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Name:__________________________


Period/Hour:________

CALCULATE YOUR CARBON FOOTRPINT
Part 1. Data Collection
You will calculate your carbon footprint in class. Collect the following data before class. You will likely need to ask your parents’ help in finding all of the information from your household (and it might be just as revealing to them to see where there money is going!).
1. Transportation: 

1) What vehicles does your family use? 

	
	Vehicle
	Approx. mileage per year
	mpg

	1


	
	
	

	2


	
	
	

	3


	
	
	

	4


	
	
	


2) Does your family use air transportation? Please fill out the information about the typical flights your family takes in one year. 

	
	Departure
	Destination
	Distance (miles)

	1


	
	
	

	2


	
	
	

	3


	
	
	

	4


	
	
	


2. Electricity and Housing (You can get this information from the energy bills. Your parents may also have an online account, which provide information on the energy consumption of your family for the whole year.)

On average, how much do you pay for electricity every month? $____________ 

On average, how much do you pay for natural gas every month? $____________

On average, how much do you pay for heating oil and other fuels every month? $_________

On average, how much do you pay for water and sewage every month? $__________

3. Foods, Goods, and Services

1) Foods: Ask your parents about the amount of money your family spends on foods every month. 

	Foods
	The Amount Your Family Spends Monthly

	Meat, fish, and eggs
	

	Dairy


	

	Snacks, drinks, etc. 
	

	Fruits & vegetables
	

	Cereals & bakery products
	


2) Goods
	Goods
	The Amount Your Family Spends Monthly

	Clothing


	

	Furniture & Appliances
	

	Other goods

 
	

	All services


	


3) Services (How much does your family spend on the following services for one year?)

· Vehicle Services

· Household maintenance and repair

· Education

· Health care

· Personal business and finances

· Entertainment & Recreation

· Information and communication

· Organizations and charity

· Personal services and clothing services

· Childcare and domestic workers

· Animal Services

· And other miscellaneous services

Name:__________________________


Period/Hour:________

CALCULATE YOUR CARBON FOOTRPINT
Part 2. Calculate your carbon footprint

1. Calculate your carbon footprint using the following website: http://coolclimate.berkeley.edu/
If you have any questions, please go to Frequently Asked Questions (http://coolclimate.berkeley.edu/faq#itemsincluded)

What is the size of your carbon footprint? 
	Aspects of Life Styles
	World Average
	Your Household

	Transportation


	
	

	Electricity & Housing


	
	

	Foods


	
	

	Goods


	
	

	Services


	
	

	Total
	
	


2. An average 25 year old maple tree absorbs 0.00114 tons (2.52 lb) of CO2 per year. How many trees will it take to remove the amount of carbon you emitted last year? Please stick the carbon footprint and tree cutouts into the table below to represent your impact on the environment.   
Your Impact on the Environment

	
	Transportation
	Electricity & Housing
	Foods, Goods, and Services

	Carbon footprint

	
	
	

	Trees required to remove the carbon emission
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3. Work in groups and compare the sizes of your carbon footprints. 

1) Find out who has the smallest carbon footprint in your group. Why does he or she have the smallest carbon footprint (i.e.-what categories did they differ significantly in)? 
2) Find out who has the largest carbon footprint. Why does he or she have the largest carbon footprint? Please suggest ideas to help him or her to reduce their carbon footprint and write your ideas here (keeping in mind you may need to act on that idea yourself!). 

3) Do you think using energy will always cause carbon emissions? Why? 

[image: image55.wmf][image: image2.png]



Name:__________________________


Period/Hour:________

HOW MUCH CARBON DIOXIDE DOES YOUR CAR PRODUCE?

1. How much carbon dioxide does your car produce when it burns one gallon of gasoline? Please use the matter and energy process tool and molecular model kits to investigate this question. Below is the matter and energy process tool. 
[image: image56.wmf]
2. Write the chemical equation for burning gasoline in the box below. Use the molecular model kits to build the equation. Look at the chemical equation you have built, what are the numbers and types of atoms before and after the reaction? Please fill out the matter input and matter output in the matter conservation chart below:  

[image: image57.wmf]
1) Compare the atoms before and after the equation. Do the numbers and types of atoms change? 

2) Compare the molecules before and after the chemical equation. Do the numbers and types of molecules change? 

3) The atoms involved in combustion weigh different amounts. The atomic weights of the atoms are: 

Carbon Atom (C) = 12

Oxygen Atom (O) = 16

Hydrogen Atom (H) = 1

One gallon of gasoline (6.3 pounds) contains octane molecules. Do you think burning 6.3 pounds of gasoline will produce about 19 pounds of carbon dioxide? Why or why not? 

Name:__________________________


Period/Hour:________

WHICH TYPE OF TRANSPORTATION CAUSES THE LEAST CARBON EMISSION?
In this activity, you will investigate how different types of transportation result in different sizes of carbon footprint. You will first do a qualitative analysis using the matter/energy process tool and then calculate the amount of carbon dioxide emitted when using different types of transportation. 

Investigation Question: You can choose from three different types of transportation to go to school: car, school bus (the major component of diesel is cetane: C12H23), and bicycle. Which one will result in the largest carbon footprint and which one will result in the smallest carbon footprint? 

A. Qualitative Analysis

Please use the matter/energy process tool to analyze the matter input/output and energy input/output in each process: 

[image: image58.wmf]
[image: image59.wmf]
B. Quantitative Analysis

The paragraphs below provide the data for you to calculate the carbon footprint of each type of transportation:

1. Your dad drives a Honda Accord, which gets 22 mpg in the city. He can drop you off on his way to work and pick you up when he come back home, but he needs to drive 3 more miles each way. In the previous lesson, you have learned that burning one gallon of gasoline will produce about 19.4 pounds of carbon dioxide. 

2. You can take the school bus to school. The school bus uses diesel (Cetane: C12H23) and burning one gallon of diesel will produce 22.2 pounds of carbon dioxide. On average, one school bus has 7.4 mpg and travels 20 miles to pick up all the students to school and drop them off after school
. The average number of students in one school bus is 54. 

