with meat vs. vegetable/grain production and food distribution.
	 Necessary
	 
	
	 
	
	Jigsaw Cards

A reading and worksheet each for:

Electrical Energy

Transportation

Housing

Agriculture and Food



	 
	 
	 
	 
	 
	 
	 
	 
	 

	CORE 5
	1
(2 class periods)
	Choices and Consequences – Global Implications
Students play the Stabilization Wedge Game to consider and weigh different strategies for stabilizing and reducing global carbon emissions to mitigate human caused global climate change.
	 Necessary (Optional until developed for unit)
	 
	
	
	
	See website:
http://cmi.princeton.edu/wedges/game.php

	 
	 
	 
	 
	 
	 
	 
	 
	 


Targeted Grades:  6-12
Key Concepts: Human Impacts on Carbon Cycling, Keeling Curve, Carbon and Energy in Fossil Fuels, Carbon and Energy in Human Systems (Transportation, Electricity, Food, Buildings)
Vocabulary:

· Biomass

· Carbon Emissions

· Carbon Footprint

· Chemical Energy

· Combustion

· Electrical Energy

· Fossil Fuel
· Gasoline

· Greenhouse Gases

· Heat Energy

· Keeling Curve

· Motion Energy

· Organic Carbon

Materials

General Resources 

· Human Energy Systems Pre-Assessment
· Fossil Fuel PowerPoint

· Reading: Where Do Fossil Fuels Come From?

· Who Lives These Lifestyles? PowerPoint

· Choose a Lifestyle Cards

· How Do We Create Carbon Emissions Jigsaw Cards
· How Do We Create Carbon Emissions Readings (4 Readings)

· Stabilization Wedge Game Materials (See http://cmi.princeton.edu/wedges/game.php)
Consumable Student Worksheets
· What’s the CO2 Trend? Explaining the Keeling Curve

· How Do I Use Organic Carbon?

· Zooming In To Fossil Fuels

· Follow the Carbon

· Extreme Makeover: Lifestyle Edition

· Electrical Energy Questions

· Transportation Questions

· Housing Questions

· Agriculture and Food Questions
Acknowledgments:
Writers: Charles W. (Andy) Anderson, Beth Covitt, Jenny Dauer
Reviewers and assistance from: Hannah Miller, Courtney Lannen
Core Lesson 1: Pre-Assessment, Keeling Curve and Using Organic Carbon
Time/Duration:  65 minutes 


Activity 1: Pre-assessment 





~20 minutes


Activity 2: Why is CO2 increasing in the atmosphere?

~30 minutes

Activity 3: How are you using organic carbon?


~15 minutes

Guiding Question: Why is the level of carbon dioxide in our atmosphere increasing? How am I using organic carbon?
Model Responses

	Alex
	Blake
	Carmen

	People might cause it, but it might also be caused by the weather. Weather is changing all the time, and this changes the way plants grow, so that might be a cause. There is also a lot of pollution that might cause the CO2 levels to rise.
	CO2 levels are rising because people are burning a lot of fossil fuels. Also, a lot of the plants in the world are being cut down, so that might also cause the rise in CO2 levels. We also have a lot of nuclear power plants and use a lot of electricity.
	CO2 levels are increasing because humans are burning fossil fuels, and CO2 (a product of combustion) is being put into the air. Before being burned, the carbon in fossil fuels had been sequestered underground for millions of years. Due to rising levels of carbon emissions combined with deforestation and decreases in other carbon sinks, there aren’t enough plants to remove rising levels of CO2 from the air through photosynthesis. 


The level of carbon dioxide in our atmosphere is increasing primarily because human activity in about the past century has moved significant amounts of carbon that had been sequestered in fossil fuels buried underground for millions of years into the atmosphere. The global carbon cycle includes processes that both release carbon dioxide into the air (e.g., decomposition, combustion, respiration) and that remove carbon dioxide from the air (e.g., photosynthesis). The rate at which humans burn fossil fuels for various activities means that more carbon is being added to the atmosphere than removed. Carmen (Level 4) provides a response that describes this imbalance in the global carbon cycle, which leads to rising levels of carbon dioxide in the atmosphere. Blake (Level 3) describes several factors that contribute to rising carbon dioxide levels in the atmosphere, but does not identify and explain how the imbalance in carbon entering and leaving the atmosphere is the core reason for rising CO2 levels. Blake will need scaffolding to focus not just on individual causes, but also on the big picture of balance and imbalance within the global carbon cycle.Alex (Level 2) is not sure what is causing the level of carbon dioxide in the atmosphere to increase. Alex may not understand the difference between weather and climate, or the mechanisms that regulate global climate. Alex will need help learning about how carbon cycles between the atmosphere and other reservoirs, and help learning about how location of carbon relates to changes in climate. 
Learning Objectives: 
· The Keeling Curve (Activity 2) and Using Organic Carbon (Activity 3) in this lesson provides students with data to analyze and connect to real-world phenomena including seasonal variation and the contributing factors and outcomes to a global rise in carbon dioxide concentration. 
· Students engage in the Large Scale Practice of carbon as they trace it from from various pools and examine how carbon cycles between organic and inorganic. 

Rationale & Background:

In order for students to understand global carbon cycling, they should be able to explain the trends associated with the Keeling Curve. The pretest will allow the students to give their initial views about the trends of CO2 in the Keeling Curve, for both the overall increase of CO2 and the interannual cycling of CO2. In this lesson students write their initial ideas about how they use organic carbon in their every day lives as a way to begin to identify sources of CO2 from human activity that contribute to increases in atmospheric carbon.
Lesson Description:

This lesson has three parts:

· Activity 1: Students take a pretest, either online or paper and pencil, then write about and discuss their experience in taking the pretest.

