Table of Contents 
41
Problem Formulation


41.1
Introduction:


41.2
Objective:


41.3
Black Box:


52
Problem Analysis and Literature Review


52.1
Problem Analysis


52.1.1
Introduction


52.1.2
Specifications


52.1.3
Criteria


62.1.4
Usage


62.1.5
Production Volume


62.2
Literature Review


62.2.1
Introduction


62.2.2
Client Information


62.2.3
Education


62.2.3.1
Learning Styles


72.2.3.1.1
“New Research on the Brain: Implications for Instruction”


82.2.3.1.2
“Survey of Research on Learning Styles”


82.2.3.2
California Science Standards


82.2.3.2.1
5th Grade


82.2.3.2.1.1
Physical Sciences


82.2.3.2.1.2
Life Sciences


92.2.3.2.1.3
Earth Sciences


92.2.3.2.1.4
Investigation and Experimentation


92.2.3.2.2
6th Grade


102.2.3.2.3
7th Grade


102.2.3.2.4
8th Grade


112.2.3.3
California Math Standards


112.2.3.3.1
5th Grade


112.2.3.3.2
6th Grade


112.2.3.3.3
7th Grade


112.2.3.3.4
8th Grade


112.2.4
Example Lesson Plans


112.2.4.1
Rick Peck’s Study


132.2.4.2
Energy Efficiency Ambassadors


142.2.5
Reasons for energy conservation


142.2.5.1
Global warming


152.2.5.2
Limited Natural Resources


152.2.5.3
Energy costs


152.2.6
Energy Conservation in the Home


152.2.6.1
Appliances


162.2.6.2
Heating and Cooling


162.2.6.2.1
Heating


162.2.6.2.2
Cooling


172.2.6.3
Lighting and Day lighting


172.2.6.4
Insulation


172.2.6.4.1
Thermal Insulation


172.2.6.4.1.1
Thermal Conductivity


172.2.6.4.1.2
Convection


172.2.6.4.1.3
Conduction


182.2.6.4.1.4
Radiation


182.2.6.4.1.5
Types of Insulation


193
Search for Alternative Solutions


193.1
Introduction


193.2
Brainstorming


193.3
Alternative Solutions


193.3.1
Checking the Home


203.3.2
Insulation Creation


213.3.3
Blinding Heat


213.3.4
Looks Can Be Deceiving


223.3.5
Pump in the Heat


223.3.6
School Appliance Energy Reading


244
Decision Phase


244.1
Introduction


244.2
Criteria Definition


244.3
Solutions


244.4
Decision Process


254.5
Decision Justification


265
Specification of Solution


265.1
Introduction


265.2
Solution Description


265.2.1
Day 1: Unit Introduction


265.2.2
Day 2: Blinding Heat


275.2.3
Day 3: Appliance Energy Reading


285.2.4
Day 4: Blinding Heat Discussion


285.2.5
Day 5: Reflection


285.3
Cost Analysis


285.3.1
Design Cost


295.3.2
Implementation Cost


295.3.3
Maintenance Cost


295.4
Instructions for Implication and Use


305.4.1
RCEA


305.4.2
Educators


305.5
Results


305.5.1
Day 1


305.5.2
Day 2


315.5.3
Day 3


315.5.4
Day 4




List of Figures
4Figure 1: The Black Box Model is the initial step to analyzing how the world is before and after ‘Bust-A-Watt’ is implemented.


15Figure 2: How the average Americans uses energy in their homes (U.S. Department of Energy 2010)


16Figure 3: Rather than agitating wash loads in a full tub of water like standard top loaders (left), a front loading washer dunks fabrics in a smaller volume of water (right) (U.S. Department of Energy 2009).


20Figure 4: Above the organization of the materials for the ‘Insulation Creation’ activity is shown


21Figure 5: Above the organization of the materials for the ‘Blinding Heat’ activity is shown.


22Figure 6: Above the organization of the materials for the ‘Pump in the Heat’ activity is shown.


27Figure 7: Dimensional diagram of Blinding Heat Docking Station (AutoCAD image by Logan Baumgartner).


27Figure 8: Photo of Blinding Heat Docking Station plugged into a Kill-A-Watt meter. (Photo taken by Bryan Schmitt)


28Figure 9: Total Hours Spent on Design Project





List of Tables
5Table 1: Criteria of the educational kit.


29Table 2: List of Materials and Their Costs for Bust-A-Watt


29Table 3: List of Maintenance Tasks and Projected Replacement Cost per Year





1 Problem Formulation
1.1 Introduction: 
Section 1 consists of an objective statement and a Black Box Model to consider how ‘Bust-A-Watt’ affects the world, which is displayed in Figure 1. Esquared works in cooperation with Redwood Coast Energy Authority to provide a box kit that educates Humboldt County 5th-8th grade students about energy conservation.
1.2 Objective: 
The objective of ‘Bust-A-Watt’ is to educate Humboldt County 5th-8th grade students about energy conservation. This is accomplished via a box filled with an educational kit that is used by teachers to educate their students. ‘Bust-A-Watt’ is produced and distributed in partnership with Redwood Coast Energy Authority. 
1.3 Black Box: 
The Black Box Model is the initial step in analyzing how the world is before and after ‘Bust-A-Watt’ is implemented.
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Figure 1: The Black Box Model is the initial step to analyzing how the world is before and after ‘Bust-A-Watt’ is implemented.
2 Problem Analysis and Literature Review

2.1 Problem Analysis

2.1.1 Introduction

The problem analysis defines and analyzes the specifications, criteria, and constraints of the educational kit. The criteria are weighted in significance to the objective of the kit. The problem analysis includes an analysis of the educational kit’s usage and production volume. All components of the problem analysis help in the production of the educational kit.
2.1.2 Specifications

Specifications are set conditions that need to be met. The specifications for the educational kit are as follows: 
· Size: Two 16 gallon boxes

· Topic: Energy conservation

· Target audience: Humboldt County 5th-8th grade students

· Due Date: May 7th, 2010

2.1.3 Criteria

Criteria are standards used to evaluate how well the educational kit meets the objective statement. Table 1 displays the criteria of the educational kit.
Table 1: Criteria of the educational kit.
	Criteria
	Constraints
	Weight (10 highest)

	· Safety
	· Must be safe for children
	· 10

	· Durability
	· Must last for at least one year
	· 10

	· Amount of Real World Applicability
	· Must provide information that can be applied outside of the classroom
	· 10

	· Cost
	· Must cost under $325
	· 9

	· Level of Engagement
	· Must be interactive for at least one student at a time
	· 8

	· Compliance with Educational Standards
	· Must satisfy at least one California Educational Standard
	· 8

	· Ease of Use
	· Must be presentable by one person
	· 7

	· Transportability
	· Must be able to be transported from RCEA to the classroom and back by one person
	· 6


2.1.4 Usage
The educational kit is used hands-on by Humboldt County 5th-8th grade students. The educational kit is projected to be used for at least one week, at least three times a year, for at least one year. 
2.1.5 Production Volume

One educational kit is created and used. Lesson plan and curriculum materials can be mass produced by printing as many as desired. 
2.2 Literature Review

2.2.1 Introduction

A literature review is the collection of published sources about a specific topic into one organized document.  The goal of a literature review is to contain a summary of a variety of information from credible sources so that readers can easily obtain the needed information.  The purpose of this literature review is to provide information necessary for the completion of the educational kit.  The following researched topics contain detailed information which will be referenced regularly throughout this design project: Education, .  

