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overview

This unit focuses on the topic of how human energy consumption of fossil fuels causes global warming over time. Although global warming is a large-scale issue, it is related to eight key macroscopic processes including plant growth, animal/people growth, animal/people body movement, dead body decaying, fossil fuel formation, fossil fuel burning, vehicles running, and using electric appliances. Among these processes, only plant growth removes carbon from the atmosphere. In animal/people growth and fossil fuel formation, organic carbon-containing substances transform but the carbon keeps the organic form. All the other processes consume energy and at the same time emit carbon into the atmosphere, causing global warming over time. Scientists use matter transformation and energy transformation in atomic-molecular chemical reactions to account for the macroscopic processes and connect the macroscopic processes to the large-scale phenomenon of global warming. All the atomic-molecular processes are constrained by three matter and energy principles: matter conservation, energy conservation, and energy degradation. 

· Plant growth: Atmospheric carbon (CO2) transforms into organic carbon; energy is harnessed into the organic carbon-containing substances in photosynthesis. 

· Animal/people growth; fossil fuel formation: Organic carbon-containing substances transform with carbon keeping the organic form; energy is passed on 

· Animal/people body movement, dead body decaying, burning fossil fuels, vehicle running, and using electric appliances: Organic carbon is oxidized into atmospheric carbon; energy is dissipated 

However, students often have alternative explanations, which do not help them to successfully connect the macroscopic processes to global warming. We studied students’ explanations of the macroscopic processes and found that students’ explanations can be ordered into three qualitatively different levels. Their explanations of the events contain three parts: enablers or inputs; systems or actors;  and results (either purposes or products).
Level 1. Most elementary and some middle school students tell a story about how the actor (i.e., the tree, people, flame, car, or machine) reaches its purpose with help from its enablers (e.g. the enablers for tree growth are air, water, materials from soil, sunlight, etc.). The actor always has the natural ability and purpose to do characteristic behaviors such as growth, running, working, and burning, but it will need enablers to fulfill its goal. The result of the process is that the actor reaches its purpose. 

Level 2. Most middle school students begin to explain the processes in terms of matter/energy inputs, hidden processes happening inside the actor; and matter/energy outputs. They begin to hold some initial understanding of matter and energy and to be able to identify obvious matter/energy inputs and outputs: they are able to identify solids and liquids as matter, but often fail to identify gases as matter; they are able to associate energy with obvious evidences such as light, movement, electricity, and heat, but they have difficulties with chemical energy (e.g., they often identify non-energy-rich material such as water and nutrients as energy sources; due to the lack of knowledge of molecules, they usually do not identify organic molecules in foods and fuels). Students also begin to understand that the macroscopic processes must be caused by some unobservable processes: they often hold the idea that the matter and energy inputs undergo some mysterious hidden processes inside the actor’s body (e.g., the input materials change into output materials without reacting with any other substances; the material and energy inputs are used up).

Level 3. A few middle school students and many high school students recognize the chemical processes happening behind the macroscopic processes. They show a better understanding of matter/energy inputs and outputs: they are able to identify some or all reactants and products for the chemical changes correctly; they are also able to identify chemical energy and associate it with familiar carbon-containing organic molecules such as glucose, sugar, and ATP, but they usually do not distinguish these molecules from forms of energy. Students at level 3 also begin to use conservation or degradation principles to constrain the processes, but they often cannot do that successfully: they may use molecule-energy conversion for reasoning (organic molecules are converted from or into energy); they may treat energy conservation and degradation as contradictory, since they do not recognize that the total quantity of energy conserves while the quality of energy degrades – due to heat dissipation, not all energy can be used to do work or be passed on to other organisms; they may be able to explain energy transformation but cannot correctly associate energy transformation with the chemical change (e.g., Energy transformation provides the power to make the cellular respiration happen.).

This unit targets level 1 and level 2 intuitive thinking. We expect that elementary school students can construct scientific explanations identifying correct matter/energy inputs and outputs of the events, as well as tracing energy back. 

