Chemistry I

Discussion-based Instruction

Greenhouse Gases and Climate Change

The lesson can be adapted for Biology I by soft-pedaling greenhouse gases other than carbon dioxide and stressing impact on ecosystems and public health.  It can be adapted to Physical Science, Earth Science, or Life Science by simplification.  The subject is likely to come up spontaneously in advanced placement classes, including non-science AP courses.

Planning Tasks:

· Have information and page numbers ready from the text about carbon dioxide, methane, chlorofluorocarbons, and miscellaneous greenhouse gases.

· Make hard copies of supplemental online material regarding sources and impact of reactive nitrogen.

Lesson Objectives:

· Content Objectives:

· Understanding greenhouse gases and their effects

· Discovery of widely underappreciated greenhouse gases

· Seeking ways of mitigation

· Discovering the interrelationships between the different scientific fields of biology, chemistry, and earth science

· Exploration of the relationship between science and society

· Discourse Objectives:

· To ensure that everyone has a chance to speak

· To practice communicating, listening, thinking, and observing

· To share ideas about an urgent issue involving several branches of science

· To discover and learn to live with differences of opinion

· To reach a consensus whenever possible

Discussion Approach:


Initial:  Problem-based

Final:  Sharing Ideas

Tables and Web of Major Ideas:

Significant Greenhouse Gases

Greenhouse Gas
Sources
Mitigation

CO2
Combustion of fossil fuels

Cellular respiration in all life forms

Deforestation (loss of carbon fixation)
Usage of noncombustive energy sources

Energy conservation

Human and domestic animal population control

Reforestation (carbon fixation)

Subterranean sequestration

CH4 

from fermentation
Trash in landfills

Intestinal emissions from humans, pets, livestock, and wild animals
Recycling

Human and domestic animal population control

Human herbivory (reduction of livestock population)

Reactive nitrogen
Combustion of fossil fuels

Usage of synthetic fertilizers

Deforestation (loss of nitrogen fixation)
Usage of energy sources other than petroleum and coal

Energy conservation

Sustainable agriculture

Reforestation (nitrogen fixation)

Sequestration by conversion into inert N2

Chlorofluorocarbons
Aerosol propellants, refrigerants
Already banned, will eventually degrade

Consequences of Excessive Greenhouse Effect
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Comparison of Energy Sources

Energy Source
Advantages
Disadvantages

Solar
Renewable, no emissions

Most technologically advanced

Decentralized production on roofs

Public works projects in deserts
Won't work when overcast

Won't work at night

Panels must be cleaned daily

Wind
Renewable, no emissions

Lucrative, works when overcast or at night

Additional source of income for farmers

Public works projects in mountainous areas
Avian fatalities

Visually conspicuous

Geothermal
Renewable, no emissions

Useful anywhere for building climate control

Lucrative in geologically active areas
Public works projects at risk for seismic events and volcanism

Wave
Renewable, no emissions

More lucrative in winter when surf is high
Not available in landlocked areas

Biodiesel
Emissions are refixed by next year's crop

Sugar cane is a superior source over corn

Cane sugar can cause diabetes when eaten
If corn is used, food prices rise and world hunger increases

Agriculture is stressful to the land

Hydroelectric
Renewable, no emissions

Public works projects at rivers

Artificial lakes are a source of drinking water
Disrupts lentic ecosystems

Submerges farmland and communities

Nuclear
No greenhouse gas emissions or smog
Hazardous waste persists forever

Waste can be made into bombs

Unsafe workplace

Risk of deadly accidents

Natural gas
No nitrogenous emissions or smog
CO2 emissions

Key Questions:

· How are greenhouse gases different from smog?

· Name a major greenhouse gas.  Where does it come from?  Why is it increasing?

· Why is some carbon dioxide necessary to sustain life?

· What is meant by the name fossil fuels?

· What would happen to the gases in the atmosphere if all fossil fuels were burned?  Would it still be an oxidizing atmosphere or would it become a reducing atmosphere?

· Name a greenhouse gas besides carbon dioxide.  Where does it come from and why is it increasing?

· What has already been done about one class of greenhouse gases?  Why?

· Why is reactive nitrogen often overlooked as greenhouse gas?

· Why is some greenhouse effect necessary to sustain life?  What would happen if there wasn't enough?

· How does increased thermal energy in the lower atmosphere affect the weather?

· What happens to the upper atmosphere when too much heat is trapped in the lower atmosphere? How does this affect the weather?  How does this paradox affect the climate overall?

· Why are sea levels rising?  [Two reasons]

· Some earth scientists are concerned that climate change is causing earthquakes and tsunamis. Why?

· How can carbon dioxide in the atmosphere be controlled or reduced?  What about methane? What about reactive nitrogen?

· Name an energy source.  Would this source eliminate emissions of greenhouse gases?  What are its advantages and disadvantages?

· Why are some reluctant to address climate change?  How might these concerns be addressed?

· Are you concerned about climate change?  Why or why not?

· Are your parents concerned?  Why or why not?

· What can individuals and families do?

· If you were in Congress, what would you do?  If you were President?

· What kind of sacrifices would you expect to have to make?  What changes would actually make life better?

Key questions specifically for Biology I classes:

· Why are polar bears now endangered?

· How is climate change affecting other Arctic life?

· How is climate change affecting migration patterns?  Reproduction patterns?

· What role does deforestation play in climate change?

· What role does climate change play in desertification?

· Why are tropical infectious diseases such as malaria and West Nile spreading northward?

· Why are sea levels rising?  Which ecosystems are most endangered by rising sea levels?  What types of land are most affected?  Who is most affected?

· How is climate change affecting the tropics?  The temperate zone?

· Where did the carbon in coal and oil originally come from?  How did it end up in the ground?  What would happen to the oxygen in the air if all the coal and oil were burned?

Plan for Physical Space:

If there are desks in the classroom, arrange them in a horseshoe shape so that everyone can see one another.  If there are only fixed lab benches, have the students sit in semicircles around them facing the board, to facilitate as much interpersonal contact as possible.

Conducting the Lesson:

· Procedure for introduction of the lesson:


“Do you look forward to getting into a vehicle in the warm sun on a cold day?  Do you dread getting into one in the hot sun?  Sometimes greenhouse effect can be good and sometimes it's bad. We've been studying the gas laws* for some time now; today we'll have a change of pace and discuss greenhouse gases.  Be sure to pay attention and take notes, because there'll be a quiz at the end of class.”

· For Biology I, the antecedent lessons involve ecosystems.

Knowing about the quiz in advance will create an incentive to pay attention.  Open textbooks to sidebar about greenhouse gases.  Distribute handouts about nitrogen (omitted for Biology I).

· Procedure for ending discussion:


“Which idea or thought from our discussion struck or surprised you the most?”

Debriefing:

· How did our discussion go today?

· Did everybody get a chance to say something?

· Did we really listen to each other?

· Did we ever seem to get bogged down?  Why?

· How can we improve our discussion next time?

Assessment:


“Write down the most important point you think was made during our discussion.  You may use your notes if you like.  You have until the bell.  Put your answer in the Inbox when you're done.”

Grade exclusively for content, but do take note of grammar.  Consistent grammatical errors can be referred to the English teacher for intervention.
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