2.2.2 Client Information 

Esquared was asked to design an educational kit to teach Humboldt County 5th-8th grade students about energy conservation by Redwood Coast Energy Authority. RCEA was formed in 2003 as a Joint Powers Authority that represents seven municipalities in Arcata, Blue Lake, Eureka, Ferndale, Fortuna, Trinidad, and Rio Dell. RCEA’s mission is to, “develop and implement sustainable energy initiatives that reduce energy demand, increase energy efficiency, and advance use of clean, efficient and renewable resources available in the region” ( ).
Redwood Coast Energy Authority meets with Esquared each week of the design process to provide guidance to the desired final solution. RCEA helped create the criteria in Section 2.1.3. For example, RCEA recommends that the final solution:

· Is interactive and fun for the students

· Involves student competition

· Gets parents involved in the energy conservation education as well as the students

· Is designed for longevity

RCEA’s recommendations helped in forming the criteria: durability, amount of real world applicability, and level of engagement ( ).
2.2.3 Education

The objective of ‘Bust-A-Watt’ is to create an educational kit to teach energy conservation; so the following section provides information about education. The education section includes research regarding learning styles and California Educational Standards. 
2.2.3.1 Learning Styles
The learning styles section consists of research regarding learning styles of children from the California Journal of Science Education. The first section is from the article “New Research on the Brain: Implications for Instruction” by Douglas Carnine; and the second section is from the article “Survey of Research on Learning Styles” by Rita Dunn, Jeffery S. Beaudry, and Angela Klavas. Students learn in different ways so for ‘Bust-A-Watt’ to efficiently education a variety of children, research of children’s learning styles is required.
2.2.3.1.1  “New Research on the Brain: Implications for Instruction”
In the California Journal of Science Education Volume II Issue 2 – Spring 2002, Douglas Carnine presented his research of the brain in his article “New Research on the Brain: Implications for Instruction.” In Carnine’s article he explains that the brain learns via finding similarities and patterns, or as he puts it “sameness.” He argues that students need to be taught in a way in which the only similarities or patterns that can be detected by students are the correct similarities or patters; when there are multiple patterns presented with only one being correct students may detect one pattern and perceive it as the correct pattern. Carnine uses the example of Zug: 

“Study the examples, then solve the two problems:

	a. Zug 20
	b. Zug 24

	                    15 
	                    18

	                     5
	                     6

	c. Zug 21
	d. Zug 8

	                     7
	                    2

	
	


If you filled in the blanks with 14 and 6, you noted an ‘incorrect’ sameness” (Carnine 2002).

Carnine explains that Zug does not mean “find the difference between these numbers” but instead to find the greatest common denominator. He then presented a more effective way to present Zug that will not lead to detecting an “incorrect” pattern or “sameness”:

“Study examples e through j, which are all examples of Zug. Then try c and d from the previous set of Zug problems.

	e. 25
	f. 25
	g. 20

	   15
	   10
	   10   

	    5
	    5
	   10

	h. 20
	i. 6
	j. 16

	     8
	   2
	    8

	    4
	   2
	    8


The correct answers for c and d above are 7 and 2” (Carnine 2002).

Carnine argues examples e through j are more effective at teaching the correct patter because they present examples that contradict other patterns but still hold true for Zug, this eliminates the possibility of a student detecting the incorrect pattern or similarity. 


Lastly, Carnine also claims that in order for students to fully grasp a concept and retain it, the students need to practice the concept consecutively over multiple lessons; with practice and review the students will retain the concept better (Carnine 2002).

2.2.3.1.2 “Survey of Research on Learning Styles”


In the California Journal of Science Education Volume II Issue 2 – Spring 2002, Rita Dunn, Jeffery S. Beaudry, and Angela Klavas present the article “Survey of Research on Learning Styles,” which presents data from a study that demonstrates that students’ ideal learning environment changes with age and gender. The authors claim that there is a heightened need for sound during children’s adolescence and then returns to the need for sound during the elementary school years. Also, the authors establish that the younger a student is the less light they prefer, with the exception of about every five years when their preference for light increases substantially (Beaudry et al. 2002).
The authors presented a study concerning a student’s need to be mobile. The study claims that boys have a higher need to be mobile than girls and that in the study as a whole most of the class had difficulty sitting still for any amount of time. The research documented that 50% of the 7th grade class being studied could not sit still for any amount of time, 25% could sit still only when interested, and the remaining 25% preferred passivity (Beaudry et al. 2002).
Also in this article the authors found in their research that students become less motivated by their teachers the older they become. The authors argue during the middle school years students are generally very peer-oriented but this preference changes during high school to the preference to work alone. The authors state that, “many students in grades 3-8 will learn better in small, well-organized groups than either alone or with the teacher. After grade 8, however, more will learn better alone” (Beaudry et al. 2002).

2.2.3.2 California Science Standards

The California Science Standards are the science knowledge and skills that the California State Board of Education adopted to be taught to all California students at each grade level.
2.2.3.2.1 5th Grade

California fifth grade students learn from four areas of scientific study: physical sciences, life sciences, earth sciences, and investigation and experimentation. 
2.2.3.2.1.1 Physical Sciences

For the physical sciences, students are taught that all matter in the world consists of elements and the combination of elements. Students are taught that all matter consists of atoms that may be combined into molecules; and that each individual kind of atom is a unique element organized on the periodic table by its chemical properties. It is taught that during chemical reactions atoms in the reactants rearrange to form new products with different properties. Students are told of how scientists can now take discrete pictures of atoms and molecules that show the organized array in which they often exist with developed instruments. Students are taught of the properties of gaseous, liquid, and solid substances and of the common properties of salts, such as table salt: NaCl. Students are also taught that metals have common properties such as thermal conductivity and high electrical, and that some metals are pure elements and others are combinations of elemental metals. Lastly, it is explained to students that most living organisms and materials are only composed of just a few elements (California State Board of Education 2009).

