Exploring Climate Change

A comprehensive Teacher and Student Guide for students to learn about climate change through
hands-on critical thinking activities.
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As America’s policy-makers work toward
developing public policy about carbon
dioxide and climate change, it is important
for the public to understand the technologies
and techniques available to mitigate the
release and impact of carbon dioxide. It
is important to understand the science of
climate and the way energy use and our
consumer choices impact our environment,
economics, and standard of living. The U.S.
Department of Energy, the U.S. Environmental
Protection Agency, the U.S. Department
of Commerce, and other agencies have
joined the nation’s energy industry and the
engineering and scientific community to find
the best possible solutions to address climate
change while reducing possible negative
impacts on America’s economy.

With this curriculum module, and other NEED
activities, we hope to help students, teachers,
and the local community understand more
about energy, carbon dioxide, climate, and
climate change. We hope that teachers
and students will discuss and think about
our use of energy and our personal energy
choices with a global perspective too—
recognizing that the choices made here in the
United States have an impact on the global
environment and that energy decisions made
in other countries has an impact on us too.
This curriculum module is meant to help
distill a fairly complex and heavily politicized
topic down to a level that our students can
understand and comprehend—providing
them with simulations and hands-on lessons
and backgrounders meant to provide a
foundation for their learnings.

We are grateful to the Carbon Mitigation
Institute for their assistance with this project
and we welcome feedback from teachers,
students, and their families about the content
and lessons found inside.
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a-il| Correlations to National Science Education Standards: Grades 9-12

This book has been correlated to National Science Education Content Standards.
For correlations to individual state standards, visit www.NEED.org.

Content Standard B | pHysicaL sciEnCE

= Structures and Properties of Matter
= Solids, liquids, and gases different in the distances and angles between molecules or atoms and therefore the energy that binds them together. In
solids the structure is nearly rigid; in liquids molecules or atoms move around each other but do not move apart; and in gases molecules or atoms
move almost independently of each other and are mostly far apart.

= Carbon atoms can bond to one another in chains, rings, and branching networks to form a variety of structures, including synthetic polymers, oils,
and the large molecules essential to life.

= Chemical Reactions
= Chemical reactions may release or consume energy. Some reactions such as the burning of fossil fuels release large amounts of energy by losing
heat and by emitting light. Light can initiate many chemical reactions such as photosynthesis and the evolution of urban smog.

= Conservation of Energy and the Increase in Disorder
= The total energy of the universe is constant. Energy can be transferred by collisions in chemical and nuclear reactions, by light waves and other
radiations, and in many other ways. However, it can never be destroyed. As these transfers occur, the matter involved becomes steadily less
ordered.

= Everything tends to become less organized and less orderly over time. Thus, in all energy transfers, the overall effect is that the energy is spread
out uniformly. Examples are the transfer of energy from hotter to cooler objects by conduction, radiation, or convection and the warming of our
surroundings when we burn fuels.

Content Standard C | LiFe sciEnce
® The Cell

= Plant cells contain chloroplasts, the site of photosynthesis. Plants and many microorganisms use solar energy to combine molecules of carbon
dioxide and water into complex, energy rich organic compounds and release oxygen into the environment. This process of photosynthesis
provides a vital connection between the sun and the energy needs of living systems.

= The Interdependence of Organisms
= Energy flows through ecosystems in one direction, from photosynthetic organisms to herbivores to carnivores and decomposers.

= Human beings live within the world’s ecosystems. Increasingly, humans modify ecosystems as a result of population growth, technology, and
consumption. Human destruction of habitats through direct harvesting, pollution, atmospheric changes, and other factors is threatening current
global stability, and if not addressed, ecosystems will be irreversibly affected.

= Matter, Energy, and Organization in Living Systems
= As matter and energy flow through different levels of organization of living systems—cells, organs, organisms, communities—and between
living systems and the physical environment, chemical elements are recombined in different ways. Each recombination results in storage and
dissipation of energy into the environment as heat. Matter and energy are conserved in each.

Content Standard D | EARTH AND SPACE SCIENCE
= Energy in the Earth System

= Global climate is determined by energy transfer from the sun at and near the Earth'’s surface. This energy transfer is influences by dynamic
processes such as cloud cover and the Earth's rotation, and static conditions such as the position of mountain ranges and oceans.

= Geochemical Cycles
= The Earth is a system containing essentially a fixed amount of each stable chemical atom or element. Each element can exist in several different
chemical reservoirs. Each element on Earth moves among reservoirs in the solid Earth, oceans, atmosphere, and organisms as part of geochemical
cycles.

= Movement of matter between reservoirs is driven by Earth’s internal and external sources of energy. These movements are often accompanied
by a change in the physical and chemical properties of the matter. Carbon, for example, occurs in carbonate rocks such as limestone, in the
atmosphere as carbon dioxide gas, in water as dissolved carbon dioxide, and in all organisms as complex molecules that control the chemistry
of life.
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Correlations to National Science Education Standards: Grades 9-12

auu

This book has been correlated to National Science Education Content Standards.
For correlations to individual state standards, visit www.NEED.org.

Content Standard F | sciENCE IN PERSONAL AND SOCIAL PERSPECTIVES

= Natural Resources
= Human populations use resources in the environment in order to maintain and improve their existence. Natural resources have been and will
continue to be used to maintain human populations.

= The Earth does not have infinite resources; increasing human consumption places severe stress on the natural processes that renew some
resources, and it depletes those resources that cannot be renewed.

= Environmental Quality
= Natural ecosystems provide an array of basic processes that affect humans. Those processes include maintenance of the quality of the atmosphere,
generation of soils, control of the hydrologic cycle, disposal of wastes, and recycling of nutrients. Humans are changing many of these basic
processes, and the changes may be detrimental to humans.

= Materials from human societies affect both physical and chemical cycles of the Earth.

= Many factors influence environmental quality. Factors that students might investigate include population growth, resource use, population
distribution, overconsumption, the capacity of technology to solve problems, poverty, the role of economic, political, and religious views, and
different ways humans view the Earth.

= Natural and Human-Induced Hazards
» Natural and human-induced hazards present the need for humans to assess potential danger and risk. Many changes in the environment designed
by humans bring benefits to society, as well as cause risks. Students should understand the costs and trade-offs of various hazards—ranging from
those with minor risk to a few people to major catastrophes with major risk to many people. The scale of events and the accuracy with which
scientists and engineers can (and cannot) predict events are important considerations.

= Science and Technology in Local, National, and Global Challenges
» Understanding basic concepts and principles of science and technology should precede active debate about the economics, policies, politics,
and ethics of various science- and technology-related challenges. However, understanding science alone will not resolve local, national, or global
challenges.

= Progress in science and technology can be affected by social issues and challenges.

= Humans have a major effect on other species. For example, the influence of humans on other organisms occurs through land use—which
decreases space available to other species—and pollution—which changes the chemical composition of air, soil, and water.

= Humans use natural systems as resources. Natural systems have the capacity to reuse waste, but that capacity is limited. Natural systems can
change to an extent that exceeds the limits of organisms to adapt naturally or humans to adapt technologically.

©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108 1.800.875.5029 www.NEED.org 5




Background

Through background reading
and hands-on activities, this
guide examines the science
behind climate change, the
relationship between energy
use and climate change, and
personal choices that can

be made to address climate
change.

Visit www.NEED.org for
additional curriculum about
energy sources as well as
efficiency and conservation.

Recommended curriculum
guides that will enhance
your unit on climate change
include:

=Carbon Capture, Utilization
and Storage

=Energy Conservation Contract

=Great Energy Debate

=Learning and Conserving

=Mission Possible

=School Energy Survey

=Secondary Energy Infobook

Exploring Climate Change
Teacher Guide

Activity 1: Introduction to Climate Change
¢ Objective

=Students will examine their current understanding of climate change.

Materials

=Science notebooks
=Copies of Exploring Climate Change Student Backgrounder (pages 30-43) and Climate Change KWL
Chart (page 46) for each student

M Procedure

1. Ask students, “What do you think you know about climate change?” Students should record their
thinking on the Climate Change KWL Chart.

2. Have a class discussion about what students think they already know about climate change. Discuss
where students developed these ideas, and what questions they may have about climate change.

3. Students read the backgrounder. As they read they should take notes, specifically paying attention
to new learning.

Activity 2: Greenhouse Gas Demonstration
& Objective

=Students will understand why carbon dioxide, methane, and water vapor are three of the major
greenhouse gases.

Materials

=Molecular Models kit with spring attachments to act as bonds

7 Preparation

=Make models of the following:

=carbon dioxide (CO,)
*methane (CH,)
=water vapor (H,0)

V1 Procedure

1. Explain to your students:

Carbon dioxide (CO,), methane (CH,), and water vapor (H,O) are three of the major greenhouse
gases.When the radiant energy from the sun travels through the Earth’s atmosphere and strikes the
surface of the Earth, much of that energy is radiated back as thermal energy and infrared energy
that will leave the atmosphere, but much of it is absorbed by the greenhouse gases.

The Earth’s atmosphere is composed of around 78 percent nitrogen gas (N,), which has a triple bond
between the nitrogen atoms, and 21 percent oxygen gas (O,), which has a double bond between
the oxygen atoms. The energy is stored within the movement of those molecules. Nitrogen gas
and oxygen gas do not have a great deal of flexibility in the vibrations, rotation, expansion, and
contraction of the bonds within the molecule.

Demonstrate to students how there is a great deal of flexibility in the bonds of water, methane,
and carbon dioxide, while there is very little in the flexibility of the other gases in the atmosphere.
While holding the central atom in the structures of water, carbon dioxide, and methane, apply a
slight force to the atoms attached to the central atom and show how the bonds are able to move
freely indicating the ability to store more energy than the bonds within nitrogen gas or oxygen gas.

Exploring Climate Change




Activity 3: Properties of €0,

R Note

& Objective

=Students will understand properties of carbon dioxide.

Materials

=Plastic trash bag

=5-10 Ibs. of Dry ice (keep in foam cooler until
ready to use)

=Pair of gloves

=Tongs

=l arge, clear container

=Plastic tray

=Bottle of bubbles

=Rubber glove or rubber balloon

=Pipe cleaner

=Tea light candle

=Matches

=8 oz. Plastic cup

=Science notebooks

=Safety glasses

=Copies of Properties of CO, (page 45) for each

=Bottle of water

student

Preparation

=Cover work surface with the plastic trash bag.

=Review the safety instructions for working with dry ice on page 28.

=You may conduct this activity as a demonstration, or gather enough containers, gloves, and tongs to
allow small groups to work with the dry ice directly.

M Procedure

1.
2.
3.

©2011

Review the safety instructions for working with dry ice with the class.
Place some dry ice on a plastic tray, place the tray of dry ice in the large container.

Explain that carbon dioxide (CO,) is usually found in its gas form. However, it also can be found in
a solid form and liquid form. Dry ice is frozen CO,, it is CO, in solid form.

. Ask students, “What happens when frozen water warms up?” (It melts and turns into a liquid.)

Next ask, “What do you think happens when frozen CO, warms up?” Have students record their
prediction in a science notebook. Have students observe the dry ice for a few minutes. Students
should record observations using pictures and words in their science notebooks. Ask students to
explain what they are seeing. Discuss that CO, does not exist as a liquid at atmospheric pressure.
As frozen CO, thaws, or sublimes, it transforms directly into a gas. CO, exists as a liquid only under
great pressure.

. Pour water onto the dry ice until CO, gas fills the container. Blow bubbles into the large container.

Have students record their observations in their science notebook, and explain what is happening.
After students have had time to write down their own thoughts, explain that CO, is more dense
than air. Since the bubbles are filled with air, they float on top of the CO, gas collected in the
container.

. Light a tea light candle. Using the plastic cup, collect some CO, gas and pour it over the tea light.

Using the Properties of CO, worksheet, students should record what happens and explain what they
saw. Explain that CO, displaces lighter oxygen. The CO, is heavier than air and pushes the oxygen
away. The fire needs oxygen to continue burning so the fire is extinguished. This is why CO, is used
in fire extinguishers.

. Drop an ice cube sized piece of dry ice into a bottle of water. Place a rubber glove or balloon over

the mouth of the water bottle. Use a pipe cleaner as a twist tie around the glove. Students should
record observations in their science notebooks and explain what happened.

The NEED Project P.O.Box 10101, Manassas, VA 20108 1.800.875.5029 www.NEED.org
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gas by mixing equal parts
baking soda and vinegar.




&® Note

Activity 4: Greenhouse in a Beaker

During the experiment the
temperature in the CO,

rich beaker will rise for
several minutes. Once a
temperature peak is reached,
the temperature will start

to drop again rapidly. This is
because the supply of CO,

in the small water bottle has
exhausted itself and because
the natural convection
currents in the beaker, driven
by the heat from the light
bulb, will disperse the CO,.

& Objective

=Students will understand that carbon dioxide speeds up the transfer of thermal energy.

Materials for each group

=2 600 mL Beakers

=1 250 mL Flask

=1 Rubber stopper with hole
=1 Vinyl tubing, 3/16" diameter, 60 cm long =Copies of Greenhouse in a Beaker (pages 47-48)
=1 Clip light with 1 75 watt bulb for each student

=1 Ruler =Water (room temperature)

=2 Probe thermometers

=1 Small piece masking tape

=4 Alka-Seltzer tablets
=Science notebooks
=Safety glasses

M Procedure

1. Introduce the investigation to students by asking, “What effect does adding carbon dioxide to the
air have on the air’s temperature?”

2. Explain that students will be creating two models of our atmosphere (air inside of the beakers), and
the lamp represents the sun. One beaker will contain a“normal” atmosphere. Carbon dioxide (CO,)
will be added to the second beaker, creating a CO,-rich atmosphere. The CO, will be produced
through a chemical reaction that occurs when Alka-Seltzer is added to water. The active ingredients
in Alka-Seltzer are aspirin, citric acid, and sodium bicarbonate (NaHCO3). When the tablet is placed
in water, an acid-base reaction involving sodium bicarbonate and the citric acid takes place yielding
sodium citrate, water, and carbon dioxide.

3NaHCO, + H,C,H,0, ——» Na,C.H_O, + 3H,0 + 3CO,(g)

3. Divide students into small groups. Pass out the Greenhouse in a Beaker worksheets.

4. Circulate around the room assisting groups as needed.

< Extension

Ask students what variables they can change in the investigation. Let students design new
investigations and in their conclusions have them correlate their changes to actual conditions that
may change in Earth’s climate system.

Exploring Climate Change




Activity 5: Carbon Cycle Simulation

Online Resources

& Objective

=Students will deepen their understanding of how carbon cycles throughout the Earth’s systems.

=Students will be able to compare how carbon cycled through the Earth’s systems prior to the
Industrial Revolution and after the Industrial Revolution.

Materials

=Reservoir Posters (pages 12-15)

=Reservoir Instruction Sheets (pages 16-24)

=Two decks of playing cards, divided by suit

=2 copies of Carbon Tracking Sheet for each student (page 50)
=Carbon Reservoir Comparison charts (page 49)

#3 Pre-Industrial Round Preparation

1.

2.

Hang up the reservoir posters and Pre-Industrial Round Instruction sheets around the classroom
(as shown in the diagram on page 10).

Place a full suit of cards at each of the eight reservoirs.

V1 Pre-Industrial Round Procedure

1. Passoutthe Carbon Reservoir Comparison chartand have students use the Exploring Climate Change
Student Backgrounder to compare the four major carbon reservoirs. Review the information as a
class.

2. Explain that in this activity students will become carbon atoms, and model the different forms
carbon takes as it travels between these reservoirs.

3. Use the chart on page 11 to divide your students among the reservoirs. The natural exchange of
carbon between the lithosphere and atmosphere pre-Industrial Revolution was negligible, so the
lithosphere is not used in this round.

4. Pass out one Carbon Tracking Sheet to each student. Students will record which reservoirs they
travel to in this round.

5. Assign students to their first reservoir. They should count how many people are at the reservoirand
record the number on the sheet. Remind students that they should not pull cards until instructed.
Students should not change reservoirs until given a signal to move. At that time, everyone who is
changing reservoirs (based on the card they pulled) will move.

6. Students record the necessary information about their reservoir and carbon form on their Carbon
Tracking Sheet.

7. Instruct students to each choose a card and use the directions on the sheet to determine who
leaves the reservoir and who stays. Students return the cards to the original pile.

8. Signal students to change reservoirs. Once everyone has arrived where they need to be, the group
counts how many people are at the reservoir and students write down the necessary information
about the reservoir and carbon form on their worksheet.

9. Repeat steps seven and eight until you have completed 10 cycles in the Pre-Industrial Round.

10. Bring the students together and discuss what they noticed about carbon movement, the forms
carbon comes in, and about the amount of carbon in each reservoir.

CONTINUED ON NEXT PAGE

©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108 1.800.875.5029 www.NEED.org
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Posters and Instructions
sheets are on pages 12-24.
To download full size color
copies of the posters visit
www.NEED.org.
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&R Note

ACtIVIty 5: Carbon CYCIE Simulation (continued from previous page)

If you do not have enough
students to make up the
minimum number in either
the Pre-Industrial or Present
Day Rounds, you can create
“proxy carbons” to fill up the
needed spots. Assign one or
two students to be “proxy
managers” who will be
responsible for drawing the
cards for the proxy carbons,
and moving them where
they need to go.

&4 Present-Day Round Preparation

1. Hang up the Atmosphere and Lithosphere Present-Day Round instruction posters, pages 17 and
24.

2. Make sure each reservoir has a full suite of cards.

[/ Present-Day Round Procedure

1. Pass out a new Carbon Tracking Sheet to each student.
2. Assign students reservoirs using the Present-Day Round table on the following page.

3. Follow the same direction as the Pre-Industrial Round and complete 10 cycles in the Present-Day
Round.

4. When complete, discuss with the students the differences between the Pre-Industrial Round and
the Present-Day Round. Use the data collected on the posters to graph the movement between the
reservoirs. What conclusions can students make about carbon cycling based on the data?

Suggested Placement of Reservoir Posters

ATMOSPHERE
Land Animals Marine Animals

==
] =<
g 2
= LandPlants Marine Plants ©
(-9 wv
(%) -l
9 =
= =

Soil Ocean

LITHOSPHERE
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Number of Students in Each Reservoir

PRE-INDUSTRIAL ROUND
TOTALNUMBER  ATMOSPHERE ~ BIOSPHERE BIOSPHERE BIOSPHERE LITHOSPHERE ~ HYDROSPHERE ~ HYDROSPHERE HYDROSPHERE

OF STUDENTS (0, GAS LAND PLANT LAND ANIMAL SOIL FOSSIL FUEL OCEAN MARINE PLANT MARINE ANIMAL
18 5 3 2 1 0 4 2 1
19 5 3 2 1 0 5 2 1
20 5 4 2 1 0 5 2 1
21 6 4 2 1 0 5 2 1
22 6 4 2 1 0 5 3 1
23 6 4 3 1 0 5 3 1
24 7 4 3 1 0 5 3 1
25 7 4 3 1 0 5 3 2
26 7 4 3 2 0 5 3 2
27 8 4 3 2 0 5 3 2
28 8 4 3 2 0 6 3 2
29 8 5 3 2 0 6 3 2
30 9 5 3 2 0 6 3 2
31 9 5 3 2 0 6 4 2
32 9 5 4 2 0 6 4 2

PRESENT-DAY ROUND
TOTALNUMBER  ATMOSPHERE BIOSPHERE BIOSPHERE BIOSPHERE LITHOSPHERE ~ HYDROSPHERE ~ HYDROSPHERE HYDROSPHERE

OF STUDENTS (0, GAS LAND PLANT LAND ANIMAL SOIL FOSSIL FUEL OCEAN MARINEPLANT ~ MARINE ANIMAL
28 5 3 2 1 10 4 2 1
29 5 3 2 1 10 5 2 1
30 5 4 2 1 10 5 2 1
31 6 4 2 1 10 5 2 1
32 6 4 2 1 10 5 3 1

©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108  1.800.875.5029 www.NEED.org 11




CARBON CYCLE SIMULATION

Atmosphere — (0, Gas

You are a CO; molecule in the atmosphere.

You came from

+ the hydrosphere by degassing, or

+ land animals or soil through respiration, or

« from the lithosphere through the
combustion of fossil fuels.

th CARBON

OXYGEN OXYGEN

Biosphere — Land Plant

You are now part of a glucose molecule in a carrot.

/7
4 \
You came as a carbon y ' 4
dioxide molecule from A
the atmosphere by the
photosynthesis process.
\ Glucose

Through photosynthesis, a plant combined carbon, water, and
solar energy to create a molecule of glucose.

mﬁON + m_u_No + m:m—.@<|vﬁm—-_._Noa+ ON




CARBON CYCLE SIMULATION

Biosphere — Soil

You are now part of an organic molecule in the soil.

You came as part of a protein
molecule in a plant or animal
that died and decomposed.

You became part of an organic molecule in the soil through the
process of respiration in soil microbes.

Biosphere — Land Animal

You are now part of a protein molecule in a rabbit.

You came as a glucose
molecule from a carrot in
the biosphere through the
consumption process.

