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Module Summary

Overview of Module

This module presents four activities that address how alternative fuels are used for transportation. An understanding of alternative fuels is developed in the first activity. The second activity develops an understanding of the concept of "carbon neutral." The third activity allows students to practice science and mathematics skills as they learn about how fuel is developed. Activities were designed to stand alone, but they may work toward a comprehensive project in activity four, designing a car that is environmentally friendly and uses alternative fuels.

Primary Career Cluster:  Transportation, Distribution, and Logistics
Primary Career-Cluster Pathways:  Transportation Operations and Transportation Systems/Infrastructure Planning, Management and Regulation

Related Occupations:  Engineer, Environmental Compliance Inspector, and Regulator

Recommended Grade Level: High School
Recommended Subject Areas:  Introduction to Technology, Inventions and Innovations, Environmental Studies, Introduction to Engineering Design, and Power and Technology
TDL Cluster Knowledge and Skills and Performance Elements Addressed

· TRC03.01  Formulate ideas, proposals and solution to transportation-, distribution-, and/or logistics-related problems in order to ensure effective and efficient delivery of products or services to targeted consumers.

· TRC06.09.02  Identify opportunities for improvement of performance related to the problems found in an assessment of health, safety, and environmental issues.

Common Core Standards

Language Arts

· RI.9-10.1. Cite strong and thorough textual evidence to support analysis of what the text says explicitly as well as inferences drawn from the text.
· RI.9-10.2. Determine a central idea of a text and analyze its development over the course of the text, including how it emerges and is shaped and refined by specific details; provide an objective summary of the text.

· SL.9-10.1. Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.

· SL.9-10.1.a. Come to discussions prepared, having read and researched material under study; explicitly draw on that preparation by referring to evidence from texts and other research on the topic or issue to stimulate a thoughtful, well-reasoned exchange of ideas.

· SL.9-10.1.b. Work with peers to set rules for collegial discussions and decision-making (e.g., informal consensus, taking votes on key issues, presentation of alternate views), clear goals and deadlines, and individual roles as needed. 

· SL.9-10.1.c. Propel conversations by posing and responding to questions that relate the current discussion to broader themes or larger ideas; actively incorporate others into the discussion; and clarify, verify, or challenge ideas and conclusions.

· SL.9-10.1.d. Respond thoughtfully to diverse perspectives, summarize points of agreement and disagreement, and, when warranted, qualify or justify their own views and understanding and make new connections in light of the evidence and reasoning presented.

· SL.9-10.2. Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.

· SL.9-10.3. Evaluate a speaker’s point of view, reasoning, and use of evidence and rhetoric, identifying any fallacious reasoning or exaggerated or distorted evidence.

· SL.9-10.4. Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.

· SL.9-10.5. Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance understanding of findings, reasoning, and evidence and to add interest.

· RH.9-10.4. Determine the meaning of words and phrases as they are used in a text, including vocabulary describing political, social, or economic aspects of history/social studies.

· RST.9-10.1. Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.

· RST.9-10.2. Determine the central ideas or conclusions of a text; trace the text’s explanation or depiction of a complex process, phenomenon, or concept; provide an accurate summary of the text.

· RST.9-10.7. Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.

· WHST.9-10.1. Write arguments focused on discipline-specific content. 
· WHST.9-10.1a. Introduce precise claim(s), distinguish the claim(s) from alternate or opposing claims, and create an organization that establishes clear relationships among the claim(s), counterclaims, reasons, and evidence. 

· WHST.9-10.1b. Develop claim(s) and counterclaims fairly, supplying data and evidence for each while pointing out the strengths and limitations of both claim(s) and counterclaims in a discipline-appropriate form and in a manner that anticipates the audience’s knowledge level and concerns.

· WHST.9-10.7. Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

· WHST.9-10.9. Draw evidence from informational texts to support analysis, reflection, and research.

· WHST.9-10.10. Write routinely over extended time frames (time for reflection and revision) and shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks, purposes, and audiences.

Mathematics:
· N-Q 1. Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays. 

· N-Q 2. Define appropriate quantities for the purpose of descriptive modeling. 

· A-CED 1. Create equations and inequalities in one variable and use them to solve problems. Including equations arising from linear and quadratic functions, and simple rational and exponential functions.
· A-REI 1. Explain each step in solving an equation as following from the equality of numbers asserted at the previous step, starting from the assumption that the original equation has a solution. Construct a viable argument to justify a solution method.

· A-REI 3. Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters. 