ACTIVITY 1. Burning fuels

Overview:

Foods, Fuels, and Body Parts 





~25 minutes

Burning Fuels








~25 minutes

TOTAL TIME: 50 minutes

Purpose:

In the Systems and Scale Unit, students have learned that foods, fuels, and body parts contain chemical energy. They have also learned to use the process tool to account for macroscopic events. This activity is designed to review relevant knowledge and deepen students’ understanding of the following three parts: 

1) Foods, fuels, and body parts all contain chemical energy. 

2) When fuels are burning, the chemical energy stored in fuels transforms into light energy and heat from the flame. 

3) Fuels require oxygen to burn and burning will produce carbon dioxide and water. 

Materials:

Copies of student handouts

Safety:

N/A

Advance Prep:

Make copies of student handouts if not provided by MSU

Make sure large-size process tool is ready for use.

Procedures:

Foods, Fuels, and Body Parts






~25 minutes


1. Review the different energy forms students learned in the System and Scales Unit. 

2. On the worksheet Part 1. Review: Foods, Fuels, and Body Parts, there are questions that review the knowledge of foods, fuels, and body parts. 

3. After students finish the worksheet, hold a brief discussion and make sure that students understand that foods, fuels, and body parts contain chemical energy.  

Burning Fuels








~25 minutes


4. In the System and Scales unit, students have learned to use the process tool to analyze the event of burning a candle. Ask students questions to review their knowledge of burning. Some examples of questions are: what does the flame need in order to keep burning? On students’ worksheet (Part 2. Burning Fuels), there are three events of burning: candle burning, wood burning, and gasoline burning when the car is moving. Students will need to use the process tool to analyze changes of matter and energy when different types of fuels burn. Before students work on the questions, remind them that they have learned burning candle and the same changes of matter and energy will happen when different types of fuels burn. 

5. After students finish using the process tool to analyze the events of burning different types of fuels, ask them to compare the matter/energy input/output in the three events. Hold a brief class discussion and elicit the idea that when fuels are burning, carbon dioxide is released; when fuels are burning, the chemical energy initially stored in fuels changes into light energy and heat. 

Name:__________________________


Period/Hour:________

BURNING FOSSIL FUELS

Part 1. Foods, Fuels, and Body Parts
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We eat foods to gain the energy stored in foods. After the foods go to our body, they finally become part of our body structure. And the energy initially stored in different kinds of foods becomes the energy stored in our body structure. Do you know which energy form is stored in foods and our body structure? 

Chemical energy
Fuels
[image: image3.png]



Wood, coal, wax, and gasoline are fuels. Fuels can burn, because they contain energy. The energy initially stored in fuels will transform into the light energy and heat of the flame. Do you know which energy form is stored in different types of fuels? 

Chemical energy. 
Part 2. Burning Fuels
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In the following activity, you will consider a number of different types of energy. They are listed with their abbreviations in the box above.
1. In the System and Scales Unit, you learned about the process of a candle burning. Do you remember what will happen when the candle burns? Please answer the follow questions: 

1)  Does the flame change the air around it? Please explain your answer. 

Yes, because carbon dioxide and water vapor are produced and oxygen is used in burning. 
2) Why do you think a car runs on gasoline instead of water? Please explain your answer. 

Water is not fuel; it does not contain any chemical energy.
2. Please use the process tool to show how matter and energy change in burning different types of fuels such as wax, wood, and gasoline. In the blanks of matter input and output, please fill in both the name of materials and the state of the materials (i.e., solid, liquid, or gas).
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3. Compare the events of burning different types of fuels. Do they have the same matter output? If so, what are those materials? 

CO2 and H2O
4. When different types of fuels burn, where does the chemical energy stored in the fuels go after burning? 

Light energy and/or motion energy, and heat. 
ACTIVITY 2. Where DOES CARBON DIOXIDE go?

Overview:

Where does carbon dioxide go? 