2.2.3.2.1.2 Life Sciences

For the life sciences, students are taught that, “plants and animals have structures for respiration, digestion, waste disposal, and transport of materials.” Students are taught examples of this such as how blood circulates in the human body and how carbon dioxide and oxygen are exchanged in lungs and tissues. Students are also taught of the process of digestion and the body parts that take part in the process, including the final role of the kidney and the bladder. Students are taught of plants; such as, how vascular plants transport water, minerals, and sugar; and how plants use carbon dioxide and energy from sunlight to create molecules of sugar and to release oxygen. Lastly students are taught of how plant and animal cells convert sugar to energy, producing carbon dioxide and water as a result (California State Board of Education 2009).

2.2.3.2.1.3 Earth Sciences

For the earth sciences, students are taught three separate subjects: water, weather, and the solar system. Students are taught the water cycle and how it includes the processes of evaporation and condensation. They learn that water moves between land and the ocean and consists of two types: salt water and fresh water. Students are informed that salt water is located in the ocean and that the ocean covers most of the earth. Students are also taught that fresh water is located in rivers, lakes, glaciers, and underground sources and that fresh water is limited and can become more available if it is reused and conserved. Students are also told of where their local water is derived from. Students are taught that liquid water can evaporate into water vapor into the air and if that water vapor is cooled it will go back to a liquid and if cooled past water’s freezing point it will turn solid. Teachers inform their students that water vapor moves in the air and can form fog and clouds and can fall back to earth as rain, sleet, hail, or snow (California State Board of Education 2009).

Students are taught of how weather works, how to use weather maps and data, and how to predict local weather with the knowledge that weather forecasts rely on many variables. Students are explained to how the energy from the sun heats the Earth unevenly causing air movements which cause weather change. Students also learn how the water cycle and the ocean affect the weather as well. They learn of how the Earth’s atmospheric pressure decreases with altitude and that pressure is constant at each different altitude (California State Board of Education 2009).

Lastly students learn that the solar system consists of the Earth, the moon, planets, asteroids, and comets that all orbit the sun. Students learn that the sun is an average star made up of hydrogen and helium and that planets orbit around the sun due to the gravitational pull between the two bodies (California State Board of Education 2009).

2.2.3.2.1.4 Investigation and Experimentation

For Investigation and Experimentation, students are taught the scientific process and use it to help guide them through their own investigations and experiments. Students learn to follow the process of:

1. Classify objects

2. Develop a testable question

3. Plan and conduct simple investigations in which they will write up a list of procedures that others can follow

4. Categorize independent and dependent variables

5. Select appropriate tools

6. Make quantitive observations

7. Record data using graphic representations

8. Draw conclusions from data and determine if further information is needed

9. Write an investigation report detailing each step

(California State Board of Education 2009).
2.2.3.2.2 6th Grade

Sixth grade students focus on earth science throughout their school year. They learn of plate tectonics, how the earth’s surface is shaped, heat, energy in the earth system, ecology, natural resources, and further explanation of the scientific method. Students are taught that plate tectonics is responsible for important features on the Earth’s surface and major geological events. Students also learn of the structure of the Earth and how it has layers: lithosphere, mantle, and the metallic core. The sixth grade students will also be learning about the earth’s surface and how it is shaped. They will learn of how topography of the earth’s surface is affected by two main causes: weathering and the transportation and deposition of sediment. Students are taught of heat and how heat is transferred from a warmer object to a cooler object via conduction, convection, or radiation. The Earth’s surface is affected by the transfer of heat via radiation from the sun and convection from the Earth’s molten core, creating many of the Earth’s phenomena. Students are also taught about ecosystems and how energy is transferred from one organism to other organisms via the food web. Students are taught about the Earth’s natural resources, how each resource varies in its “amount, distribution, usefulness, and the time required for their formation.” Students are taught to recognize renewable resources verses nonrenewable resources. Lastly, students will develop their scientific method abilities by additionally developing a hypothesis, presentations, and analyzing how close their results are to their proposed explanation (California State Board of Education 2009a).
2.2.3.2.3 7th Grade

Seventh grade students focus on life science throughout their school year. They learn of cell biology, genetics, evolution, earth and life history, structure and function in living systems, physical principles in living systems, and further developing their scientific method understanding. Students learn that all living organisms are composed of cells, “from one to many trillion.” Students learn the organelles and their functions, and how cells can multiply via mitosis. Students learn that cells contain genetic material in the form of DNA and are taught how genetic material is inherited. Students learn that genetic material and environmental influences causes evolution and diversity of organisms. Students are taught how the history of the Earth and life on Earth can be determined by examining rocks, fossils, and using the understanding of the Earth’s natural processes and evolution. Students are taught that plants and animals are structured and have multiple parts each with their own function. Students will then learn the physical principles that underlie biological functions focusing on light and the mechanics of biological structure. Students will advance their scientific method understanding by additionally researching prior to the experiment, explaining the logical connect in the process, and presenting their results using diagrams, models, and maps (California State Board of Education 2009b).
2.2.3.2.4 8th Grade

Eighth grade students focus on physical science throughout their school year. They learn of motion, forces, structure of matter, earth in the solar system, chemical reactions, chemistry of living things, periodic table, density and buoyancy, and furthering their understanding of the scientific method. Students are taught the meanings of velocity, average speed, and position. Students will learn what it means to have forces balanced or unbalanced on an object and how those forces can affect that object. Students learn that each element has distinct properties and atomic structure. Students learn that atoms are composed of neutrons, protons, and electrons and the how molecules are composed. Students will study the stars and galaxies to better understand the composition of the universe. Students learn how chemical reactions work and the principles of chemical reactions. Students also learn how chemistry exists in living organisms and that carbon is very common in living organisms because it can easily bond with itself and other elements. Students also learn how to use the periodic table and understand how to derive information. Students learn that density is the mass per unit and that buoyancy is the upward force that is applied to objects in fluid. Lastly, students advance their scientific method understanding by additionally determining the accuracy of their results and the reproducibility of their experiment. Students also learn to apply a mathematical relationship to their data (California State Board of Education 2009c).

2.2.3.3 California Math Standards

The California Math Standards are the math knowledge and skills that the California State Board of Education adopted to be taught to all California students at each grade level. 