· G-CO 12. Make formal geometric constructions with a variety of tools and methods (compass and straightedge, string, reflective devices, paper folding, dynamic geometric software, etc.) 
Objectives
	What I Want Students to Know
	What I Want Students to be Able to Do

	· Identify multiple types of energy.

· Identify alternative fuels available for vehicles.

· Explore the history of carbon fuels in U.S. transportation.

· Explore options to reduce transportation-related carbon emissions.

· Explore ethanol as a fuel source.

· Identify how ethanol is produced from organic substances.

· Explore options for improving fuel efficiency.

· Identify options for designing environmentally friendly cars.


	· Describe the advantages and disadvantages of various fuels.

· Debate the costs and benefits of various methods of reducing carbon emissions.

· Explain the energy ratios for the plant sources for ethanol and determine if ethanol is cost effective.

· Design a car that is fuel-efficient and environmentally friendly.




Measurement Criteria

· Identified how different sources of energy are used as fuel

· Forecasted the best fuel types of the future  

· Described how to reduce carbon emissions in vehicles

· Explained how the internal combustion engine works 

· Assessed government-enforced reduction of carbon emissions for vehicles 

· Described the different organic materials used to create ethanol 

· Listed energy-ratios for different biofuel resources. 

· Described environmentally friendly car design.

· Demonstrated evidence of improved driving behaviors and maintenance habits to improve fuel economy 

Time Required to Complete Module (Estimated):  19  50-minute class periods to complete the 4 lessons; however,  you may elect to use only one of the lessons and the time estimated for that lesson is on the plan.

Materials Needed

· Computers with Internet access, word processing software,  computer-aided design or drawing software, and geospatial and mapping software
· Poster board, rulers, various other drawing materials
Websites

Basics of Ethanol—U.S. Department of Transportation. www.afdc.energy.gov/afdc/ethanol/index.html.

· Clean Transportation Fuels, Petrochemicals and Electric Energy. www.carbonfuels.com/.

Electric Vehicles International. www.environmentallyfriendlycars.org/.

Energy Matters. http://library.thinkquest.org/20331/types/.

Environmentally Friendly Cars. www.efcars.net/.

Ethanol Fuel—Science Daily. www.sciencedaily.com/articles/e/ethanol_fuel.htm.

Ethanol Fuel More Advantageous than [Previously] Thought. entagionwww.livescience.com/environment/060126_ethanol_better.html.

Ethanol Fuel Resources. www.journeytoforever.org/ethanol.html.

Fuel-Economy Maximizing Behaviors—Wikipedia. http://en.wikipedia.org/wiki/Fuel_economy-maximizing_behaviors. 

Green Car Congress. www.editorial.autos.msn.com/article.aspx?cp-documentid=435625. 

Green Car Design. http://www.greencardesign.co.uk/.

Green Cars. www.environment-green.com/Green_Cars.html.

Low Carbon Fuel Standard—California. www.energy.ca.gov/low_carbon_fuel_standard/.

Low Carbon Fuel Standard Program—California. www.arb.ca.gov/fuels/lcfs/lcfs.htm.

Low Carbon Fuels—California. www.low-carbonfuels.com/.

Renewable Energy Sources in the U.S. www.nationalatlas.gov/articles/people/a_energy.html.

Sources of Energy—Answers.com. www.answers.com/topic/energy-sources-of.

Substituting Low-Carbon Fuels for Carbon-Intensive Fuels. http://www.pewclimate.org/policy_center/policy_reports_and_analysis/brief_us_transportation/transp_carbon.cfm. 

Sustainable Design Update. http://sustainabledesignupdate.com/?tag=green-car.  

U.S. Department of Energy—Energy Sources. www.energy.gov/energysources/index.htm.

Virginia Cooperative Extension—Fuel Ethanol. http://pubs.ext.vt.edu/442/442-884/442-884.html. 

DVDs

Common Hybrid Components. DVD. Films Media Group, New Jersey: 2007.

The History of Hybrids. DVD. Films Media Group, New Jersey: 2007.

	Lesson 1
	From Where Does Power Come?

	Time Estimate:  3  50 minute periods

	Objectives

	1. Describe the different types of energy and how they are created.

2. Identify the different types of fuels that are used in the transportation industry.

3. Describe the advantages and disadvantages of different types of power in relation to the economy and the environment.

4. Explain why attitudes toward fossil fuel use and alternative energy sources are changing.

5. Explore how changing attitudes toward fossil fuel use and alternative energy sources may fundamentally change transportation technology.

