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Instructional Component Used: Energy (efficiency)

Grade Level: Freshman College or high school 

Content (what is taught): 

· Use of calculations in real-life applications in efficiency

· What effect does our lifestyle have on our cost of energy?

· Law of conservation of energy

Context (how it is taught):

· Examples of typical products and their inherent energy content are presented 
· Data is provided regarding cost of producing energy vs. cost of saving energy
· Students are asked to compare the cost of producing a kilowatt vs. the savings when not requiring the same kilowatt
· The concept of “the cheapest kilowatt is the one you don’t need to generate” will be explained with real examples
· Law of conservation of energy is explained
Activity Description:

In this lesson, students will explore the law of conservation of energy and apply this fundamental empirical law of physics to their lives.  Instructor will quiz students on ways of conserving energy.  Examples of products used in everyday life such as aluminum beverage containers will be used to demonstrate the difference in energy required to produce them from raw materials vs. reproducing them utilizing recycling methods.  This information is then scaled up to annual national usage using raw data provided by the lesson.  Students will create graphs showing the energy requirements of the examples.  Final understanding of the lesson is to show how living conservatively and with common sense can eliminate the need to build new power plants.  

Standards:

Science: SA, SB, SE, SF
Technology: TD
Engineering: EE
Math: MB, ME
Materials List: 

· Two empty identical aluminum drink containers

· Other examples

Asking Questions: (Energy Efficiency: It Really IS Important!)
Summary: Students will think about energy efficiency and how energy efficiency might be better accomplished.  They will discuss the amount of energy it takes to run a house and speculate about how much energy a power plant produces.

Outline: 

· Brainstorm examples of practicing energy efficiency

· Ask students how much energy is required to operate a typical household

Activity: The instructor will lead brainstorming and fact-sharing time, deriving important foundation facts for the remainder of the lesson.  Brainstorming will encourage students to explore ways to make daily decisions that contribute to energy conservation.

	Questions
	Answers

	What are some examples where energy efficiency?
	Florescent light bulbs, higher gas mileage cars, etc.

	How can you make your house more energy efficient?
	Insulate, better appliances, change light bulbs, etc.

	How much energy is required to operate a typical household?
	Answers vary.  Utility bills

	How much of America’s energy usage could be reduced simply by applying energy conservation techniques and enacting conservation policies?
	According to the Energy Information Administration, as much as 30 percent could be saved just by building and living more conservatively.


Resources:
· 
Can Manufacturers Institute:  http://www.cancentral.com/funFacts.cfm
· Container Recycling Institute:  http://www.container-recycling.org/facts/data.php?materials=aluminum
Exploring Concepts: (Energy Efficiency: It Really IS Important!)
Summary: Students will compare the cost of producing a single aluminum can to the cost of making the same can using recycling techniques.  Students will study the real cost of building a new 800MW power plant.  Students will research the typical output power of various types of power plants.  

Outline: 

· Students calculate cost in dollars of producing one aluminum drink container, given energy cost per unit in kilowatts to same costs utilizing recycled energy requirements.  This result is then multiplied by annual national usage of the same containers.  
· Students will explore through their own research, augmented and led by instructor, of typical power output of coal, nuclear, hydro, wind and other power generators.

· Students will research cost to build a power plant, calculate the cost to produce one megawatt of output.

· Students will then compare the difference in energy requirements for aluminum containers to the energy capacity of a new power station. 

Activity:  Have students go to given websites to extract important information regarding energy usage and recycling benefits.  Questions that students should strive to answer are provided below.  Handouts of typical power plant cost vs. output will be shared for resource.

	What is the difference between two apparently identical aluminum drink containers?
	One is manufactured from raw materials and the other is recycled.

	What is the difference in energy required to make one from scratch and one by recycling?
	1 aluminum can new: (2.5KWh), recycled: .125KWh.  

	How much power is produced by a typical electric generating plant?
	Use 800 Megawatts as an average for a coal-fired plant.  The range is quite wide.

	How much power is a megawatt?
	Equivalent of 100,000 100watt light bulbs or typical power usage of 100 homes.

	What is the typical cost to produce a Megawatt of electricity?
	2-10 cents/KWh

	What is the typical retail cost for electricity?
	6-20 cents/KWh

	How many aluminum cans would have to be recycled to eliminate building one power plant (800 MW)?
	200p: Americans bought 250 billion cans.  If only half are recycled, XX - 800MW plants don’t need to be built.


Resources:
· Can Manufacturers Institute:  http://www.cancentral.com/funFacts.cfm
· Container Recycling Institute:  http://www.container-recycling.org/facts/data.php?materials=aluminum
· Department of Energy:  http://www.energy.gov/energyefficiency/index.htm
· Earth Day Animation:  http://www.energy.gov/energytips.htm
· Energy Efficiency and Conservation:  http://www.eia.doe.gov/energyexplained/index.cfm?page=about_energy_efficiency
Instructing Concepts: (Energy Efficiency: It Really IS Important!)
Energy and Energy Transfer

Definition of Energy: Energy is defined as the capacity to do work that causes physical change within a closed system.  In a closed system, energy cannot be created or destroyed only transformed into a different type.
Energy Types: Some scientists state that there are only two types of energy potential and kinetic.  Potential energy is stored energy.  Kinetic energy is energy resulting from motion.  Many forms of energy exist within these two types: mechanical, electrical, thermal, nuclear, wind, chemical, water, geothermal, wave, light, and sound.  