~40 minutes

Lamp lighting



 




~10 minutes

TOTAL TIME: 50 minutes

Purpose:

In this activity, students will use the process tool to analyze a set of macroscopic processes. They will first compare how matter and energy transform in four biological processes: plant growth, car running, people running, and burning propane. They are expected to understand whether each process emits or absorbs carbon dioxide. They do not need to understand all the details of each process, just the key materials taken in and given off. Then students will use the process tool to analyze lamp lighting. They will brainstorm about where electricity comes from. This leads into the subsequent activity about electricity generation. 

Materials:

Copies of student handouts

Safety:

N/A

Advance Prep:

Make copies of student handouts if not provided by MSU

Make sure large-size process tool is ready for use.

Procedures:

Where does carbon dioxide go?





~40 minutes


1. In the System and Scales Unit, students have learned about using the process tool to analyze matter transformation and energy transformation in processes. Briefly review the three key matter and energy principles implied in the process tool: 

· Matter conservation: Matter cannot be created or destroyed. It always transforms in processes. So, when there is matter input into the process, there is always matter output.  

· Energy conservation: Energy cannot be created or destroyed. It always transforms. So, when there is energy input into the process, there is always energy output.  

· Energy degradation: Whenever energy transforms, heat is always released. So there is always heat in the energy output. 

2. Tell students that they will need to use the process tool to analyze several processes and find out where carbon dioxide goes. Students work on the questions on the worksheet: Part 1 Where Does Carbon Dioxide Go? Ask students to use the process tool to analyze each of the first four processes and find out whether the process will emit or absorb carbon dioxide. They are also required to compare the four processes. After students finish the questions, hold a class discussion on their answers. Elicit the idea that some processes emit carbon dioxide and some processes absorb carbon dioxide. 

Lamp Lighting







~10 minutes


Then ask students to work on Part 2. Lamp Lighting. Students are expected to use the process tool to analyze the process of lamp lighting. Ask students: where does electricity come from? Tell them that in the next activity, they will learn that. 

Name:__________________________


Period/Hour:________

WHERE DOES CARBON DIOXIDE GO?

1. There are four events below: Trees growing in Amazon forest; Cars running on a highway; a girl running in her yard; Burning charcoal to cook at a picnic. For each event think about how the event changes matter and how it changes energy. Please label the matter and energy arrows in each event. In the blanks of matter input and output, please fill in both the name of materials and the state of the materials (i.e., solid, liquid, or gas).
[image: image10.wmf]
In the following activity, you will consider a number of different types of energy. They are listed with their abbreviations in the box above.
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2. Out of the four events, three events give off carbon dioxide. 

1) What are these three events? 

Events: cars running on highway, girl running, and using coals to cook  

2) Do these events have the same energy input? If yes, what is the energy form?  

Yes. Chemical energy. 
3. Out of the four events, only one event takes in carbon dioxide. What is that event? 

Trees growing in Amazon forest. 
4. Look at all the events. Did you label chemical energy (CE)? If yes, what are the materials that store chemical energy?

The materials are plant body parts, girl’s body parts (or foods), gasoline, and coals. 
5. You have looked at four common events we see in our everyday lives and learned how those events change matter and energy. Now think about what happens when we turn on appliances in our homes. The event below shows a lamp being turned on at night. How does energy transform? Please label the energy input and energy output. 
[image: image15.wmf]
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Activity 3: where does electricity come from?

Overview:

Power plants (DAY 1)







~50 minutes

All working together (DAY 2)






~50 minutes

Total time: 100 minutes

Purpose:

This purpose of this activity is to help students to account for matter transformation and energy transformation in the process of power plants generating electricity. This activity teaches students two major ideas about power plants: 

1) electrical energy cannot be created; it is always transformed from other energy forms. 

2) coal-fired power plants are different from other types of power plants in that they not only transform energy, but also transform matter. 

3) the electrical energy that powers electric appliances at home is transformed from other energy forms through different power plants. 