6. Describe the types of alternative energy sources that are currently under research, particularly for use in cars.

	Materials & Resources

	· Handout 1, Alternative Energy

· Computers with Internet access,

· Poster board with markers

· Websites: 

· Energy Matters. http://library.thinkquest.org/20331/types/.

· Renewable Energy Sources in the U.S. www.nationalatlas.gov/articles/people/a_energy.html.

· Sources of Energy—Answers.com. www.answers.com/topic/energy-sources-of.

· U.S. Department of Energy—Energy Sources. www.energy.gov/energysources/index.htm.

· Virginia Cooperative Extension—Fuel Ethanol. http://pubs.ext.vt.edu/442/442-884/442-884.html. 



	Agenda

	Step
	Minutes
	Activity

	1
	50-60
	As a class discuss alternative energy.

Distribute Handout 1, Alternative Energy, and have students complete the definition for the alternative energy terminology listed.

	2
	50-60
	Divide students into teams, and assign each team alternative energy types to research. Teams will determine the advantages and disadvantages of the different types of energy and present their findings on a chart. 

	3
	50-60
	Have teams choose one energy type from among the types they investigated and describe why it might be a logical choice for fueling automobiles of the future. Teams will present their supported findings to the class as a report or presentation. 


Alternative Energy
Introduction and Background

An energy source is a system which makes energy in a certain way, for instance a hydro-electric station uses the current of a river for making electricity. Alternative energy is a form of energy which is not derived from the use of fossil fuel and in most cases is renewable. Some alternative energy sources are sun, water, and wind energy. 

Terminology

The following list describes the different types of energy and energy-related terms:  

· Bio-energy

· Ethanol 

· Fossil fuels 

· Hydropower

· Fusion

· Geothermal

· Hydrogen 

· Nuclear

· Solar 

· Wind

· Hydroxy fuel

· Tidal power

· Deep-cycle battery

· DC/AC electrical conversion

· Hybrid

· OPEC

Activities 
· Chart the advantages and disadvantages of the energy types to which your team has been assigned. 

· Choose one energy type from among the types your team investigated, and describe why it might be a logical choice for fueling automobiles of the future.

· Illustrate how your team's energy source choice might be converted to supply the power for an automobile.

Process Questions

What are the advantages and disadvantages of each type of energy source?

Which energy source(s) seem(s) to be the logical choice(s) for powering automobiles in the future? Explain.

What have been the most significant changes to the American automobile over the last 20 years? 

What might be the most significant changes to the automobile over the next 20 years?

What environmental, political, and cultural factors might contribute to a desire for cars with higher fuel efficiency or cars that use alternative energy sources?

What factors might detract from creating cars with higher fuel efficiency or cars that use alternative energy sources?

	Lesson 2
	What is “Carbon Neutral”?

	Time Estimate:  6  50 minute periods

	Objectives

	1. Explore the role of carbon fuels in transportation.

2. Identify various options to reduce carbon emissions from transportation activities.

3. Debate the costs and benefits of different methods of reducing carbon emissions.

4. Describe the fundamentals of the internal combustion engine.

5. Explore the difference between a two-stroke and four-stroke engine.

6. Describe how a diesel engine works.

	Materials & Resources

	· Computers with Internet access,
· Poster board or construction paper and Markers for group presentations
· DVD’s:

· The History of Hybrids. DVD. Films Media Group, New Jersey: 2007.

· Common Hybrid Components. DVD. Films Media Group, New Jersey: 2007.

· Websites: 

· Clean Transportation Fuels, Petrochemicals and Electric Energy. www.carbonfuels.com/.

Low Carbon Fuel Standard—California. www.energy.ca.gov/low_carbon_fuel_standard/.

Low Carbon Fuel Standard Program—California. www.arb.ca.gov/fuels/lcfs/lcfs.htm.

Low Carbon Fuels—California. www.low-carbonfuels.com/.

· Substituting Low-Carbon Fuels for Carbon-Intensive Fuels. http://www.pewclimate.org/policy_center/policy_reports_and_analysis/brief_us_transportation/transp_carbon.cfm. 



	Agenda

	Step
	Minutes
	Activity

	1
	50-60
	Have students investigate the use and consequences of carbon fuels in transportation.

	2
	50-60
	Instruct students to work in groups to research various options to reduce carbon emissions.

	3
	2 hours
	Have students research and chart the process of the internal combustion engine

	4
	2 hours
	Divide students in two teams, and debate the pros or cons of a government-enforced reduction of vehicular carbon emissions.