Glucose: C4H{,04

The rabbit ate a carrot and through respiration broke down the
glucose molecule, which released energy for her to use to hop
around. The glucose molecule broke down into molecules of
carbon dioxide and water and the carbon eventually became
part of a protein molecule.

nOI._NOO +0°N _— OHON + 6 T_No + MSOHQ<




CARBON CYCLE SIMULATION

Hydrosphere — Ocean

You are part of a dissolved CO, molecule in the ocean.

You came as part of a carbon
dioxide molecule from the

atmosphere by the dissolution
process or from a marine

animal through respiration.

Hydrosphere — Marine Plant

You are now part of a glucose molecule in seaweed.

You came as part of a
carbon dioxide molecule
from the hydrosphere-
ocean through the
photosynthesis process.

Glucose

Through photosynthesis, a plant used water
and energy from the sun to create a molecule
of glucose.

6CO, + 6H,0 + Energy —— CgH{,0¢ + 60,




CARBON CYCLE SIMULATION

Hydrosphere — Marine Animal

You are now part of a protein molecule in a sea turtle.

You came as part of a
glucose molecule from
seaweed in the hydrosphere
through the consumption
process.

The turtle ate seaweed and through digestion and respiration,
broke down the glucose molecule, which released energy for her
to use to swim around. The glucose molecule broke down into
molecules of carbon dioxide and water and the carbon eventually
became part of a protein molecule.

nm—-_._NOG + QON|V QnON + QINO + m:mﬂm<

Lithosphere — Fossil Fuel

You are now part of a hydrocarbon molecule in
fossil fuels.

You are part of a
hydrocarbon molecule in
the lithosphere. You are a

part of all fossil fuels. Fossil
fuels took millions of years
to form.

Fossil fuels are made up of hydrocarbon molecules, which are
made up of carbon, hydrogen, and oxygen atoms. Fossil fuels
include coal, petroleum, and natural gas. Until people discovered
how to burn fossil fuels to create energy and for other uses, the
hydrocarbons stayed underground for millions of years.
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CARBON CYCLE SIMULATION

The Atmosphere: (0, Gas

Pre-Industrial Round

You are now part of a carbon dioxide molecule in the atmosphere.

1. When you arrive, use the Carbon Tracking Sheet to fill in the “I arrived here by the process of ..." and “What | am now” columns of your

2. Record the total number of carbons in this reservoir in the space provided below.

worksheet.

3. Each person draws a card. Use the chart below to figure out where each person goes next. Then each person fills in the “Next | am going

to the...” column on their worksheet.

4. Return cards to a pile and shuffle.

5. WAIT UNTIL YOU ARE DIRECTED TO MOVE TO YOUR NEW RESERVOIR.

LANDPLANTRESERVOR GOTOTHEOGEMRESERVOR | e h ™ | Thsaeschvom
Start
1 Two Highest Cards Next Three Highest Cards All Others
2 Two Highest Cards Next Three Highest Cards All Others
3 Two Highest Cards Next Three Highest Cards All Others
4 Two Highest Cards Next Three Highest Cards All Others
5 Two Highest Cards Next Three Highest Cards All Others
6 Two Highest Cards Next Three Highest Cards All Others
7 Two Highest Cards Next Three Highest Cards All Others
8 Two Highest Cards Next Three Highest Cards All Others
9 Two Highest Cards Next Three Highest Cards All Others
10 Two Highest Cards Next Three Highest Cards All Others

16
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CARBON CYCLE SIMULATION

The Atmosphere: (0, Gas

Present-Day Round

You are now part of a carbon dioxide molecule in the atmosphere.

1. When you arrive, use the Carbon Tracking Sheet to fill in the “I arrived here by the process of ..." and “What | am now” columns of your

worksheet.

2. Record the total number of carbons in this reservoir in the space provided below.

3. Each person draws a card. Use the chart below to figure out where each person goes next. Then each person fills in the “Next | am going

to the...” column on their worksheet.

4. Return cards to a pile and shuffle.
5. WAIT UNTIL YOU ARE DIRECTED TO MOVE TO YOUR NEW RESERVOIR.

GO TO THE GO TO THE STAY IN THE ATMOSPHERE NUMBER OF CARBONS
LAND PLANT RESERVOIR OCEAN RESERVOIR RESERVOIR IN THIS RESERVOIR
Start
1 Two Highest Cards Next Three Highest Cards All Others
2 Two Highest Cards Next Three Highest Cards All Others
3 Two Highest Cards Next Four Highest Cards All Others
4 Two Highest Cards Next Three Highest Cards All Others
5 Two Highest Cards Next Four Highest Cards All Others
6 Two Highest Cards Next Three Highest Cards All Others
7 Two Highest Cards Next Four Highest Cards All Others
8 Two Highest Cards Next Four Highest Cards All Others
9 Two Highest Cards Next Four Highest Cards All Others
10 Two Highest Cards Next Three Highest Cards All Others
©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108  1.800.875.5029 www.NEED.org 17
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CARBON CYCLE SIMULATION

5 2| The Biosphere: Land Plant

All Rounds

You are now part of a glucose molecule in a carrot.

1.

When you arrive, use the Carbon Tracking Sheet to fill in the “l arrived here by the process of ..." column and “What | am now” columns of

your worksheet.

. Return cards to a pile and shuffle.

. WAIT UNTIL YOU ARE DIRECTED TO MOVE TO YOUR NEW RESERVOIR.

. Record the total number of carbons in this reservoir in the space provided below.

. Each person draws a card. Use the chart below to figure out where each person goes next. Then each person fills in the “Next | am going
to the...” column on their worksheet.

GO TO THE GO TO THE STAY IN THE NUMBER OF CARBONS
LAND ANIMAL RESERVOIR SOIL RESERVOIR LAND PLANT RESERVOIR IN THIS RESERVOIR
Start
1 High Card Low Card All Others
2 Two Highest Cards All Others
3 High Card Low Card All Others
4 Two Highest Cards All Others
5 High Card Low Card All Others
6 Two Highest Cards All Others
7 High Card Low Card All Others
8 Two Highest Cards All Others
9 High Card Low Card All Others
10 Two Highest Cards All Others

18
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CARBON CYCLE SIMULATION

The Biosphere: Land Animal

All Rounds

You are now part of a protein molecule in a rabbit.

1. When you arrive, use the Carbon Tracking Sheet to fill in the “I arrived here by the process of ..." and “What | am now” columns of your

worksheet.

2. Record the total number of carbons in this reservoir in the space provided below.

3. Each person draws a card. Use the chart below to figure out where each person goes next. Then each person fills in the “Next | am going
to the...” column on their worksheet.

4. Return cards to a pile and shuffle.

5. WAIT UNTIL YOU ARE DIRECTED TO MOVE TO YOUR NEW RESERVOIR.

GO TO THE GO TO THE STAY IN THE NUMBER OF CARBONS
ATMOSPHERE SOIL RESERVOIR LAND ANIMAL RESERVOIR IN THIS RESERVOIR
Start
1 High Card All Others
2 High Card Low Card All Others
3 High Card All Others
4 High Card Low Card All Others
5 High Card All Others
6 High Card Low Card All Others
7 High Card All Others
8 High Card Low Card All Others
9 High Card All Others
10 High Card Low Card All Others
©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108  1.800.875.5029 www.NEED.org 19




CARBON CYCLE SIMULATION

=™ | The Biosphere: Soil
e
L All Rounds

You are now part of an organic molecule in the soil.

1. When you arrive, use the Carbon Tracking Sheet to fill in the “I arrived here by the process of ..." and “What | am now” columns of your

worksheet.

2. Record the total number of carbons in this reservoir in the space provided below.

3. Each person draws a card. Use the chart below to figure out where each person goes next. Then each person fills in the “Next | am going

to the...” column on their worksheet.
4. Return cards to a pile and shuffle.

5. WAIT UNTIL YOU ARE DIRECTED TO MOVE TO YOUR NEW RESERVOIR.

GO TO THE STAY IN THE NUMBER OF CARBONS
ATMOSPHERE RESERVOIR SOIL RESERVOIR IN THIS RESERVOIR
Start
1 High Card All Others
2 High Card All Others
3 High Card All Others
4 High Card All Others
5 High Card All Others
6 High Card All Others
7 High Card All Others
8 High Card All Others
9 High Card All Others
10 High Card. All Others
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CARBON CYCLE SIMULATION

The Hydrosph
All Rounds

ere: Ocean

You are now part of a carbon dioxide molecule dissolved in the ocean.

1. When you arrive, use the Carbon Tracking Sheet to fill in the “I arrived here by the process of ..." and “What | am now” columns of your
worksheet.

2. Record the total number of carbons in this reservoir in the space provided below.

3. Each person draws a card. Use the chart below to figure out where each person goes next. Then each person fills in the “Next | am going
to the...” column on their worksheet.

4. Return cards to a pile and shuffle.
5. WAIT UNTIL YOU ARE DIRECTED TO MOVE TO YOUR NEW RESERVOIR.

GO TO THE GO TO THE STAY IN THE NUMBER OF CARBONS
ATMOSPHERE RESERVOIR MARINE PLANT RESERVOIR OCEAN RESERVOIR IN THIS RESERVOIR
Start
1 Three Highest Cards Low Card All Others
2 Three Highest Cards Low Card All Others
3 Three Highest Cards Low Card All Others
4 Three Highest Cards Low Card All Others
5 Three Highest Cards Low Card All Others
6 Three Highest Cards Low Card All Others
7 Three Highest Cards Low Card All Others
8 Three Highest Cards Low Card All Others
9 Three Highest Cards Low Card All Others
10 Three Highest Cards Low Card All Others
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CARBON CYCLE SIMULATION

The Hydrosphere: Marine Plant
All Rounds

You are now part of a glucose molecule in a marine plant.

1. When you arrive, use the Carbon Tracking Sheet to fill in the “I arrived here by the process of ..." column, and “What | am now” columns
of your worksheet.

2. Record the total number of carbons in this reservoir in the space provided below.

3. Each person draws a card. Use the chart below to figure out where each person goes next. Then each person fills in the “Next | am going

to the...” column on their worksheet.

4. Return cards to a pile and shuffle.

5. WAIT UNTIL YOU ARE DIRECTED TO MOVE TO YOUR NEW RESERVOIR.

GO TO THE STAY INTHE NUMBER OF CARBONS
MARINE ANIMAL RESERVOIR MARINE PLANT RESERVOIR IN THIS RESERVOIR
Start
1 High Card All Others
2 High Card All Others
3 High Card All Others
4 High Card All Others
5 High Card All Others
6 High Card All Others
7 High Card All Others
8 High Card All Others
9 High Card All Others
10 High Card All Others
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CARBON CYCLE SIMULATION

The Hydrosphere: Marine Animal

All Rounds

You are now part of a protein molecule in a marine animal.

1. When you arrive, use the Carbon Tracking Sheet to fill in the “I arrived here by the process of ..." and “What | am now” columns of your

worksheet.

2. Record the total number of carbons in this reservoir in the space provided below.

3. Each person draws a card. Use the chart below to figure out where each person goes next. Then each person fills in the “Next | am going
to the...” column on their worksheet.

4. Return cards to a pile and shuffle.
5. WAIT UNTIL YOU ARE DIRECTED TO MOVE TO YOUR NEW RESERVOIR.

GO TO THE STAY IN THE NUMBER OF CARBONS
OCEAN RESERVOIR MARINE ANIMAL RESERVOIR IN THIS RESERVOIR
Start
1 High Card All Others
2 High Card All Others
3 High Card All Others
4 High Card All Others
5 High Card All Others
6 High Card All Others
7 High Card All Others
8 High Card All Others
9 High Card All Others
10 High Card All Others

©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108
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CARBON CYCLE SIMULATION

The Lithosphere: Fossil Fuel

Present-Day Round

You are now part of a hydrocarbon molecule in a coal deposit.

1. When you arrive, use the Carbon Tracking Sheet to fill in the “I arrived here by the process of ..." and “What | am now” columns of your

worksheet.

2. Record the total number of carbons in this reservoir in the space provided below.

3. Each person draws a card. Use the chart below to figure out where each person goes next. Then each person fills in the “Next | am going

to the...” column on their worksheet.

4. Return cards to a pile and shuffle.

5. WAIT UNTIL YOU ARE DIRECTED TO MOVE TO YOUR NEW RESERVOIR.

GO TO THE ATMOSPHERE RESERVOIR

STAY IN THE LITHOSPHERE RESERVOIR

NUMBER OF CARBONS IN THIS RESERVOIR

Start
1 High Card All Others
2 High Card All Others
3 High Card All Others
4 High Card All Others
5 High Card All Others
6 High Card All Others
7 High Card All Others
8 High Card All Others
9 High Card All Others
10 High Card All Others
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Activity 6: Transportation and (0,

& Objective

=Students will develop an understanding of individual carbon footprints.

Materials

=5 |b. Bag of charcoal briquettes =All purpose cleaning solution

=1 Tall, white kitchen trash bag =1 Sheet white 8 12" x 11" paper

=1 Plastic grocery bag =Copies of Road Trip (page 51) for each student

=Paper towels

&4 Preparation

Prior to this activity, have students research uses for CO, as homework. Encourage students to find ways CO, is used in residential, industry,
and medical settings. Students should make a list and bring the list with them to class.

M Procedure

1. Break students into small groups to brainstorm a list of uses for CO, based on their findings from the homework assignment.

2. Based on the previous activities, students should understand that CO, is released into the atmosphere during fossil fuel combustion.
This includes combustion from fossil fueled power plants generating electricity, from manufacturing processes, and from the burning of
fossil fuels as a fuel in vehicles.

3. Review that CO, is usually found in a gas form. It is colorless and transparent to light. Even though we know CO, impacts the environment,
we do not always think about it because we cannot see it. Show students the bag of charcoal briquettes. The briquettes are made almost
completely of carbon, so the briquettes will represent the amount of carbon in one gallon of gas. The average gallon of gasoline contains
about five pounds of carbon. There are about 100 briquettes in the bag. By dividing five pounds of carbon by 100 briquettes, that means
there are about 0.05 pounds of carbon per briquette.

4, Discuss how many miles each student drives (or is driven) to and from school each day. Calculate how many briquettes represent the
carbon dioxide emissions related to transporting students to and from school.

5. Pass out the Road Trip worksheet. Students will plan a road trip and calculate the CO, emissions associated with this trip.

6. When students are done calculating their Road Trip carbon footprint, give them a separate piece of paper. Have students trace an outline
of their shoe. Inside the footprint have students write at least three suggestions for reducing their carbon footprint. Students should also
reflect on why it is important to understand their carbon footprint and why it matters.

Online Resources

Go to www.NEED.org to download the Transportation Fuels Infobook and for more activities relating to transportation.

Students can calculate their family’s household emissions using the Environmental Protection Agency’s Emissions Calculator at
www.epa.gov/climatechange/emissions/ind_calculator.html. It will be most accurate if students have an energy bill from home they can
reference.
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Activity 7: Climate Web
& Objective

=Students will be able to identify components in the climate system and their functions.

sStudents will understand the connections between each component.

Materials

=Ball of yarn or string =Climate hang tags (pages 52-56)

=Scissors =Copies of Climate Systems (page 57) for each
=Single hole punch student

Preparation

1. Copy the climate hang tags onto card stock for durability and reuse and laminate.
2. Cut apart the hang tags and use a single hole punch to make two holes in the top corner of each.

3. Lace one length of yarn or string through each hang tag and tie off creating a necklace.

M Procedure

1. Hand out the hang tag necklaces and ask students to read the backs of their cards aloud so other
students in the group know the roles in the activity. Give students a chance to ask any questions
they have about what is written on their cards.

2. Direct students to put on their hang tags and stand in a circle.

3. Hand the ball of yarn to one of the students. Explain that he or she should look around the circle
and identify another student representing a component of the system that is related to his or her
role. Some of these relationships are spelled out on the descriptions on the backs of the hang tags.

4. Holding on to the end of the yarn, the first student passes the ball of yarn to that student, explaining
how that part of the system relates to him or her. That student then repeats the process, holding
onto the yarn and passing the ball on.

5. Continue passing the yarn around until everyone has their hands on the yarn. While connections
can be made between each component, students may have trouble seeing all of them. Because
of this, it is acceptable to pass to a student a second time before the yarn has made it all the way
around the circle. In the end, the students will have created a web made of yarn connecting all of
them.

6. Now choose a student to give a tug on the string. Explain that this tug represents an influence
(positive or negative) being exerted by that part of the system. For instance, the person wearing the
‘Coal’ tag might give a tug, and you would say, “Coal is mined and processed for electrical energy.
This process emits particles into the air and coal is a nonrenewable resource.” Or solar energy might
give a tug and you would say, “Increasing the use of solar PV's reduces our CO, emissions from
generating electricity.”

7. Ask students to raise their hands if they feel a pull when the string is tugged. Ask students why their
component might be influenced due to the use of coal. Discuss the connections and why some
students might feel stronger pulls than others.

8. Repeat this several times with different students tugging. For each tug, describe how that
component is influencing the system.

9. Pass out the Climate Systems worksheet. Ask students to describe how the system is dependent on
all of the components. Students should be able to explain that a change in one part of the system
can affect all other parts of the system.

Exploring Climate Change




Activity 8: Electrical Devices and Their Impacts
¢ Objective

=To determine the energy requirements and cost of using several electrical appliances.

=To develop an awareness of personal electricity use and its effect on the environment.

Background

= Electric Nameplates

Every appliance and machine in the United States that uses electricity has a nameplate with the voltage required and the wattage.
Sometimes, the current is listed instead of the voltage. If any two of the three measurements are listed, the third can be determined using
the following formula: wattage = current x voltage.

Often, you will see the letters UL on the nameplate. The UL mark means that samples of the product have been tested to recognized safety
standards and have been found to be reasonably free from fire, electric shock, and related safety hazards.

Using the data on the nameplate, the amount of time the appliance is used, and the cost of electricity, you can determine the cost of
operating the appliance. To determine the cost to operate an appliance for one hour, use this formula: cost/h = wattage (kW) x cost/kWh.

= Environmental Effects
Carbon dioxide (CO,) is a greenhouse gas. Human activities have dramatically increased its concentration in the atmosphere. Since 1800,
the level of CO, in the atmosphere has increased about 30 percent. Generating electricity accounts for a large portion of CO, emissions
in the U.S. Some electricity generation—such as hydropower, solar, wind, geothermal, and nuclear—does not produce carbon dioxide
because no fuel is burned.

Almost half of the nation’s electricity, however, comes from burning coal. Another 23.8 percent comes from burning natural gas, petroleum,
and biomass. There is a direct correlation between the amount of electricity we use and the amount of CO, emitted into the atmosphere.
The rule of thumb is that generating a kilowatt-hour (kWh) of electricity produces 1.6 pounds of CO,, which is emitted into the atmosphere.

Materials

Copies of the following worksheets for each student:
=Flectric Nameplates (page 58)

=Cost of Using Machines (page 59)

=Environmental Impact (page 60)

M Procedure

1. Discuss electric nameplates with the students. Explain what they are and why they are used.

2. Allow students to find nameplates on devices in the classroom, recording data in the table on the Electric Nameplates worksheet.
3. Have students calculate the cost of using machines using the formulas and data table on the Cost of Using Machines.
4

. Students then calculate the environmental impact of using electrical machines and devices using the information on the Environmental
Impact worksheet.

5. Discuss current machine use with the class and how to reduce energy use. Discuss monetary impacts as well as environmental
implications.

Activity 9: Wedge Challenge
¢ Objectives

=Students will understand the technologies currently available that can substantially cut carbon emissions.

=Students will develop critical reasoning skills as they create a portfolio of strategies to cut greenhouse gas emissions.

V1 Procedure

For complete directions and all materials, please see the Wedge Challenge on pages 61-86.
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Dry Ice Safety

What is Dry Ice?

Dry ice is frozen carbon dioxide. Unlike most solids, it does
not melt into a liquid, but instead changes directly into a gas.
This process is called sublimation. The temperature of dry ice is
around -109° F! It sublimates very quickly so if you need dry ice
for an experiment or project, buy it as close as possible to the
time you need it.

Dry Ice Safety Rules

1. Students: Never use dry ice without adult supervision. Dry
ice can cause serious injury if not used carefully!

2. Never store dry ice in an airtight container. As the dry ice
undergoes sublimation from a solid directly into a gas, the
gas will build up in the container until it bursts. Sharp pieces

of container will go flying all over the place. Make sure your container is ventilated. The best place to store dry ice is in a foam chest
with a loose fitting lid.

3. Do not touch dry ice with your skin! Use tongs, insulated (thick) gloves, or an oven mitt. Since the temperature of dry ice is so cold, it
can cause severe frostbite. If you suspect you have frostbite, seek medical help immediately.

4. Never eat or swallow dry ice! Again, the temperature of dry ice is very, very cold. If you swallow dry ice, seek medical help immediately.

5. Never lay down in, or place small children or pets in, homemade clouds. The clouds are made of carbon dioxide gas. People and pets
could suffocate if they breathe in too much gas.