Energy Transfer/Conversion: Energy can be converted or transferred from one form to another.  The Law of Conservation of Energy from physics says that the total energy in a closed system is constant over time.  Most forms of energy can be converted from one form to another with a high degree of efficiency.  The exception to the rule is thermal energy: all of the energy in the universe may one day be converted to thermal energy which slowly cools until a very cold equilibrium is reached.   Conversion of thermal energy is limited by the second law of thermodynamics.  A result of this law is that energy cannot be created or destroyed.  It can only be changed from one state to another.  Examples where this change in state occurs are:

1) Hydroelectric dams: Dammed water (potential), moves through turbines and turns them (kinetic) which causes a generator to create electricity (electrical).

2) Electric lamp: Electricity (electrical) makes a light bulb light up (heat and light)

3) Microphone: Sound energy converted into electricity.

4) Fossil Fuel power plant: Fossil fuels (potential) are burned (thermal) to heat water which in turn moves turbines (kinetic) to create electricity (electrical).

5) Friction: Kinetic energy is turned into thermal energy.

6) Solar cells: Light energy is turned into electricity (electrical)

This list is far from exhaustive but should point out the many different ways that energy can be transformed.  

Energy Costs: The cost of energy is more than the price that you pay for the electricity, gasoline, natural gas, etc. that you use.  The financial costs of these items are paid everyday and vary depending on the location where the energy was purchased and the time of year.  The use of energy has hidden costs associated with it such as climate and environmental impact. 

Energy Efficiency: Energy efficiency is defined as the process of using less energy to provide the same level of service.  Creating more efficient products such as higher mileage cars, florescent light bulbs, high efficiency furnace and AC units, or appliances can do this.  It can be caused by better insulation or building design.  

Energy Conservation: Energy conservation is the effort to reduce the consumption of energy.  The goal of conservation is to preserve finite resources and reduce pollution.  It can be accomplished by creating more efficient related energy products or simply by creating habits that utilize less energy such as turning off the lights or carpooling.

Organizing Learning: (Energy Efficiency: It Really IS Important!)
Summary:  Students will investigate the benefits in energy and dollar savings by making daily living decisions in favor of energy conservation.

Outline: 

· Students will create tables indicating the amount of electricity saved when utilizing various types of energy-conserving activities.  Some examples include hanging clothes instead of electric drying them, buying recycled products instead of ones made from scratch, etc.

· A student team will produce a table showing costs of building typical power plants along with the typical power produced by the same types of plants, i.e. nuclear, coal, hydro, natural gas, etc.

Activity: In this lesson, students will split into groups of two and will be given a question to research.  After conducting research, the group must make a poster detailing the assigned research topic, what they found out, and any recommendations that the group would make based on their research.  Possible research topics include:

1.  Create a table demonstrating energy saved by recycling aluminum cans vs. using raw materials.

2.  Create a table demonstrating energy saved by hanging out clothes to dry vs. electric drying them.

3.  Create a table demonstrating energy saved by turning off lights when not in the room.

4.  Create a table showing the cost to build a power plant vs. the power produced by the plant.  Also show the typical efficiency at which these plants operate (Coal plants operate at around 33% efficiency).

5.  Other types of energy conserving activities the instructor deems necessary

Resources:
Federal Energy Regulatory Commission: http://www.ferc.gov/
U.S. Department of Energy: http://www.energy.gov/
Nebraska Public Power District: http://www.nppd.com/
U.S. Energy Information Administration: http://www.nppd.com/
Understanding Learning: (Energy Efficiency: It Really IS Important!)
Summary: Students will see the long-term and short term benefits of living conservatively.  Graphs and charts can easily be created utilizing the data gathered and calculated.

Outline: 

· Formative assessment of energy (efficiency)

· Summative assessment of energy (efficiency)

Activity: Students will be assessed about their understanding of energy (efficiency) by creating a presentation and completing a writing prompt.
Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) Are students finding accurate and useful information during their research?

2) Do students understand the scale of the numbers they are finding and/or calculating?

3) Are students creating tables and/or graphs that truly illustrate the lesson?

Summative Assessment

1) Students will make a direct correlation between conserving energy and energy costs.  This will be reported with supporting facts using a PowerPoint and presented to the class.

2) Essay Question:  Is it more economical to build a new power plant to supply additional power needs or to spend the same amount of money developing energy conservation strategies and technologies?

Resources:
U.S. Energy Information Administration: http://www.eia.doe.gov/energyexplained/index.cfm?page=about_energy_efficiency
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