	Lesson 3
	Fuel Energy Ratios

	Time Estimate:  4  50 minute periods

	Objectives

	1. Explore how alcohol/ethanol can be used as an alternative automotive fuel.

2. Identify the ways ethanol is produced. 

3. Explore how bioethanol can be used as an alternative automotive fuel.

4. Identify the various organic materials used to produce bioethanol.

5. Explain the energy ratios for the various organic material resources used to produce biofuels, and determine their cost effectiveness.

	Materials & Resources

	· Handout 2, Ethanol

· Computers with Internet access

· Poster board and various drawing tools

· Websites: 

· Basics of Ethanol—U.S. Department of Transportation. www.afdc.energy.gov/afdc/ethanol/index.html.

· Ethanol Fuel—Science Daily. www.sciencedaily.com/articles/e/ethanol_fuel.htm.

· Ethanol Fuel More Advantageous than [Previously] Thought. entagionwww.livescience.com/environment/060126_ethanol_better.html.

· Ethanol Fuel Resources. www.journeytoforever.org/ethanol.html.

· Virginia Cooperative Extension—Fuel Ethanol. http://pubs.ext.vt.edu/442/442-884/442-884.html. 

.

	Agenda

	Step
	Minutes
	Activity

	1
	50-60
	Distribute Handout 2, Ethanol.

Have students investigate how ethanol is used as an automotive fuel as described in the first activity of the Handout. 

	2
	50-60
	Instruct students to list and describe the various organic materials used to create ethanol.  (See Handout 2)

	3
	2 hours
	Have students create a chart showing the options for creating ethanol, the energy ratio for each organic resource used, and the cost-effectiveness of the process compared to the production of gasoline. 


                         Ethanol

Introduction and Background

What is alcohol fuel? Alcohol is an excellent alternative motor fuel for gasoline engines; however, it is not suitable for the direct replacement of gasoline without some modifications to fuel systems. Producing alcohol fuel requires sound fundamentals in chemistry and in using specialized equipment. Alcohol fuel is not new. Nicolaus Otto invented the internal combustion engine in 1872 when gasoline was not available. Ethyl alcohol was the engine’s specified fuel.  

Terminology

· Octane ratings

· Atomic weights

· Latent heat of vaporization

· Fuel/air ratio

· Volatility

· Exhaust composition

· Engine performance

· Alcohol blends

· Engine modifications

· Fuel system modifications
· Distillation process and equipment
· Yeast propagation

· Fermentation

· Fermentation by-products

· Denaturing

· Government regulations
· Biofuel

· Bioethanol

· Feedstock

Sources:

· Saccharine

· Sugar
· Starches
· Cellulose
Activities 
· Investigate how ethanol is used as an automotive fuel. 

· Describe the various organic materials used to create ethanol.

· Create a chart showing the energy ratio for each resource used to create ethanol and the cost-effectiveness of that process.

Process Questions

What is the difference between methanol and ethanol?
What is the significance of hydrocarbons in today's automobile culture?

What are the combustion properties of alcohol fuel compared to those of gasoline?
What makes ethanol production more expensive than gasoline? What are the true costs? 

	Lesson 4
	Designing an Environmentally Friendly Car

	Time Estimate: 6  50 minute periods

	Objectives

	1. Explore options for improving vehicle fuel efficiency.

2. Identify options for cars that use environmentally friendly fuels and/or are constructed using environmentally friendly materials.

3. Explore innovative ways to maintain vehicle performance and safety standards for environmentally friendly cars.

4. Determine the impact of various driver behaviors on improving fuel economy.

	Materials & Resources

	· Computers with Internet access and CADD software

· Websites: 

· Electric Vehicles International. www.environmentallyfriendlycars.org/.

· Environmentally Friendly Cars. www.efcars.net/.

· Fuel-Economy Maximizing Behaviors—Wikipedia. http://en.wikipedia.org/wiki/Fuel_economy-maximizing_behaviors. 

· Green Car Congress. www.editorial.autos.msn.com/article.aspx?cp-documentid=435625. 

· Green Car Design. http://www.greencardesign.co.uk/.

· Green Cars. www.environment-green.com/Green_Cars.html.

· Sustainable Design Update. http://sustainabledesignupdate.com/?tag=green-car.  

.

	Agenda

	Step
	Minutes
	Activity

	1
	50-60
	Have students research options for improving fuel efficiency. Discuss the factors in current automotive production that have the biggest impact on the environment.

	2
	50-60
	Have students identify the components used in designing environmentally friendly cars.

	3
	4 hours
	Have students use CADD to design an environmentally friendly car that maintains vehicle performance and safety standards.