2.2.3.3.1 5th Grade

The fifth grade math standards require students to learn about the four basic arithmetic functions, units of measure, and how to analyze data via a graph or chart. Students learn how to apply addition, subtraction, multiplication, and division to fractions, decimals, and positive and negative numbers. Students also learn units of measure for length, width, and depth; and how to use those measurements to find area and volume. Lastly, students learn to use charts, graphs, grids, and tables to record and analyze data (California State Board of Education 2009d).

2.2.3.3.2 6th Grade

The sixth grade math standards require students to learn to solve problems involving probability, proportions, and variables; as well as learning to find mean, median, mode, range, and the area of a circle. Students learn about π and how it can be applied to find the area of a circle. Students also learn how to use variables to represent unknown values while solving problems. Lastly, students are taught how to solve one step linear equations (California Board of Education 2009e).

2.2.3.3.3 7th Grade

The seventh grade math standards require students to learn to manipulate numbers and equations, perform measurement unit conversions, and graph linear functions and understand slope. Students learn about numerators, denominators, and exponents. Students learn to use the Pythagorean theorem to find a missing side of a geometric figure. Students also learn to take fractions, decimals, and percents and change them from one to another (California Board of Education 2009f). 

2.2.3.3.4 8th Grade

In eighth grade students will either be learning algebra I, geometry, algebra II, or statistics. In algebra I, students learn about symbolic reasoning and calculations with symbols. In geometry, students learn geometric concepts and skills. In algebra II, students will be expanding on their knowledge and skills from algebra I and geometry, and gain experience with algebraic problems. In algebra II students will learn about quadratic equations, logarithmic and exponential functions, the binomial theorem, and the complex number system. In statistics, students learn about probability, interpreting data, and fundamental statistical problem solving (California Board of Education 2009g).
2.2.4 Example Lesson Plans

The Example Lesson Plans section consists of an accumulation of educational lesson plans that are similar to the objective goals of the design project. The lesson plans include Rick Peck’s Study and Energy Efficiency Ambassadors. 
2.2.4.1 Rick Peck’s Study

Rick Peck’s Study consisted of measuring energy use of the 6th grade wing of Rick Peck’s school, displaying the energy usage on a television screen in the hallway for students to see, and having the students complete surveys prior to the study and after the survey in order to see how the study affected the students’ knowledge and perceptions about energy consumption and greenhouse gases.

Rick Peck is a science teacher at a middle school in Sterling, Virginia who in the 2008/2009 school year conducted a study using his school’s sixth grade class of about 109 students: the “study of the effects on student knowledge and perceptions of activities related to submetering the 6th grade wing of a middle school, to displaying the carbon footprint, and to efforts to reduce energy consumption and greenhouse gasses” (Peck 2009).

In this study the 6th grade wing of the middle school had power meters installed to measure the amount of energy being consumed by mostly just that wing: 90% of the energy measured was consumed by the 6th grade wing, 10% of the energy measured was from other parts of the school. In the 6th grade locker area a television displayed minute updates on current kilowatt demand, kilowatt hours consumed so far that day, kilowatt hours consumed the day before, current carbon footprint, and the cumulative carbon footprint for the day; the carbon footprint was calculated using the equation 1.1kg CO2 per 1 kilowatt hour, which was also displayed on the screen. The science teachers who conducted the study argue that it is important to have the energy consumption updated every minute because it helps 6th graders to see cause and effect immediately. The display was also accessible to classroom computers and on the web for anyone to see. Also, users of the system could use the data to create their own graphs (Peck 2009).

The display became active in April of the school year at the start of the energy unit in the science classes (the exact lesson plans differing from teacher to teacher). In the science classes the students and teachers discussed how the 6th grade wing could conserve energy and then researched which methods were possible. They found the only energy variable they could experiment with was the lighting; so the 6th grade wing took steps to reduce their energy consumption via lighting (Peck 2009).

In early April each 6th grade homeroom performed an activity to demonstrate how much energy the lighting uses. Each homeroom at the same time turned all of their lights on and took note of the kilowatt usage, then at the same time each homeroom turned off all of their lights excluding the energy consumption display and noted the kilowatt usage. In the science classes the teachers presented the data to the students, showing the spike in energy usage during the activity. Afterwards the students discussed with their teachers how to make changes to conserve energy and took action by removing 92 light fixtures from the locker area, the hallways, and the bathrooms. This action caused a 3% decrease in energy consumption by the 6th grade wing. Signs were put up at entrances to the 6th grade wing informing the reader that they are entering an energy conserving area (Peck 2009).


Prior to and after the study the 6th graders were asked to take a survey analyzing their energy knowledge and perceptions. The most statistically significant changes that occurred are as follows: 

· “Carbon dioxide is a greenhouse gas. (23% pre-test vs. 41% post-test)
· The US contributes over 20% of worldwide greenhouse gas emissions despite having only5% of the world’s population. (13% pre-test vs. 29% post-test)
· Producing 1 kilowatt hour of electricity emits about 1 kilogram of CO2. (8% knew this pre-test, vs. 55% post-test. Alternatively, 75% did not know the amount pre-test, vs. 31% post-test)
· Students felt ineffective in changing greenhouse gas emissions. (50% pretest vs. 25% post-test.)
· Students believed that they had reduced greenhouse gas emissions in the past and planned to do more in the future. (22% pre-test vs. 52% post-test)
· Students believed that relying on solar energy was the most important factor in reducing greenhouse gas emissions. (38% pre-test vs. 24% posttest)”
(Peck 2009).

Rick Peck discussed that this kind of study would be most effective on the scale he applied it to: part of a school that about 100 students rely on. He argued that any larger of a study and there would be too many variables and it would be difficult to only measure the classrooms in which the experiment is taking place. He also reasoned that any smaller of study and the measurements would be too reliant on single appliances and would not send the message that energy conservation involves many appliances. He claims that you need to send the message that energy conservation takes individual and collective action (Peck 2009).
2.2.4.2  Energy Efficiency Ambassadors 

Energy Star’s educational activity “Energy Efficiency Ambassadors” is designed to educate sixth through eighth grade students on the energy efficiency of light bulbs. The procedure is as follows:

1. Brainstorm with students how energy can be inefficiently consumed in homes and buildings. Have students research energy conservation while possibly contacting local organizations that help the community to conserve energy, for advice. 

2. Using a lamp, have an adult place a CFL light bulb into the socket and proceed to turn on the bulb. Make sure to use light bulbs that produce the same amount of light. A 60watt incandescent bulb produces approximately the same amount of light as a 13watt CFL. 

3. Hold a thermometer above the lit bulb and record the temperature. Once the bulb has cooled, replace the bulb for an incandescent light bulb and follow the same procedure as done with the CFL light bulb. 

4. Ask the students if they noticed any differences in light produced, heat produced, or estimated energy usage between the bulbs. 