3. Since the school is just 2 miles from your home, you can also ride your bicycle to school. When riding a bicycle, you are consuming more energy stored in your body (i.e., the chemical energy stored in glucose molecules or fat molecules). When you consume more chemical energy of your body, you will breathe out more carbon dioxide through cellular respiration. Did you get this correct in the qualitative analysis part? On average, a person exhales about 0.032 pounds of carbon dioxide to release the amount of energy required to ride a bicycle for one mile. 
Please use the data in the article to figure out the size of your carbon footprint (total amount of carbon emission) when you go to school using different types of transportation. Please count the carbon emissions for the round trip. 
1. If your dad drives you to school, what will be the size of your carbon footprint?  

2. If you take the school bus, what will be the size of your carbon footprint? 

3. If you ride a bicycle to school, what will be the size of your carbon footprint?

A carbon footprint measures the amount of CO2 emissions caused by particular energy consumption activities. As you have learned in this and the previous lesson, transportation choices cause carbon emissions. 

I. In one whole year, you need to go to school for about 200 days. Please calculate your carbon footprint using the different types of transportation for one year. 

II. An average 25 year old maple tree absorbs 2.52 pounds of CO2 per year. How many trees does it take to remove the amount of carbon emitted by using each different type of transportation?

	
	The size of your carbon footprint
	Number of trees to remove the carbon 

	Car
	
	

	School Bus
	
	

	Bicycle
	
	


Name:__________________________


Period/Hour:________

USING ELECTRIC APPLIANCES

Part 1. Energy and Power
Energy 

In the Systems and Scales Unit, you learned about a number of energy forms. Energy can be measured by Kilowatt-hours (kWh). When you buy gas they charge you by the gallon. When you buy electricity they charge you by the kilowatt-hour (kWh). When you use an electric appliance that uses 1000 watts power for 1 hour, the total amount of energy you use is 1 kWh. One kWh is the amount of energy that is required to run a typical incandescent light bulb (60W) for about 17 hours (60W * 17 hr = 1.02 kWh). It is also about the amount of energy you use when riding a bicycle for one hour. Below is an example Energy Guide Label from a refrigerator. It shows that the energy consumption of the refrigerator in one year is 601 kWh. 

[image: image3.wmf]
Power

[image: image60.wmf]Power is the RATE of using energy or the RATE of energy transformation. The basic unit of power is a Watt. When you are reading at night, you use a 60W light bulb. Your dad may use the 900W Mr. Coffee to make coffee every morning. Your mom may use a 1000W hair dryer after bath. The power of the electric appliance is usually shown on the appliance label.
Energy = Power  X  Time
The amount of energy you use equals power multiplied by the time: Energy = Power  X  Time

Now you need to warm a frozen pizza for dinner. You can either use a 1000W toaster oven or a 1000W microwave. The toaster and microwave have the same power. But, will they use the same amount of energy?

[image: image4.wmf]  

      [image: image5.wmf]
The answer is no, because the total amount of energy consumption equals power multiplied by cooking time (Energy = Power X Time). Microwave ovens use microwave radiation, which is more energy efficient—most of the energy is used to warm the food inside. The toaster usually wastes a large part of its energy warming the surroundings. That is why microwave ovens generally take less time for cooking compared with toaster ovens or conventional ovens. 
Assume that the 1000W toaster oven uses 12 minutes to warm the frozen pizza, while the 1000W microwave oven will only need 6 minutes. Also, a frozen pizza needs to absorb 0.04 kWh energy to become warm (80oF). What is the total energy the toaster oven consumes and how much energy does it waste? What is the total energy the microwave oven consumes and how much energy does it waste? 

Toaster Oven: 

Total energy consumption =             ; Wasted energy = 
Microwave Oven: 

Total energy consumption =            ; Wasted energy =  
Name:__________________________


Period/Hour:________

USING ELECTRIC APPLIANCES

Part 2. How to Use Energy Meters
The energy meter is used to measure the amount of energy consumed by different electric appliances. Just use the energy meter to connect the electric appliance to the power source such as an outlet. It will measure the elapsed time, the total energy consumption, and the total money you need to pay for the energy consumption. Below is the procedure for using two major models of energy meters. 

KILL A WATT

Plug the KILL A WATT energy meter into the outlet. 

Press and hold “RESET” key on the energy meter until “rest” appears. 

Plug the electric appliance into the energy meter and turn on the electric appliance. The energy meter begins to measure the energy consumption. 

Let the electric appliance work for some time. When you finish, turn off the electric appliance. 

Read the energy meter and record data: 

Press the MEMU key until “KWH” appear and record the energy consumption. 

Press the MEMU key until “elapsed time” appears and record the elapsed time. 

Please note that the KILL A WATT does not have a battery, so it must be plugged into the outlet when you reset it and record the data. 

EM100

Press and hold ( and PRICE together for 3 seconds to clear energy usage time and total energy consumption. 

Press the MEMU key until “KWH” appears.

Use the EM100 energy meter to connect the outlet and the electric appliance

Open the electric appliance. The energy meter begins to measure the energy consumption. 

Let the electric appliance work for some time. When you finish, turn off the electric appliance. 

Read the energy meter and record the amount of energy used to run the electric appliance (kWh) and the elapsed time.

Name:__________________________


Period/Hour:________

USING ELECTRIC APPLIANCES

Part 3. Which type of light bulb is more energy efficient? (Data Collection)
INVESTIGATION QUESTION: 

If you go to Meijer, you will find that there are two major types of light bulbs, compact fluorescent light bulbs and conventional incandescent light bulbs. 

Driving Question: Which type of light bulb is more energy efficient? Or, in other words, which type of light bulb uses less energy to produce the same amount of light for people to use? Why? 

COMPARING YOUR DATA – WHAT ARE THE PATTERNS? 
Please compare the amount of energy you use when lighting different types of light bulbs for a given time:

Elapsed time: _________ hour

	Light Bulb Type
	Total energy consumption (kWh)
	Light (Lumen)
	Temperature (oC)

	60W Incandescent light bulb 
	
	
	

	13W Compact fluorescent light bulb
	
	
	


	Light Bulb Type
	Total energy consumption (kWh)
	Light (Lumen)
	Temperature (oC)

	100W Incandescent light bulb 
	
	
	

	23W Compact fluorescent light bulb
	
	
	


Compare the data of the incandescent and fluorescent light bulbs. What patterns do you find?  