· Activity 2: Using the Keeling Curve, students are given time to write about and discuss their ideas about why CO2 is increasing in the atmosphere. 

· Activity 3: Students record and discuss their ideas about how they use organic carbon in everyday life.

Lesson Materials:
General

· Public space to record students’ ideas

Per Student

· Human Energy Systems Pre-Assessment 
· Worksheet: What’s the CO2 trend? Explaining the Keeling Curve
· Worksheet: How do I use organic carbon? 
Advance Prep:

· Print pre-assessment and student worksheets
Activity 1: Pre-assessment

Time: About 20 minutes 

Materials: 

· Human Energy Systems Pre-Assessment 

Rationale and Description:

The pre-assessment is useful for two purposes:

· Your students’ responses will help you decide how much detail you want to include during your teaching; if you find that many of your students are at level 2, you may want to save many of the finer details about fossil fuel combustion and the production of inorganic carbon until they understand how fossil fuels are made and used by humans.
· Your students’ responses will provide a starting point for discussions about the focus for this unit.

Directions

1. Administer the assessment either with paper and pencil (the paper version will fit on the front and back of one page) or on the testing website at http://ibis-live.nrel.colostate.edu/MSP/Taken/ExamTaken_Enter.php
2. Explain the purpose of the pre-assessment to your students:

a. It will help you as a teacher understand how they think about the increase in CO2 levels and what role people play in this increase. 
b. It will help our research project develop better teaching materials and activities by helping the researchers to understand how students think and learn.

c. It will help students think about what they know and what they would like to learn.

3. Give the students about 20 minutes to complete the test. 
Activity 2: Why is CO2 increasing in the atmosphere?
Time: About 30 minutes 

Materials: 

· Worksheet: What’s the CO2 trend? Explaining the Keeling Curve  
Rationale and Description:

This activity is an opportunity for your students to share their initial ideas about why carbon dioxide levels are increasing in the atmosphere. 
Directions

1. Pass out the worksheet What’s the CO2 trend? Explaining the Keeling Curve
2. Read through the first paragraph as a whole class. Tell the students that there are two trends they will explain, the overall carbon dioxide trend, and the yearly carbon dioxide trend. Ask the students to work in groups, and complete Part I of the worksheet about overall carbon dioxide trends. After students work on these questions, have groups share out their responses. Ask the rest of the class if they agree or disagree with different explanations provided by several groups, and to explain why.
3. Tell the students that the second trend about yearly carbon dioxide is a bit more difficult to explain, but that thinking about how plants work will help. Have the students in groups answer question 4 and 5. Then, read the following two paragraphs as a class, and watch the following video of plant growth (or net primary productivity): http://eoimages.gsfc.nasa.gov/images/globalmaps/data/mov/MOD17A2_M_PSN.mov
You may ask the students to notice where plants are growing during which months, or pause the video during certain months. Ask the students to answer question number 6. After students work on questions 4, 5 & 6, have groups share out their responses. Ask the rest of the class if they agree or disagree with different explanations provided by several groups, and to explain why.
4. Read through responses by Alex, Blake and Carmen. Have students vote on the best explanation, and then explain their choice. 
5. Spend ample time allowing students to discuss these questions aloud as a whole group, allowing them to respond to one another’s ideas, and probing what they already know about CO2 in the atmosphere.
Activity 3: How are you using organic carbon?

Time: About 15 minutes 

Materials: 

· Worksheet: How do I use organic carbon? 
Rationale and Description:

This activity is an opportunity for your students to share their initial ideas about how they use organic carbon. This is also an opportunity to review key concepts and vocabulary that students will see throughout the unit, such as biomass and chemical energy. 
Directions

1. Pass out the worksheet How do I use organic carbon?
2. As a review, ask students to explain the difference between organic and inorganic carbon. This should serve as a reminder that organic carbon stores useful chemical energy in C-C or C-H bonds. 
3. Have students think of organic carbon they use in everyday life. If students are having a difficult time coming up with ideas, have them look around the classroom or think about what they have done during the day for more ideas. 
4. Create a T-chart on the board. Have students take turns sharing one way they use organic carbon during their day. Continue adding different ways that organic carbon is used until there are a large variety of responses. Spend ample time allowing students to discuss these questions aloud as a whole group, probing what they already know about the uses of organic carbon in everyday life. 
Name: _____________________ Period: ____ Date: ________
Human Energy Systems Preassessment

1. The graph given below shows changes in concentration of carbon dioxide in the atmosphere over a 47-year span at Mauna Loa observatory at Hawaii, and the annual variation of this concentration.  Other measurements in different parts of the Earth show the same pattern.
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a. Why do you think this graph shows atmospheric carbon dioxide levels decreasing in the summer every year and increasing in the winter?

Circle the best choice to complete each of the statements about what process causes the annual cycle in carbon dioxide concentration.  

	How much of the annual cycle is caused by HUMANS BURNING COAL AND GASOLINE?
	All or most
	Some
	None

	How much of the annual cycle is caused by CHANGES IN PLANT GROWTH?
	All or most
	Some
	None

	How much of the annual cycle is caused by NUCLEAR POWER PLANTS?
	All or most
	Some
	None

	How much of the annual cycle is caused by CHANGES IN WIND AND WEATHER?
	All or most
	Some
	None


Explain your choices.  Why does atmospheric carbon dioxide decrease every summer and increase every winter?

b. Why do you think this graph shows that there is more carbon dioxide in the atmosphere each year?

Circle the best choice to complete each of the statements about what process is causing the continuing rise in carbon dioxide concentration. 