6. Never place dry ice in an unventilated room or car. If you are traveling with dry ice in the car, crack a window open. Same rule applies
if you are in a small room, crack a window open. You do not want too much carbon dioxide gas to build up around you.

7. Always wear safety glasses when doing experiments with dry ice.
8. Do not place dry ice directly on counter tops. The cold temperature could cause the surface to crack.

9. Leave the area immediately if you start to have difficulty catching your breath. This is a sign that you have breathed in too much
carbon dioxide gas.

10.Do not store dry ice in your freezer. It will cause your freezer to become too cold and your freezer may shut off. However, if you lose
power for an extended period of time, dry ice is the best way to keep things cold in an ice chest or cooler.

Disposing of Dry Ice

To dispose of dry ice, place in a well ventilated container and take it outside where small children and pets cannot reach it. Simply let it
sublimate away.

Data: NOAA and NWS
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American Association for the Advancement of Science
http://www.aaas.org/news/press_room/climate_change/

Element on the Move
http://www.open2.net/science/element/html/element.html

Intergovernmental Panel on Climate Change
www.ipcc.ch

International Energy Agency
www.iea.org

NASA’s Eyes on the Earth
http://climate.nasa.gov

National Center for Atmospheric Research
http://eo.ucar.edu/kids/green/index.htm

National Oceanic and Atmospheric Administration
www.noaa.gov/climate.html

U.S. Department of Energy
www.energy.gov/environment/climatechange.htm
www.eere.energy.gov

www.afdc.energy.gov/afdc/

U.S. Energy Information Administration
www.eia.gov
www.eia.gov/environment.html
www.eia.gov/kids

U.S. Environmental Protection Agency
www.epa.gov/climatechange
www.epa.gov/cleanenergy/energy-resources/calculator.html
www.epa.gov/climatechange/emissions/ind_calculator.html
ghgdata.epa.gov/ghgp/main.do

United Nations Environment Programme
www.unep.org/climatechange

United States Global Change Research Program
www.globalchange.gov
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Introduction to Energy
What is Energy?

Energy does things for us. It moves cars along the road and boats
on the water. It bakes a cake in the oven and keeps ice frozen in the
freezer. It plays our favorite songs and lights our homes at night so
that we can read good books. Energy helps our bodies grow and our
minds think. Energy is a changing, doing, moving, working thing.

Energy is defined as the ability to produce change or do work, and
that work can be divided into several main tasks we easily recognize:

=Energy produces light.
=Energy produces heat.
=Energy produces motion.
=Energy produces sound.
=Energy produces growth.

=Energy powers technology.

Forms of Energy

There are many forms of energy, but they all fall into two categories—
potential or kinetic.

POTENTIAL ENERGY

Potential Energy is stored energy and the energy of position, or
gravitational energy. There are several forms of potential energy,
including:

Chemical Energy is energy stored in the bonds of atoms and
molecules. It is the energy that holds these particles together.
Biomass, petroleum, natural gas, and propane are examples of
stored chemical energy.

During photosynthesis, sunlight gives plants the energy they need
to build complex chemical compounds. When these compounds
are later broken down, the stored chemical energy is released as
heat, light, motion, and sound.

Stored Mechanical Energy is energy stored in objects by the
application of a force. Compressed springs and stretched rubber
bands are examples of stored mechanical energy.

Nuclear Energy is energy stored in the nucleus of an atom—the
energy that holds the nucleus together. The energy can be released
when the nuclei are combined or split apart. Nuclear power plants
split the nuclei of uranium atoms in a process called fission. The
sun combines the nuclei of hydrogen atoms into helium atoms in a
process called fusion. In both fission and fusion, mass is converted
into energy according to Einstein’s Theory, E = mc2

Gravitational Energy is the energy of position or place. A rock
resting at the top of a hill contains gravitational potential energy.
Hydropower, such as water in a reservoir behind a dam, is an example
of gravitational potential energy.
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Energy at a Glance, 2010

World Population 2009 6,776,800,000
U.S. Population 2000 306,700,000
World Population 2010 6,852,500,000
U.S. Population 2010 309,100,000
World Energy Production 2008* 489.49Q
U.S. Energy Production 2009 72.60Q
® Renewables 2009 7.60Q
e Nonrenewables 2009 65.00 Q
U.S. Energy Production 2010 75.03Q
e Renewables 2010 8.06 Q
®* Nonrenewables 2010 66.97 Q
World Energy Consumption 2008* 493.1Q
U.S. Energy Consumption 2009 94.48 Q
® Renewables 2009 7.59Q
®* Nonrenewables 2009 86.77 Q
U.S. Energy Consumption 2010 98.00 Q
® Renewables 2010 8.05Q
® Nonrenewables 200 89.87Q

Q= Quad (1075 Btu, ) see Measuring Energy on page 32.
*The latest year for which final data for World and U.S. is available from EIA.

KINETIC ENERGY
Kinetic Energy is motion—the motion of waves, electrons, atoms,
molecules, substances, and objects.

Electrical Energy is the movement of electrons. Everything is made of
tiny particles called atoms. Atoms are made of even smaller particles
called electrons, protons, and neutrons. Applying a force can make
some of the electrons move. Electrons moving through a wire is
called electricity. Lightning is another example of electrical energy.

Radiant Energy is electromagnetic energy that travels in transverse
waves. Radiant energy includes visible light, x-rays, gamma rays, and
radio waves. Light is one type of radiant energy. Solar energy is an
example of radiant energy.

Thermal Energy, or heat, is the internal energy in substances—the
vibration and movement of atoms and molecules within substances.
The faster molecules and atoms vibrate and move within substances,
the more energy they possess and the hotter they become.
Geothermal energy is an example of thermal energy.

Motion Energy is the movement of objects and substances from one
place to another. According to Newton’s Laws of Motion, objects
and substances move when a force is applied. Wind is an example
of motion energy.
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Sound Energy is the movement of energy through substances in
longitudinal (compression/rarefaction) waves. Sound is produced
when a force causes an object or substance to vibrate; the energy
is transferred through the substance in a wave.

Conservation of Energy

Your parents may tell you to conserve energy. “Turn out the lights,
they say. But to scientists, conservation of energy means something
quite different. The law of conservation of energy says energy is
neither created nor destroyed.

When we use energy, we do not use it up—we just change its
form. That's really what we mean when we say we are using
energy. We change one form of energy into another. A car engine
burns gasoline, converting the chemical energy in the gasoline
into mechanical energy that makes the car move. Old-fashioned
windmills changed the kinetic energy of the wind into mechanical
energy to grind grain. Solar cells change radiant energy into
electrical energy.

Energy can change form, but the total quantity of energy in the
universe remains the same. The only exception to this law is when
a small amount of matter is converted into energy during nuclear
fusion and fission.

4 . 2\
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Energy Efficiency

Energy efficiency is how much useful energy you can get out of
a system. In theory, a 100 percent energy efficient machine would
change all of the energy put in it into useful work. Converting one
form of energy into another form always involves a loss of usable
energy, usually in the form of heat.

In fact, most energy transformations are not very efficient. The
human body is no exception. Your body is like a machine, and the
fuel for your “machine” is food. Food gives us the energy to move,
breathe, and think. But your body isn't very efficient at converting
food into useful work. Your body’s overall efficiency is about 15
percent. The rest of the energy is used as heat.

An incandescent light bulb isn't efficient either. A light bulb
converts ten percent of the electrical energy into light and the rest
(90 percent) is converted into thermal energy (heat). That's why a
light bulb is so hot to the touch.

The NEED Project P.O.Box 10101, Manassas, VA 20108

Forms of Energy
POTENTIAL

Stored energy and the energy of position (gravitational).

CHEMICAL ENERGY is the energy stored in the bonds of atoms and
molecules. Biomass, petroleum, natural gas, propane, and coal are
examples.

STORED MECHANICAL ENERGY is energy stored in objects by the

application of force. Compressed springs and stretched rubber bands
are examples.

NUCLEAR ENERGY is the energy stored in the nucleus of an atom - the
energy that holds the nucleus together. The nucleus of a uranium atom
is an example.

GRAVITATIONAL ENERGY is the energy of place or position. Water in a
reservoir behind a hydropower dam is an example.

KINETIC

Motion: the motion of waves, electrons, atoms,
molecules, substances, and objects.

RADIANT ENERGY is electromagnetic energy that travels in transverse
waves. Solar energy is an example.

THERMAL ENERGY or heat is the internal energy in substances —
the vibration or movement of atoms and molecules in substances.
Geothermal is an example.

MOTION is the movement of a substance from one place to another.
Wind and hydropower are examples.

SOUND is the movement of energy through substances in longitudinal
waves.

ELECTRICAL ENERGY is the movement of electrons. Lightning and
electricity are examples.

1.800.875.5029 www.NEED.org
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Most electric power plants are about 35 percent efficient. It takes
three units of fuel to make one unit of electricity. Most of the
other energy is lost as waste heat. The heat dissipates into the
environment where we can no longer use it as a practical source
of energy.
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Sources of Energy

People have always used energy to do work for them. Thousands of
years ago, early humans burned wood to provide light, heat their
living spaces, and cook their food. Later, people used the wind to
move their boats from place to place. A hundred years ago, people
began using falling water to make electricity.

Today, people use more energy than ever from a variety of sources
for a multitude of tasks, and our lives are undoubtedly better for
it. Our homes are comfortable and full of useful and entertaining
electrical devices. We communicate instantaneously in many ways.
We live longer, healthier lives. We travel the world, or at least see it
on television and the internet.

The ten major energy sources we use today are classified into two
broad groups—renewable and nonrenewable.

Nonrenewable energy sources include coal, petroleum, natural
gas, propane, and uranium. They are used to generate electricity,
to heat our homes, to move our cars, and to manufacture products
from candy bars to MP3 players.

These energy sources are called nonrenewable because they
cannot be replenished in a short period of time. Petroleum, for
example, was formed millions of years ago from the remains of
ancient sea life, so we cannot make more quickly. We could run out
of economically recoverable nonrenewable resources some day.

Renewable energy sources include biomass, geothermal,
hydropower, solar, and wind. They are called renewable energy
sources because their supplies are replenished in a short time. Day
after day, the sun shines, the wind blows, and the rivers flow. We use
renewable energy sources mainly to make electricity.

Measuring Energy

“You can’t compare apples and oranges,” the old saying
goes. That holds true for energy sources. We buy gasoline
in gallons, wood in cords, and natural gas in cubic feet.
How can we compare them? With British thermal units
(Btu), that's how. The energy contained in gasoline, wood,
or other energy sources can be measured by the amount
of heat in Btus it can produce.

One Btu is the amount of thermal energy needed to
raise the temperature of one pound of water one degree
Fahrenheit. A single Btu is quite small. A wooden kitchen
match, if allowed to burn completely, would give off about
one Btu of energy. One ounce of gasoline contains almost
1,000 Btu's of energy.

Every day the average American uses about 896,000 Btu'’s.
We use the term quad to measure very large quantities of
energy. A quad is one quaderillion (1,000,000,000,000,000)
Btu’s. The United States uses about one quad of energy
every 3.6 days. In 2007, the U.S. consumed 101.55 quads of
energy, an all-time high.
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Is electricity a renewable or nonrenewable source of energy? The
answer is neither. Electricity is different from the other energy
sources because it is a secondary source of energy. That means we
have to use another energy source to make it. In the United States,
coal is the number one fuel for generating electricity.

U.S. Energy Consumption by Source, 2009

NONRENEWABLE — — RENEWABLE
PETROLEUM  36.5% BIOMASS 4.1%
Uses: transportation, Uses: heating, electricity,
manufacturing transportation

‘¢

NATURAL GAS 24.7%

Uses: heating, manufacturing,

HYDROPOWER 2.8%

Uses: electricity

electricity
COAL 20.9% WIND 0.7%

Uses: electricity

O

Uses: electricity, manufacturing

U

URANIUM 8.8% GEOTHERMAL 0.4%
Uses: electricity Uses: heating, electricity
PROPANE 1.0% SOLAR 0.1%

Uses: heating, manufacturing Uses: heating, electricity

Data: Energy Information
Administration
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Energy Use

Energy Use and Prices

Imagine how much energy you use every day. You wake up to an
electric alarm clock. You take a shower with water warmed by a hot
water heater using electricity or natural gas.

You listen to music on your MP3 player as you dress. You catch the
bus to school. And that's just some of the energy you use to get you
through the first part of your day!

Every day, the average American uses about as much energy as
is stored in seven gallons of gasoline. That's every person, every
day. Over the course of one year, the sum of this energy is equal to
about 2,500 gallons of oil per person. This use of energy is called
energy consumption.

Energy Users

The U.S. Department of Energy uses three categories to classify
energy users—residential and commercial, industrial, and
transportation. These categories are called the sectors of the
economy.

= Residential and Commercial

Residences are people’s homes. Commercial buildings include
office buildings, hospitals, stores, restaurants, and schools.
Residential and commercial energy use are lumped together
because homes and businesses use energy in the same ways—for
heating, air conditioning, water heating, lighting, and operating
appliances.

The residential/commercial sector of the economy consumed 41
percent of the total energy supply in 2009, more energy than either
of the other sectors, with a total of 40.1 quads. The residential
sector consumed 21.6 quads and the commercial sector consumed
18.5 quads.

® Industrial

The industrial sector includes manufacturing, construction,
mining, farming, fishing, and forestry. This sector consumed 31.2
quads of energy in 2009, which accounted for 30 percent of total
consumption.

= Transportation

The transportation sector refers to energy consumption by cars,
buses, trucks, trains, ships, and airplanes. In 2009, the U.S. used
large amounts of energy for transportation, 27.9 quads. More than
95 percent of this energy was from petroleum products such as
gasoline, diesel, and jet fuel.
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In 1973, when Americans faced their first oil price shock, people
did not know how the country would react. How would Americans
adjust to skyrocketing energy prices? How would manufacturers
and industries respond? We did not know the answers.

Now we know that Americans tend to use less energy when energy
prices are high. We have the statistics to prove it. When energy
prices increased sharply in the early 1970s, energy use dropped,
creating a gap between actual energy use and how much the
experts had thought Americans would be using.

The same thing happened when energy prices shot up again in
1979, 1980, and 2008—people used less energy. When prices
started to drop, energy use began to increase.

We do not want to simplify energy demand too much. The price
of energy is not the only factor in the equation. Other factors that
affect how much energy we use include the public’s concern for
the environment and new technologies that can improve the
efficiency and performance of automobiles and appliances.

Most reductions in energy consumption in recent years are
the result of improved technologies in industry, vehicles, and
appliances. Without these energy conservation and efficiency
technologies, we would be using much more energy today.

In 2009, the United States used 33 percent more energy than it
did in the 1970s. That might sound like a lot, but the population
increased by over 40 percent and the nation’s gross domestic
product (the total value of all the goods and services produced by
a nation in one year) was more than 75 percent higher.

If every person in the United States consumed energy today at the
rate we did in the 1970s, we would be using much more energy
than we are today—perhaps as much as double the amount.
Energy efficiency technologies have made a huge impact on
overall consumption since the energy crisis of 1973.

Energy Usage by Sector of the Economy, 2009
INDUSTRIAL 30% — _~TRANSPORTATION 29%

COMMERCIAL 19% — “— RESIDENTIAL 22%

Data: Energy Information Administration
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Introduction to Climate Change

A Changing Climate

Since its formation, the climate of the Earth has been in a constant
state of change. Many factors have altered the climate, including
the Earth’s orbit and changing proximity to the sun, as well as the
amount of heat-trapping gases in the atmosphere.

Human societies have evolved during an extended period of
favorable climatic conditions. In fact, some researchers believe that
a period of favorable climate was the primary factor that allowed
the rise of civilization.

Over the past several decades, scientists have compiled an
increasing amount of data indicating that, for the first time in
Earth’s history, the activities of one species—homo sapiens—are
altering the climate. Research shows a significant increase in the
concentration of heat-trapping gases, especially carbon dioxide
(CO,), in the Earth’s atmosphere since the beginning of the
Industrial Revolution. A rise in global temperatures corresponds to
the rise in carbon dioxide.

There are many complex forces, both natural and man-made, at
work governing our climate. Should we be concerned if human
activities are changing the climate? How might a changing climate
affect us?

Weather and Climate

Climate and weather are not the same thing; the difference is
simply a matter of time. Weather describes the conditions in the
atmosphere over a short period of time, and is usually described
in terms of its effects on human activities. Weather forecasts are
focused on temperature, humidity, precipitation, atmospheric
pressure, and wind conditions that occur over a time span of days.

Scientists usually look at averages over at least 30-year time spans to
determine long term trends to describe climate. Russian Wladimir
Koppen developed the most famous climate classification chart
in 1884. Using annual and monthly temperatures, precipitation
patterns, and native vegetation, Kppen categorized the Earth into
five different climate groups. He refined it over his lifetime with the
help of German scientist Rudolf Geiger. Their work is often called
the Képpen-Geiger Classification System.

Climate Groups

A.Tropical Moist Climates: all months have average
temperatures above 18° Celsius or 64.6° Fahrenheit.

B. Dry Climates: with deficient precipitation during most of
the year.

C. Moist Mid-latitude Climates with Mild Winters
D. Moist Mid-Latitude Climates with Cold Winters

E. Polar Climates: with extremely cold winters and summers.

34

Climatologists have analyzed multiple sources to put together
a history of Earth’s climate. By looking at ice cores, boreholes,
tree rings, glacier lengths, pollen remains, ocean sediments, and
by studying Earth’s orbit, they have determined that the climate
naturally changes over time. There are multiple variables that
affect Earth's natural climate patterns.

= Earth’s Reflectivity

The reflectivity of the Earth’s surface plays an important part in
climate patterns. We all know that if you want to stay cooler on a
hot, sunny day, you should wear light colors—especially white. We
are kept cooler because more of the radiant energy from the sun
that strikes us reflects off instead of being transformed into thermal
energy. Earth works the same way. Four percent of the sun’s radiant
energy striking Earth is reflected back into space. The amount of
reflection that takes place off any given point of the Earth’s surface
varies widely. A dark surface like a parking lot or a body of water
will reflect less than 10 percent of the light, while snow and ice can
reflect 90 percent. The ability of a surface to reflect light is called
its albedo.

During the ice ages when the initial decrease in solar radiation
allowed more snow to accumulate, this high albedo surface
reflected more solar radiation, thus keeping the ground and the
air cooler. Scientists call this a ‘positive feedback loop. As this loop
continued, it allowed snow and ice to accumulate for thousands
of years until the Milankovitch Cycles increased solar radiation
enough to promote warming of the climate.

(The Greenhouse Effect A

Radiant energy (light rays and arrows) shines on the earth.
Some radiant energy reaches the atmosphere and is reflected
back into space. Some radiant energy is absorbed by the
atmosphere and is transformed into heat (dark arrows).

Half of the radiant energy that is directed at earth passes
through the atmosphere and reaches the earth, where it is
transformed into heat.

The earth absorbs some of this heat.

Most of the heat flows back into the air. The atmosphere traps
the heat.

Very little of the heat escapes back into space.

The trapped heat flows back to the earth.

- J
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Now, the reverse is occurring. As the climate has warmed, there has
been a decrease in snow and ice coverage. Those surfaces which
previously had a high albedo are revealing low albedo surfaces,
such as soil and water, as they melt. This feedback loop is predicted
to increase the rate at which the Earth warms.

= Earth’s Orbit

Serbian mathematician Mulitin Milankovitch (1879-1958) was the
first to mathematically explain how the Earth’s orientation to and
orbit around the sun change regularly.

Milankovitch’s calculations explained three Earth movements—
Earth’s orbit (eccentricity), angle of tilt (obliquity), and wobble on its
axis (precession). These changes occur in cycles, called Milankovitch
Cycles, which last thousands of years. These cycles affect the
distribution of sunlight over the Earth’s surface and the intensity of
the seasons, and very slightly affect the total amount of radiation
received. Milankovitch theorized that it is these cycles that are the
driving force of ice ages.

The Earth is currently in an interglacial period. According to
Milankovitch’s theory, and if human factors are not taken into
account, this period of relative warmth is predicted to last at least
another 50,000 years. Then, as the Milankovitch Cycles change,
conditions favorable for another ice age would be created.

= Sun’s Intensity

It is also believed that variations within the sun can affect the
intensity of the sunlight reaching Earth’s surface. Low solar activity
will cause cooling, while stronger solar activity can cause warming.
Between the years 1350 and 1900, the Northern Hemisphere
experienced cooler temperatures, approximately 1-2°C lower than
present temperatures, which caused a time known as“The Little Ice
Age!” NASA research attributes the cooler temperatures in part to
reduced solar intensity.

= Volcanic Eruptions

Short term climate changes can occur with large, or multiple,
volcanic eruptions. When a volcano erupts, aerosols and carbon
dioxide are added to the air. Aerosols contribute to short term
cooling because they block the sun’s radiant energy. Aerosols do
not stay in the atmosphere long, which is why their impact is only
short term. Indonesia is a volcanic island nation. It is believed that
some of its larger eruptions, Mount Toba 71,000 years ago, Tambora
in 1815, and Krakatau in 1883, all contributed to world-wide cooling
in the years immediately following the eruptions. Other volcanic
eruptions along the Pacific Ring of Fire and Greenland may have
also led to temporary cooler temperatures within longer climate
cycles.