Name:__________________________


Period/Hour:________

USING ELECTRIC APPLIANCES

Part 3. Which type of light bulb is more energy efficient? (Analysis)

1. Qualitative and Quantitative Analysis

1) Qualitative Analysis

Use the process tool to explain energy transformations in the process of lamp lighting.

[image: image61.png]



2) Quantitative Analysis 

In the experiment, you have measured energy input using the energy meter. You also have data on energy output: you have used the light meter to measure the lumens, where more lumens indicate more light energy; you have also measured the temperature, where a larger change of temperature indicates more heat is released. Now you need to translate the data into the energy conservation graph. The graph below shows that in the process of lamp lighting (using 60W incandescent light bulb), the total amount of energy input equals the total amount of energy output, while the energy output contains two parts—heat and light energy. 

[image: image62.png]


60 W Incandescent Light bulb: 

[image: image63.jpg]Solar
from the





Please translate the data you have collected about the other three light bulbs into the energy conservation graphs below. 

13 W Compact Fluorescent Light bulb: 

[image: image64.wmf]
[image: image65.wmf]100 W Incandescent Light bulb: 

23 W Compact Fluorescent Light bulb: 

[image: image66.wmf] 


1) Compare two pairs of graphs: the graph of the 13W incandescent light bulb and the graph of the 60W compact fluorescent light bulb; the graph of the 23W incandescent light bulb and the graph of the 100W compact fluorescent light bulb. 
What is the pattern? Which type of light bulb saves more energy, incandescent or fluorescent? How do you use the graphs you made to explain your answers? 

2) In terms of power and energy, why does 13W compact fluorescent light bulbs give you about as much light for reading as the 60W incandescent light bulb?  What evidence do you have that the CFL bull does produce as much as light as the incandescent light bulbs.  
Name:__________________________


Period/Hour:________

USING ELECTRIC APPLIANCES

Part 6. How much energy will be consumed if you keep the computer on stand-by over night? 
RESEARCH QUESTION  

Many electric appliances can be kept on stand-by status. For example, you leave the computer on stand-by, so that you do not need to wait for it to boot up when you use it again. Also, it seems like just a little bit of energy is consumed. 

Driving Question: If you leave your computer on stand-by over one night, how much energy will it waste? 

RECORD YOUR DATA
	Electric Appliance
	Electric Appliance: Computer

Type:              Desktop                 Laptop

                                   (Circle one)

Brand: _____________           Model: _____________  Age?____

	Energy Consumption
	Keep the computer on stand-by over night
Total Stand-by Time: ________ hours

Total Energy consumed over one night: ________ kWh

	
	Keep the computer running on full power over night
Total Working Time: ________ hours

Total Energy consumed over one night: ________ kWh


The amount of energy used to keep the computer on stand-by can be used to light the 13W compact fluorescent light bulb for ____ hours, light the 60W incandescent light bulb for ___ hours, or keep the computer running in full power for _____ hours. 
Name:__________________________


Period/Hour:________

HOW IS ELECTRICITY GENERATED?
Part 1. Electric Generator
The Dynamo Kinetic Flashlight is like a mini power plant. When you squeeze the handle back-and-forth, electricity is generated. Do you know why the electricity is generated? After the electricity is generated, it is used to light the bulb. Please use the process tool to analyze these two sequential events:  

STEP 1. Electricity generation

[image: image67.wmf] 


STEP 2. Electricity lights the bulb

[image: image68.wmf] 


Part 2. Solar Cells Generating Electricity

[image: image69.wmf] 

STEP 1. Solar cell generates electricity
[image: image70.jpg]


STEP 2. Electricity powers the car to run
Name:__________________________


Period/Hour:________

WHERE DOES ELECTRICITY COME FROM?
Part 1. Power Plants

1. There are two types of power plants that turn the blades of the turbine directly. They are wind power plants and hydropower plants. Please complete the following process tools.
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2. Three types of power plants use steam to turn the blades of the turbine: fossil fuel powered power plants, nuclear power plants, and geothermal power plants. 

[image: image74.wmf]
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3. Solar cells have the same function as electric generators – they can generate electricity. When the light hits the solar cells, an unobservable change happens and electricity is generated. 

[image: image77.jpg]



Name:__________________________


Period/Hour:________

WHERE DOES ELECTRICITY COME FROM?
Part 2. Where does electricity come from?

Driving Question: The first chart shows the percentage of energy consumed from different energy sources to generate electricity. The second chart shows the percentage of carbon emission from using different energy sources. Coal generates 52% of energy consumed but 83% of total carbon emissions. Why? 

[image: image6.wmf][image: image7.wmf]
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2. Study the above diagrams and answer the following questions. 

1) What patterns in energy movement do you see in the diagram? 

2) Think about all the things we use that need energy. Why do you think we need a constant energy supply from our environment in order to keep these things running? 

3) Look at all the different ways we generate power for our homes. Which power plant is different from all the others, and how is it different?

4) Coal generates 52% of energy consumed in the U.S., but 83% of our carbon emissions. Why?
Name:__________________________


Period/Hour:________

WHERE DOES ELECTRICITY COME FROM?
Part 3. Carbon footprint

Carbon footprint measures the amount of CO2 emission caused by energy consumption activities. The electricity you use every day is generated by different energy sources. We have learned about different types of power plants. Some power plants such as coal-fired power plants will emit carbon dioxide into the atmosphere. Some power plants such as geothermal power plants and wind power plants will not emit carbon dioxide. In the United States, more than half of our electricity production comes from burning coal. In general, when you use 1 kWh energy, you will emit about 1.58 pounds of CO2 into the atmosphere
. In other words, when you use 1kWh energy, your carbon footprint will be 1.58 pounds of CO2. 