Materials:

Student copies of Electricity and Power Plants
Power plant Power Point
Advance Prep:

· Make copies of student handouts if not provided by MSU

· Make sure process tool is ready to use
· Computer is ready to display Power Point
Procedures:

Power plants (DAY 1)



 



~50 minutes

1. Ask students: where does electricity come from? Show students the power plants animation from the Power Plant PPT and introduce the following two ideas: 1) electricity has electrical energy. 2) different types of power plants generate electricity through transforming other energy forms into electrical energy. 

2. Use coal-fired power plants as an example to explain the idea that electricity is generated by power plants and then transported to our house by electricity grids (the second slide of the Power Plant PPT)

3. Ask students to work on the worksheet – Part 1. Power Plants. After students finish their worksheets, hold a class discussion on each type of power plants. Use the PPT to explain how each type of power plant generates electricity. Emphasize two idea: 1) electrical energy cannot be created; it must be transformed from other energy forms; 2) only one type of power plant transforms both matter and energy—coal-fired power plants. 

All Working together (DAY 2)



 


~50 minutes

4. Ask students: How do people deliver electricity from power plants to their houses? Remind them to refer to the animation they watched. 

5. Have the students work on the questions on Part 2. All Working together. Ask students to complete the missing energy labels and finish the questions. When students finish, hold a class discussion on their answers. 

Name:__________________________


Period/Hour:________

WHERE DOES ELECTRICITY COME FROM? (Day 1) 

Part 1. Power Plants

Every day, we use electricity at home and in school. Do you know where electricity comes from? Electricity has electrical energy that can be transformed from other energy forms. People use power plants to transform different forms of energy into electrical energy. Thus, electricity is generated. The diagrams below show how different types of power plants work. Whenever energy transforms, heat is always given off. So, part of the energy output is heat. Please label the energy input and energy output in each diagram. 
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In the following activity, you will consider a number of different types of energy. They are listed with their abbreviations in the box above.
1. Wind is moving air, so wind has energy. Wind power plants use the energy of wind to generate electricity. 

[image: image18.wmf]
2. Hydropower plants use the energy of water at high positions to generate electricity. 
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3. Geothermal power plants use the heat from steam underground to generate electricity. 
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4. Nuclear power plants use the energy stored in the nucleus of some special atoms to generate electricity. 
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5. Sunlight has energy. It helps plants to grow. Solar power plants use the energy of sunlight to generate electricity. 
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6. Fuels such as coal, oil (gasoline), and natural gas store energy, so they can burn. Coal-fired power plants burn coal to generate electricity. When coal is burning, both matter and energy are changing. The questions below will help you think about how matter and energy transform:

· Energy: What energy form does coal store? 

· Matter: A material is required to keep coal burning. Do you know what it is? 
· Matter: What materials are given off when coal is burning?

In the blanks of matter input and output, please fill in both the name of materials and the state of the materials (i.e., solid, liquid, or gas).
[image: image23.jpg]



Name:__________________________


Period/Hour:________

WHERE DOES ELECTRICITY COME FROM? (DAY 2) 

Part 2. All Working together

At home, we use a lot of electric appliances such as lamps, computers, toasters, refrigerators, and so on. All of these appliances require electricity to work. Electricity is first generated by different types of power plants and then sent through the electricity grid to your home. Each power plant generates electricity by changing other energy forms to electrical energy. Whenever energy transforms, heat is always given off. 

1. The diagram below shows how electricity is generated and then sent to your home. In the diagram, some energy arrows are not labeled. Please label them. 
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2. Study the above diagram and answer the following questions. 

1) Can humans create electrical energy without some other source? 

No. Electrical energy must be transformed from other energy forms.
2) Look at all the different ways we generate electricity for our homes. Which power plant is different from all the others, and how is it different? 

The coal-fired power plant is different. It is the only power plant that also changes matter. It needs fuels to work and it gives off gases into the air.
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activity 4: Where do fossil fuels come from? (optional)

Overview:

Fossil fuel formation (DAY 1)






~50 minutes

Trace energy back (DAY 2)


 



~50 minutes

Total time: 100 minutes

Purpose:

This activity has two purposes: 

· Use the process tool to analyze the process of fossil fuel formation and compare that with the process of foods becoming body structure. 

