
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:




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, the gray line 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.

	


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:




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. 

	


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?

	


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:

	
	


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 them into two groups by how they are similar in terms of atoms. Describe each group.

	Materials in this group:

This group is similar because: 


	Materials in this group:

This group is similar because: 




2) 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:

This group is similar because: 


	Materials in this group:

This group is similar because: 




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

	


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?

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Name:_____________________ Period:____ Date:_________
Extreme Makeover: Lifestyle Edition 
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 (
	


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?

1. 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?

	


Meat





Apple