An average 25 year old maple tree absorbs 2.52 pounds of CO2 per year
. How many trees does it need to remove the amount of carbon emitted by different activities using electric appliances? Please write your answers in the table below:  (one year = 52 weeks)
	Using Electricity
	Total Energy Consumption
	Carbon Emission

(Carbon Footprint)
	Amount of trees to remove the carbon emission 

	Using 13W compact fluorescent light bulb for 10 hours a week for one year
	
	
	

	Using 60W incandescent light bulb for 10 hours a week for one year
	
	
	

	Keep your classroom computer on stand-by for 80 hours a week for one year
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Activity 7. How Much Energy Do You Need to Heat Your House?
Reading: ENERGY EFFICIENT HOMES

All new homes look great from the outside. But to make sure that your next new home is truly energy efficient, it's important to look "behind the walls." Energy efficient homes include four "must have" features behind the walls that will make you more comfortable, reduce utility bills, and help protect the environment.

1. Air Sealing and Insulation

Air leakage and improperly installed insulation can waste 20 percent or more of the energy you pay to heat and cool your home. Typical homes have so many leaks that it's like having a window open all the time, winter and summer.

[image: image8.jpg]Air leaking into the house
from outdoors.

Air leaking from inside
the house to the outside.





Diagram of Leaky Home: In typical homes, air leaks are often found at holes and penetrations for plumbing, wiring, lighting, and ductwork.

	

	


	Infrared Image of House Exterior: In this infrared photo of a typical house, the yellow shows excessive heat loss in winter because the house was not built with the comprehensive air barriers and proper insulation details.
	When warm air leaks into construction assemblies, it can come in contact with cooler surfaces where condensation can occur. The buildup of moisture encourages mold growth, ruins insulation, and even compromises the structural elements of the home.


Sealing and Insulation of an Energy-efficient home
Well-sealed and properly insulated walls, ceiling, and floors help maintain even temperatures throughout the house and save you up to 20 percent on heating and cooling costs. A tighter home also reduces the amount of humidity, dust, pollen, pests, and noise that can come inside.

	

	


	Wires in Wall: Holes for wiring are sealed with expanding foam.
	A Person Caulking: Caulking is an air sealing solution.

	

	[image: image14.jpg]




	An Insulated Wall: All insulation works when it is installed properly and has no gaps, voids, or compressed areas. 
	Installing Insulation: A contractor is blowing in foam insulation.

	[image: image15.jpg]



	A SIP Wall: Structural Insulated Panels (SIPs) provide both insulation and an air barrier in one assembly.


2. Ducts That Don't Leak

Your home's ducts move heated and cooled air to the living areas to make you feel comfortable. But in a typical house, 20 percent of the air that moves through the duct system is lost due to leaks, holes, and poor connections. The illustration below shows many common duct problems, such as:

[image: image16.jpg]



A. Leaky duct connections

B. Leaky return ducts

C. Furniture blocking registers

D. Leaks at furnace and air filter slot and duct tape failures

E. Fallen duct insulation

F. Leaky supply ducts

G. Kinks in ductwork restricting airflow

	[image: image17.jpg]e
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	Photos of Poorly Sealed Ducts: Air leaking from ducts reduces heating and cooling efficiency by up to 20 percent. Leaky ducts also let dust, moisture, pollen, pests, and noise into your home.


Ducts of an Energy-efficient Home
Tightly-sealed and well-insulated ducts keep you more comfortable and increase the energy efficiency of your home. Sealing also helps improve indoor air quality by reducing the risk of dust, moisture, pollen, pests, and noise from entering the ducts and circulating throughout your home.

Below are seven photos and two illustrations of tightly sealed ducts.
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	Energy efficient homes are quieter and more comfortable than ever, have lower utility bills, and help protect the environment by reducing greenhouse gas emissions. 




3. Advanced Windows for Comfort
Windows are an important part of your home's beauty. But in typical homes, windows made with older techniques are simply too cold in the winter and too warm in the summer — making you feel uncomfortable and wasting energy unnecessarily.

	[image: image22.jpg]
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	Photo of Two Windows from Interior: The view is the same, but the window on the left is conventional; the window on the right is energy efficient.
	Infrared Image of Same Two Windows from Interior: In this infrared photo, the energy efficient window on the right is warmer (yellow) in the winter with 1/3 the heat loss of the window on the left.


Windows of an Energy-efficient Home
Energy efficient windows, doors, and skylights keep your home cooler in the summer and warmer in the winter and reduce moisture condensation on windowpanes and sills.
	[image: image24.jpg]..........




	Diagram of Window Cross-section: Shows elements of advanced technologies in an energy-efficient window.




Name:__________________________


Period/Hour:________

LIFE CYCLE ASSESSMENTS FOR FOODS AND GOODS
Part 1. Life Cycle Assessment

The life cycle assessment contains six stages or processes of the whole “life” of the product.
	
[image: image25]
	What is the product made of? If it comes from plants, how much energy does it take to grow the plants? If it comes from animals, how much energy does it take to raise the animals? If it is made from raw materials from the earth, how much energy does it take to extract the materials?

	
[image: image26]
	How is it produced? How much electricity does it require to produce the product? Is it packaged before sending it to market? What is used for packaging? 

	
[image: image27]
	How does it travel from its natural resource to the factory? How does it travel from the factory to the supermarket? How does it travel to your home?

	
[image: image28]
	How do you use the product? Does it take require electricity or fossil fuels to use it?

	
[image: image29]
	What is the waste part of the product? How is the waste part disposed of? Can you recycle it? 




Driving Question: Which product causes fewer carbon emissions? 

Please use the LCA calculator to compare two products and make notes on the energy consumption and carbon emission of each stage. 

	
	Product 1. _________________
	Product 2. ____________________

	
	Energy Consumption
	Carbon Emission
	Energy Consumption 
	Carbon Emission

	Extract
	
	
	
	

	Manufacturing
	
	
	
	

	Transport
	
	
	
	

	Using 
	
	
	
	

	Disposal
	
	
	
	

	Total
	
	
	
	


What is the stage that causes the most energy consumption and carbon emission? Why? 

Do you have any ideas for reducing the carbon emission at that stage? Please explain your answers. 