	How much of the continual rise is caused by HUMANS BURNING COAL AND GASOLINE?
	All or most
	Some
	None

	How much of the continual rise is caused by CHANGES IN PLANT GROWTH?
	All or most
	Some
	None

	How much of the continual rise is caused by NUCLEAR POWER PLANTS?
	All or most
	Some
	None

	How much of the continual rise is caused by CHANGES IN WIND AND WEATHER?
	All or most
	Some
	None


Explain your choices.  Why is there more carbon dioxide in the atmosphere each year?

2. Energy-efficient refrigerators use less energy than other refrigerators. 

Do you think that using energy-efficient refrigerators can reduce the amount of carbon dioxide going into our atmosphere?  
	Circle your choice: 
	Yes
	No


Explain your answer.  How can using energy-efficient refrigerators help reduce the amount of carbon dioxide going into our atmosphere, or why will they not help?
3. When someone eats a hamburger, which of the following processes that emit carbon dioxide are necessary to produce the beef in the hamburger and deliver it to the person?  Circle “yes” or “no” for each process.
	Cellular respiration in plants
	Yes
	No

	Cellular respiration in animals
	Yes
	No

	Burning coal in power plants
	Yes
	No

	Burning gasoline or diesel fuel in cars and trucks      
	Yes     
	No    


Explain your answer.  How is each of the processes that you chose “yes” for involved in producing and delivering beef?
4. For each of the choices below, circle the choice that produces fewer carbon emissions and briefly explain why you made that choice.
	Your choice for fewer

carbon emissions
	Your explanation for your choice

	Coal burning power plant

OR

Nuclear power plant
	

	Heating your house with natural gas

OR

Heating your house with electricity
	

	Eating meat

OR

Eating vegetables
	


5. Answer these true-false questions:

True
False
Carbon is a kind of atom.

True
False
Carbon is a kind of molecule.

True
False
There is carbon in the air.

True
False
There is carbon in pure water.

True
False
There is carbon in the soil.

Name:_____________________ Period:____ Date:_________
What’s the CO2 Trend? Explaining the Keeling Curve

Below is a famous graph called the Keeling Curve. A scientist named Charles Keeling originally created this graph. Starting in the 1950s, Keeling studied levels of carbon dioxide in the atmosphere at Mauna Loa scientific observatory in Hawaii. Because it is located on an island in the middle of the Pacific Ocean, Mauna Loa is a great place to sample CO2 in the atmosphere. The annual average CO2 that is measured represents the entire globe, but Hawaii is located about 1300 miles north of the equator, and is thus also influenced by seasonal patterns of the Northern Hemisphere. 
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The Keeling Curve: Atmospheric CO2 concentrations measured at Mauna Loa Observatory
With your group, discuss and respond to the following questions to explain why the Keeling Curve looks the way it does.

Part I Overall Carbon Dioxide
1. Let’s consider the red trend line in the Keeling Curve. Describe the general trend in the level of carbon dioxide in the atmosphere between 1958 and 2008. In other words, is the level of carbon dioxide in the atmosphere going up, going down, or staying the same? (Hint: Use the red trend line to consider this question. If your paper is in black and white it will be the darker shaded line). 

	


2. Is the rate at which the carbon dioxide level in the atmosphere is changing staying the same or changing over time? 

	


3. Use what you have learned about plants and the text above to develop an explanation for the following question. Why is the concentration of carbon dioxide in the atmosphere changing in the manner that is shown in the Keeling Curve? Your explanation should include a claim about the direction of the trend (which way is it going?), evidence supporting the claim (how do you know?), and reasoning describing WHY the trend is going the way it is (why is that happening?).
Provide your argument here:

	Claim 

The concentration of CO2 in Earth’s atmosphere is (circle one): 
going up                     going down                  staying the same
Evidence

The evidence that supports this claim is:

Reasoning

The reason why the concentration of carbon dioxide in Earth’s atmosphere is changing this way is because:

Plants take in carbon dioxide from the atmosphere. Fossil fuels used to be plants. When these plants died, they got buried. Over millions of years, carbon in these plants got buried, compressed, heated and eventually converted into fossil fuels like coal and natural gas that contain carbon. Now, when humans burn fossil fuels they are releasing the stored carbon from the fossil fuels into the atmosphere. That’s why the level of carbon dioxide in the atmosphere is rising every year.

Students may also explain the reason why carbon dioxide levels are increasing more rapidly more recently is because humans have been increasing their fossil fuel use over the past fifty years. They may also mention deforestation.


Part II Carbon Dioxide Each Year
4. Now let’s consider the gray colored line on the Keeling Curve. In your own words, describe the trend shown by the gray line. (Hint: The box labeled “Annual Cycle” in the graph should help you explain the gray trend line. If your paper is black and white, it is the lighter shaded line.) 

	


5. What is the reason why the concentration of carbon dioxide in Earth’s atmosphere is changing in the manner that is shown by the gray line? Discuss with your group and write your initial ideas about what might explain this pattern. 

	


Question 5 is a hard question! Hint: plants play a big role in explaining the short-term fluctuations shown by the gray line. Consider what you know about how plants change the air around them to help you think about this question. The information provided below may also help you think about the reason for the gray line trend.

Here is a useful fact: Consider that seasons on Earth are determined by the tilt of our planet on its axis. Due to this tilt, when it is summer in the northern hemisphere it is winter in the southern hemisphere, and vice versa. How are plants different in the winter versus the summer?
Here is another useful fact: Landmasses on Earth are not equally distributed all over the planet. In fact, the distribution is pretty different in the northern and southern hemispheres. The northern hemisphere is about 39% land and 61% water. The southern hemisphere is only about 19% land and 81% water. 
6. Watch the video showing changes in plant growth with seasons. Discuss with your group and write some ideas about how seasonal plant growth and annual patterns in carbon dioxide levels in the Keeling Curve may be related.