· Trace energy back to sunlight. 

Materials:

Student copies of Where do fossil fuels come from?  

Advance Prep:

· Make copies of student handouts if not provided by MSU

· Make sure process tool is ready to use

Procedures:

Fossil fuel formation (DAY 1) 


 


~50 minutes

1. Review the combined power plant diagram with students. Review students’ knowledge about coal-fired power plants and how this power plant is different from other ways we generate electricity. Ask students: where does coal come from? Some students may respond that coal is modified rocks. Tell students that they will learn where the fossil fuels come from. 

2. Ask students to read the article about fossil fuel formation. Then ask students to use the process tool to analyze matter transformation and energy transformation in the process of fossil fuel formation. This can be done either in small groups or as a whole-class discussion. The questions are on the worksheet: Part 1. Coal, Oil, and Nature Gas.
Fossil fuel formation (DAY 2)

 



~50 minutes

3. Ask students questions to review their knowledge about matter transformation and energy transformation in fossil fuel formation processes. 
4. On Part 2. Trace Energy Back, the questions require students to trace energy back. Ask students to finish the questions. After they finish, hold a brief class discussion on the questions.
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 change as fossil fuel are made.  

PETROLEUM AND NATURAL GAS FORMATION

[image: image4.png]PETROLEUM & 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 before the dinosaurs. Over the years, the remains were covered by layers of mud. Heat and pressure from these layers helped the remains turn into crude oil. The word "petroleum" means "rock oil" or "oil from the earth." Oil and natural gas are made up of carbon and hydrogen atoms. 

COAL FORMATION

[image: image5.wmf]
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 dead plants were covered by layers of water and dirt. The heat and pressure from those layers helped the plant remains turn into coal. Coal is mostly made of carbon, hydrogen, and oxygen atoms. 
Name: _________________________________________ Date: _________________

WHERE DO FOSSIL FUELS COME FROM?

Part 1. Coal, Oil, and Natural Gas
1. Fossil fuels were changed from ancient plants and animals. Coal is changed from remains of plants that lived on earth millions of years ago. Candle wax and gasoline are made from oil. Oil is changed from remains of sea creatures that lived millions of years ago. Please label the energy input/output and matter input/output in the process tool below. In the blanks of matter input and output, please fill in both the name of materials and the state of the materials (i.e., solid, liquid, or gas).
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Name: _________________________________________ Date: _________________

WHERE DO FOSSIL FUELS COME FROM? (DAY 2)

Part 2. Trace Energy Back
[image: image28.jpg]


1. Where does the energy that powers your television come from? The diagram below shows one way to trace where this energy comes from. Some energy arrows are not labeled. Please label them.

2. Where does the electrical energy come from? Please use the table above to explain where the electrical energy that powers your television comes from. 

Electrical energy made by a coal power plant comes from burning coal. But originally this coal was made from dead plants that were covered up deep in the ground.

3. Do you think using electricity will cause carbon dioxide to be given off? If your answer is yes, how is carbon dioxide given off? 

Carbon dioxide is given off when we burn coal to change chemical energy into electricity. 

4. Do you think all electricity generation will give off carbon dioxide? Why?
No, only burning fossil fuels gives off carbon dioxide. Other power plants that make electricity do not change matter or give off carbon dioxide.
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Do you know?





When each power plant works, only part of the energy input transforms into electrical energy. The remaining energy is lost into the environment as heat. Some power plants are more efficient, which means they experience less heat loss. For example, hydropower plants can transform about 85% of the gravitational energy of water into electrical energy. Some are not efficient. For example, solar power plants can only transform 30% of light energy into electrical energy; wind power plants can only transform 15% - 20% of motion energy into electrical energy. The most common power plants we use in the US are coal-fired power plants. They generate more than half of our electricity. They can transform about 30% to 40% chemical energy of coals into electrical energy.





Do you know where electricity comes from? 
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