When volcanoes erupt, additional CO, is sent into the atmosphere.
One theory is that numerous volcanic eruptions raised CO, levels
enough to raise temperatures periodically over the last 400 million
years. However, research into the relationship of volcanic CO, to
climate change has not shown a strong connection between the two.

(Eccentricity

More elliptical

Less elliptical

G o
orbit

Eccentricity is the shape of the Earth's orbit around the sun.
This constantly fluctuating, orbital shape ranges between
\_ more and less elliptical on a cycle of about 100,000 years.

J

" Obliquity

22.1°

24.5°

Range of the tilt of Earth's axis of rotation (obliquity). Present

tilt is 23.5°.

~
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Precession

and moon.

N

Precession is the change in direction of the Earth's axis of
rotation caused primarily by the gravitational pull of the sun

~
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Natural Climate Change and
(limate Change From Human Activity

It is estimated that ten thousand years ago there were five million
humans on Earth. One thousand years ago the population had
reached 254-245 million, and by 1900 the world’s population had
reached 1.6 billion. Today, there are more than six billion people on
Earth. Natural climate cycles provided warmer climates and allowed
the human population to grow rapidly.

As some climatologists continued to analyze and record
temperatures they found a rising temperature trend, one that was
moving faster than they would have anticipated based on normal
Earth cycles. Most scientists believe that the way humans are
interacting with the Earth in their everyday lives is causing a faster
than natural climate change.

Earth’s Systems

The Earth can be divided into four systems—the lithosphere, the
hydrosphere, the biosphere, and the atmosphere. Each of these
systems has a specific role in keeping the Earth going and in the
storage of carbon.They each play a partin affecting the weather, and
in turn, the climate. These systems, and cycles within the systems,
replenish the Earth with water, supply energy, and create a climate
that is able to sustain plant, animal, and human life. Each system has
many inputs and outputs, which can affect the overall Earth system.
Some of these systems are affected by inputs and outputs that have
been naturally transpiring for thousands of years. Some of these
systems are affected by inputs specifically from human activity.

= The Lithosphere

Rocks, minerals, volcanoes, and fossil fuels make up the lithosphere.
The major cycle within the lithosphere is the rock cycle. Slowly, over
long periods of time, rocks can be transformed from sedimentary
rocks, to metamorphic rocks, to igneous rocks. By far, most of the
carbon on Earth is found in the lithosphere—over 50,000 times as
much as that found in the atmosphere. Found primarily in rocks and
minerals, carbon mainly takes the form of carbonates (combinations
of carbon, calcium, and oxygen) and is found in rocks such as
limestone and shale. Sedimentary rocks contain fossils of plants and
animals. As the sedimentary rocks go through the rock cycle, these
fossils are subjected to pressure and heat. Under these conditions
some of the fossils transform into fossil fuels—petroleum, coal, and
natural gas, which are all combinations of hydrogen and carbon
called hydrocarbons.

= The Hydrosphere

Seventy-one percent of the Earth is covered by bodies of water—
oceans, lakes, rivers, etc. Any form of water is included in the
hydrosphere. Water is constantly on the move, whether flowing in
a river, in the changing tides and currents of an ocean, or through
the water cycle.

Water vapor is released to the atmosphere from all surface water
sources, primarily the oceans, but also lakes and other fresh and
salt water bodies. When water vapor in the atmosphere is cooled,
and when enough water vapor has been condensed, it falls back to
the Earth as precipitation in the form of rain, snow, sleet, or hail.
When water vapor condenses closer to the Earth, precipitation is
found in the form of dew or fog. Precipitation can fall onto land (the
biosphere) or back into a body of water, staying in the hydrosphere.
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Lithosphere: The Rock Cycle
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While a very small percentage of the carbon in the hydrosphere
is found in the fresh water sources (mostly in groundwater), the
carbon in the hydrosphere is found predominantly in the world’s
oceans. This carbon is found mainly in the form of carbonates.
It is also found in the upper levels of the ocean where dissolved
carbon dioxide is utilized by plants for photosynthesis. The carbon
contained in marine and plant animals contributes to the carbon
content of the hydrosphere.

= The Biosphere

Plants, animals, fungi, and microorganisms are examples of parts
of the biosphere. Included in this system are things that are living,
were alive a short time ago, or are derived from living organisms.
Cycles within the biosphere include the life cycle for both plants
and animals. The food chain is also an important event taking place
within the biosphere. Cycles from outside the biosphere are crucial
to the continuation of the biosphere cycles. These cycles include the
water cycle, nitrogen cycle, carbon cycle, and the flow of energy
throughout them. The biosphere contains vast amounts of carbon.
It is found in the form of carbohydrates and proteins primarily in
both living and decaying organisms.

= The Atmosphere

Interacting with all of the other systems is the atmosphere. The
atmosphere acts like the glass of a greenhouse building; it surrounds
the Earth and keeps it warm, sustaining an environment that
promotes life. Composed of layers of gases surrounding the Earth,
the atmosphere is made of roughly 78 percent nitrogen, 20 percent
oxygen, and one percent argon. The remaining one percent is made
of a mixture of carbon dioxide (CO,), methane (CH,), nitrogen
oxide (N,0), water vapor, and trace amounts of other gases. It is
CO,, CH,, and water vapor that have proven to be very efficient at
trapping heat. Collectively these and several other gases are known
as the greenhouse gases (GHG). The atmosphere contains the
smallest amount of carbon compared to the other Earth systems.
Here, carbon primarily takes the form of CO,, but also as CH,. The
atmosphere is the only Earth system that exchanges significant
amounts of carbon directly with all of the others.

Greenhouse gases are molecules with three or more component
atoms, which have unevenly distributed electrons and are efficient
at trapping thermal energy (heat). They are able to absorb infrared
radiation and then re-radiate it, most often to another greenhouse
gas molecule. Eventually the heat flows to the upper atmosphere
and outer space, but the gases slow down this heat transfer, acting
like a layer of insulation. While oxygen and nitrogen make up 98
percent of the atmosphere, they have evenly distributed electrons
and are not affected by thermal energy in the same way that
greenhouse gases are.

Even though greenhouse gases compose less than one percent
of the atmosphere, their heat trapping capabilities are powerful
and small changes in their concentration appear to be making a
significant difference to Earth’s climate.

~
Biosphere: The Food Chain

The sun is part of the food chain. Plants turn sunlight directly
into food, but animals cannot.

A mouse gets its energy from the plant, which got its energy
from the sun. A hawk gets its energy by eating the mouse. A
leopard gets its energy by eating the hawk.
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A Closer Look at Greenhouse Gases

When energy is sent from the sun, the shorter wavelengths, such as
ultraviolet and visible light, pass through the atmosphere and strike
the surface of the Earth. The atmosphere and objects on the Earth’s
surface absorb this radiation. Much of this radiation is transformed
into thermal energy and the infrared energy is radiated back from
the surface of the Earth and some of it into space. The reason that
much of the heat is contained within our atmosphere is due to
the properties of greenhouse gases. The atmosphere is composed
mostly of nitrogen and oxygen. The bonding structure of nitrogen
gas (triple bonded) and oxygen (double bonded) does not have
a great deal of flexibility with the bending and stretching of their
bonds. The greenhouse gases, such as carbon dioxide, methane,
water vapor, and nitrous oxide, have a great deal of flexibility in the
vibrating, stretching, and bending of their bonds. Therefore, as the
molecules are exposed to infrared radiation, the bonds within these
molecules have a great deal of potential to absorb that energy.
This increases the kinetic energy of these molecules and raises
the internal heat in the molecules, which can then be transmitted
to other atmospheric gases to increase the temperature of the
atmosphere, and therefore the surface of the Earth.

= Carbon Dioxide

Nearly eighty-three percent of U.S. greenhouse gas emissions come
in the form of carbon dioxide. Historically, natural levels of CO, in
the atmosphere have been governed by the cycling of carbon that
occurs between Earth’s four systems. Today only six percent of
atmospheric CO, levels are attributed to natural processes. Ninety-
four percent of CO, emissions come from human activity—the
combustion of fossil fuels in electricity generation, transportation,
industrial, commercial, and residential uses.

U.S. Greenhouse Gas Emissions

CARBON DIOXIDE

82.8%

—— METHANE
10.5%
MANMADE

EMISSIONS
NITROUS OXIDE

4.2%

F-GASES
| 2.4%

Data: U.S. Environmental Protection Agency
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= Methane

Methane is not as abundant in the atmosphere as CO,; it only
makes up ten and one half percent of greenhouse gas emissions,
but it is 20 times more effective at trapping heat than CO,.
However, methane has a short lifespan, breaking down in the
atmosphere after approximately 12 years. In the last 250 years, CH,
concentrations have risen 148 percent. Methane emissions come
from enteric fermentation (the digestive process of livestock),
decomposition of waste in landfills, solid waste, producing and
burning fossil fuels, biomass burning, and rice cultivation.

= Nitrous Oxide

Nitrous Oxide makes up 4.2 percent of the U.S. greenhouse as
emissions, yet N,O is over 300 times more powerful than carbon
dioxide at trapping heat. N,O is naturally released into the
atmosphere from natural processes in the soil and ocean. However,
current agricultural practices release high levels of N,O from the
soil, as does fuel combustion in motor vehicles.

= Water Vapor

Climatologists who have been analyzing greenhouse gases have
found that water vapor is the most abundant GHG, accounting
for two-thirds of all heat trapped in the atmosphere. Constantly
moving between the hydrosphere, atmosphere, and biosphere,
water vapor is a key player in the climate picture. Some scientists
believe that rising atmospheric temperatures around the world
may allow the atmosphere to hold more water vapor, which might,
in turn, lead to more warming. However, water vapor levels have
remained relatively constant through history, so it does not appear
that increased water vapor is responsible for the changing climate.

SOURCES
ELECTRICITY TRANSPORTATION  INDUSTRIAL ~ RESIDENTIAL ~ COMMERCIAL
40.6% 33% 16.6% 5.9% 3.7%
ENERGY AGRICULTURAL WASTE MANAGEMENT INDUSTRIAL
40.1% 30.5% 28.7% 0.5%
AGRICULTURAL ENERGY USE  INDUSTRIAL ~ WASTE
72.9% 21.1% 5.0% 1.0%
!
HFCs SFe PFCs
86.1% 9.6% 4.2%
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Fossil Fuels Past and Present

359 million to 299 million years ago the world had a more
tropical and mild year-round climate than it does today. Called
the Carboniferous Period, the climate during this time enabled
the growth of expansive swamps and tropical forests filled with
towering trees, massive ferns, large horsetails, and other leafy
vegetation.

These plants all relied on the sun’s radiant energy and the process of
photosynthesis to grow and flourish. Through photosynthesis, the
plants use radiant energy from the sun to turn the carbon dioxide in
the air and water molecules into chemical energy, which they store
in their leaves, fruits, stalks, and roots in the form of carbohydrates.
Plants release oxygen back into the air. There were so many plants
during this period that large amounts of carbon dioxide were
removed from the atmosphere and large amounts of oxygen were
released back into the atmosphere. During the Carboniferous
Period, oxygen made up around 35 percent of the atmosphere.

Plants that grew in the swamps also died in the swamps. When the
plants died the unused carbohydrates largely remained in the plant.
Plant remains were covered by sand and clay from an ever changing
landscape. It formed a layer of peat, which kept getting pushed
farther and farther down as the land above shifted. Over millions of
years the pressure and heat from the Earth squeezed out all of the
water from the peat and it turned into coal.

Similarly, oil and natural gas are the result of small plants and animals
that lived in the sea and died millions of years ago. Remains of the
plants and animals fell to the sea floor and over time were buried
under sediment and other rock. The heat and pressure turned the
carbon into oil and natural gas.

q-low Petroleum and Natural Gas Were Formed\

k. |

Organisms turn into
| oil and natural gas

Togy

Tiny sea plants and animals died and were buried on the
ocean floor. Over time, they were covered by layers of
sediment and rock.

Over millions of years, the remains were buried deeper
and deeper. The enormous heat and pressure turned
them into oil and gas.

Today, we drill down through the layers of sedimentary
rock to reach the rock formations that contain oil and gas

\_ deposits. )

For millions of years the carbon dioxide found in fossil fuels was
trapped deep below the ground. Levels of carbon dioxide in the
atmosphere fluctuated with Earth’s natural processes of carbon
cycling. Humans relied on solar energy or burning biomass, usually

(Global Greenhouse Gas Emissions
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Carbon dioxide accounts for more than 75 percent of all global greenhouse gas emissions, mainly due to the increased use of fossil
fuels. Since the industrial Revolution, the concentration of all greenhouse gasses has increased.
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wood, for cooking, heating, and lighting. The relatively small influx
of carbon dioxide into the atmosphere from the burning of wood
does not seem to have had a significant impact on Earth’s overall
climate.

When the Industrial Revolution began in the mid 1700s, energy
use began to change dramatically. In less than 200 years, coal,
petroleum, and natural gas became the primary sources for
industry, electricity, and transportation.

Effects of Climate Change

The use of fossil fuels allows humans to see at night, to stay
comfortable in hot weather and cold, to cook food efficiently,
to keep food for longer periods of time, and to travel quickly
from place to place. Fossil fuels allow us to work, move goods
and products to market, and to make technology work. The CO,
concentration in the atmosphere prior to the Industrial Revolution
was 280 ppm (parts per million). Currently, CO, concentration is
about 390 ppm, a 39 percent increase. As already discussed, levels
of methane, nitrous oxide, and other greenhouse gases have also
increased. Scientists are studying what effects these higher levels
of gases are currently having on our climate and what the future
implications may be.

= Temperature

There are regional variations, and some locations have seen a
decrease in temperature rather than an increase; however, the
global mean surface temperature has warmed by about 0.8°C
since 1880. The Intergovernmental Panel on Climate Change
(IPCC) concluded in 2007, “warming of the climate system is now
unequivocal, based on observations of increases in global average
air and ocean temperatures, widespread melting of snow and ice,
and rising global average sea level.”

In the United States, the National Oceanic and Atmospheric
Administration National Climatic Data Center statistics show that
temperatures in eight of the eleven climate regions have shown
temperature increases of more than 0.74°C since 1901.The greatest
increase is in Alaska, where temperatures have climbed up to 4°C.
The Southeast has a slight cooling trend overall, but since 1979 has
shown a warming trend.

Around the world scientists have recorded data that indicates land
areas are warming faster than ocean areas, and winter months
have warmed faster than summer months. Arctic temperatures
have increased at almost twice the global rate from 1965 to 2005.

Rising temperatures are believed to be having some very tangible
effects on the world. One of the most visible signs is the impact
rising temperatures are having on snowfall, glaciers, ice thickness,
and permafrost. In the Northern Hemisphere there has been a
lessening of snow cover in most regions. Rivers and lakes are
freezing later in the year and breaking-up earlier. The Arctic Sea ice
extent has been decreasing since the 1970s, while sea ice thickness
has decreased since 1987.The IPCC believes that “late 20th-century
glacier wastage [when glaciers melt and shrink] likely has been a
response to post-1970 warming.” The largest losses of glaciers and
ice caps have occurred in Patagonia (Southern Chile and Argentina),
Alaska, northwestern United States, and southwest Canada. From
1993 to 2003, melting glaciers and ice caps are believed to have
contributed approximately 2.8 mm each year to rising sea levels.
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Permafrost is frozen ground that remains at or below 0°C for at
least two consecutive years. Permafrost thickness ranges from less
than one meter to more than 1500 meters. Nearly 25 percent of
the Northern Hemisphere's land area is classified as permafrost.
Roads, railways, pipelines, houses, schools, and offices have all
been built on permafrost in Alaska, Russia, and China. Since the
1980s temperatures at the surface of the permafrost have risen by
3°C.This has led to some thawing of the permafrost in the summer,
changing the structural integrity of the ground and putting man-
made objects at risk.
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= Sea Level Changes

In the last century, data shows that the sea level has risen worldwide
approximately 12-22 centimeters. The rate and amount the sea
level has changed varies greatly depending on the region. In some
regions levels are quickly rising, while in others sea levels are actually
falling. Monitoring devices are lacking outside of the U.S., Europe,
and Japan, which makes it difficult to gather data about long-term
trends in regional sea level rise. While scientists do not know all of
the reasons behind the increased levels, they have a high confidence
that they are indeed rising, and are confident in some of the primary
factors.

First, the oceans are warming. From the surface to a depth of 700m,
global ocean temperature has risen by 0.10°C between 1961 and
2003. When matter undergoes a temperature change its volume
changes. In this case, when water is heated, the particles are more
active and maintain a greater average separation, causing the sea
level to rise. The IPCC believes that thermal expansion accounts for
about 57 percent of sea level rise each year.

The other factor the IPCC has confidence in is the loss of mass
from glaciers and ice caps, and to a lesser extent melting of the
Greenland Ice Sheet and Antarctic Ice Sheet. Other factors that may
be contributing to sea level changes include pumping of ground
water for human use, impoundment in reservoirs, wetland drainage,
deforestation, and melting of polar ice sheets. Further research into
these actions are needed to determine their relationship to sea levels.

= Weather Events

Climatologists hypothesize thatanincreasein greenhouse gasesleads
to anincrease in temperatures, leading to an increase in evaporation,
causing more precipitation. Globally there is no significant overall
trend in increased precipitation; the data varies greatly from region
to region. There is data that shows areas in eastern parts of North and
South America, northern Europe, and northern and central Asia are
considerably wetter than in the past. Changes in precipitation levels
in the Northern Hemisphere's mid- and high latitudes are consistent
with climate model simulations that link increases in precipitation to
human-induced warming.

Precipitation has declined in the African Sahel, the Mediterranean,
southern Africa, and parts of southern Asia. Globally, research
suggests that the total area affected by drought has likely increased
since the 1970s.

Extreme weather events have been increasing. The number of heat
waves per year has increased since 1950, and while the frequency of
tropical storms and hurricanes has not noticeably increased, there is
a trend towards increased storm intensity and duration. The number
of Category 4 and 5 storms has increased by about 75 percent since
1970, driven by arise in water temperature at the surface of the ocean.
Worldwide there is a general increase in precipitation intensity. In
North America, heavy downpours have become more frequent and
more intense, while droughts in some regions are becoming more
frequent and intense.

= Ocean Acidification

The oceans are a natural carbon reservoir and they have been able
to absorb extra amounts of CO, being emitted. Between 1750 and
1994, the inorganic carbon content of the ocean has increased by
about 118 gigatons of carbon. The oceans are holding extra carbon
dioxide that would likely be in the atmosphere if not in the oceans,
however, this has lowered the pH and has made the oceans more
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Image courtesy of NASA

This photo from the International Space Station shows Hurricane Isabel,
a 2003 Category 5 storm. Climatologists believe climate change may
generate more intense storms.

Image courtesy of National Oceanographic and Atmospheric Administration

Ocean acidification may affect the formation of coral and other marine
calcifiers.

acidic. Scientists predict that this higher acidity will make calcification
more difficult, affecting the formation of corals and marine calcifiers
including shells and skeletons by corals, crabs, marine snails, and
clams.

= Worldwide Impacts

Scientists have data showing that greenhouse gases, particularly
CO, are more concentrated than ever before recorded in historical
data. They have been observing different indicators, including
temperatures, weather events, sea levels, and ocean acidification, to
determine what affect greenhouse gases are having on Earth and its
inhabitants; yet much is still unknown. When it comes to predicting
the impact of this concentration of carbon dioxide, scientists are
unsure of exactly what may happen, but looking back through
history and at current patterns, climatologists, biologists, geologists,
meteorologists, and sociologists, are making predictions. There
is concern that the indicators mentioned above (as well as other
impacts) could become more pronounced in the future. Because
of these predictions, policy-makers worldwide have increased
discussions on how best to monitor, manage, and mitigate carbon
dioxide emissions while maintaining quality of life and economic
stability.
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Mitgating Climate Change

Carbon dioxide stays in the atmosphere for a long time. The carbon
dioxide we emit and continue to emit will be present in Earth’s
systems for some time to come. While emissions can be slowed, it
will take time before efforts that reduce emissions translate into a
reduction of carbon dioxide in the system. With this knowledge,
policy-makers must consider ways to adapt to any future impacts
of climate change while planning ways to reduce emissions today.
Throughout history, societies around the world have adapted to
changes in their environment and have taken steps to reduce the
impact of those changes on their communities.

= Mitigation

To mitigate climate change means to make its impact less severe.
Many scientists believe that climate change can be mitigated through
advances in technology and individual lifestyle modifications.
Ultimately, to reduce carbon emissions to sustainable levels, we will
need to increase use of, and transition to, energy sources that do not
emit carbon such as uranium, solar, hydropower, and wind.

A combination of these types of actions will need to be taken on the
international and governmental level, and at the individual level as
well.

International Awareness

Climate change impacts every person around the globe, so climate
change is an international issue. There has been a history of the
international community coming together to try and make plans to
combat rising greenhouse gases. In 1997, the Kyoto Protocol was a
first step in coming to an international agreement on greenhouse gas
levels. The United States has not ratified the Kyoto Protocol because
it did not have targets or timetables outlined for developing nations
as well as industrialized nations.