	Because a lot of plants grow in the summer in the northern hemisphere, there is less carbon dioxide in the atmosphere because the plants take CO2 out of the air and convert it to organic biomass. In the winter when the plants die (and leaves fall), the carbon that was stored in the biomass of the plants and leaves is released back into the atmosphere when they decompose.



How can this evidence help you explain the reason for the gray (light) line trend in the Keeling Curve? Discuss with your group and provide a revised argument here.

	Claim

Overall there has been a trend of carbon dioxide in the atmosphere rising for the past 50 years. Which one of these choices describes changes that occur to CO2 levels within one year? (Choose one):

A. CO2 goes down in summer (southern hemisphere) and goes up in winter (southern hemisphere)
B. CO2 goes down in summer (northern hemisphere) and goes up in winter (northern hemisphere)
Evidence

The evidence that supports this claim is:

Reasoning

The reason why the concentration of CO2 in Earth’s atmosphere is changing this way is because:

Through photosynthesis, plants incorporate carbon into their bodies. The sun’s energy drives photosynthesis, so plants can incorporate more carbon into their bodies when there is more light energy hitting them. Because there is more land in the northern hemisphere, there is more photosynthesis going on in northern hemisphere summer (when there’s more light energy reaching the northern hemisphere) than there is in southern hemisphere summer. During northern hemisphere summer, levels of carbon dioxide in Earth’s atmosphere dip a little because more carbon dioxide is being incorporated into plant bodies through photosynthesis than during the northern hemisphere winter. Because there’s less land mass in the southern hemisphere, there’s less photosynthesis going on around the Earth in southern hemisphere summer, so carbon dioxide levels go up in southern hemisphere summer.  


7. Some people who want to limit their carbon footprint (the amount of carbon dioxide they send into the atmosphere as a result of their activities) do so by paying for trees to be planted in forests around the world. Explain how planting trees helps reduce the amount of carbon dioxide in the atmosphere. 

	Trees will take carbon dioxide out of the atmosphere and convert it to organic biomass. This process means that carbon will be stored in the trunk and roots of the tree instead of in the atmosphere.



Name:_____________________ Period:____ Date:_________
How do I use organic carbon?

There are lots of ways that people use organic carbon.
1. Can you list at least five materials that are organic and five that are inorganic?

	Organic Materials: 

	Inorganic Materials:



2. What is the difference between organic and inorganic materials?

	Organic materials store chemical energy in C-C and C-H bonds; inorganic materials do not.



3. Can you name at least five types of organic carbon that you use? List them in the left-hand column. How do you use that organic carbon? Explain how for each type of organic carbon in the right hand column.

	Organic carbon that I use:
	How I use it:

	1. Vegetables
2. Wood

3. Fuel (gasoline)
4. Fuel (coal)

5. Paper

Other examples of organic carbon include:

Other food types

Wood or gas for heating

Fibers in clothing

Wood in tables or cabinets


	1. I eat it for mass and energy

2. I live and go to school in buildings made of wood

3. I use gasoline when I drive or ride in a car or bus

4. I use fuel that has been turned into electricity for lights in school

5. I use paper that I write on during school


Core Lesson 2: Fossil Fuels

Time/Duration:  45 minutes 


Activity 1: Zooming in to Fossil Fuels



~20 minutes


Activity 2: Follow the Carbon




~25 minutes

Guiding Questions: What are fossil fuels? 

Learning Objectives:

· Identify the molecular structure of gasoline as an organic molecule, and all fossil fuels as originating as organic plant materials.
· Describe the processes involved in fossil fuel formation and identify the time associated with each process.
Rationale & Background:

This lesson provides students with background information about the formation of fossil fuels so they will be better able to understand that fossil fuels were made from once living things and are therefore composed of organic carbon. Humans can use this organic carbon because the bonds in the carbon-containing molecules contain energy. We use fossil fuels by first extracting them from deep in the ground and then burning them to release energy. We use more fossil fuels now than we did before the industrial revolution because of an increase in industry, agriculture, transportation, and electricity use. 
Lesson Description:

This lesson has two parts: 

· Activity 1 is designed to help students connect fossil fuel materials to plant materials and to recognize that fossil fuels are made of organic carbon. 
· Activity 2 is designed to help students understand the process of fossil fuel creation, extraction and use in human energy systems, and the time scale associated with each process. 
Lesson Materials:
General

· Public space to record students’ ideas
· Lesson 2 Fossil Fuels PowerPoint slides
Per Student

· Reading: Where Do Fossil Fuels Come From? 
· Worksheet: Zooming in to Fossil Fuels

· Worksheet: Follow the Carbon
Advance Prep:

· Print student worksheets

· Have PowerPoint slides ready

Activity 1: Zooming Into Fossil Fuels 
Time: About 20 minutes 

Materials: 
Power Point: Lesson 2 Fossil Fuels

Handout: Zooming into Fossil Fuels
Rationale and Description:

It is important for students to identify fossil fuels as organic material in order to understand how they were initially created and how they are now used in human energy systems. By zooming into a molecular level, students will see the similarity between fossil fuels and plant materials and other organic molecules. All organic molecules have stored chemical energy that is useful in human systems.
Directions:

1. Pass out the student worksheet “Zooming Into Fossil Fuels” --- one to each student or to each student group.
2. Display the Lesson 2 Fossil Fuels PowerPoint. Introduce students to what fossil fuels are and what they look like. Tell students that in this activity we will zoom in to a molecular level to look at one fossil fuel: gasoline. The power point includes notes to help guide discussion.
3. Have the students use ppt slides 7 and 8 to answer worksheet questions 1 and 2.
4. Have the students use their own ideas to answer worksheet questions 3 and 4 and share those ideas with the class.
Activity 2: Follow the Carbon 