Name:__________________________


Period/Hour:________

LIFE CYCLE ASSESSMENTS FOR FOODS AND GOODS
Part 2. Reduce Carbon Emission by Changing Your Meals

1. What do you expect to have for tomorrow’s meals? 

	Meals
	What do you like to eat? 
	How much carbon does it produce? (CO2 e points)

	Breakfast
	
	

	Lunch
	
	

	Dinner
	
	


2. Please change the foods you eat to reduce the carbon emission, but make sure that you have enough foods, and try to choose the foods you like where possible. You will likely need to make trade-offs!  

	Meals
	What do you like to eat? 
	How much carbon does it produce? (CO2 e points)

	Breakfast
	
	

	Lunch
	
	

	Dinner
	
	


Please summarize how you changed the foods to reduce the carbon emission. 
lifestyle

Name:__________________________


Period/Hour:________

CONNECTING PROCESSES

Part 1. Connecting Processes

You have learned how to use the process tool to analyze individual events, or processes. In the following questions, you will need to use the process tool to represent how matter and energy move across multiple processes. This means you will use the process tool to describe how several events are connected to each other. 

· The process box has a label of macroscopic event or process. It also shows the atomic-molecular process if it is involved. 

· The energy arrow is wavy and has a label showing the energy form. 

· The matter arrow is straight and has a label showing the materials involved (“Org” represents organic carbon-containing materials, like foods, fuels, and organisms body parts). 

[image: image80.png]


The process boxes are connected by the matter arrows and energy arrows, which means that part of the matter/energy output of one process could be the matter/energy input of the next process. 
Look at the example on the right. What pattern do you notice about how matter moves?

What pattern do you notice about how energy moves?
[image: image81.png]
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Please explain where the energy of carbon running comes from. 
[image: image83.jpg]
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2. So do you think watching TV will cause carbon emissions? Why or why not?  

Name:__________________________


Period/Hour:________

LIFESTYLES OF PEOPLE
Part 1. Carbon Footprints of People Living in Different Countries

Read the following stories about students’ lives in different regions of the world and make predictions about the size of their carbon footprints. Then answer the questions. 

Argentina - Nahual

It is 7:30 am, and time for 17-year-old Nahual to get up for school. He lives in Salta, a city in Argentina with 469,000 residents. His family’s row house is on a busy street, and although it is 
small, 112 square meters for the five of them, it has running water and electricity. Sometimes he fights with his two younger sisters about sharing the bathroom, but his parents say that he should be more mature now that he is finishing high school. 

At lunchtime, he walks home to eat the main meal of the day. He especially likes barbeque, pasta, and pizza. Nahual and his family have meat every day and about three-quarters of their food is processed or packaged. After lunch, he has a siesta and does something relaxing before walking back to class. At 5 pm they have a quick teatime when everyone drinks “mate,” which is a bitter tea. Nahual’s favorite part of the day is the evening when he plays soccer with his sports club. 

On Fridays, Nahual likes to hang out with his friends and have pizza, and on Saturdays they often go dancing. Like most families, Nahual’s family has one car that uses 8 liters per 100 kilometers. Because he is too young to drive, Nahual often takes the bus. He travels about 55 km a week using public transportation. Each Sunday his family drives 14 kilometers roundtrip to church. After church, Nahual’s family gets together for “asado,” or barbeque. All the grandparents and aunts and uncles come too. Afterwards they walk to the park for ice cream, then Nahual has to hurry home and finish his homework for school on Monday. 

China - Wu Dong

It is a warm morning in Shiping, Yunan, China, as 15-year old Wu Dong bikes to school in his town of 169,000 people with a climate similar to Chengdu. Biking is the most common form of transportation. Most of the time, Wu Dong walks or bikes everywhere he goes, except on Saturday when he makes a 30 km round trip with his mother on the bus to the large market. They buy foods such as rice and oil that the family doesn’t grow themselves. His family grows tomatoes, cabbage, squash and cucumbers in their courtyard kitchen garden and grapes on a trellis, so only about one quarter of the family food is processed and not produced locally. 

Wu Dong’s home sits on the edge of a brook, which feeds through a gate into the pond where the family raises fish. Wu Dong lives with his parents, two of his grandparents, his aunt and uncle, and their newborn baby girl in their 55 square meter house. Although his family home has electricity, it does not have running water. When he has finished his homework, he likes to watch TV with his family, but he usually stays very busy with homework and helping with chores. Wu Dong’s family works hard but they also have a good time.

Everyday his mother spends a long time preparing food from raw ingredients, and today for lunch his mother has prepared soup made from tofu and cabbage, along with lotus root, fish, cooked celery, two types of beans, hot sauce and rice. The family has meat about twice a week, and Wu Dong looks forward to these extra special meals.

US – Jessica 

Jessica studies at York Community High School in Elmhurst, Illinois, US, which is only a short bicycle ride away from her home. If she has free time during the week, Jessica likes to see friends or visit the shops, always traveling on her bicycle. On Sundays, Jessica and her family often go to a nearby church, where they meet their friends. They always have a good time there. Jessica’s parents sometimes invite their friends to have dinner at their house. They always use paper cup and plates.
Jessica, her little sister, and her parents live in a four-bedroom house. It is 185 square meters (1,992 square feet). Her home has running water and electricity. Jessica’s mom recently changed all the light bulbs into fluorescent light bulbs. She told Jessica that a fluorescent bulb uses 75% less energy than an incandescent bulb. Illinois is very cold during the winter and Jessica’s house is a bit old, so they have to use a lot of electricity for heating in the winter. Jessica’s family always tries to use electricity efficiently, as do all of the homes in the neighborhood. 

Elmhurst has a population of 43,000 and is only a 30-minute drive from Chicago where they sometimes go to visit her aunt. On average she travels 100 km a week in her family car, which is a hybrid car and consumes 4.9 liters of gas per 100 km. 