5. Have the students calculate the actual energy usage of the light bulbs for various amounts of time. Ask students how long they usually use lights at one time; how many times per day; how many days per week; how much per year. Have students compare the amount of energy used and greenhouse gas produced per light bulb over various time periods. Lastly, have students compare the lifecycle costs of each light bulb. 

Use Equations:

· “Electricity used (kWh) = hours of use x (wattage of bulb divided by 1000)

· Cost = kWh x electric rate

· Lifecycle costs = bulb price + lifetime electricity costs

= bulb price + (electric rate x bulb lifetime x wattage of bulb/1000)

· CFL lifetime is 6,000 hours

· Incandescent bulb life time is 750 hours, so it takes 8 incandescent for every 1 CFL

· Greenhouse Gas Emissions (pounds of pollution) = kWh x 1.58 pounds/kWh” (Energy Star Year of publication unknown).

Additional Activities:

· Either in addition to or instead of the math calculations above, students write a persuasive essay regarding why energy efficiency is important. Or, students write a children’s book explaining energy conservation and how everyone can contribute to conserving energy. 

· In groups of two or three, students create a display or project that educates the community on energy conservation. The students create an informative poster or even a device that can be used in homes to conserve energy. 

· As either a class project or a club project, students create an activity similar to the light bulb activity originally presented for lower grades at the school. Students calculate how much energy and pollution would be conserved if each student in the class switched one incandescent light bulb in their house to CFL, or everyone in the school, or everyone in the city, using the equation: “Electricity saved (kWh) = bulb lifetime hours x (wattage difference of bulbs divided by 1000) x number of bulbs.” Students could also relate the amount of pollution prevented to how many trees the energy conservation saved with the equation: “Emissions equivalency in trees planted (acres of trees) = emissions prevented ÷ 8,066” (Energy Star Year of publication unknown).
The objective of the lesson is to educate students about energy conservation and how it relates to climate change. The lesson should teach students that appliances with the same output function may vary in energy usage. After the lesson students should be knowledgeable in how to determine the energy efficiency of an appliance (Energy Star Energy Star Year of publication unknown).
2.2.5 Reasons for energy conservation

Global warming, limited natural resources, and rising energy costs are causing the population to change their lifestyle from a traditional perspective to a more conservative outlook.  An increasing awareness from people, industries, and businesses are leading toward energy conservation throughout The United States (EPA 2010).
2.2.5.1  Global warming

Global warming, also known as climate change, is an issue which has increased in awareness and urgency over the past decade (EPA 2010).  Climate change is caused by the trapping of heat within the Earth’s atmosphere due to greenhouse gases collecting in the Earth’s atmosphere.  Both human production and natural occurrences produce these gases which affect the environment.  It has been researched that more greenhouse gases are caused by human industry than natural occurrences (EPA 2010). Some observed climate changes are as follows:

· Atmosphere Changes

· Temperature Changes

· Precipitation and Storm Changes

· Sea Level Changes

· Ocean Acidification

Since 1750, human contribution to the issue of climate change has increased due to industrial practices. There are four primary gases that are emitted from industry.  They are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and fluorinated gas (EPA 2010).
The burning of coal for energy is a leading producer of carbon dioxide in the American Market.  The American coal industry produces on average 2 billion tons of CO2 annually which is more than one third of the nation’s overall greenhouse gas emissions.  “US coal companies have spent millions on an image makeover but almost nothing on new technologies that may curb carbon emissions” (Berman 2009).
2.2.5.2  Limited Natural Resources

A limited natural resource is a naturally occurring product of some economic value that cannot be recreated by human means.  Examples of limited natural resources include water, oil, natural gas, and minerals (Frisman 2003).
2.2.5.3  Energy costs

Due to a growing population demand for energy, the overall trends of electricity costs continue to rise.  Currently the average cost for PG&E, the company who supplies Humboldt County’s electricity, is $0.19 per kWh (PG&E 2010).
2.2.6 Energy Conservation in the Home
There are multiple ways to conserve energy in the modern home in order to fulfill the growing necessity for Carbon Dioxide (CO2) cutbacks. Scientists and environmentalists are constantly searching for new and effective ways to conserve energy in homes. In 2008 the 12,941,717 residential homes in California used an average of 587 kWh and spent $81.10 on their energy bill per month; Figure 2 shows the uses of this energy (U.S. Energy Information Administration 2010). This energy consumption by homes is a contributor of 345.8 million metric tons of CO2 into the atmosphere annually; 28% of United States overall CO2 emissions (Bin, Dowlatabadi 2005). By using methods of energy conservation this number can decrease by generous amounts, and ultimately decrease the overall CO2 emissions that homes cause (U.S. Energy Information Administration 2010).
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Figure 2: How the average Americans uses energy in their homes (U.S. Department of Energy 2010)
2.2.6.1  Appliances

Appliances can be found in any kitchen, living room, bedroom, and office of nearly every U.S. home. The comfort and convenience appliances create often overshadows the 20% of total household energy consumption they account for; equivalent to 69.2 million metric tons of CO2 emissions annually (Bin, Dowlatabadi 2005). Consumers generally search for appliances based on the price and features of the appliance, not its energy efficiency. “By being more aware of costs, you can be in a better position to control them.” (Power 1993)

Refrigerators, dishwashers, clothes washers, and dryers are the most common of the most energy consuming appliances in homes. Refrigerators, although run only 30% to 80% of the time, can add $10 to $25 on monthly electric bills alone (Nardello). There is few effective ways to reduce the amount of energy refrigerators consume aside from limiting use and buying energy efficient rated fridges; efficient units may be initially more expensive but pay themselves off in energy savings over time. Washing machines are also top energy consumers in homes; generally they use 80% to 90% of the total energy they require for heating the water. Front loading washing machines are the most efficient appliance when it comes to washing clothes. Instead of completely submerging the clothing, like in top loading washers, front-loaders wash on a horizontal-axis with one third less water; this is shown in Figure 3. On average, horizontal-axis washers use up to 60% less energy than vertical-axis washers. Along with clothes washers, many homes have dryers as well; dryers consume more energy than the refrigerator, dishwasher, and washing machine combined. Normal use of about 20 hours per month can add about $15 to a California electricity bill. The best way to conserve energy when it comes to dryers is not using one at all. Hanging clothes on a clothesline outside on a sunny day requires no energy and contributes no emissions (U.S. Department of Energy 2009). 