Time: About 20 minutes 

Materials: 

Power Point: Lesson 2 Fossil Fuels
Reading: Where Do Fossil Fuels Come From?
Worksheet: Follow the Carbon

Rationale and Description:
Having students follow a carbon atom from the air to plants and through the processes involved in forming, sequestering, and extracting fossil fuels will help them understand how fossil fuels were formed and when they were formed.
Directions
1. Pass out the student handout “Follow the Carbon” and “Where do Fossil Fuels Come From?”--- one to each student or to each student group.
2. Display the Lesson 2 Fossil Fuels PowerPoint starting with slide 10. Describe the process of fossil fuel formation, emphasizing the photosynthesis in these 300 million year old plants works the same as in plants today. Plants use energy from the sun in photosynthesis, and plants sequester carbon dioxide from the air into organic biomass (see notes in the power point slides for more details). 
3. Have the students use PowerPoint slides 10-13 and the reading ”Where do Fossil Fuels come from?” to complete the table in the Follow The Carbon worksheet.

4. Use slides 14-17 to continue the activity by describing how humans started using fossil fuels during the industrial revolution. This allowed for many advances in agriculture, manufacturing, technology, etc. Introduce the new terms “carbon emissions” and “greenhouse gases.”

5. Use slides 18 and 19 to explain how carbon dioxide emissions amplify the greenhouse effect.
Name:_____________________ Period:____ Date:_________
Zooming in to Fossil Fuels

Gasoline is a fossil fuel commonly used in transportation.

1) Think about the following materials: gasoline, water, carbon dioxide, cellulose and ethanol. 
	







	






Put the same materials into two groups:  one group that contains energy-rich molecular bonds, and one group that doesn’t. Describe each group.
	Materials in this group:

Gasoline C8H18
Ethanol C2H6O

Cellulose C6H10O5
This group is similar because: 

They have C-C and C-H bonds


	Materials in this group:

Water H2O

Carbon dioxide CO2
This group is similar because: 

They do not have C-C and C-H bonds




3) Is gasoline organic or inorganic? Explain why or why not. Which material is it most similar to?

	Gasoline is organic because it has C-C and C-H bonds. It is the most similar in terms of atoms and bonds to cellulose.




4) What are your ideas about where the carbon atoms in gasoline come from?  Where were those atoms before they were in gasoline?

Students can share their own ideas, right or wrong, about this question.  Take note of what students say so that you can help them compare their ideas to the explanations in the “Where Do Fossil Fuels Come From?” handout and slides 11-17 of the PowerPoint.
5) What are your ideas about where the energy for the C-C and C-H bonds in gasoline comes from.  What form was the energy in before it was chemical energy?

Students can share their own ideas, right or wrong, about this question.  Take note of what students say so that you can help them compare their ideas to the explanations in the “Where Do Fossil Fuels Come From?” handout and slides 11-17 of the PowerPoint.
Name:_____________________ Period:____ Date:_________
Where Do Fossil Fuels come from?

Fossil fuels are formed over many millions of years from the remains of plants and animals. In this activity you will use the process tool to analyze how matter and energy transform in the process of fossil fuel formation.  

PETROLEUM AND NATURAL GAS FORMATION
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Oil (petroleum) and natural gas are formed from the remains of animals and plants that lived millions of years ago in a marine (water) environment that existed on Earth before the dinosaurs. Over the years, layers of mud covered the remains of these animals and plants. Heat and pressure from these layers transformed the remains into what we today call crude oil. The word "petroleum" means "rock oil" or "oil from the Earth." Oil and natural gas are composed primarily of carbon and hydrogen atoms. 

COAL FORMATION

[image: image4.emf]
Coal was formed in a similar way, mainly from the plants that lived hundreds of millions of years ago, when the Earth was partly covered with swampy forests. Layers of water and dirt covered layers of dead plants. The heat and pressure from the top layers helped the plant remains transform into what we today call coal. Coal is composed primarily of carbon, hydrogen, and oxygen atoms. 
Name:_____________________ Period:____ Date:_________
Follow the carbon

Fossil fuels were around for a long time before they ended up in a gas tank or in a power plant. The following processes are all things that a carbon atom went through before being used in human energy systems. 
1) In the first column labeled “Process,” put the processes listed below in order with those that happened longest ago at the top and those that happened most recently at the bottom.

2) In the second column labeled “Where did it Happen?” describe where the process happened, or where the carbon atom moved during the process.

3) In the third column labeled “When Did it Happen?” write when the process happened. (Hint: choose from a time scale of “Millions of years ago,” “Within last hundred years,” “Ten years ago,” or “Today”)

Extracted 

Existed as a gas in the air

Heated and compressed
Buried 


Photosynthesized


Combusted
	Process


	Where did it happen?
	When did it happen?

	Existed in the air as a gas


	In the air
	Millions of years ago

	Photosynthesized

	In a plant
	Millions of years ago

	Buried


	Underground
	Millions of years ago

	Heated and compressed


	Underground
	Millions of years ago

	Extracted

	Underground to aboveground
	Within last 100 years

	Combusted

	In human energy systems
	Today


Core Lesson 3: Lifestyle Choices and consequences

Time/Duration:  50 minutes 


Activity 1: Extreme Makeover: Lifestyle Edition


~25 minutes


Activity 2: Consequences Revealed!




~25 minutes

Guiding Question: If you had a choice, what lifestyle would you choose for your housing, the food you eat, the amount of electricity you use, and your transportation?