This agreement expires in 2012, and in an effort to continue
international efforts, world leaders are meeting periodically. One of
the main roadblocks is regulating GHG emissions from developing
countries. These nations argue that since current climate change was
primarily caused by emissions from the developed countries, those
countries should bear the responsibility of lowering emissions. They
see limits on GHGs as a limit to their development and their efforts
to bring millions of their citizens out of poverty. While the developed
nations accept that they need to curb their emissions, they feel that
developing nations will have an unfair economic advantage if they
are not regulated. An international conference in Copenhagen,
Denmark in 2009 ended without a strong agreement on how to
regulate emissions globally. Many, but not all, countries made
commitments to specific GHG targets, but there is no international
system to monitor or regulate their efforts. Debate continues as to
whether there should be an international system to monitor and
regulate efforts to lower emissions.

42

Mitigation Techniques

Princeton’s Carbon Mitigation Initiative recommends 15
possible techniques for mitigating climate change. Climate
mitigation techniques come from four sectors:

Electricity Production;
Heating and Direct Fuel Use;

STRATEGY

Transportation
conservation

Transportation
efficiency

Efficiency in
buildings

Electricity

efficiency

Carbon Capture
and Storage
(CCS) with coal
or natural gas

CCS with
hydrogen

CCS for synfuels

Electricity fuel
switching

Nuclear
electricity

Wind electricity

Solar electricity

Wind hydrogen

Biofuels

Forest storage

Soil storage

Transportation; and

Biostorage.

DESCRIPTION

Reduce miles traveled
by all vehicles

Double the fuel
efficiency of all cars

Increase insulation,
furnace, and lighting
efficiency

Increase efficiency of
power generation

CO, from fossil

fuel power plants
captured and stored
underground

Hydrogen fuel from
fossil fuel sources.
Displaces hydrocarbon
fuels.

Capture and store
CO, during synfuels
production from coal

Replace coal-burning
power plants with
natural gas plants

Displace coal-burning
power plants with
nuclear plants

Wind displaces coal-
based electricity

Solar PV displaces coal-

based electricity

Produce hydrogen with

wind electricity

Biomass fuels from
plantations replace
petroleum fuels

Carbon stored in new
forests

Farming techniques
increase carbon
retention or storage in
soils

SECTOR
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Personal Awareness

Energy Sustainability

Part of battling climate change is to have a better awareness and
understanding of how individual actions affect climate change.
People often talk about having a “carbon footprint” A carbon
footprint refers to the greenhouse gas emissions caused directly
and indirectly by an individual, a product, an organization, or
an event. Each person has an individual carbon footprint. Each
classroom, school, family, and home have specific carbon footprints.
A total carbon footprint is based on several factors—how much
energy is used, the way electricity is generated, water use, the types
of transportation used, foods that are eaten, and products and
services used. By decreasing your carbon footprint you can help
decrease the production of carbon dioxide.

Greenhouse gas emissions from electricity production vary
depending upon the sources of energy your utility provider uses
for generation. Fossil fuels used to generate electricity produce
carbon dioxide; however, hydropower, solar, and nuclear energy
are considered carbon neutral. Using less energy, more efficient
appliances, and using electricity from low or no-carbon sources are
among ways to decrease your carbon footprint.

Transportation is another large part of your carbon footprint
because energy is needed for every form of transportation. Cars
and buses use gasoline or diesel fuel and these produce GHGs as
they combust. Walking or using a bicycle has no carbon impact,
and carpooling and using public transportation are more efficient
ways to use energy and thus contribute less GHGs than other
transportation options.

Water usage is another area that influences the size of your
carbon footprint. The processes of finding, purifying, treating,
and transporting water involve energy and procedures that have
a carbon footprint. When we are done with water, if it goes to a
sewage or water treatment plant, these steps also add to water’s
carbon footprint.

Itis harder for people to think of individual products, like cameras or
pencils, as adding to their carbon footprint, but our product choices
impact our carbon footprint as well. Every product has a “life cycle”
that includes everything that had to happen to make, deliver, and
dispose of the item. Recycling products is an easy way to decrease
the size of your footprint. For example, if you recycle your aluminum
can you are helping save energy. Using recycled aluminum requires
about 95 percent less energy than used in the original process of
converting bauxite into metal. The size of your carbon footprint is
adjusted based on if you reuse products, recycle them, or throw
them away.

Like products, the food you eat plays a role in determining your
carbon footprint. When analyzing food’s impact you also have to
look at the life cycle of the food you consume, the amount of water
and type of fertilizer used, along with the machinery and vehicles
used to pack and transport the apple from the orchard to your hand
are part of the apple’s carbon footprint life cycle. After you are done
eating the apple, do you send it through the garbage disposal, into
the trash bin, or into a compost pile?
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Efficiency and conservation are key components of energy
sustainability—the concept that every generation should meet
its energy needs without compromising the needs of future
generations.

Sustainability focuses on long-term energy strategies and policies
that ensure adequate energy to meet today’s needs as well the
needs of tomorrow. Sustainability also includes investing in
research and development of advanced technologies for producing
conventional energy sources, promoting the use of alternative
energy sources, and encouraging sound environmental policies
and practices.

Looking to the Future

1.800.875.5029 www.NEED.org

Our environment provides us with all of the essential resources we
need. It provides us with sources of food, water, and oxygen, as well
as reservoirs that can store and process the waste or byproducts
created by our activities. How do we balance our need for energy
with the importance of efficiency and conservation? While this issue
is very complex, creative solutions by government and industry can
lead to a thriving economy and stable climate. It is the choice of
individuals that makes the most difference. Using energy wisely and
conserving our resources is a good idea.

43




Aluminum Can Life Cycle Comparison

Several steps are needed to create a new product. When we use recycled materials we eliminate several steps, and
the reduction of processes and transportation means less energy is used during the life cycle. This results in fewer
emissions of carbon dioxide due to electricity use and transportation.