In the evening, Jessica and her family have dinner together. Their dinner usually consists of a pasta course, followed by a main course of meat or fish. Sometimes a course of dessert is served at the end. The dessert may be ice cream or yogurt. Jessica’s mom likes to buy fresh food at Meijer and Kroger’s. She bought several reusable bags, and when she goes shopping, she always uses those reusable bags instead of the plastic or paper bags provided by the supermarket. About half of the food Jessica eats is packaged and not locally grown. 

Mexico - Carmen

Carmen is 16 years old. She lives in Cuernavaca, Mexico with her parents and two brothers. It is a big city with 705,000 people. It is only 50 miles from Mexico City. A large majority of people in Mexico live in urban areas, and most of Carmen’s relatives live in cities.

Their house is small, about 65 square meters, but they have running water and electricity, and a small yard. Carmen’s parents have turned part of their house into a changarro – a mini convenience store. At first they only carried a few items in their little store like pork rinds, sausages, candies, Coca-Cola and delicious foods. Now they are increasing their selection, and have even hung a television from the ceiling to help pass the time. Carmen is often left in charge of the shop in the evenings, or during the day on the weekends. Carmen’s parents sometimes have parties at home. Her mom always needs to prepare enough paper tissues, cups, and plates for the parties.

Carmen likes to watch the soap operas on TV when it is her turn to work in the shop. Carmen and her family love to eat chips, candy, and other snack foods. Roughly three quarters of their food is processed or packaged. In an average week, the family drinks more than 20 quarts of Coca-Cola. Mexico is the number one consumer of Coca-Cola in the world. Carmen also eats tamales, cheese enchiladas, quesadillas, beans and rice and lots of tortillas. Carmen’s mother is a great cook, and the family has meat or eggs every day. Tortillas, made of corn, are eaten with every meal. When Carmen’s family goes out shopping they either walk or take the bus. Carmen usually walks or rides her bike to run errands for her mother and to visit her friends. Carmen’s grandmother, who is elderly and frail, lives in Mexico City, and Carmen and her mother travel on the bus twice a week to see her. On average Carmen travels 270 km a week using public transportation.
South Africa - Wisani

Wisani lives in Soweto, South Africa with her parents, sister and two brothers. She is 15 years old. There are many young people living in Soweto. In fact, 25 percent of the population is under 15 years of age. Soweto has more than a million people and is larger than the nearby city of Johannesburg. Wisani’s school is in Johannesburg. Her dad has a long drive to work, and he drops Wisani at school on the way. She rides the bus home 30 kilometers from school each day. Wisani and her family drive up to 280 km in their car each week. Their car is old and in poor condition, using over 15 liters of gasoline per 100 kilometers. Wisani also uses public transport such as buses and kombis (minibuses) for about 50 kilometers of travel each week when she runs errands to the shops and visits with her friends in Soweto.

Her family owns a small house (65 square meters), which has electricity and running water. Every house in the street looks very similar. The neighbor’s houses are very close to theirs, and the street is narrow. Wisani’s family stays inside their home after 8:00 pm and locks the doors because of the high rate of crime and violence. For the same reason, Wisani seldom walks or rides her bike. The area where they live is heavily populated, so almost all their food is grown or produced in other areas of South Africa. The most common meal for Wisani’s family is mealies, or maize, which is made into porridge. They also regularly eat some fruits and vegetables, and eat cheaper cuts of meat at least once a day. They drink tea with their meals, and her dad sometimes buys homemade beer from one of the neighbors. Almost all their food is unprocessed, but it has to be transported a long way before they receive it. This has about the same impact as using 75% processed food.

Wisani and her whole family travel by plane once a year for a visit to her grandparents, who live in Cape Town. The flights take about 3 hours total. It is a big expense for the family, and they save for the trip all year.

1. Compare Wu Dong’s meal, Carmen’s meal, and Wisani’s meal. Please explain how the food each of them eats contributes to the size of his/her carbon footprint.

2. Compare the trash bins in Jessica’s house and Carmen’s house. Explain how the goods each student consumes contribute to the size of his/her footprint.  

3. Compare Jessica’s transportation with Wisani’s transportation. Explain how the transportation contributes to the size of his/her footprint? 

4. Compare the size of each student’s house. Who has the largest house? How does the size of the student’s house contribute to the size of his/her footprint? 

5. Compare how Jessica and Carmen use electricity at home. Explain how the way each student uses the electrical appliances contributes to the size of his/her footprint. 

Name:__________________________


Period/Hour:________

LIFE STYLES
Part 2. Take Actions

Watch the online video: How to reduce your carbon footprint. Please explain how each step would help you and your family to reduce your carbon footprint. 

Step 1. Turn thermostat up in the summer and down in the winter by 2 degrees. 
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	Explanation


Step 2. Unplug unused electronics
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	Explanation


Step 3. Change light bulbs
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	Explanation


Step 4. Do full loads of laundry/dishwashing
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	Explanation


Step 5. Eat local
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	Explanation


Step 6. Bring your own coffee cup/mug to save paper cups. 
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	Explanation


Step 7. Drink tap water rather than bottled water. 
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	Explanation


Step 8. Plant a tree
	[image: image37.png]



	Explanation


Questions:

1. You have two meal choices for your lunch at school: 1) chicken and veggie wrap, mashed potatoes, and an apple; 2) beef hamburger, potato chips, and a box of orange juice. These two meals provide a similar amount of energy for your body. 

Which meal will have a smaller carbon footprint? Why? 

Which meal will you choose? Why?

2. It is a beautiful sunny day in spring. Your dad can choose between three ways of commuting to his office: 1) riding a bicycle; 2) taking the bus; 3) driving his car. 

Which choice will result in the largest carbon footprint? Which choice will result in the smallest carbon footprint? Why? 

Will you recommend the one that has the smallest footprint to your dad? Why?

3. Your mom would like to buy some apples. There are two stores near your home. One is a supermarket that sells apples grown in Washington. The other is a grocery store, which sells apples produced by local farmers here in Michigan. Compare the footprint of an apple sold in the supermarket and the footprint of an apple sold in the grocery store. Which one would result in a smaller carbon footprint? Why? 

Will you suggest your mom buy the apples with a smaller carbon footprint? Why?