Learning Objectives:

· Students will consider and then choose different transportation, housing, food and electricity-use lifestyles. 
· Students will identify that carbon emissions vary in association with different lifestyle choices.
Rationale & Background:

In this lesson, students learn how different lifestyle choices are associated with carbon dioxide emissions, and consequently contribute to increasing carbon emissions. Major lifestyle sectors of transportation, food, housing and electricity use are examined. Students also learn that average lifestyles for individuals in different countries vary greatly, and that per capita carbon emissions are particularly high in developed countries --- especially the United States.  

Lesson Description:

This lesson has two parts: 

· Activity 1: Students visit four stations representing the four lifestyle sectors. At each station, four possible lifestyles will be displayed and students will choose a lifestyle preference for each sector. After students have chosen lifestyles for all sectors, the teacher will pass out a handout that will allow students to calculate an estimate of the yearly carbon dioxide emissions associated with their lifestyle choices.

· Activity 2: Students learn that the lifestyle choices in Activity 1 are loosely associated with average lifestyles in four countries around the world (United States, China, Ethiopia, and France). The class then engages in a short discussion about how lifestyles relate to carbon dioxide emissions, and about what carbon dioxide emissions might have looked like 100 years ago.   

Lesson Materials:
General

· Public space to record students’ ideas
· Lifestyle cards set up at four stations (1 station each for housing, transportation, energy, and food) around the room

· Who Lives These Lifestyles? PowerPoint slides
Per Student

· Extreme Makeover: Lifestyle Edition Student Handout (2 pages handed out one at a time through lesson, NOT all at once!)

· Calculator (optional)
Advance Prep:

· Print student worksheets

· Set up four stations around the room

· Have PowerPoint slides ready

Activity 1: Extreme Makeover: Lifestyle Edition
Time: About 25 minutes 

Materials: 

· 4 stations set up (set up one transportation section with all 4 transportation cards, one food station with all 4 food cards, etc). 
· Extreme Makeover: Lifestyle Edition Student Handout (important: do not handout the “Consequences Revealed!” page until after students make their lifestyle choices)

· Calculator for each student (optional)

Rationale and Description:

In Activity 1, students will visit four stations representing the four lifestyle sectors. At each station, four possible lifestyles will be displayed and students will choose a lifestyle preference for each sector. After students have chosen lifestyles for all sectors, the teacher will pass out a handout that will allow students to calculate an estimate of the yearly carbon dioxide emissions associated with their lifestyle choices.

Directions

1. Pass out page one (Lifestyles Edition) of the student handout --- one to each student.

2. Part A: Organize students to visit each station, read the lifestyle cards, and write on their sheet which card they choose for each lifestyle category (They should fill in Table 1: Lifestyle Choice Table). 
3. Part B: Next, ask each student to take out his or her calculator if desired. 
4. Pass out page two of the student handouts (Consequences Revealed!) --- one to each student.

5. Have the students use tables 1, 2, and 3 to calculate the carbon dioxide emissions for each of their lifestyle choices, and for the sum of their lifestyle choices.

Activity 2: Consequences Revealed!
Time: About 25 minutes 
Materials: 

· Who Lives These Lifestyles? PowerPoint slides
· Handout: Consequences Revealed!

Rationale and Description:

In Activity 2, students learn that the lifestyle choices in Activity 1 are loosely associated with average lifestyles in four countries around the world (United States, China, Ethiopia, and France). The class then engages in a short discussion about how lifestyles relate to carbon dioxide emissions, and about what carbon dioxide emissions might have looked like 100 years ago.   
Directions

1. Project the PowerPoint and lead a class discussion as you view the slides. 

2. Lead a class discussion addressing the following questions…

a. What did you find out that surprised you in this activity?

b. Which lifestyle choices have the largest impact on carbon dioxide emissions? Why do you think?

c. How do you think these numbers are different from what they might have looked like 100 years ago? 

i. For transportation? Why?

ii. For homes? Why?

iii. For electricity use? Why?

iv. For food consumption? Why?
Name:_____________________ Period:____ Date:_________
Extreme Makeover: Lifestyle Edition Worksheet 

Activity 1: How Would You Like To Live?

How do peoples’ lifestyles contribute to the rise in the Keeling Curve? In this activity, you will choose what lifestyle you would prefer for four different aspects of life including the transportation you use, the house you live in, the electricity you use, and the food you eat. 

In table 1, indicate which lifestyle you choose (A, B, C, or D) for each category.

Table 1. Lifestyle Choice Table

	Category
	Lifestyle Choice 

	Transportation
	

	Home
	

	Electricity
	

	Food
	


Name:_____________________ Period:____ Date:_________
Consequences Revealed! Worksheet

Activity 2: How Much Carbon Dioxide Emissions Will Your Chosen Lifestyle Produce?

Carbon emissions represent the amount of carbon dioxide that is released into the atmosphere. Many carbon dioxide emissions come from human activities that involve combustion of fossil fuels. However, fossil fuels are not the only source of carbon emissions in the global carbon cycle. Other sources of carbon dioxide emissions into the atmosphere include respiration by plants and animals and decomposition of dead plants and animals. Often though, when you read about carbon emissions in the media, this term refers to carbon dioxide that is emitted through human activity. 
Use tables 2 and 3 below to calculate a rough estimate of the carbon dioxide emissions that your lifestyle choices for these four categories will lead to. 