Figure 3: Rather than agitating wash loads in a full tub of water like standard top loaders (left), a front loading washer dunks fabrics in a smaller volume of water (right) (U.S. Department of Energy 2009).
2.2.6.2  Heating and Cooling
2.2.6.2.1 Heating

Californians spent an average of $199 on fossil fuels, $154 on electricity, or $184 on natural gas for space heating in their homes (U.S. Energy Information Administration 2010). Lowering the thermostat by one degree Fahrenheit will save an estimated $15 to $40 a year on these heating costs. Using thermostats that automatically lower the temperature when nobody is home or at programmed times of the day can further decrease the overall energy usage of heating by 10%. Turning a thermostat back 10°–15°F for eight hours can save about 5%–15% a year on heating bills. 10°F can be a big sacrifice of comfort, but a programmable thermostat can make all the necessary changes while the house is unoccupied or the residents are asleep. A frequent misunderstanding about allowing the temperature of a home to cool is that the heating unit will require more energy and work harder in order to heat the home back to a comfortable temperature, resulting in little or no savings. This belief is false because the temperature, although dropping, stabilizes, and the fuel required to heat the home back up is nearly equal to the fuel saved while the home is cooling. The time that the house is at the stable lower temperature is the time that saves money (U.S. Department of Energy 2009).

2.2.6.2.2 Cooling

Another component of homes that is used on a hot day, and essential in warmer climates than Humboldt, is cooling. Although Humboldt County’s mild climate does not force homes to use cooling, residents spend money whenever they turn units on. An average of $177 for air-conditioning, $214 for central system cooling, or $71 for window/wall units is the annual utility bills for Californians (U.S. Energy Information Administration 2010). Ventilation is the cheapest and most energy conserving method of cooling a home; attic ventilation reduces accumulated heat buildup by about 30°F on hot days. Using proper insulation, energy-efficient windows, day lighting, sealed doors, ventilation, and shading can keep homes cool with minimal to no energy use (U.S. Department of Energy 2009).

2.2.6.3  Lighting and Day lighting
Lighting is a necessary part of everyday life that contributes to nearly 15% of the energy consumption in typical US homes. 15% of household energy use equates to 51.9 million metric tons of CO2 emissions produced annually for lighting. In mild climates that rarely go below freezing or above eighty like Humboldt County, residents can spend more on lighting than they do on heating and cooling combined (U.S. Energy Information Administration 2010). There are many ways to conserve energy consumed by lighting such as:

· Switching incandescent bulbs to Compact Fluorescent Lamp (CFL) bulbs

· Turning the lights off when no one is occupying the room/area

· Only using lighting during night hours

· Utilizing natural lighting – sky lights, high efficiency windows

· Using automatic sensors that control the lighting when people enter/leave rooms

· Painting walls with light colors

The most verified and effective way to save energy from lighting is changing incandescent bulbs to CFLs; a CFL lighting equivalent to an incandescent uses 60%-75% less energy, which is an equivalent of reducing overall U.S. CO2 emissions by 30 million metric tons (U.S. Department of Energy 2009).
2.2.6.4  Insulation
2.2.6.4.1 Thermal Insulation

The purpose of thermal insulation is to reduce the amount of unwanted energy transfer either in or out of a controlled system.  Most thermal insulation can minimize thermal energy transfer by at least 90% if compared to a bar surface.  Thermal insulation’s efficiency is measured by its thermal conductivity, which is defined as how well the material minimizes the three ways of energy transfer: convection, conduction, and radiation (Turner 2005).
2.2.6.4.1.1 Thermal Conductivity

Thermal Conductivity, or k-value, is a way to measure the efficiency of thermal insulation material.  Thermal conductivity “measures the amount of heat that passes through 1 square foot of 1-inch-thick material in 1 hour when there is a temperature difference of 1o F across the insulation thickness” (Turner 2005). The smaller the k-value the more efficient the insulation material will be and in contrast the larger the k-value the less efficient the insulation material will be.  Thermal conductivity is a commonly recognized property in industry standards because it is an accurate way to rank and price insulation materials (Turner 2005).
2.2.6.4.1.2 Convection

Energy transfer via convection is a result of hot fluid air rising in a system as colder heavier fluid/air sinks and takes its place.  The cooler fluid then heats up as it gains energy and takes it away from the source.  Insulation greatly limits this process due to the mass and composition of the material (Turner 2005).
2.2.6.4.1.3 Conduction

Conduction is the physical transfer of energy from a heated molecule to a cooler molecule through a gas, liquid, or solid.  For insulation te​​​​​​​​​​​​​​​​chnology, only solid conduction and gas conduction are a concern.  Either case of conduction can be prevented if thermal Insulation is adequately sealed (Turner 2005).
2.2.6.4.1.4 Radiation

Radiation is the primary type of energy transfer through insulation.  Radiation can be difficult to control because it is governed by the temperature of the surfaces involved.  Ways to lower radiation levels include utilizing surfaces which have low emittance and to install reflectors or absorbers within the insulation (Turner 2005).
2.2.6.4.1.5 Types of Insulation

 
Fiberglass, cellulose, and rigid foam board are commonly used as insulation material in residential homes because they are economical and abundant.

Fiberglass is created from a plentiful source called silica sand which is heated to a high temperature and then spun into minuet fibers.  Fiberglass comes in two forms: blankets and loose-fill.  Blankets are installed in walls and in floor joists while loose-fill fiberglass is installed in ceilings.  Fiberglass is the most common type of insulation because of fiberglass’s inexpensive, but effective properties.  

Cellulose is made from recycled newspaper, sometimes cardboard, shredded into a dense mass.  Cellulose is normally applied slightly damp into wall and ceiling cavities as well as home attics.  To avoid infestation and mold growth loose-fill cellulose is normally treated with boric acid.  Cellulose is an environmentally conscious type of insulation because it can be created using discarded newspapers and cardboard.