Non-Recycled Aluminum Can Life Cycle

CO, from
smelting
aluminum

€O, from
mining/refining
process

CO, from CO, from CO, from CO, from €0, from

O transport QQ transport transport transport transport
O
o - S " " " -
L] o (=} D D (=}
- ° © ° ° School °
Mining and i . .
. — Smelter —— CanFactory — Bottling Plant —— Vending
Refining .
Machine
Landfill
ELECTRICITY CO, from
Fossil Fuel generating
ossil Fue -
electricit,
Power Plant % g . N\
Aluminum Facts
. . =*In the U.S. 100 billion
Recycled Aluminum Can Life Cycle luminum beverage cans
are produced annually;
about two-thirds of those
O, from are returned for recycling.
reprocessing
aluminum Co, from €O, from CO, from =The energy used to make
transport transport transport one aluminum beverage
% o i~ o can |s. about 7,000 Btu.
o o < school (4] Recycling saves 95 percent
Aluminum i . © choo °© of the energy it would take
. — BottlingPlant —— Vending
Reclamation Plant . to make new metal from
Machine
ore.
=lt takes about 60 days
~~~~~~ Recycling for aluminum beverage
% Facility containers to be recycled
ELECTRICITY and reappear on store
€0, from 0, from shelves.
Fossil Fuel generating transport
Power Plant electricity Data: Alcoa y

Every product you use has a life cycle and associated carbon dioxide impacts before and after its use. With a little research you can find out
where the energy use and CO, emissions occur.

Try to draw a life cycle chart like the one above for some other items you use at home or at school. Ask yourself where the product, or water,
or energy comes from. Then think about where the product, or water, or energy goes when you are done using it.
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€y Properties of €0,

What are the properties of CO, as a gas? Record your observations below.
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Climate Change KWL Chart

What I Think | Know What | Want to Know

What | Learned
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Greenhouse in a Beaker

@ Question

What affect does adding carbon dioxide to the air have on the air's temperature during the day and during the night?
M Hypothesis

In your science notebook, record your hypothesis in an“If...then...because...” format.

Materials

=2 600 mL Beakers =Small piece masking tape

=1 250 mL Flask =4 Alka-Seltzer tablets

=1 Rubber stopper with hole =Science Notebooks

=1 Vinyl tubing, 3/16” diameter, 60 cm long =Safety glasses

=1 Clip light with 1 75 watt bulb =240 mL Water (room temperature)
=1 Ruler

=2 Probe thermometers

M Procedure

Part 1, Day

1. Set up the light source 15 cm in front of the two beakers. The beakers should be receiving equal light.

2. Insert the tubing through the hole in the 250 mL flask. Place the other end of the hose near the bottom of one of the beakers. Secure
the tubing inside the beaker with a small piece of masking tape.

3. Add 120 mL of water to the flask.

4. Turn on the clip light. Wait for the temperature in each beaker to stabilize. The temperatures in the beakers should be similar, but they
do not have to be exactly the same.

5. Record the stable temperature of each beaker in the data table.

6. Break two Alka-Seltzer tablets in half and drop the pieces into the flask. Secure the rubber stopper.

7. Record the temperature of each beaker every 30 seconds for three minutes.

Part 2, Night

1.

o v ok w

©2011

After you have data to model temperatures during the day, empty out your beakers and flask. Refill the flask with 120 mL water.
Resecure the tubing inside one of the beakers.

Turn on the clip light. Wait for the temperature to stabilize. The temperatures in the beakers should be similar, but they do not have
to be exactly the same.

Record the stable temperature of each beaker in the data table.
Break two more Alka-Seltzer tablets in half and drop the pieces into the flask. Secure the rubber stopper.
Turn off the light.

Record the temperature of each beaker every 30 seconds for three minutes.
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7 Data

Make these tables in your science notebook:

Simulated Day Data

BEAKER 1 (WITHOUT €0;)

BEAKER 2 (WITH €0,)

Beginning Temperature

30 seconds

1 minute

1 minute, 30 seconds

2 minutes

2 minutes, 30 seconds

3 minutes

Simulated Night Data

BEAKER 1 (WITHOUT €0;)

BEAKER 2 (WITH €0,)

Beginning Temperature

30 seconds

1 minute

1 minute, 30 seconds

2 minutes

2 minutes, 30 seconds

3 minutes

Create a graph in your science notebook displaying both the day and night temperatures for both beakers.

# Conclusion

Do you accept or reject your hypothesis? What were the results of your investigation? Use data to explain what happened.

Why do you think this happened?

How does this demonstration relate to climate change?
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Carbon Reservoir Comparison

Atmosphere Biosphere

Hydrosphere Lithosphere
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CARBON CYCLE SIMULATION

Carbon Tracking Sheet

Name:
TURN | ARRIVED HERE BY THE PROCESS OF... WHAT | AM NOW NEXT I AM GOING TO THE...
START | am part of a(n)
molecule
in
1 I am now part of a(n)
molecule
in
2 [ am now part of a(n)
molecule
in
3 [ am now part of a(n)
molecule
in
4 I am now part of a(n)
molecule
in
5 I am now part of a(n)
molecule
in
6 I am now part of a(n)
molecule
in
7 I am now part of a(n)
molecule
in
8 I am now part of a(n)
molecule
in
9 I am now part of a(n)
molecule
in
10 I am now part of a(n)
molecule
in
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€y Road Trip

The Challenge

Energy is required to transport you from place to place. In the United States, the transportation sector consumes 28 percent of total energy
supply and is responsible for about 34 percent of the greenhouse gases emitted each year.

Plan a four day road trip vacation. Where would you go? What stops would you make along the way?
1. Select a vehicle make and model for your trip, then find its fuel economy ratings at www.fueleconomy.gov. Fill in the information below.
Vehicle Make and Model:

Fuel Type: Fuel Economy (MPG):

2. Inthe chart’s left hand column, plan out each segment of your trip. Use the data and formulas provided below to calculate how many
gallons of fuel will be required, and the amount of CO, emissions.

The EPA uses the following CO, emission values. Circle the value you will use in your calculations.
Gasoline CO, Emissions = 19.4 pounds/gallon Diesel CO, Emissions = 22.2 pounds/gallon
Miles Driven/MPG = Total Gallons Consumed
Total Gallons Consumed x CO, Emissions pounds/gallon =Total CO, Emissions

T0 FROM MILES GALLONS CONSUMED TOTAL €O, EMISSIONS

Answer the Following Questions

1. Why did you choose the vehicle you chose?

What is the total amount of CO, emissions associated with your trip?

What is the price of fuel in your area? How much will fuel for the entire trip cost?

Are there ways you can reduce your fuel consumption on this trip?

Are there some portions of your trip where you can use public transportation? Why or why not?

How would using public transportation compare to driving your own personal vehicle?

N o vk W

A 2010 Volkswagen Jetta using diesel fuel gets 34 mpg. A 2010 Volkswagen Jetta using premium gasoline gets 27 mpg. Which car would
be better to take on your road trip? Use data to explain your reasoning.

8. Canyoufind a less expensive, less carbon intensive vehicle than your first vehicle choice? Find at least two alternatives and explain how
they compare to your original vehicle.

Resources: For more information on alternative fuel vehicles, visit the U.S. Department of Energy’s Alternative Fuels and Advanced
Vehicles Data Center at www.afdc.energy.gov/afdc/.
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Climate Web

e e o

oooooooooooooooooooooooooooooooooooooooo

Energy Efficiency and
Conservation

oooooooooooooooooooooooooooooooooooooooooooooooo

In using energy wisely we decrease CO, emissions
from power plants and vehicles.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Our atmosphere keeps us alive and warm. Gases

in the atmosphere control amounts of ultraviolet
radiation reaching the planet and determine the
Earth’s temperature, keeping us warm. Without

gases in the atmosphere, it would be so cold, almost

nothing could survive. Increasing CO, levels can
warm the atmosphere making it less stable.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Transportation is very important to us. We use
it to travel and ship products. We must have

. transportation to get people and products to places

throughout the world, but different modes of
transportation need fuel to work and emit CO, and
other emissions into our atmosphere.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Humans could not survive without trees and other

. plants.Trees take in CO, and through the process of
: photosynthesis produce oxygen for us to breathe, as :
- well as shade, wood products, and beauty. Trees are -

a renewable resource.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Climate Web
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Animals

®© 00 0000000000000 000000000000000000000000 000

People

®© 00 0000000000000 000000000000000000000000 000

Solar Energy

®© 00 0000000000000 000000000000000000000000 000

Carbon Capture and
Storage
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Animals exhale CO, through natural respiration.
We must have animals for food and equilibrium in
ecosystems. Animals are used extensively for food

®© 000000000000 000000000000 00000000000000000000

We need and use a lot of energy daily. Our homes,

communities, and modes of transportation all use

energy in various ways. We use more energy today
than ever before. Energy production from fossil fuels
emits CO, and other emissions into the atmosphere.

®© 000000000000 000000000000 00000000000000000000

Solar energy is radiant energy emitted by the sun.
Through the use of solar panels, we can harness
this energy to power our homes and heat water.

Solar energy is a renewable resource that does not

®© 000000000000 000000000000 00000000000000000000

New technology allows us to store CO, emissions
from power plants underground. This may be an
effective way to limit the amount of CO, we put into
the atmosphere. We do not know yet how effective
this strategy is at storing CO, in the long term.

© © 0 0 0 ¢ 0 0 0 0 0000 0 0000000000000 0000000000000 0000000000000 00000000 0000000000000 00000000000 00

and other products.

produce CO, emissions.

© © ¢ 0 0 0 0 0 0 00 00 0000000000000 0C 00000000000 0000000000000 000000000000 0000000000000 00000000000000000e0o0
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Climate Web
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Uranium ore is mined then processed at nuclear
power plants to produce electrical energy we
need for homes and industry. Nuclear energy is
a nonrenewable resource that produces no CO,
emissons. Using nuclear power is controversial
because of potential risk of radiation if it is not
contained.

®© 0006000000000 00000000000000000000000000000000

Through mining, we extract ore and minerals from
the Earth. We extract coal and uranium in this way
to use for electricity production. Machinery used in
mining emits CO, and other emissions. By removing
vegetation, the ability of the land to remove CO,
from the atmosphere is decreased.

®© 0006000000000 00000000000000000000000000000000

Soil is the top layer of the Earth’s surface, consisting
of rock and mineral particles mixed with organic
matter. We need healthy soil for growing food. Soil
stores carbon, keeping it from the atmosphere.
Tilling and other activities that disturb the soil
release this stored carbon into the atmosphere.

®© 0006000000000 00000000000000000000000000000000

The crops we grow are essential to our survival.
Growing crops also produces CO, emissions through
the use of farm equipment, pesticides, fertilizers,
and tilling the soil. Crops also remove CO, from the
atmosphere as they grow.

© © ¢ 0 0 0 0 0 0 0 0 00 0 000 0000000000000 00000000000 0000000000000 0000000000000 0000000000000 000000000000e00
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Climate Web
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Petroleum is a nonrenewable fossil fuel. We use
more petroleum than any other energy source.
Some product benefits include transportation fuels,
fertilizers, plastics, and medicines. Petroleum must
be burned to release the energy, which emits CO,.

Petroleum

© © ¢ 0 0 0 0 0 0 0 0 0 0 00 000000000000 000000000000 0000000000000 0000000000 0000000000000 0000000000c00O00E

Refineries are industrial plants that refine petroleum
into useable products. We refine crude oil for fuels
such as gasoline, jet fuel, and fuel oils needed
for transportation. Production, distribution, and
consumption release CO,.

Refineries

© © ¢ 0 0 0 0 0 0 0 0 0 0 00 000000000000 000000000000 0000000000000 0000000000 0000000000000 0000000000c00O00E

Coal is a nonrenewable fossil fuel created from the
remains of plants that lived and died millions of years
ago. We extract coal from the Earth to use as fuel for
electricity, industry, and heating, as well as in making
iron and steel. We burn coal to release energy.
Burning coal releases CO,.

Coal

© © ¢ 0 0 0 0 0 0 0 0 0 0 00 000000000000 000000000000 0000000000000 0000000000 0000000000000 0000000000c00O00E

Coal Plants

Coal plants clean, process, and burn coal to generate
electricity. Burning coal releases CO, into the
atmosphere.
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Climate Web
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Oceans are carbon reservoirs, which means they
have the ability to absorb CO,. This process of
absorption helps keep our planet cooler. However,
adding CO, to the ocean makes it more acidic, which
impacts ocean ecosystems.

Oceans
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Geological evidence tells us that the Earth’s climate
has changed a lot over time. Natural Earth events are
factors that can contribute to climate change. Earth’s
position relative to the sun, volcanic eruptions, forest

fires, and ocean currents are factors that can affect

climate.

Natural Earth Events
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A growing economy demands more energy and
electricity, and can increase CO, emissions if fossil
fuels are used. Energy efficiency and conservation

reduces CO, emissions and energy bills for families,
schools, and companies.

Economy
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€y Climate Systems

2 Concepts

Each of the components listed below affects the atmosphere, which in turn affects the other components of the climate system.

Some Components of the Climate System:

Animals CO, Capture and Storage Petroleum
Coal Mining Refineries
Coal Plants Natural Earth Events Soil

Crops Nuclear Plant Solar Energy
Economy Oceans Transportation
Energy Efficiency/Conservation People Trees

1 Procedure

Atmosphere has been filled in for you. Select five (5) components and write them in the bubbles on the right. On the lines between the
bubbles, write how the atmosphere affects the climate system component, and how the component affects the atmosphere, using the
arrows as a guide.

A

Y
\

A

ATMOSPHERE

A

Y
Y

0000C
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@ | Electric Nameplates

Some appliances use more energy than others to accomplish the same task. Appliances that are very energy efficient are approved by the
government’s ENERGY STAR® program and have the ENERGY STAR® label on them. This means they have met high standards set by the

government for energy efficiency.

Every machine that runs on electricity has an electric nameplate on it. The nameplate is usually a silver sticker that looks like the picture
below. The nameplate has information about the amount of electricity the machine uses. Sometimes, the current is listed. The current is
measured in amperes (A). Sometimes, the voltage of the machine needs is listed. The voltage is listed in volts (V). Sometimes, the wattage
is listed. The wattage is measured in watts (W). If the wattage is not listed, then the current and voltage are both listed.

If the wattage is not listed, you can calculate the wattage using the following formula:

wattage = current x voltage
w = A X Vv
w = 1.0A X 5V
w = 5w

Tesled
With FGC
For Home or Office Use

Often, the letters UL are on the nameplate. UL stands for
Underwriters Laboratories, Inc., which conducts tests on thousands
of machines and appliances. The UL mark means that samples of
the machines and appliances have been tested to make sure they
are safe.

You can find out how much it costs to operate any appliance
or machine if you know the wattage. Let’s take a look at some of
the machines in your school. The nameplate is usually located on
the bottom or back. See if you can find the nameplates on the
computers, printers, monitors, televisions, and other machines in
your classroom. Put the information in the chart below and figure
out the wattage for each one.

(€

Country of Origin
Power Date Manufactured
Requirements:

V== 1.0A

SIN: 7BLO8N202

ABAMUDANCERANRR TR

MACHINE OR APPLIANCE CURRENT VOLTAGE

WATTAGE UL TESTED

Copier 11A 115V

1,265W yes
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@ | Cost of Using Machines

Calculate how much it costs to operate the machines in your classroom that you looked at before. You need to know the wattage, the cost
of electricity, and the number of hours a week each machine is used.

You can estimate the number of hours the machine is used each week, then multiply by 40 to get the yearly use. We are using 40 weeks for
schools, because school buildings aren’t used every week of the year. Using the copier as an example, if it is used for ten hours each week,
we can find the yearly use like this:

Yearly use = 10 hours/week x 40 weeks/year = 400 hours/year

Remember that electricity is measured in kilowatt-hours. You will need to change the watts to kilowatts. One kilowatt is equal to 1,000
watts. To get kilowatts, you must divide the watts by 1,000. Using the copier as an example, divide like this:

kw = W/1000

kw = 1265/1000 = 1.265

The average cost of electricity for schools in the U.S. is about ten cents a kilowatt-hour. You can use this rate or find out the actual rate from
your school’s electric bill. Using the average cost of electricity, we can figure out how much it costs to run the copier for a year by using this
formula:

Yearlycost = Hours used X Kilowatts X Cost of electricity (kWh)
Yearly cost = 400 hours/year x 1.265 kW X $0.10/kWh
Yearly cost = 400 x 1.265 X 0.10 = $50.60
MACHINE OR
APPLIANCE WATTS (W) KILOWATTS (kW) | HOURSPERWEEK | HOURS PERYEAR RATE ($/kWh) ANNUAL COST
Copier 1,265 W 1.265 kW 10 400 hours $0.10 $50.60
©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108 1.800.875.5029 www.NEED.org
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Environmental Impact

EFFICIENCY
CONSERVATION

When we breathe, we produce carbon dioxide. When we burn fuels, we produce carbon dioxide too. Carbon dioxide (CO,) is a greenhouse
gas. Greenhouse gases hold heat in the atmosphere. They keep our planet warm enough for us to live, but in the last 200 years we have
been producing more carbon dioxide than ever before.

Research shows that greenhouse gases are trapping more heat in the atmosphere. Scientists believe this is causing the average temperature
of the Earth’s atmosphere to rise. They call this global climate change or global warming. Global warming refers to an average increase
in the temperature of the atmosphere, which in turn causes changes in climate. A warmer atmosphere may lead to changes in rainfall
patterns, a rise in sea level, and a wide range of impacts on plants, wildlife, and humans. When scientists talk about the issue of climate
change, their concern is about global warming caused by human activities.

Driving cars and trucks produces carbon dioxide because fuel is burned. Heating homes by burning natural gas, wood, heating oil, or
propane produces carbon dioxide too.

Making electricity can also produce carbon dioxide. Some energy sources—such as hydropower, solar, wind, geothermal, and nuclear—
do not produce carbon dioxide, because no fuel is burned. Half of our electricity, however, comes from burning coal. Another 20 percent
comes from burning natural gas, petroleum, and biomass.

The general rule is that, on average, every kilowatt-hour of electricity produces 1.6 pounds of carbon dioxide. Let’s use this rule to figure
out how much carbon dioxide is produced by the machines in your classroom. You can put the figures from the earlier worksheets in the
boxes below. Here are the figures for the copier:

CO, ayear = wattage x hoursofuse x rateof CO,/kWh

COayear = 1.265kW  x 400 hr/yr x 1.6 1lbs/kWh = 809.6 Ibs
MACHINE OR APPLIANCE KILOWATTS (kW) HOURS PER YEAR C0,/kWh LBS C0,/YEARLBS
Copier 1.265 kW 400 hours 1.6 809.6
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Wedge Challenge

Teacher Guide

Overview

Students become decision makers and work in teams to determine the technologies and practices
that will be most effective at reducing carbon emissions and stabilizing our climate. The core
purpose of this activity is to convey the scale of effort needed to address the carbon and climate
situation and the necessity of developing a portfolio of carbon-cutting options. By the end of the
exercise, students should understand the magnitude of human-sourced carbon emissions and feel
comfortable comparing the effectiveness, advantages, and drawbacks of a variety of carbon-cutting
strategies. The students should appreciate that there is no easy or “right” solution to the carbon
and climate problem. A version is also included where students choose actions to provide personal
wedges.

Background

The “stabilization wedges” concept is a simple
tool for conveying the emissions cuts that can — jopi e e per year P
be made to avoid dramatic climate change. We g o 8/
consider two futures—allowing emissions to o
double versus keeping emissions at current levels
for the next 50 years. The emissions-doubling
path (grey line) falls in the middle of the field of
most estimates of future carbon emissions. The
ramp approximately extends the climb for the 4 /
past 50 years, during which the world’s economy ’
grew much faster than its carbon emissions. 0 T v T
. . . 1950 2000 2060 2100
Emissions could be higher or lower in 50 years,
but this path is a reasonable reference scenario.

Toward
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FIGURE 1
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In contrast, we can prevent a doubling of CO, if ~ 16Billion tons of Carbon Emitted per year

we can keep emissions flat for the next 50 years, 15 ar‘z:":e‘:jgzsto
then work to reduce emissions in the second 14 build the
half of the century (Figure 1, grey line). This path  , stabilization
is predicted to keep atmospheric carbon under triangle
1200 billion tons (which corresponds to about 12 STABILIZATION =
570 parts per million (ppm)), allowing us to skirt n TRIANGLE  — 1wedge
the worst predicted consequences of climate 10 avoids 1 billion
change. 9 tons of carbon
emissions per
Keeping emissions flat will require cutting 8 1“wedge” — year by 2060
7

projected carbon output by about 8 billion
tons per year by 2060, keeping a total of about
200 billion tons of carbon from entering the
atmosphere. This carbon savings is what we call
the“stabilization triangle” (Figure 2). The conventional wisdom has been that only revolutionary new
technologies like nuclear fusion could enable such large emissions cuts. There is no reason, however,
why one tool should have to solve the whole problem.

| | | | | ]
2010 2020 2030 2040 2050 2060

A master of the Stabilization Wedges is available
on page 83.

CMI set out to quantify the impact that could be made by a portfolio of existing technologies
deployed on a massive scale. To make the problem more tractable, the researchers divided the
stabilization triangle into eight “wedges.” A wedge represents a carbon-cutting strategy that has
the potential to grow from its present level of deployment to avoiding an additional 1 billion tons
of carbon emissions per year by 2060, or one-eighth of the stabilization triangle. The wedges can
represent ways of either making energy with no or reduced carbon emissions (like nuclear or wind-
produced electricity), or storing carbon dioxide to prevent it from building up as rapidly in the
atmosphere (either through underground storage or biostorage).

1.800.875.5029 www.NEED.org

This activity is based on the
Wedge Game, developed
by the Carbon Mitigation
Initiative (CMI) at Princeton
University’s Princeton
Environmental Institute
(PEI). CMl is a joint project
of Princeton University, BP,
and Ford Motor Company
to find solutions to the
greenhouse gas problem.
To emphasize the need for
early action, Co-Directors
Robert Socolow and
Stephen Pacala created the
concept of stabilization
wedges - 25 billion ton
“wedges” that need to be
cut out of predicted future
carbon emissions in the
next 50 years to avoid a
doubling of atmospheric
carbon dioxide over pre-
industrial levels.

Why are emissions predicted
to double? While there are
many reasons, three main
factors are:

« Increased population

« Increased energy use by
developing nations as they
industrialize

« Increased energy use in
developed nations

Because of these pressures, it
will take a tremendous effort
to reduce carbon emissions to
the levels necessary to reverse
the atmospheric warming
trend.

61




Keeping emissions flat will require the world’s societies to “fill in” the eight wedges of the stabilization triangle. In CMI’s analysis, at least
15 strategies are available now that, with scaling up, could each take care of at least one wedge of emissions reduction. No one strategy
can take care of the whole triangle. New strategies will be needed to address both fuel and electricity needs, and some wedge strategies
compete with others to replace emissions from the same source—but there is already a more than adequate portfolio of tools available to
control carbon emissions for the next 50 years.

Note: Even though all of the wedges appear to start from zero, understand that“zero”includes all of the efforts that have been implemented
to date related to that wedge strategy. For instance, even though a wedge of nuclear electricity appears to start from zero, there is already
significant deployment of this strategy worldwide.

Note: While much of the climate and energy curriculum references carbon in the atmosphere in units of carbon dioxide or methane,
the figures used in this activity (mass, concentration, etc.) refer to carbon, alone. To convert from units of carbon to units of carbon
dioxide multiply the mass of the carbon by 3.67. To convert from CO, to carbon, multiply by 0.2727.

2 Concepts

We can stabilize climate with technology that exists today. Choosing the technologies to support and deploy involves making challenging
choices.

& Skills

=Cooperative Learning
=Critical Thinking
& Objective

Students will understand the technologies currently available that can substantially cut carbon emissions, develop critical reasoning skills
as they create their own portfolio of strategies to cut emissions, and verbally communicate the rationale for their selections. Working in
teams, students will develop the skills to negotiate a solution that is both physically plausible and politically acceptable, and defend their
solution to a larger group.

Time

Four class periods

Materials and Preparation

=Tape
=Scissors
=Make enough copies of the activity materials ahead of time.
=Photocopy the wedge pieces (page 86) on colored paper as follows:
=Transportation — Blue
=Heat - Yellow
=Electricity — Red/Pink
=Biostorage — Green
=Cut each sheet in half, providing one full triangle of wedges for each sector to each group.
=Divide the class into teams of 3-5 students each.
=Each group should have the following materials:
=Wedge Challenge Student Guide (pages 67-71)
=Wedge Table (page 76)
=Wedge Gameboard (page 77)
=Wedge Worksheet (page 78)
=Intensification Wedge (page 79)
=Wedge Intensification Worksheet (page 80)
=Personal Wedge Guidelines (pages 81-82)
=Each student should have a copy of each Wedge Ratings sheet (pages 72-75)
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1 Procedure

Day One (20-45 minutes)

1.

©2011

Introduce the activity by saying, “The Earth’s atmosphere
currently contains about 830 billion tons of carbon as CO,, and
combustion of fossil fuels currently adds about 8 billion tons
of carbon every year. At this rate, we are on track to double
the amount of carbon in the atmosphere as compared to pre-
industrial levels, before the end of the century. Can we change
this course? While it is likely to be challenging, fortunately, we
can and we can also do it with technology that is available or
in development today. In the Wedge Challenge, you will be
working on a team to decide what you feel are the eight most
promising strategies out of 15 possible choices.”’

. Form teams of 3 to 5 students. It is particularly helpful to

have each student be an appointed “expert” in a few of the
technologies to promote good discussions. You may want to
identify a recorder and reporter in each group.

. Explain the rules referring students to the Wedge Challenge

Student Guide.

. Explain to the students that in the first step, they will be working

individually to complete rating sheets about the 15 wedges.

. Hand out the Wedge Ratings worksheets to students. Students

should read the section on wedges in the backgrounder and
be encouraged to find information on these technologies
elsewhere, as well. They should then fill in their worksheets
with several advantages and challenges of each wedge. As
an option, each student can focus on a subset of the wedges.
Then, students should assign a positive integer from 0 to +3
to rate the advantages of the wedge (+3 representing the
greatest advantage and 0 representing the least advantage).
The same should be done to rate the challenges of each wedge
using negative integers from -3 to 0 (-3 representing the most
challenging and 0 representing the least challenging). To
determine their Advantage-Challenge score for each wedge,
students should add together the advantage rating and the
challenge rating. The solutions with the highest Advantage-
Challenge scores might be considered the most promising
solutions for stabilizing carbon emissions. Instruct students to
ignore the letters and symbols listed for each wedge for now.
They will become important in the next step. Students can