Table 2. Carbon Dioxide Emissions For Different Lifestyle Choices

	Lifestyle Category
	Choice A

(lbs CO2/yr)
	Choice B

(lbs CO2/yr)
	Choice C

(lbs CO2/yr)
	Choice D

(lbs CO2/yr)

	Transportation
	11,570
	780
	110
	4,240

	Home
	2,790
	410
	30
	2,960

	Electricity
	15,700
	5,460
	10
	1,790

	Food
	6,580
	1,420
	30
	2,190


Table 3. Carbon Dioxide Emissions For Your Lifestyle Choices

	Lifestyle Category
	Your Choice

(A, B, C or D)
	Emissions For Your Choice 

(lbs CO2/yr)

	Transportation
	
	

	Home
	
	

	Electricity
	
	

	Food
	
	

	Total carbon dioxide emissions for your choices (
	


Core Lesson 4: How do we create carbon emissions in our energy system?

Time/Duration:  60 minutes 


Activity 1: How do carbon emissions happen? 


~60 minutes

Guiding Question: Where does our energy come from?
Learning Objectives:
· Engage in the Materials and Large Scale practices. 
· Describe the processes that transform organic carbon (fuel) into inorganic carbon (CO2).
· Trace the path of carbon atoms from the ground (fuel) to the air (CO2). 
· Identify which reactions cause these transformations to take place.
· Discuss how we emit carbon through our use of food, transportation, buildings, and electricity. 
The goals of this lesson include:

	Objectives for students at Level 2 
	Objectives for students at Level 3

	· Recognize the difference between organic and inorganic carbon
· Identify ways humans use energy
· Describe ways that energy use and carbon emissions are related
	· Describe the processes that transform organic carbon to inorganic carbon 
· Compare the amount of carbon emissions between various ways humans consume fossil fuels and energy 


Rationale & Description: Nearly all the energy humans use comes from energy stored in the bonds of organic carbon. Some students may not be aware of how important organic carbon is to human energy systems. Without this understanding, they may not comprehend how humans could add so much inorganic carbon to the atmosphere. This activity aims to help students understand how organic carbon (fuel) from the ground is transformed into inorganic carbon (CO2) and put in the air, and helps them relate carbon emissions to human consumption of fossil fuels and energy. 
Lesson Description:
Activity 1: Students participate in a jigsaw activity designed to create a student-led discussion about human consumption of fossil fuels and energy through transportation, food consumption, electricity use, and buildings.
Materials:
· Group Reading Handouts (A, B, C, & D; one for each home group)

· Group Question Handouts (A, B, C, & D; one for each student per home group)

· Jigsaw cards. Chose to use cards for either…
· large classes (for classes with more than 24 students)

· small classes (for classes with 24 or less students) 

Advance Prep:
· Print and cut jigsaw cards 
· Print 1 or 2 copies of each group reading (depending on how many home groups you have)

· Print 1 copy of the question handouts for each student per group (e.g., if you have 4 students in group A, print 4 “Group A Questions” handouts)
Activity 1: How do carbon emissions happen? (Jigsaw)
Time: About 60 minutes 

Materials: 

· Group Reading Handouts (A, B, C, & D; one for each home group)
· Group Question Handouts (A, B, C, & D; one for each student per home group)

· Jigsaw cards. Chose to use cards for either…

· large classes (for classes with more than 24 students)

· small classes (for classes with 24 or less students) 

Rationale and Description:

This purpose of this jigsaw is to create a discussion about how using organic carbon helps meet our needs, but also leads to CO2 emissions. These activities will help students account for matter transformation and energy transformation in the process of generating electricity, transportation, housing, and agriculture/food distribution. Students are expected to trace energy transformation in each process and then consider how carbon is involved in each. 
Directions
1. Activate Prior Knowledge: As a class, recall different forms of energy. Have the students name forms of energy and write them on the board. Continue until the list includes: chemical energy, electrical energy, nuclear energy, motion energy, light energy, gravitational energy and thermal (heat) energy. (5 minutes)
2. Introduction: Tell students they are going to participate in a jigsaw to discuss how we use energy and fossil fuels. First, they will divide into home groups. In their home group, they will read one reading and discuss the questions on their handout. They will have 10 minutes to read, and then 10 minutes to discuss the questions at the end of the reading. Then, they will move to expert groups. In their expert groups, it is their job to share with their new group members what was discussed in their home groups. They will have 15 minutes to share with each other what they learned in their home groups (5 minutes)
3. Home Group: Begin by instructing the students to divide by letter (i.e., all students with “A”s on their cards should group together, etc.). These are their home groups. Distribute readings and questions to each home group. Students should take time to read (10 minutes), and then discuss and answer questions as a group (15 minutes). Each student should be prepared to provide a summary/report to their expert group about what they discussed in their home group. Give home groups 25 minutes to read and answer their questions. (25 minutes total)
Group A: Where does electricity come from?

 


Group B: How do we use energy for transportation?

 

Group C: How do we use energy in our homes and buildings?



Group D: How do we use energy and carbon for producing and transporting food?




 

4. Expert Groups: Instruct students to regroup according to image (i.e., students with telephones should all form one group, etc.). These are their expert groups. In their expert groups, it is each student’s job to provide a summary or report of what s/he discussed in his/her home group. Give students 15 minutes to share what they discussed in their home groups. (15 minutes) 
5. Whole Class Conclusion: Regroup as an entire class. Ask students to share observations and patterns they noticed with the class. Do a comprehension check to see if students are on board with the following ideas: (10 minutes)
a. Which type of energy use leads to carbon emissions?

b. Which type of energy use produces the lowest carbon emissions? 

c. How do humans transform organic carbon to inorganic carbon? 

d. What is one way eating food produces carbon emissions? 

e. How does our school building produce carbon emissions? 

f. What types of transportation produce the least carbon emissions? 

g. What are some actions humans could take to reduce their carbon emissions at school? At home? 
Name:_____________________ Period:____ Date:_________
Group A Questions: Where does electricity come from?
Driving question: Does turning on lights cause carbon emissions?
1. List all the ways you can think of that you use electricity at home and at school. 