Rigid foam insulation, also called foam board, is typically used to insulate slabs and foundations because of the foam’s water resistant properties. Rigid foam insulation has nearly twice the amount of heat flow resistance per inch of standard fiberglass and cellulose insulation making foam board an increasing popular type of installment. To achieve the foam’s highest productivity, rigid foam insulation must be tightly packed to prevent air infiltration (Chiras, 2008)

3   Search for Alternative Solutions

3.1 Introduction

The search for alternative solutions section consists of a description of E2‘s brainstorming sessions and alternative solutions thought of during those sessions.  Each of the alternative solutions presented below satisfy the criteria listed in Section 2.3 and offer unique educational experiences to the targeted audience in the objective statement.
3.2 Brainstorming

E2 held three brainstorming sessions in order to formulate solutions that satisfied the objective statement in Section 1.  Our first brainstorming session took place in Jenkins Hall room 214 where free thought and creativity were promoted.  During this session every idea, no matter how extreme, was considered as a possible solution.  As a team we chose to conduct our second brainstorming section outdoors.  Fern Lake was a place where each team member was able to embrace their inner kid and share their childhood interests.   This allowed our team to become more uniform at creating alternative solutions.   The third session in Science D took a far more structured approach by limiting ideas to the criteria listed in Section 2.3 and how relevant the solution is to our objective.   It was during this session that our alternative solutions came to be. Our brainstorming notes can be found in appendix II.
3.3 Alternative Solutions

Six solutions were created over the course of the brainstorming sections.  A description of each solution is provided in the following section and a lesson plan, list of materials, list of objectives, and list of criteria fulfilled for each solution can be found in appendix III. The alternative solutions are as follows:

· Checking the Home 
· Insulation Creation

· Blinding Heat

· Looks Can Be Deceiving

· Pump in the Heat

· School Appliance Energy Reading

3.3.1 Checking the Home

‘Checking the Home’ is a home-assessment activity, in which students use the number of varied appliances in their home and their family’s average use of the appliances to calculate how much energy their family uses per month.  Checking the Home also includes a discussion on energy efficiency within the home and ways to reduce energy lose.  

A Home Checklist sheet is passed out the day before class discussion. The checklist has a list of common household appliances and students are assigned to count how many of each of these appliances they have in their home. Students are also assigned to talk with their families and estimate how many hours the family uses each appliance per month. The next day in class students use the checklist data to calculate an estimate of how much energy the students use in their households per month. As a class it is discussed how the class can lower their energy consumption with the checklist appliances. Lastly, information about Redwood Coast Energy Authority is passed out to students so they can further pursue energy conservation knowledge if they wish to do so. 

The objective of ‘Checking the Home’ is to educate students about energy, energy used in the home, how to conserve energy in the home, and to motivate students to conserve energy in their homes. 

3.3.2 Insulation Creation

‘Insulation Creation’ is a hands-on activity that teaches students the purpose of insulation, how insulation works, and what materials are used for insulation. Students choose from a variety of materials and test how well their material(s) insulate heat. Students test their material(s) by placing the material(s) in a wire mesh basket and sliding that basket in a slot in a wooden or Plexiglas open-ended box. A hair dryer blows heated air through the open-ended box and through the wire mesh basket holding the material(s) to the other end of the box. This is displayed in Figure 4. Students calculate the temperature change between the hair dryer and the insulation material(s) and compare it to the temperature change outside the box behind the insulation materials to see how well the materials kept the hair dryer’s heat inside the box. As a class students present and compare the insulation efficiency of the variety of materials along with the three most common insulation materials: fiberglass, cellulose, and rigid foam. Students then graph the temperature change of each type of insulation material to have a visual representation of the various efficiencies.

The objects of ‘Insulation Creation’ are to, teach students the purpose of insulation, improve students’ presenting skills, and teach students energy transfer through a material.
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3.3.3 Blinding Heat

‘Blinding Heat’ is a hands-on activity in which students compare the heat release and energy use of compact fluorescent lamp light bulbs and incandescent light bulbs. Students work in groups to record the temperature and energy use over time for each light bulb using thermometers and kilowatt meters. Figure 5 displays the organization of the materials for ‘Blinding Heat’. Students then graph the heat release of each light bulb over time for comparison. 

The objectives of ‘Blinding Heat’ are to show the energy efficiencies of the two light bulbs, to show the correlation between heat release and energy use, and to motivate students to make a change from incandescent bulbs to CFL bulbs in their homes. 


[image: image3]
Figure 5: Above the organization of the materials for the ‘Blinding Heat’ activity is shown.
3.3.4 Looks Can Be Deceiving

‘Looks Can Be Deceiving’ consists of a hands-on activity and two discussions about energy conservation in regards to lighting. The activity is introduced by an interactive class discussion in which the class discusses sources of energy consumption in the home and what might be the largest consumer. The class also discusses ways in which energy consumption in the home can be decreased. The activity consists of students measuring the temperature and wattage of different types and sizes of light bulbs using thermometers and kilowatt meters. Students graph the activity data and discuss the results in order to compare the data and determine what types of light bulbs are more energy efficient and if size affects energy efficiency. 

The objectives of ‘Looks Can Be Deceiving’ are to see if the size of an incandescent or CFL effects the energy usage of the bulbs, teach students that CFL bulbs are more energy efficient than incandescent bulbs, and motivate students to change their incandescent bulbs to CFL bulbs. 
3.3.5 Pump in the Heat

‘Pump in the Heat’ is a hands-on activity in which students use a model house to find where houses commonly have heat loss. The model house is made of Plexiglas and has one room, windows, a door, and a chimney. The model house resides on a Plexiglas platform in a 2-Liter soda bottle. A tube is inserted into the house through the floor and connects to a soap dispenser filled with warm water. The soda bottle is filled with cold water colored blue and warm water colored red is pumped into the model house via the soap dispenser. The model house set up is displayed in Figure 6. Students observe where the warm water (red) escapes the house into the cold water (blue). Students then put putty on the areas of the house in which warm water is escaping and repeat the activity to see if they prevented heat loss. This activity represents the heating of a house and where that heat is commonly lost. 

The objectives of ‘Pump in the Heat’ are to show students where heat escapes in the home; explain to students how heat loss can happen, can be prevented, and how it affects energy consumption; and motivate students to try to prevent heat loss in their homes. 
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Figure 6: Above the organization of the materials for the ‘Pump in the Heat’ activity is shown.
3.3.6 School Appliance Energy Reading

‘School Appliance Energy Reading’ is a hands-on activity followed by a class discussion educating students about how to lower the energy usage of their home appliances. Students use kilowatt meters to measure the energy usage of at least five appliances at school while the appliances are on, off, and on standby. The next day students create bar graphs displaying the activity data and the class discusses how the school could reduce their energy usage via the school’s use of appliances. 
The objectives of ‘School Appliance Energy Reading’ are to educate students about energy and how it is measured, teach students how to use a kilowatt meter, provide relevant examples of energy using appliances to be measured, and to motivate students to conserve energy.
4 Decision Phase
4.1 Introduction
Section 4 describes the method used to evaluate and determine which alternative solution from Section 3 would be the most appropriate choice for the final design.  Section 4 also defines the criteria listed in Section 2.
4.2 Criteria Definition

The following are the criteria from Section 2 and their definitions as defined by team Esquared.