	4
	50-60
	Using the student’s family car as a model, have students list driving behaviors and vehicle maintenance that optimize fuel usage.


Teacher                    

   Assessment Material
Final Evaluation Criteria
· Identified how different sources of energy are used as fuel

· Forecasted the best fuel types of the future  

· Described how to reduce carbon emissions in vehicles

· Explained how the internal combustion engine works 

· Assessed government-enforced reduction of carbon emissions for vehicles 

· Described the different organic materials used to create ethanol 

· Listed energy-ratios for different biofuel resources. 

· Described environmentally friendly car design.

· Demonstrated evidence of improved driving behaviors and maintenance habits to improve fuel economy 

Score Sheet for Assessment on each Lesson’s Activities on following page.

Rubric for Presentation (attached)
ASSESSMENT

Grading Score Sheet for Lesson Activities
	Student Name: 

	Scoring


	Activity and Rubric

	1

	2

	3

	4


	Lesson 1, Activity 2

Fuel-sources chart should identify different sources of energy, how each is converted to fuel, and the advantages and disadvantages of each type.
				
	Lesson 1, Activity 3

Report or presentation (see presentation rubric on the next page) should support the best fuel type that may power cars of the future.  
				
	Lesson 2, Activity 2

Documented research should present the various strategies that may reduce carbon emissions in vehicles.

				
	Lesson 2, Activity 3

Chart should illustrate how the internal combustion engine works. 

				
	Lesson 2, Activity 4

Debate should result in the persuasive argument for or against government-enforced reduction of carbon emissions for vehicles. 

				
	Lesson 3, Activity 2

List should describe the different organic materials used to create ethanol. 

				
	Lesson 3, Activity 3

Energy-ratios chart should illustrate the energy ratio for each method of creating ethanol and the cost effectiveness of the process, compared to the production of gasoline.
				
	Lesson 4, Activity 2

Documentation of research should include options used in designing environmentally friendly cars.

				
	Lesson 4, Activity 3
Car design should feature fuel-efficiency and environmentally friendly components while maintaining minimal consumer expectations for vehicle safety and performance. 
				
	Lesson 4, Activity 4

List of driver behaviors and maintenance habits should describe the impact they have on fuel economy. 

				
	Total points

	/40


	Scoring Legend:

	1 – Poor

	2 – Average 


	3 – Above Average

	4 – Excellent



	


Student Presentation Rubric
	
	1
	2
	3
	4
	Total

	Organization
	Student presents information without any logical sequence, and audience cannot follow presentation.
	Student presents information in disjointed sequence, and audience has difficulty following presentation.
	Student presents information in logical sequence, and audience can follow presentation.
	Student presents information in logical, interesting sequence, and audience can easily follow presentation.
	

	Subject Knowledge
	Student does not have grasp of subject and cannot answer questions about it.
	Student is somewhat familiar with subject and can answer only rudimentary questions.
	Student is knowledgeable about subject and can answer all questions but fails to elaborate.
	Student demonstrates full knowledge of subject (more than required) by answering all questions with explanations and elaboration.
	

	Graphics
	Student uses superfluous graphics or no graphics.
	Student occasionally uses graphics that rarely support text and presentation.
	Student uses graphics that relate to text and presentation.
	Student uses graphics that explain and reinforce text and presentation.
	

	Mechanics
	Presentation has four or more misspellings and/or grammatical errors.
	Presentation has three misspellings and/or grammatical errors.
	Presentation has no more than two misspellings and/or grammatical errors.
	Presentation has no misspellings or grammatical errors.
	

	Eye Contact
	Student uses no eye contact and reads all of report.
	Student occasionally uses eye contact but still reads most of report.
	Student maintains eye contact most of the time but frequently returns to notes.
	Student maintains eye contact with audience and seldom returns to notes.
	

	Elocution
	Student mumbles, pronounces terms incorrectly, and speaks so quietly that audience members in the back of room cannot hear presentation.
	Student enunciates indistinctly, pronounces some terms incorrectly, and speaks so quietly that some audience members have difficulty hearing presentation.
	Student enunciates clearly, pronounces most words correctly, and speaks loudly enough for most audience members to hear presentation.
	Student enunciates quite clearly, pronounces all words correctly and precisely, and speaks so that all audience members can easily hear presentation.
	

	Total Points
	/24


Adapted from Evaluating Student Presentations, Information Technology Evaluation Services, NC Department of Public Instruction.
Handout 1, Lesson 1
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Handout 2, Lesson 3
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