complete all or part of this assignment as homework.
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Day Two (45 minutes)

6.

10

11.

12.

Answer any questions that students have related to their
research and rating process. Explain to students that the
next step is to choose wedges within their teams and build a
stabilization triangle.

. Hand out copies of the Wedge Gameboard, Wedge Table, Wedge

Worksheet, and Personal Wedge Guidelines.

. Explain to students that in addition to the challenges and

advantages they identified, they will have a budget to work
with, and so must take costs into account as they choose their
wedges.

. Ensure that students understand the systemic nature of their

choices. Their choices will not only affect the issue of climate
change, but other issues as well. For instance, if no alternative
fuel wedges are chosen, this means that we will still be reliant on
petroleum 50 years from now (even if conservation or efficiency
wedges are chosen). In their presentation, the team would need
to justify their opinion that petroleum will be a cost-effective
fuel at that point.

. Direct students to the columns on their Wedge Ratings
worksheets where the names of the wedges are listed. Under
each name there are anywhere from 1-3 climate bucks ($).
Explain that the number of climate bucks indicates the relative
expense of implementing that strategy. Tell students that they
have a budget of 12 climate bucks to spend on their strategies.

Explain to students that the wedges have been grouped into
the following sectors:

=Electricity (E): Includes technologies and practices that
produce or conserve electricity.

=Heat (H): Includes technologies and practices that produce
or conserve heat for direct use, such as heating a building,
heating water, or providing heat for industries such as steel
and aluminum.

=Transportation (T): Includes all modes of transportation
and strategies to reduce the energy we consume through
transportation.

=Biostorage (B): Plants and soils store carbon. These
strategies increase the Earth’s capacity to remove carbon
from the atmosphere or limit the amount of carbon released
from plants and soils through our activities.

Explain the following limits must be observed:

=Because of the relative amounts of carbon emitted by our
“E" “H" and “T" activities, there are limits on the number of
wedges that can be used from each of these sectors. Limits
for 2060 are based on the current percentage contributions
of heat, electricity, and transportation to global carbon
emissions. Because of the limits on land available for
biostorage, there are limits on “B” wedges as well. Students

1.800.875.5029 www.NEED.org
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Wedge Sectors and Limits

3 BIOSTORAGE

& |6 rectriany

5 TRANSPORTATION

must stay within the limits set on total number of wedges
from each sector. Limits are as follows:
*E - 6 wedges
=H - 5 wedges
=T -5 wedges
=B -3 wedges
=Display the pie chart above (available as a master on page 84)
for students, so they can see how many wedges they can use
from each sector.

sSome individual wedges may have limits as well. See the
Wedge Table. List these wedges and their limits on the board
for all students to see.

=Each wedge strategy requires a tremendous amount of change
and sometimes a tremendous amount of resources. When a
wedge strategy is used more than once, justification must be
given as to why the team believes this is possible or desirable.

13. Explain that if a wedge is listed as being part of more than one
sector, they can choose one sector to apply it to. The exception
is the Building Efficiency wedge, which requires 2 of an H
wedge and %2 of an E wedge. This is because in order to obtain
a full wedge from increasing the efficiency of our buildings, it
is necessary to apply increases in both heating efficiency (i.e.,
more efficient furnaces, building weatherization) and electricity
efficiency (i.e., more efficient refrigerators, smart power strips,
etc.). If this strategy is chosen and they end up a half wedge
short at the end, a half of any allowable wedge may be used for
the full required cost.

14. Students meet in their groups and share their wedge ratings.
Based on their ratings, the sector and wedge limitations, and
their budget, they should reach agreement on the wedges
they would choose. Explain that whenever a wedge is chosen,
the team should consider the implications of that choice. For
instance, if they choose a synfuels wedge they have chosen to
increase our reliance on coal. They should consider our ability to
provide this coal while still providing electricity economically.
Students should consider the implications of their choices and
be ready to incorporate their reasoning in their presentation.

15. Each team should use their Wedge Worksheet to ensure that
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they have stayed within the constraints of the game and to tally
their costs. Direct students to the bottom of their worksheets.
Instruct them to use the scoring table to predict how different
interest groups would rate their wedge on a scale from one
to five. Explain the importance of this step by emphasizing to
students that their plan does not only need to be effective and
affordable, but it has to be acceptable enough to society to be
implemented. Stress that there is no right answer, and they are
not necessarily looking for the cheapest solution, but the best
balance of environmental, economic, and social impacts. Their
predictions should be included as part of their presentation.

16. REVIEWING THE TRIANGLE. Each team should review the strengths
and weaknesses of its strategies in preparation for reporting
and defending its solutions to the class. As part of this process,
students can be questioned about their choices.

17. Remind students that the stabilization triangle is designed
to stabilize our CO, emissions at the level they are at today.
However, in order to stabilize our climate, we will need to
further reduce our emissions. Now explain to students that
to stabilize the concentration of CO, in the atmosphere, our
carbon emissions must be reduced to match the capacity of the
ocean and land biosphere to take up carbon, making net carbon
emissions zero. The current uptake by natural sinks is about four
GtC/yr. It is important for students to realize that the exercise
only takes us part of the way to a solution. See the extension,
Wedge Intensification Worksheet, to bring students further on
the path to an overall solution.

Day Three (45 minutes)

18. Each team prepares a five minute presentation on their process
and their product. The presentations should highlight the
choices they made and why the team thinks they have come
up with an effective solution. Students should be encouraged
to use their creativity in designing their presentations. The
use of display boards, power point, skits, and songs should
be encouraged. Encourage students to utilize elements of art,
music, and theater to liven up their presentations and increase
their effectiveness.

Day Four (45 minutes)
19. Each team delivers its presentation.

20. PROCESSING. In addition to addressing the game and lessons
learned, discussion questions are provided below that
provide an opportunity to develop and assess the students’
understanding of the wedges concept and its applications.

a.Explain the process your team went through to choose
your strategies. How were decisions made? Were there any
disagreements? How were they resolved?
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b. Was efficiency and/or conservation important to your overall
strategy? Why or why not?

c. While this challenge was focused on the issue of climate
change, itis important to consider solutions systemically. Did
you consider the impacts of your choices on the economy
and on other environmental concerns? What about social
impacts?

d.Industrialized countries and developing countries now
each contribute about half the world’s emissions, although
the poorer countries have about 85 percent of the world’s
population. (The U.S. alone emits one fourth of the world’s
CO,.) If we agree to freeze global emissions at current levels,
that means if emissions in one region of the world go up as
a result of economic/industrial development, then emissions
must be cut elsewhere. Should the richer countries reduce
their emissions 50 years from now so that extra carbon
emissions can be available to developing countries? If so, by
how much?

e. Through discussion, ensure students understand that any of
their stabilization triangles represents a revolutionary change
in how we produce and consume energy that will require
substantial investments and require an unprecedented
amount of international cooperation.

Variations

As an option, you can produce copies of each team’s gameboard
and provide copies to each individual student. Students should
then review the gameboards and choose what they think are the
two most promising strategies. As a writing assignment, students
can make the case for their selections. After collecting the papers,
tally up the votes to determine the strategy most favored by the
class.

As another option, you can appoint judges to choose what they feel
is the most effective strategy. In CMI workshops, the teams’triangles
have been judged by experts from various global stakeholder
groups, such as an environmental advocacy organization, the auto
industry, a developing country, or the U.S. Judging ensures that
economic and political impacts are considered and emphasizes
the need for consensus among a broad coalition of stakeholders.
For a classroom, judges can be recruited from local government,
colleges, businesses, and non-profit organizations, or a teacher/
facilitator can probe each team about the viability of its strategies.
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< Extension: Wedge Intensification

M Procedure
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1. Remind students that the stabilization triangle is designed to
stabilize our CO, emissions at the level they are at today. However,
in order to stabilize our climate, we will need to further reduce
our emissions. Now explain to students that to stabilize the
concentration of CO, in the atmosphere, our carbon emissions
must be reduced to match the capacity of the ocean and land
biosphere to take up carbon, making net carbon emissions zero.
The current uptake by natural sinks is about four GtC/yr.

The goal of the “flat path” exercise was to stabilize CO, in
the atmosphere by first freezing emissions at current levels
for 50 years, then reducing emissions later in the century to
match natural sinks. The resulting concentration of CO, in the
atmosphere is projected to be ~500 ppm.

Explain that recently, though, many scientists have been
calling for a tougher target of 450 ppm CO, equivalent, to keep
warming below two degrees Celsius. For example, in July 2008
the leaders of the G8 nations (Group of Eight Nations—Canada,
France, Germany, Italy, Japan, Russia, the United Kingdom, the
United States, and the European Union) proposed cutting global
greenhouse gas emissions by 50 percent from current levels by
the year 2060. For CO,, meeting this goal would require getting
emissions down to the level of natural sinks by 2060, requiring
about another four wedges of carbon mitigation if we started
today (see Master: Stabilization Wedges, page 83). Emissions
would still have to continue to decline after 2060, though much
more slowly than in the flat path scenario, as natural sinks’ uptake
of carbon is expected to gradually wane.

How would your group pursue this tougher target? What
strategies would you use for the additional four wedges?

2. Direct students to the Intensification Wedge board. Explain that
they can now choose four wedges in addition to those selected
previously. They are still subject to the same limits and rules
for using wedges; however, in this segment, they now have an
additional eight climate bucks to use. When their Intensification
Wedge is complete, they can cut out the wedge and tape it to the
bottom of their original wedge.

3. Each team should use their Wedge Intensification Worksheet to
ensure they have stayed within the constraints of the game and
to tally their costs. Have students re-visit the scoring table at the
bottom of their Wedge Worksheets and decide if their actions in
this segment would change their predicted scores.

4. Students should be encouraged to use strategies not listed in

their solutions, if they can provide justification that their strategy
can produce a wedge worth of emissions cuts by 2060.
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< Extension: Personal Wedges

M Procedure

1.
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Explain to students that they can develop “personal wedges”,
finding ways to make their individual contribution to carbon
reductions. In order to stabilize carbon emissions, it will be
necessary to reach a target of one ton/person/year of carbon, on
average. Currently, North Americans are responsible for five tons/
person/year, while many people elsewhere in the world use far less
than one ton per year.

Instruct students to research behaviors and their potential impacts.
To reduce emissions by four tons/year to reach the global average
target, students can create eight half ton (1,000 pounds) wedges
analogous to the global wedges in the previous exercise.

Direct students to their Personal Wedge Guidelines (page 81)
and review how to calculate personal wedges. One approach to
determiningpersonalwedgesistouseoneofthemanyonlinecarbon
Footprint Calculators available. One is available through the EPA at
http://www.epa.gov/climatechange/emissions/ind_calculator.html.
If possible, project the web site on a screen and work through an
example. The site will provide an estimate of how much carbon
they would keep out of the atmosphere through personal actions.
They will need to provide the following information:

=number of people in their household;
=what fuel they use to heat their home;
=miles/year driven by their family (estimate);

=average gas mileage of their family’s vehicles (go to
http://www.fueleconomy.gov/ to research mileage of specific
vehicles);

=amount of their average gas and electric bill; and
=what waste they recycle.

Important: The calculator will provide their CO, emissions, but
wedges are based only on the carbon in the CO,. To determine the
amount of carbon emissions based on CO, emissions, multiply by
0.2727.

Direct students to their Personal Wedge Gameboard (page 85) and
make sure that students understand the wedges are worth 2 ton in
this round, rather than one billion tons as they were in the original
version. Because the boards are the same shape, the same wedge
pieces can be used.

Implementing eight personal wedges is a challenging task—ask
students how likely they are to implement the changes in their
personal triangles. If not likely, how are we going to reach the one
ton/person/year target?

e N
As an option, students can do further research that
answers more in-depth questions. Some suggested
questions are given below:

“T" Wedges

=What mass transit strategies could be used?

=How would the design of cities and towns need
to change?

=What technologies make it feasible to double
the mileage of vehicles?

)

TRANSPORTATION

=What technologies are available that would
allow buildings to increase their efficiency to
this extent?

=How would you persuade builders to build
more efficiently?

=Research the LEED program and explain how it could help
provide another wedge.

=What are “zero energy buildings"? Explain how these could
help provide another wedge.

“H” Wedges g

“E"Wedges

=What technologies are available to double the
efficiency of power plants?

=What areas hold the most promise for
underground carbon dioxide storage? Why?

=sWhat changes will be needed in our infrastructure to fuel
our vehicles with hydrogen? Who would pay for these
changes?

=Using synfuels to generate electricity will increase our
reliance on coal. Explain why you think there will be enough
supplies to provide electricity economically.

sWhat would your plan be for securely storing and
transporting radioactive waste?

&

=How is ethanol made?
the soil?

=Solar electricity is more expensive than any of the other E
wedges. Who would you pay for these additional costs? Or,
=How would you address potential impacts on
food costs and biodiversity?
=Currently, we are losing forests - primarily in the
=Every extra wedge requires adding forests within an area of
the U.S. Is there enough un-forested land in the world to do
this?

how would you make the price more competitive?
tropics. Why? What can be done about this?
- /

“B”Wedges
=What techniques are used to minimize carbon releases from
Exploring Climate Change
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Mitigation: Technological Solutions

There are many strategies available that we can employ as a world
community to reduce GHGs in the atmosphere. There are many
promising new technologies that can be employed, in addition
to those that exist today. The existing strategies fall into these
categories:

=Energy Efficiency and Conservation
=Switching Fuels
=Carbon Capture and Storage

=Enhancing Natural Sinks

Energy Efficiency and Conservation

There are many opportunities for reducing emissions by increasing
efficiencies in the three major sectors of the energy economy —
electricity production, transportation fuels, and direct use of fuels
in residences and industry. Energy efficiency is the most cost-
effective way to reduce GHG emissions. It has already made huge
contribution. From 1973 to 1986 the U.S. economy grew by 36
percent without an increase in energy use. Without these gains in
efficiency we would now have 250 additional power plants and be
emitting 1.5 times more CO,. Even with these gains, however, there
are still vast opportunities. According to the U.S. EPA, our nation’s
buildings still use 30 percent more energy than they need to. These
savings can be had simply by using existing technology.

Switching Fuels for Electricity Generation

While conservation and efficiency can make an important
contribution, they cannot, alone, mitigate climate change. The fuels
we use to generate electricity, provide transportation, and heat our
homes, are primarily carbon-based today. By switching to fuels that
contain less carbon or emit no carbon at all, we can make significant
cuts in GHG emissions.

Carbon Capture and Storage (CCS)

In this strategy, CO, is separated from the other products
of combustion at a power plant or other facility. The CO, is
concentrated and sent to a destination other than the atmosphere.
The most promising storage scenario is geological storage, in which
the CO, is placed deep underground. Alternate carbon storage
ideas include storage deep in the ocean and storage of carbon in
solid form as carbonates.

Carbon capture and storage has the potential to be implemented
wherever there are large point sources of CO,, such as at power
plants and refineries. The storage space available below ground
is probably large enough to make carbon capture and storage a
compelling mitigation option. There are still questions as to how
effective and how costly this strategy will be.

CCS is currently being used on a large scale at three locations.
Norway has pioneered the technology at the Sleipner oil and gas
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field in the North Sea since 1996. Every year the project, run by
state-controlled utility Statoil, injects one million tons of CO, into
saline aquifers 1,000 meters beneath the sea bottom.

In 2004, BP began a CCS project at the In Salah gas field in the
Algerian desert. Approximately 10 percent of the gas in the reservoir
is CO,. Rather than venting the CO,, which is standard practice at
other projects of this type, BP is compressing it and injecting it into
wells 1,800 meters deep—into a lower level of the gas reservoir that
is filled with water. Approximately one million tons of CO, will be
injected into the reservoir every year.

Finally, the Weyburn gas field in Alberta receives CO, via a 330 km
(205 mile) pipeline from a plant in North Dakota that produces
natural gas from coal. The CO, gas, which is a waste product of the
process, was first delivered to Weyburn in 2000 and is being used to
pressurize a gas field to increase production.

Enhancing Natural Sinks

A natural carbon sink is another word for a carbon reservoir. Land
plants store huge amounts of carbon, so fostering that sink by
creating forest plantations and limiting deforestation can combat
the emissions humans release into the atmosphere. Conservation
tillage, in which farmers use practices designed to avoid carbon loss
from soils, also has the potential to provide substantial emissions
reductions if used around the globe.

The Wedge Concept

Because the demand for energy is expected to rise 50 percent over
the next 50 years, keeping carbon emissions flat will require cutting
projected carbon output by about 8 billion tons per year by 2060,
keeping a total of about 200 billion tons of carbon from entering the
atmosphere. This carbon savings is what we call the “stabilization
triangle” We have divided the stabilization triangle into eight
“wedges.” A wedge represents a carbon-cutting strategy that has
the potential to grow from its present level of use to avoiding an
additional 1 billion tons of carbon emissions per year by 2060, or

16 Billion tons of Carbon Emitted per year

15 8 wedges
are needed to
14 build the
3 stabilization
triangle
12 =
1 . STABILIZATION ~~
- TRIANGLE —  1wedge
10 avoids 1 billion
tons of carbon
? emissions per
8 1“wedge” year by 2060
7 I I I I

| ]
2010 2020 2030 2040 2050 2060
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one-eighth of the stabilization triangle. Fifteen strategies have
been identified that could provide a wedge. Each wedge falls into
one or more of the following sectors:

=Electricity
=Transportation
=Heat
=Biostorage

Each of these wedges are described below.

Energy Efficiency and Conservation Wedges

Transportation Efficiency

Today there are about 600 million cars in the world, and it is
predicted that there will be two billion passenger vehicles on the
road in 50 years. Efficiency improvements could come from
using hybrid and diesel engine technologies, as well as

making vehicles out of strong but lighter-weight

Carbon savings from space and water heating can be achieved
with strategies such as adding insulation and air sealing, as well
as installing solar water heating and using passive solar design.
Savings can also be achieved from the use of more efficient
appliances and lighting.

Electricity Generation Efficiency
Today's coal-fired power plants produce about one-fourth of
the world’s carbon emissions and operate at about 35 percent
efficiency, so increasing their efficiency can significantly reduce
emissions. Efficiency can be increased by installing new turbines,
using high-temperature fuel cells, and combining fuel cells
and turbines. Other strategies include cogeneration and
polygeneration.
Producing
the world’s
projected coal-based
electricity with increased
efficiency (increasing from 40%
to 60%).

Due to contributions by renewable energy
sources and nuclear energy, the
electricity sector already generates
about 35 percent of its energy
from non-carbon

sources.

ELECTRICITY GENERATION EFFICIENCY

materials.

Doubling
Cutting carbon emissions from trucks the fuel
and planes by making their en- efficiency of all the
gines more efficient can also cars projected for 2060
help. Aviation is the fast- from 30 mpg to 60 mpg.
est growing mode
of transporta-
tion to-
day. TRANSPORTATION EFFICIENCY
Transportation Conservation
By driving less, tremendous emissions savings are
possible. We can achieve this by choosing to take
public transportation or utilize strategies such
as telecommuting or teleconferencing. Cutting
To make this possible for more in half the
drivers, municipalities can number of miles
expand opportunities for traveled by the world’s
carpooling and public cars. Requires building
transportation. more mass transit and improving

communications networks.

TRANSPORTATION CONSERVATION

Switching Fuels for Electricity Generation
Wedges

Natural Gas
The combustion of natural gas for electricity
and heat produces about half the

emissions of coal used for the same
purposes, so replacing coal with

natural gas can provide
substantial emissions
reductions.

1,100 large

(1 billion watt)
natural gas plants
replacing similar coal
plants. Requires generating

about four times the Year 2000 global
production of electricity from natural gas.

SWITCH FROM COAL TO NATURAL GAS

Efficiency in Buildings

Today carbon emissions arise about equally from providing
electricity, transportation, and heat for industry and
buildings. The largest potential savings are in space

heating and cooling, water heating, lighting, Cutting
and electric appliances. It is projected emissions by
that the buildings sector as a whole 25% in all new and
has the technological and existing residential and
economic potential to commercial buildings by using
cut emissions in more efficient appliances, lighting,
half. insulation, and heating and cooling

technology.

EFFICIENCY IN BUILDINGS

Uranium

Nuclear fission currently provides about 17 percent of the world’s
electricity, and produces no CO,. Although nuclear power

is currently more expensive than fossil-fuel based

electricity, subsidies and high coal and natural gas

prices can make this technology economically Adding new
competitive. Concerns remain, however, nuclear electric
about the long-term storage of plants to provide 1.5
radioactive waste from nuclear times the world's current
power plants, which nuclear capacity, replacing coal
remains toxic for plants. Currently there are 441 plants
thousands of worldwide, with 104 in the U.S.
years.

NUCLEAR ELECTRICITY
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Wind
Wind is a renewable source of energy and is clean, causing no air
or water pollution. Wind is free and an economical energy source
for producing electricity. One of the disadvantages of wind energy
is that it is dependent on the weather. When there is not enough
or too much wind, turbines do not produce electricity efficiently.
In some areas, there is concern about birds and bats that

may be injured by wind turbines. Some people believe

wind turbines produce a lot of sound, and
some think they impact their views of the
landscape. Thousands of wind turbines
have already been installed
around the world, with
capacity increasing at
about 30 percent

per year.

Scaling up

current wind
capacity by 20 times
to replace coal plants
(an additional 780,000 wind
turbines). This would require an area
roughly the size of Germany.

WIND ELECTRICITY

Solar
Photovoltaic (PV) cells convert sunlight to electricity, providing
a source of carbon-free, renewable energy. Solar PV capacity has
recently been expanding at a rate of about 30 percent a year,
but still provides less than 0.1 percent of the world’s energy.
Significant emissions reductions would require increasing

PV installations by a factor of 700 in the next 50 years or
installing PF arrays at 60 times the current rate. A

drawback for PV electricity is its price, which
is declining, but is still 2-5 times higher

than fossil-fuel-based electricity.

Like wind, PV is not able to
provide power at all

times because

Scaling up

current capacity

by 550 times. Arrays
would require an area of

two million hectares, or 20,000
km?Z. This would require an area the

Biofuels

Because plant matter is created by photosynthesis using carbon
dioxide from the atmosphere, combustion of “biofuels” made
from plants like corn and sugar cane simply returns borrowed
carbon to the atmosphere. This cycle would maintain the balance
of CO, in the atmosphere, but because of the CO, emissions
from farming, the ethanol production process, and production

of fertilizer and pesticides, corn ethanol adds more CO, to the
atmosphere than it removes. An increased demand for ethanol
will likely lead to converting forests and grasslands to crop land
for fuel and food. This conversion releases carbon dioxide into
the atmosphere. When these factors are taken into account,
switching to corn ethanol from gasoline would provide little or
no climate change benefit in the next 50 years. By comparison,
the production and use of cellulosic ethanol could reduce CO,
emissions by 18-25 percent compared to gasoline even when the
impacts from clearing land for crops are considered. In tropical
climates, sugarcane is used as a feedstock for ethanol. Because
of its high sugar content, sugarcane yields six times more
ethanol than corn for the same amount of energy input.
This gives sugarcane environmental and economic
advantages over corn ethanol. Brazil now meets
most of its transportation fuel needs
with sugarcane ethanol. The land
constraints for biofuels are more
severe than for wind and
solar electricity, and
can affect food
prices.

Increasing
today’s ethanol
production by about
33 times, and making it
sustainable. Would have to
come from sugarcane not corn.
Would use 1/6 of the world’s cropland
using current practices. This is an area roughly

the size of India.

BIOFUELS

it requires size of New Jersey.
sunlight.

SOLAR ELECTRICITY
Hydrogen from Wind

The electricity produced by nuclear plants, wind turbines, or
solar PV could also be used to split water molecules to make
carbon-free hydrogen for transportation fuel or heat. Hydrogen
is a good fuel for a low-carbon society because, when it’s burned
or used in a fuel cell, the only emission is water vapor. To produce
wind-hydrogen, electricity generated by wind turbines is used
to power electrolysis, a process that liberates hydrogen

from water. Unlike hydrogen produced from fossil

fuels, wind-hydrogen could be produced
on a small scale where it is needed.
Wind-hydrogen would require less
investment in infrastructure for

fuel distribution to vehicle
fueling stations and

1.5 million
additional wind
turbines to provide
hydrogen to replace
fossil fuels used in vehicles and
buildings. Would require a land area

Carbon Capture and Storage (CCS) Wedges

(CCS With Coal Or Natural Gas Electricity

Today’s coal and natural gas-burning power plants
produce about one fourth of the world’s carbon
emissions and are large point-sources of
CO, to the atmosphere. As with all CCS
strategies, to provide low-carbon
electricity, the captured CO,
would need to be stored
for centuries.

Applying
CCS to 600
large (1,000 MW)