Name:__________________________


Period/Hour:________
WHERE DOES CARBON DIOXIDE GO?
1. There are four events below: Trees Growing in the Amazon Forest; Cars Running on Highway; Girl Running; Burning Propane to Cook. For each event think about how the event changes matter and how it changes energy. Use the process tool to analyze each event. 
[image: image85.jpg]



[image: image86.png]ROCKS & DIRT

COAL



[image: image87.jpg]



[image: image88.bmp]
2. Out of the four events, three events are alike and one is different. Which event is different from the others? 

3. For the three events that are alike, what do they have in common in the way the event transforms matter? What is in common in the way they transform energy? 

4. For the event that is different from the other three events, how is it different in the way it transforms matter? How is it different in the way it transforms energy?
5. Which event(s) emit carbon into the atmosphere? Which event(s) remove carbon from the atmosphere? 

6. 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. Use the process tool to show how this event changes matter and energy.
[image: image89.bmp]
7.  Do you think the lamp lighting is related to a change of matter? Please explain your answers. 

Name:__________________________


Period/Hour:________

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

[image: image38.png]PETROLEUM & NATURAL GAS FORMATION

OCEAN OCEAN
300-400 million years ago | | 50-100 million years ago

Sand & Silt
Rock

Sand & Silt

Plant & Animal Remains. Oil & Gas Deposits.

Tiny sea plants and animals died  Over millions of
and ware buried on.

= the emaina. Today, wo drl down through layers
i, and rack to reach
the rock formatians that contain
il and gas depostte.

The enormous he:





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 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: image39.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 the top layers helped the plant remains turn into what we today call coal. Coal is composed primarily of carbon, hydrogen, and oxygen atoms. 
1. You have read about how fossil fuels form. Using the process tool, describe how fossil fuel formation changes matter and how it changes energy. Complete the process tool for Coal Formation and for Oil and Natural Gas Formation.
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Name: _______________________________________  Date: ________________

Foods, Fuels, and Body Parts: How are They Similar?

1. The foods we eat are from plants and animals. All animals feed directly or indirectly on plants. So, the major materials of foods and body parts of plants and animals are similar. Below are two examples of molecules contained in plant and animal body structure. 
A Glucose Molecule from Plant Body Structure

[image: image40.wmf]                       [image: image41.wmf]      

A fat Molecule from Animal Body Structure

 [image: image42.wmf]          [image: image43.wmf]
Please compare the molecule of plant body and the molecule of the animal body. How are they similar? 

2. Wood, propane, coal, wax, and gasoline are all fuels. Fuels are changed from plants or animals. Wood is from trees. Coal is formed from residues of plants that lived on earth millions of years ago. Propane, wax, and gasoline are made from oil. Oil is formed from residues of sea creatures that lived millions of years ago. Below are two examples of fuel molecules. 

An octane molecule (C8H18) from gasoline
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A propane molecule (C3H8)
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2. Please compare the two fuel molecules. How are they similar?

3. Please compare the four molecules. How are they similar? 

4. Foods, fuels, and organisms’ body parts are composed of similar materials – organic materials. These organic materials have a similar molecular structure—they all contain C-C and C-H bonds. In science, this indicates that the organic materials contain chemical energy and can release energy when they react with oxygen. In particular, organic materials can burn because they contain chemical energy. In the process of burning, their chemical energy is transformed into other forms of energy such as heat, light energy, or motion energy. Below are some materials. Are they organic materials? Can flame burn each of them? Circle all the materials that can burn.

Gasoline

Sand


Coal


Peanut

Methane

Flour


Paper


Milk Powder

Water


Wood


Wax


Stone

How are the materials you circled similar? How do you know that they can burn? 

 Name: _________________________________________ Date: ________________

Analyze the Model of Carbon Cycling

1. Use the process tool to analyze the biological and chemical processes labeled in the diagram. You will need to figure out the missing parts that would fill in the blanks in the process tool and fill them in the table below. 
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	Process/Event from the diagram
	Process
	Energy Input
	Energy Output
	Matter Input
	Matter Output

	Fossil-fuel burning
	
	
	
	
	

	Plant photosynthesis
	
	
	
	
	

	Plant respiration
	
	
	
	
	

	Decay of residue
	
	
	
	
	


2. What is the main form of carbon in the atmosphere? ______________________________

3. What is the main form of carbon in the biosphere? ________________________________

4. What is the main form of carbon in the fossil fuel reservoir? __________________________
5. Please explain how changes of land uses such as deforestation cause carbon dioxide to move into the atmosphere? What is the relevant atomic-molecular process?

Name:__________________________________
Period/Hour:________
Analyze News Reports from the Media
Below are news reports about three events happening in different regions around the world. Please explain whether and how these events will influence global warming. You will first need to use the process tool to analyze the event and then answer the questions based on your analysis. 
1. DEFORESTATION IN BRAZIL: 60-70 percent of deforestation in the Amazon results from cattle ranches while the rest mostly results from small-scale subsistence agriculture. Widespread press attention notwithstanding, large-scale farming (i.e. soybeans) currently contributes relatively little to total deforestation in the Amazon. Most soybean cultivation takes place outside the rainforest in the neighboring cerrado grassland ecosystem and in areas that have already been cleared. Logging results in forest degradation but rarely direct deforestation. However, studies have shown a close correlation between logging and future clearing for settlement and farming.
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Please use the process tool to analyze how trees growing in the Amazon Forest changes matter and energy. 
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Now look at your process tool diagram. Think about whether this process takes in or gives off carbon dioxide. Then explain how deforestation in the Amazon will influence global warming: 

2. Beijing, China: General Motors has estimated that China sold 790,000 vehicles in January 2009, surpassing the United States, where sales tumbled 37 percent from a year ago to 656,976 vehicles. The leading US automaker further predicts that Chinese auto sales could hit 10.7 million vehicles this year, nearly a million units more than its estimate of 9.8 million for the same period in the US. Although auto sales have slowed in recent months, China remains the world's only major auto market with strong potential given strong domestic demand and recent government policies. The government passed a stimulus package for the auto sector last month, reducing the purchase tax on vehicles with engine capacity of less than 1.6 liters by half, to 5 percent. It is also spending RMB 5 billion on subsidies to rural residents who trade in old vehicles for vehicles with a capacity of 1.3 liters or less.
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3. US, Washington – In 1978, only eight percent of U.S. households had microwave ovens. Today, 83 percent have them. This high rate of increase has been seen over and over again with electric appliances. According to the U.S. Energy Information Administration, electricity consumption will increase by an additional 51 percent from 2002 to 2025. At present about half of the electricity consumed in the US comes from burning coal. 