	


2. Other forms of energy are transformed into electrical energy at power plants. What kinds of power plants can you think of? Try to list at least five different types of power plants. 
	


3. Each type of power plant has inputs of energy that are transformed into electrical energy. We know this because energy cannot be created or destroyed. For each power plant you named, identify the energy that is the input for that type of power plant. Solar power plants are given as an example. See if your group can name five more.

Type of energy input
Type of power plant

Type of energy output

     Light energy    
       
      Solar power plant    
  electrical energy and heat energy 
____________________ 
_____________________
  electrical energy and heat energy
____________________ 
_____________________
  electrical energy and heat energy

____________________ 
_____________________
  electrical energy and heat energy

____________________ 
_____________________
  electrical energy and heat energy

____________________ 
_____________________
  electrical energy and heat energy

4. Do you think any of the above energy transformation processes involve carbon? Make two lists. 
	Power plants that use energy transformations that involve carbon:

	Power plants that use energy transformations that DO NOT involve carbon:


	Explain how power plants involve carbon:
	Explain how these power plants DO NOT involve carbon: 




5. Do you think turning on lights could cause carbon emissions? Why or why not?  
	


6. Do you think that turning off lights when you’re not using them or switching to a more efficient light bulb will reduce carbon emissions? Explain why or why not.  
	


7. What type of power plant is most commonly used in the United States?  
	


Name:_____________________ Period:____ Date:_________
Group B Questions: How do we use energy for transportation?

Driving question: Does transportation cause carbon emissions?

1. List all the ways that people travel locally or long distance. Consider what you know about transportation options in other countries too.
	


2. Each type of transportation has inputs of energy that are transformed into motion energy. We know this because energy cannot be created or destroyed. For each type of transportation you named, trace the energy that is the input. Airplanes are given as an example. See if your group can name five more.

Type of energy input

Type of transportation
     Type of energy output

     Chemical energy             

      airplanes              
         motion energy and heat energy
_______________________

_________________         motion energy and heat energy

_______________________

_________________         motion energy and heat energy
_______________________

_________________         motion energy and heat energy
_______________________

_________________         motion energy and heat energy
_______________________

_________________         motion energy and heat energy
4. Do you think any of the above energy transformation processes involve carbon? Explain why or why not.

	


5. Which type of transportation creates the most carbon emissions for one person to go one mile? Rank the types of transportation listed above from 1 to 6, with 1 being the type that leads to the most carbon emissions and 6 to the least carbon emissions. Below, write the reason why you think these types of transportation are different in terms of carbon emissions. 
	


Name:_____________________ Period:____ Date:_________
Group C Questions: How do we use energy in our homes and buildings?

Driving question: Does daily use of homes and buildings cause carbon emissions?
1. Think about the building that you are in. How big do you think it is in square feet? 

	


2. Think about the school building you are in right now. In the box on the left, make a list of all the systems within the school (hint: these may be things like lighting, heating/cooling, maintenance, school grounds, waste management, etc.). In the box on the right, explain how these systems use energy. Which systems do you think use the most energy? Place a star next to the systems you think use larger amounts of energy. 
	Systems that use energy


	How the energy is used


6. Do any of these systems within the building require energy that involves carbon? Which ones? How do they use carbon?
	


6. Do you think the daily use of buildings can cause carbon emissions? How? Explain in words or by drawing and labeling a picture.

	


Name:_____________________ Period:____ Date:_________
Group D Questions: How do we make and move food?
Driving question: How much energy and carbon is required to produce and transport the food we eat?

Think about two items that a student at your school may have for lunch: an apple and hamburger meat. Have you ever thought about where these food items come from? Discuss the following questions with your group.
APPLE


Was the apple purchased at a grocery store? 
How did the apple get to the grocery store?

Where was the apple grown?

How was the apple grown? Did the tree need water? Fertilizer? Pesticide? Pruning?

HAMBURGER MEAT

Was the hamburger meat purchased at a grocery store?

How did the hamburger meat get to the grocery store?

Where was the hamburger meat made?

Where did the hamburger meat come from?

What was the cow fed?

How was the food grown that the cow ate?

Did production of the food for the cow require water? Fertilizer? Pesticide?

3. Draw and label two pictures, one that traces steps required to produce and get the apple to you, and one that does the same for the hamburger meat. Trace as far back as you can go. Connect each stage of the picture with arrows.


3. Think of all the different types of energy that may be used during food production and label them on your pictures of the apple and the meat.

4. Do any of the stages in food production emit carbon? How? Which ones?

	


5. Do you think food production can cause carbon emissions? How? Which types of foods lead to more carbon emissions? Which types of food lead to less carbon emissions?

	


Core Lesson 5: Choices and consequences – Global Implications
Time/Duration:  Several class periods (optional) 

Guiding Question: 

Learning Objectives:

Rationale & Background:

We are planning to develop a game similar to the Wedge Game specifically designed to accompany this unit. Until this game is completed, we recommend that you check out the Stabilization Wedge Game available online at: http://cmi.princeton.edu/wedges/game.php
Here is the description of the game from the website:

“The Stabilization Wedges Game is a team-based exercise that teaches players about the scale of the greenhouse gas problem, plus technologies that already exist to dramatically reduce our carbon emissions and get us off the path toward dramatic and damaging climate change.

Players pick eight carbon-cutting strategies to construct a carbon mitigation portfolio, filling in the eight wedges of the stabilization triangle.

The game has been used with players from variety of groups, from university researchers to industry professionals to high school students.”

Meat





Apple








�Note that in other units Carmen is L4.
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