baseload coal power
plants or 1200 large
baseload natural gas power
plants in 50 years. Requires storing
3,500 times the capacity of any one of
the three existing projects.

CCS WITH COAL OR NATURAL GAS
ELECTRICITY

homes. .
roughly the size of France.
WIND HYDROGEN
©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108
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Hydrogen from Fossil Fuels with CCS Enhancing Natural Sinks

Because fossil fuels are composed mainly of carbon and hydrogen
they are potential sources of hydrogen, but to have a climate
benefit the excess carbon must be captured and stored.
Pure hydrogen is now produced mainly in two
industries: ammonia fertilizer production and
petroleum refining. Today these hydrogen
production plants generate about 100
million tons of capturable carbon.
Now this CO, is vented, but
only small changes
would be needed
to implement
carbon

Forest Storage
Land plants and soils contain large amounts of carbon.
Today, there is a net removal of carbon from the
Increasing atmosphere by these “natural sinks,” in spite of
the amount deliberate deforestation by people that

of hydrogen adds 1-2 billion tons of carbon to the

produced today (from atmosphere. Land plant biomass years OR establishing new
natural gas and/or coal) | <an b? increased by.both forests over an area the size of
by ten times to replace fossil | reducing deforestation the contiguous United States.
fuels used in vehicles and buildings. | and planting new
Requires storing 3,500 times the capacity | forests.

of any one of the three existing projects

Halting
global
deforestation in 50

capture. FOREST STORAGE
CCS FORHYDROGEN FROM
NATURAL GAS OR COAL
— Soil Storage
Liquid Fuel CCS for Synfuels Conversion of natural vegetation to cropland reduces soil carbon

In 50 years a significant fraction of the fuels used in vehicles and  content by one-half to one-third. However, soil carbon loss can

buildings may not come from conventional oil, but from coal. When  pe reversed by agricultural practices that build up the carbon in
coal is heated and combined with steam and air or oxygen, carbon  sgijls, such as conservation tillage. The term conservation tillage
monoxide and hydrogen are released and can be processed to  refers to a number of strategies and techniques for establishing

make a liquid fuel called a synfuel. crops in a previous crop’s residues, which are purposely left on the
Coal-based synfuels result in nearly twice the carbon soil surface. In addition to improving water conservation and the
emissions of petroleum-derived fuels, since large reduction of soil erosion, these techniques reduce the amount
amounts of excess carbon are released during Capturing of carbon that is lost to the atmosphere from the soil.
the conversion of coal into liquid fuel. anamountof [ Other ways to reduce these carbon transfers
The world’s largest synfuels facility, carbon equal to the | include planting cover crops (crops that Applying
located in South Africa, is the CO; emissions from 180 are planted to help enrich the soil but carbon
largest point source of coal-to-synfuels facilities the are not harvested for food) and management
atmospheric CO, size of the largest facility in the world reducing the period of time strategies to all of the
emissions in today. Requires storing 3,500 times the that a field lays bare. world’s existing agricultural
the world. capacity of any of the existing projects. soils.

CCS FOR SYNFUELS

SOIL STORAGE

Carbon Capture and Storage Overview

Carbon dioxide from a power plant or industrial facility will be separated from other flue gasses at a separation facility on site. It will
then be pressurized into a liquid and transported via pipeline to be used in a new application or in enhanced hydrocarbon recovery.
Or, it will be sent underground into a deep saline formation, depleted oil reservoir, or unmineable coal seam.

’_ l_ I_ POWER PLANT

EEEEEEEEEEE (0, may be Industrial uses and food products
(0, SEPARATION tansared o
FACILITY away from the
PIPELINE |_|QUI|F|ED 0, pO\INerplant INJECTION
| e ' ; —— 1 WELL

Note: Not to scale
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Student Game Instructions and Materials

The goal of this game is to construct a stabilization triangle using eight wedge strategies, with only a few constraints to guide you. From
the 15 potential strategies, choose 8 wedges that your team considers the best global solutions.

Rate the Wedges

1.

Rate the Wedges individually using the Wedge Ratings worksheets. Each team member should read the wedge descriptions and fill in
several advantages and challenges presented by each wedge. Then, assign a positive integer from 0 to +3 to rate the advantages of the
wedge (+3 representing the greatest advantage 0 representing the least advantage). The same should be done to rate the challenges
of each wedge using negative integers from -3 to 0 (-3 representing the most challenging and 0 representing the least challenging). To
determine your Advantage-Challenge score for each wedge, add together the advantage rating and the challenge rating. The solutions
with the highest Advantage-Challenge scores might be considered the most promising solutions for stabilizing the climate.

Build a Group Triangle

2,

Share your wedge ratings with each other and discuss their relative challenges and advantages. You have a budget of 12 climate bucks
and you have limits on how many wedges you can use from each sector.

. Find the Wedge Gameboard and cut apart the red, green, yellow, and blue wedge pieces supplied (if not already done for you).

. Choose Wedge Strategies: Reach a decision as a team on one wedge strategy at a time to fill the 8 spots on the Wedge Gameboard. The

four colors of the wedge pieces indicate the sector; transportation (blue), heat (yellow), electricity (red), and biostorage (green). Choose
a red, yellow, blue, or green wedge for your strategy, then label the wedge to indicate the specific strategy. Read the questions for
each wedge chosen on the Wedge Table and fill in your answers on the Wedge Worksheet. Use a separate sheet of paper if more space is
needed.

. Most strategies may be used more than once, but not all strategies can come from one energy sector. Also, the cost of many

wedges increases as more are used (see the Wedge Table). Of the 16 billion tons of carbon emitted in the 2060 baseline scenario, we
assume electricity production accounts for 6 wedges, transportation fuels account for 5 wedges, and direct fuel use for heat and other
purposes accounts for 5 wedges. Because of the limits on land available for biostorage, there is a limit of 3 “B” wedges.

Analyze and Explain Your Strategy

6.

7.

For each of the 8 strategies chosen, each team should fill out one line in the Wedge Worksheet. After all 8 wedges have been chosen,
tally total cuts from each energy sector (electricity, transportation, heat, and biostorage) and costs. Use the scoring table to predict how
different interest groups would rate your wedge on a scale from 1 to 5.

Each team should give a 5-minute oral report on the reasoning behind its triangle. The report should justify your choice of wedges to
the judge(s) and to the other teams.

Note: There is no “right” answer.

How Much is a Wedge Worth?

A wedge of any strategy replaces:
=550 GW of coal-based electricity (or 1400 GW natural-gas based electricity),

OR

=330 billion gallons of gasoline or heating oil,
OR

=1.3 billion tons (or 190 billion cubic feet) of natural gas.
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Wedge Ratings

TRANSPORTATION EFFICIENCY
$T

TRANSPORTATION CONSERVATION
$T

EFFICIENCY IN BUILDINGS
SHE

One Wedge Equals...

Doubling the fuel efficiency of all
the cars projected for 2060 from
30 mpg to 60 mpg.

Cutting in half the number of
miles traveled by the world’s
cars. Requires building more
mass transit and improving
communications networks.

Cutting emissions by 25% in

all new and existing residential
and commercial buildings by
using more efficient appliances,
lighting, insulation, and heating
and cooling technology.

Advantages

Challenges / Costs

Advantages Rating
(0-3)

Challenges Rating
(-3-0)

Score
(Advantage -
Challenges)
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Wedge Ratings

ELECTRICITY GENERATION CCS WITH COAL OR NATURAL GAS CCS FOR HYDROGEN FROM €CS FOR SYNFUELS
EFFICIENCY ELECTRICITY NATURAL GAS OR COAL SSHT
SE $SE $SSH,T !
One Wedge Producing the world’s Applying CCS to 600 Increasing the amount of | Capturing an amount
Equals... projected coal-based large (1,000 megawatt) hydrogen produced today | of carbon equal to the
electricity with increased baseload coal power (from natural gas) by ten CO5 emissions from 180
efficiency (increasing from | plants or 1200 large times to replace fossil coal-to-synfuels facilities
40% to 60%). baseload natural gas fuels used in vehicles the size of the largest
power plants in 50 years. and buildings. Requires facility in the world today.
Requires storing 3,500 storing 3,500 times the Requires storing 3,500
times the capacity of any | capacity of any one of the | times the capacity of any
one of the three existing three existing projects. of the existing projects.
projects.
Advantages
Challenges /
Costs
Advantages
Rating (0-3)
Challenges
Rating (-3 - 0)
Score
(Advantage -
Challenges)
©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108 1.800.875.5029 www.NEED.org

73




Wedge Ratings

ELECTRICITY — SWITCH FROM

COALTO NATURAL GAS NUCLEAR ELECTRICITY WIND ELECTRICITY SOLAR ELECTRICITY
$SE $SE $$SE
$E

One Wedge 1,100 large (1 billion Adding new nuclear Scaling up current wind Scaling up current

Equals... watt) natural gas electric plants to provide capacity by 20 times to capacity by 550 times.
plants replacing similar 1.5 times the world’s replace coal plants (an Arrays would require
coal plants. Requires current nuclear capacity, additional 780,000 wind an area of two million
generating about four replacing coal plants. turbines). This would hectares, or 20,000 km?2.
times the Year 2000 global | Currently there are 441 require an area roughly This would require an area
production of electricity plants worldwide, with the size of Germany. the size of New Jersey.
from natural gas. 104 in the U.S.

Advantages

Challenges /

Costs

Advantages Rat-
ing (0-3)

Challenges
Rating (-3-0)

Score
(Advantage -
Challenges)
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Wedge Ratings

WIND HYDROGEN BIOFUELS FOREST STORAGE SOIL STORAGE
$98T SSHT $B $B
One Wedge 1.5 million additional Increasing today’s ethanol | Halting global Applying carbon
Equals... wind turbines to provide production by about deforestation in 50 years management strategies to
hydrogen to replace fossil | 33 times, and making it OR establishing new all of the world’s existing
fuels used in vehicles and | sustainable. Would have forests over an area the agricultural soils.
buildings. Would require a | to come from sugarcane size of the contiguous
land area roughly the size | not corn. Would use % of United States.
of France. the world’s cropland using
current practices. This is
an area roughly the size
of India.
Advantages
Challenges /
Costs
Advantages
Rating (0-3)
Challenges
Rating (-3 - 0)
Score
(Advantage -
Challenges)
©2011 The NEED Project P.O.Box 10101, Manassas, VA 20108 1.800.875.5029 www.NEED.org
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Wedge Table

Before choosing a wedge, read the instructions for the wedge below.

Only complete wedges may be used, unless:

=you are directed to use a 2 wedge due to the constraints of the game; or

=you need to use a 2 wedge to complete your board.

STRATEGY CosT LIMITS AND SPECIAL INSTRUCTIONS
Transportation | T You can only use this wedge once. If you choose this wedge, then the cost of all other “T” wedges is
Conservation $ multiplied by 1.5 times.
Transportation | T You can only use this wedge once. If you choose this wedge, then the cost of all other "T" wedges is
Efficiency $ multiplied by 1.5 times.
Efficiency in 2H+%E | Youmustuse ' of an "H" wedge and ¥z of an “E”"Wedge.
Buildings $
Electricity E If you choose this wedge strategy, then the cost of all other “E” wedges is multiplied by 1.5 times.
Generation $ You may only use this wedge once.
Efficiency
CCS with Coal E If you chose Electricity Generation Efficiency, then each wedge of this you choose costs $5$5.
or Natural Gas $$
Electricity
CCS with HorT If you chose Transportation Efficiency or Conservation, then you can only use this wedge once as a
Hydrogen from | $$$ “T"wedge and the cost is $$$$$ (41-9).
Natural Gas or
Coal
CCS Synfuels HorT If you chose Transportation Efficiency or Conservation, then you can only use this wedge once as a
8% “T"wedge and the cost is $55.
Electricity - E If you chose Electricity Generation Efficiency, then each wedge of this you choose costs $$.
Switch from $
Coal to Natural
Gas
Nuclear E If you chose Electricity Generation Efficiency, then each wedge of this you choose costs $5$5.
Electricity $$
Wind Electricity | E If you chose Electricity Generation Efficiency, then each wedge of this you choose costs $5$5.
$$
Solar Electricity | E If you chose Electricity Generation Efficiency, then each wedge of this you choose costs $$$5¢
$93 (4158).
Wind Hydrogen | EorT If you chose Electricity Generation Efficiency, then each “E” wedge of this you choose costs $$55¢
$9% (4'29). If you chose Transportatinn Efficiency or Conservation, then you can only use this once as a
“T"wedge and the cost is $55$$ (47:5).
Biofuels HorT If you chose Transportation Efficiency or Conservation, then you can only use this once as a“T”
$S wedge and the cost is $$$
Forest Storage B There are no limitations.
$
Soil Storage B You may only use one of these wedges. Since a wedge requires practicing low-carbon farming
S techniques on all the world’s farmland, there is only one wedge available.
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Wedge Gameboard

Limits:

n “E"wedges (6max):
(1] “T"wedges(5max):
(1] “H'wedges(5max):____
[E] “B"wedges@3max:____

You have a limit of 12 climate bucks
to spend on your strategies.

8 billion
tons of carbon
per year

2010

2060
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Guidelines:

= A strategy may be used more than once if allowed (see Wedge Table). You must justify this decision in the last column.

=Only complete wedges may be used, unless:

=you are directed to use a %2 wedge due to the constraints of the game (to indicate a ¥> wedge, list two wedges on the same line.

Note: You must use the full cost for a /2 wedge); or

=you need to use a 2 wedge to complete your board.

Wedge Worksheet

STRATEGY SECTOR C0ST CHALLENGES
(E, H,T,0RB)
1
2
3
4
5
6
7
8
Totals E= (6 max)
H= (5 max)
T= (5 max)
B= (3 max) (12 max)
How would each of these groups rate your proposal on a scale of 1-5?
TAXPAYER/ ENERGY ENVIRONMENTAL | MANUFACTURERS | INDUSTRIALIZED DEVELOPING
CONSUMERS COMPANIES GROUPS COUNTRY COUNTRY TOTAL
GOVERNMENTS GOVERNMENTS

Score
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Wedge Intensification Worksheet

Guidelines:

= A strategy may be used more than once if allowed (see Wedge Table). You must justify this decision in the last column.

=Only complete wedges may be used, unless:

=you are directed to use a %2 wedge due to the constraints of the game (to indicate a ¥> wedge, list two wedges on the same line.
Note: You must use the full cost for > wedge); or

=you need to use a 2 wedge to complete your board.

TOTAL WEDGES WEDGES USED ALREADY WEDGES LEFT TO USE
E 6
H 5
T 5
B 3
STRATEGY SECTOR CosT CHALLENGES
(E,H,T,0RB)
1
2
3
4
Totals E= (6 max)
H= (5 max)
T= (5 max)
B= (3 max)
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Personal Wedge Guidelines

One approach to determining your personal wedges is to use one of the many online carbon footprint calculators available. One is available
through the EPA at http://www.epa.gov/climatechange/emissions/ind_calculator.html. It will provide an estimate of how much carbon
you will keep out of the atmosphere through personal actions. You will need to provide the following information:

=number of people in your household;

=what fuel you use to heat your home;

=miles/year driven by your family (estimate);

=average gas mileage of your family’s vehicles (go to http://www.fueleconomy.gov/feg/findacar.htm to find out your mileage);
=amount of your average gas and electric bill; and

=what waste you recycle.

Important: The calculator will provide your CO, emissions, but wedges are based only on the carbon in the CO,. To determine the amount
of carbon emissions based on CO, emissions, multiply by 0.2727.

Below are some examples of ways to create personal wedges (all calculations were made from U.S. EPA data and formulas).

To calculate your actions individually, you can use the information below as a starting point.

Transportation

ﬁ Every gallon of gasoline releases about 5.5 pounds of carbon. What is the average mileage of your family car? To find out, you can
visit the EPA’'s Fuel Economy web site at http://www.fueleconomy.gov/feg/findacar.htm. Once you know your car’s gas mileage
you can then figure out how many miles per year and pounds of carbon you could save by:

TRANSPORTATION

=Biking

=Walking

=Taking public transportation

=Combining trips

About 188.5 gallons are needed for a 2 ton (1,000 pound) wedge.

Electricity

<, Every kilowatt-hour (kWh) of electricity releases an average of 1.34 pounds of carbon. This number could be higher or lower
’ depending on how your electricity is generated. One kWh is consumed if ten 100 watt light bulbs are on for an hour. Decreasing
§ your consumption by a little over 746 kWh per year would provide a /2 ton wedge. Here are few ways to get there:

=Replace five 60W incandescent bulbs with 15W compact fluorescents (lights on 4 hours/day) — save about 440 pounds of carbon emissions
per year.

=Reduce the on-time of your TV by two hours/day (200 watt TV) - save about 196 pounds of carbon emissions per year.

=Air dry clothing or dry full loads to reduce the overall number of dryer loads. Eliminating 1 dryer load of laundry per week saves about 376
pounds of carbon emissions per year (5400 watt electric clothes dryer).

To figure out how much you can save by reducing the use of appliances or replacing appliances with more efficient models, use the Plug
Loads guide and spreadsheet available at www.NEED.org.

Important: The Plugloads Spreadsheet will provide your CO, emissions, but wedges are based only on the carbon in the CO,. To determine
the amount of carbon emissions based on CO, emissions, multiply by 0.2727.
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Heating

If you heat your house or your hot water with natural gas,
E then you also have great opportunities to save. Natural

gas is measured in either therms or hundreds of cubic
feet (CCF). One CCF is equal to about one therm (1.031). Every therm
of natural gas burned releases about six pounds of carbon into the
atmosphere. Every gallon of oil burned for heating your home
releases about seven pounds of carbon. The first step is to look at
your utility bills and see how many therms or gallons you use in
a year. Then you can figure out how much you can save by using
these figures:

=For every degree you set your thermostat lower than you do now,
you can reduce your consumption (and your carbon emissions)
by about three percent. For instance, if you currently use 1,000
therms/year and keep your thermostat at 72°F at all times and you
lower it to 71°F, then you would only use 970 therms. This would
save 180 pounds of carbon.

=If you keep your heat at the same temperature at all times, you
can save by turning it down when the house is empty and when
everyone is asleep. If you turn your heat down by one degree for
100 hours/week (8 hours/day every weekday when everyone is at
school or work and 8 hours every night when everyone is asleep),
you can reduce your fuel use by one percent.

=If your water heater is set too high, you can save here as well.
Every two degrees you lower the temperature would save about 1
percent of the energy used to heat your water. For an average home
that equates to about 16 pounds of carbon if using natural gas. If
you heat your water with electricity, then each two degrees you
lower the temperature eliminates 32 pounds of carbon emissions.
Either way, you will need to measure your water temperature at a
faucet. After lowering the thermostat on the water heater, check it
again to see how much the temperature decreased (allow several
hours before checking).

Cooling
Air conditioning America’s homes accounts for five
ﬁ percent of all electricity consumed. Determining
your cooling savings is even trickier than heating. To

determine personal wedges from AC savings, use the EPA's carbon
footprint calculator mentioned on the previous page.

Biostorage
$ Trees absorb carbon from the atmosphere through

the process of photosynthesis. By planting trees, you
can effectively take some of the carbon emissions you
produce out of the atmosphere to help create personal wedges.
Estimates for how much carbon can be absorbed by a tree vary
widely and depend on the species of tree and local climate. Also,
a mature tree will take more carbon out of the atmosphere than a
sapling just planted. Assuming a conifer tree is planted, the tree will
eventually absorb 13 pounds of carbon per year. You would need to
plant almost 80 trees in order to make a wedge.

82

The Trouble With Figuring Out Personal
Heating and Cooling Wedges

In most climates, you can make the biggest difference in
your carbon footprint by decreasing the amount of energy
you use to heat or cool your house. However, determining
what actions will add up to a personal wedge is difficult
because there are so many variables. These include:

sthe size of your house;

=how cold your climate is;

=how old and how efficient your furnace or air conditioner
is;

=the degree to which your house is insulated and air-
sealed; and

sthe extent to which you use natural gas for other uses
such as water heating, cooking, and clothes drying.

To get an idea of how much you can save, use the
instructions in this section; however, be aware that the
impacts of your actions could vary widely.
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Master: Stabilization Wedges
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@ Master: Wedge Limitations
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adapt
albedo
atmosphere

biofuels

biomass
biosphere

carbohydrates

carbon
carbon cycle

carbon dioxide

carbon neutral

carbon reservoir

Climate Change Glossary

to make changes or modifications.
the ability of any surface to reflect light
the surrounding gaseous state of the air around the Earth

fuel considered carbon neutral; biofuels are produced from renewable resources such as vegetable oils,
animal fats, and plant biomass

living organic matter that can be converted to fuel as an energy source
the parts of Earth that support life—water, atmosphere, land

organic compounds produced through photosynthesis that contain sugar, starch, and cellulose that are
consumed by animals for energy

a basic building block of matter that exists naturally; C on the periodic table of elements
the organic circulation of carbon atoms in the biosphere exchanged between organisms and the environment

an odorless, colorless, noncombustible gas produced from respiration, organic decomposition, and
combustion

no carbon dioxide gas production going into the atmosphere

area between major carbon sinks including the biosphere, lithosphere, hydrosphere, and atmosphere

carbon sequestration removal of carbon dioxide from the atmosphere to other carbon sinks

carbon sinks

climate

climatologist
climatology
closed-loop
combustion
compound
concentration
conservation
consumption
convection
core

cycle

decay
deforestation
degassing
drought
emissions

energy

energy efficiency

energy
transformation

a reservoir that accumulates and stores carbon

meteorological conditions in the atmosphere of a certain region over a relatively long period of time including
temperature, winds, and precipitation

a scientist that works in the field of climatology dealing with climate and climate conditions

a field of science that deals with climate or climate conditions

relating to a system that processes the materials in the system to be used over and over again
a burning process where a substance reacts with oxygen to emit heat and light

a pure substance formed by combining elements

the amount of a specific substance within another substance

saving or preserving to prevent depletion, loss, or extinction

to use or destroy

the transfer of heat energy through the motion of currents (actual movement of heated material)
the central part or center

a repeating pattern

to rot, break down, or deteriorate

the clearing or cutting down of trees or forests

to remove or be free of gas

a long period of dry weather with abnormally low precipitation

substances released or emitted into the atmosphere

the ability to produce change or do work

using less energy to produce the same (equivalent) amount of something

any process of energy conversion from one form to another form of energy

The NEED Project P.O.Box 10101, Manassas, VA 20108 1.800.875.5029 www.NEED.org

87




erosion
ethanol
fission
fossil fuels
fusion

gas

geology

gigatons

global warming
greenhouse gases
habitat
hydrocarbon
hydrosphere
impact

infrared radiation

intergovernmental
kilowatt-hour
lithification
lithosphere
meteorology

methane

Milankovitch Cycles
mitigation

nitrous oxide
nonrenewable

ozone

photosynthesis

precipitation
proportion
radiation
radioactivity
reforestation
renewable
reservoirs
respiration
smog

solar

species

sustain

the wearing down of the surface of the Earth by movement from water, wind, waves, or glaciers
an alcohol fuel (ethyl alcohol) produced from fermenting sugars and starches found in plants
splitting into parts; splitting or fragmenting the nucleus of atoms to release energy

the remains of plants and animals that died millions of years ago

the joining of nuclei of atoms to form heavier, more stable nuclei

a state of matter in which the molecules are in random order and motion that takes on the shape of the
available space; air is a mixture of gases

a field of science that deals with the dynamics and physical history of Earth structures such as rocks, and the
processes that cause change in the Earth

a unit of measure equal to one billion tons

the increase of Earth's average atmospheric temperature

(GHGs) naturally occurring gases in the atmosphere that blanket the Earth keeping it warm
an environment that is natural for the growth and life of an organism

an organic compound consisting of hydrogen and carbon

all water on or around the Earth including surface, ground, ice, and water vapor

an impression or force one thing has on another

electromagnetic waves produced from very hot objects, which are longer than visible light and shorter than
radio waves and we can feel them produced from an incandescent bulb

work that combines two or more levels of governments

amount of energy it takes to burn a 100-watt light bulb for 10 hours

processes of compaction or cementation in which smaller sediments are forced together into rock or stone
the solid portion of the crust and upper mantle of the Earth

the science dealing with the atmosphere and its phenomena, including weather and climate

colorless, odorless, flammable gas used as fuel that is naturally released during decomposition of organic
materials; consists of one carbon and four hydrogens—the major component of natural gas; it is a greenhouse
gas

changes in the Earth's movements that affect climate

relief; to lessen or make milder

also known as laughing gas, N,O is a sweet-smelling and tasting, nonflammable, colorless gas
energy or natural resources that cannot be replaced once it has been used up

05; a form of oxygen that is naturally formed in the ozone layer of the atmosphere by electrical discharges
or ultraviolet radiation

process utilizing light as the energy source, in which green plants produce carbohydrates from carbon
dioxide and water and release oxygen as a byproduct

rain, snow, sleet, or hail that are products of condensation in the atmosphere that fall to Earth
a part or parts in relationship to the whole; amounts within an amount; ratio

the emitting of particles or waves giving off energy; energy from the sun in rays or waves
nuclear decay that emits a stream of particles or electromagnetic rays

the replanting of trees on deforested land

energy or natural resources that are never used up or can be replaced

a natural storage; an extra supply

inhaling and exhaling air; breathing

atmospheric emissions in fog

of or relating to the sun

groups of organisms that have common properties or characteristics

support; keep in existence or maintain
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synfuel

thermal energy
thermal expansion
volcanism
weather

weathering

synthetic fuel; a fuel in the form of a liquid or gas that is produced from the fermentation of substances like
grains or from coal, shale, or tar sand

heat energy; the combined sum of latent and sensible heat

the tendency of matter to change in volume due to a change in temperature

relating to volcanic activity or volcanic force

describes the meteorological conditions in the atmosphere over a short period of time

chemical and mechanical processes that decompose or break down rock
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Exploring Climate Change
Evaluation Form

State: Grade Level: Number of Students:
1. Did you conduct the entire unit? O Yes O No
2. Were the instructions clear and easy to follow? O Yes Q No
3. Did the activities meet your academic objectives? O Yes O No
4., Were the activities age appropriate? O Yes U No
5. Were the allotted times sufficient to conduct the activities? O Yes Q No
6. Were the activities easy to use? O Yes Q No
7. Was the preparation required acceptable for the activities? O Yes Q No
8. Were the students interested and motivated? QO Yes Q No
9. Was the energy knowledge content age appropriate? O Yes Q No
10. Would you teach this unit again? O Yes Q No
Please explain any ‘no’ statement below.

How would you rate the unit overall? O excellent good 0 fair Q poor
How would your students rate the unit overall? U excellent good Q1 fair O poor
What would make the unit more useful to you?
Other Comments:
Please fax or mail to: The NEED Project

P.O.Box 10101

Manassas, VA 20108

FAX: 1-800-847-1820
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