Please explain how the event will influence global warming: 

4. How do humans’ activities of consuming foods and fuels influence the amount of carbon dioxide in the atmosphere? 
5. Explain why humans largely rely on plants for survival. Please explain chemical processes that we depend on for survival. 
Name:__________________________


Period/Hour:________

CARBON FOOTPRINT
Part 2. Measuring Carbon Footprint – A Bag of Sugar

 Silver Spoon is a British sugar manufacturer that measures the carbon footprint of its sugar products. The carbon footprint of a product considers the product’s total life cycle from ‘field to fork’. According to the company’s assessment, a one kg bag of homegrown sugar produces 0.5 kg of CO2. The diagram below shows the percentage of the carbon emissions at each stage of the life cycle of a bag of sugar. 
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Please use the process tool to analyze how carbon dioxide is emitted at each stage of the life cycle of a one kg bag of homegrown sugar. You will need to fill out the missing parts in the blanks in the process tool. (Use OrgC to represent Organic carbon-containing substances.)

Stage 1. Farming (48.7%): 

Cultivation of crops results in CO2 emissions during the production of seeds, fertilizers, pesticides and soil amendments, operation of farm equipment, etc. Please use the process tool to explain how the following two processes emit CO2 into the atmosphere: Operation of farm equipment such as using electricity powered irrigation systems; Beet respiration



Stage 2. Transportation of raw materials (7.2%): 

The raw materials -- beets -- need to be shipped to the factory for sugar production. Please use the process tool to analyze how transportation releases carbon dioxide. 
 

Stage 3. Sugar processing (27.4%): 

At this stage, the factory uses machines to make sugar out of beets. Do you think using machines to produce sugar will cause carbon emissions? Please fill out the blanks in the process tool. 


Stage 4. Packaging (7.9%): 

Carbon dioxide is emitted during the process of packaging in the assembly line. Please use the process tool to analyze why the packaging of sugar at the end of the assembly line causes carbon emission. 


Stage 5. Distribution and disposal (8.8%): 

Distribution: Distribution of products refers to shipping materials to the supermarkets or grocery stores. Disposal: Packaging materials will eventually become waste. Carbon is emitted when the waste is transported to the waste disposal site or factories. The waste could be either land-filled or recycled. When the organic waste (i.e.- paper bag) is land-filled, decomposition will happen and release methane or carbon dioxide. Recycling can save energy, as it is generally more energy-efficient to manufacture products using recycled inputs instead of raw materials. Please use the process tool to analyze the process of organic waste decaying at the waste disposal site.


Name:__________________________


Period/Hour:________

MODELING – STABILIZATION WEDGES

Part 1. Build Your Wedges

1. Read the “CMI” material and develop your stabilization wedges.

2. Present your wedge in class. Make sure your report includes both large-scale reasoning and atomic/molecular reasoning. You can use your own ideas to present your wedge. 

1. Large-scale reasoning: 

1) How does your stabilization wedge affect carbon fluxes from and into the atmosphere at a large-scale? You can use the atmospheric reservoir model to aud your explanation. 

2) How do you make the trade-off between slowing global warming and promoting economic development? 

2. Atomic/Molecular reasoning: 

Choose three wedges from your stabilization wedge – one from the “efficiency & conservation” category; one from “fossil fuel based strategies” or “nuclear energy”; and one from “renewables and biostorage”. Answer the following questions about the three wedges you chose: 

1) How are these wedges related to human energy production, distribution, and consumption? 

2) Which wedge(s) decreases carbon emissions into the atmosphere? Which wedge(s) increases carbon removal from the atmosphere? Please explain your answers. Make sure your explanation covers some core ideas: A. What is/are the chemical reaction(s) that are affected by that strategy? B. How does carbon transform in that/those chemical reaction(s)? C. How does energy transform in that/those chemical reaction(s)? 
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2. Do you think watching TV will cause carbon emissions? 


The diagram on the right will help you to answer this question. 


Please label all the matter and energy arrows in the diagram
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1. Where does the energy of a car running come from? The diagram below will help you to answer the question. Think about how the processes are connected and how matter and energy move among these processes. Please label the matter arrows and the energy arrows.
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Macroscopic Process/Event:





China Becoming the World’s Second Largest Auto Market





Think about your process tool and explain how this event may influence global warming. 
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You may not be able to answer these questions now, but you will know the answers by the time you finish this unit. 
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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 cause 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% of the chemical energy in coal into electrical energy.








































































































































































































Using Electric Appliances at Home
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Qualitative Analysis





At home, we use a lot of electric appliances such as lamps, computers, toasters, refrigerators, and so on. All of these electric appliances require electricity to work. The diagram below shows where the electricity comes from. Please label the energy arrows and matter arrows. 
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�














 








Steam










































































(Matter Output)





(Matter Input)


























(Energy Input)





(Energy Output)





Geothermal Power Plant
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Nuclear Power Plants
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Fossil Fuel Fired Power Plants
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Process:  ___________________________________














(Matter Output)





(Matter Input)























(Energy Input)





(Energy Output)











Turbine: Gearbox
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Solar cell generating electricity 
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Solar cell generating electricity 
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Electricity lights the bulb
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Electric generator inside the Dynamo Kinetic Flashlight generating electricity

















 















































� Data from http://americanschoolbuscouncil.org/index.php?page=fuel-calculator


� eGRID2007 Version 1.1, U.S. annual non-baseload CO2 output emission rate, year 2005 data. 


� Based on data from � HYPERLINK "http://sustainability.tufts.edu/?pid=74" ��http://sustainability.tufts.edu/?pid=74�
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