Safety:  Safety is the level of avoiding risk of injury and danger to any individual.
Durability:  Durability is the ability to remain functional for at least one year.
Amount of Real World Applicability:  Amount of real world applicability is the amount of relevance of the activity to the world outside of the activity.
Cost:  Cost is the amount of money invested in constructing the initial product by the Esquared engineering team and continuing maintenance funds by the Redwood Coast Energy Authority.
Level of Engagement:  Level of engagement is the amount of student activity during the lesson.
Compliance with Educational Standards:  Compliance with Educational Standards is the ability of the activity to fulfill the California science and/or math standards of 5th-8th grades, and the number of standards fulfilled.
Ease of Use:  Ease of use is the amount of effort required by the teacher and students to carry out the activity.
Transportability:  Transportability is the ability and level of ease to move the activity materials from Redwood Coast Energy Authority to the classroom in regards to weight and how well materials are stored in the boxes so that they are not damaged or broken.
4.3 Solutions
There are six possible solutions as the final design for this project.  Each solution is described in detail and with illustrations in Section 3.
These solutions are: 
•        Insulation Creation
•        Blinding Heat
•        Pump in the Heat
•        Checking the Home
•        School Appliance Energy Reading
•        Looks Can Be Deceiving
4.4 Decision Process

From the alternative solutions a final solution was chosen after meeting with teachers and the client; and using the Delphi Method. The decision process began with meeting with local teachers and the Redwood Coast Energy Authority client. The advice gathered from the teachers and the client affected some of the criteria; for example Compliance with Educational Standards was added after hearing from all resources that teachers are more likely to use the box if it fulfills educational standards. 

After meeting with the local teachers and client, the Delphi Method was used to narrow down our final decision to three or four alternative solutions. The Delphi Method works by first weighting all of the criteria by importance: one to ten, one being least important, ten being most important. The alternative solutions are then given a grade for each criterion for how well the solution meets the given criteria: one to one hundred, one being does not satisfy criteria, one hundred being satisfies criteria fully. The Delphi Method determines which solution meets the objective statement best by multiplying the grade given to the solution by the criteria weight and adding up all of the criteria scores to give each solution an overall score; the solution with the highest score best fulfills the objective statement. The Delphi Method for the design process resulted in four solutions that best fit the objective statement: Checking the Home, School Appliance Energy Reading, Insulation Creation, and Pump in the Heat. The Delphi Method can be found in Figure 

The decision process ended with an additional set of meetings with local teachers and the client. The local teachers gave the advice that the lesson plan would work best as a weeklong unit, that way the week is not broken up with different topics. The client advised us to have Blinding Heat as at least part of our final solution because he had presented an activity very similar to Blinding Heat and students enjoyed it. 

Combining the advice from the local teachers and the client, and the Delphi Method results, it was decided that the final solution should be a weeklong unit combining three activities: Blinding Heat, School Appliance Energy Reading, and Checking the Home.
4.5 Decision Justification
The final solution is a weeklong Energy Conservation unit, combining three of the alternative solutions: Blinding Heat, Checking the Home, and School Appliance Energy Reading. The final solution is justified by the guidance of local teachers and the client, and the Delphi Method. Blinding Heat is part of the final solution because the client advised Esquared to do so. Checking the Home is part of the final solution because it ranked highest on the Delphi Method.  And Appliance Energy Reading is part of the final solution because it ranked second highest on the Delphi Method. The final solution is a weeklong because the local teachers met with advised that the unit lasts one week. 

5 Specification of Solution
5.1 Introduction

The purpose of Section Five is to provide a detailed description of the final solution, a cost analysis, instructions for implementation, and results from solution tests.  The description of the final solution details all aspects of the design and how the solution meets the project objective. The cost analysis shows the cost in hours for the entire design process, implication costs for building materials, and the estimated maintenance costs for the future.  The instructions for implementation describe how to appropriately use the final solution.  Concluding section five are the results which describe how the final solution preformed during the tests of its intended usage.

5.2 Solution Description

Bust-A-Watt educates middle school students about energy conservation through hands-on activities, interactive discussions, home assessment assignments, and a reflective art assignment. Bust-A-Watt is a weeklong energy conservation unit, broken up into five one-hour class periods, or individual daily activities. One activity is Blinding Heat, in which students compare the wattage and heat of CFL and incandescent light bulbs.  The second activity is Appliance Energy Reading, in which students measure the wattage of common household appliances using a Kill-A-Watt™ meter. Classroom discussion topics include: activity results, properties of heat, energy and its measurements, and how to conserve energy. Students assess their own homes by completing a home checklist in which they count the amount of listed appliances in their home and their family’s average amount of use for each. Lastly, students create posters displaying something they learned during the unit. The lesson plans for the week unit are located in the appendix.
5.2.1 Day 1: Unit Introduction

The main objectives of Day 1 are to introduce the unit, to teach students how energy is measured, and to introduce the Home Checklist via lecture. The energy and power lecture consists of teaching students what watts, kilowatts, kilowatt hour, and joules are and how they relate to each other. The Home Checklist consists of a table listing 11 appliances and spaces for students to record how many of each appliance there are in their home, an estimate of how much time they use each appliance.  The Home Checklist can be found in the appendix. 

5.2.2 Day 2: Blinding Heat

The main objectives of Day 2 are to demonstrate to students what heat transfer and the Law of the Conservation of Energy are by using a hands-on activity. Blinding Heat is a lab activity that has students measure the heat release and energy use of CFL bulbs and incandescent bulbs over time.  Students then graphing data they found during their conclusions. The materials for the activity are a CFL bulb, an incandescent bulb, a Kill-A-Watt™ meter, a thermometer, a 10 foot extension cord, and a light bulb docking station. The light bulb docking station shown in Figure 7 and 8 is made from a wood block with light bulb socket adaptors pressed into drilled holes and wired power cords exiting the block from the front side. The Blinding Heat activity sheet is located in the appendix. 
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Figure 7: Dimensional diagram of Blinding Heat Docking Station (AutoCAD image by Logan Baumgartner).
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Figure 8: Photo of Blinding Heat Docking Station plugged into a Kill-A-Watt meter. (Photo taken by Bryan Schmitt)
5.2.3 Day 3: Appliance Energy Reading

The main objectives of Day 3 are to demonstrate to students the amount of energy used by appliances while on and off. This demonstration is meant to show students how they can conserve energy use of appliances. The activity consists of the following: students receiving an activity sheet, a Kill-A-Watt™ meter, and an extension cord if needed; students then using the Kill-A-Watt™ meter to measure the energy use of appliances while on and off; lastly, students use their data to draw conclusions and graph the energy use of each appliance while on and off. The Appliance Energy Reading activity sheet is located in the appendix.  
5.2.4 Day 4: Blinding Heat Discussion

The main objectives of Day 4 are to discuss students’ Blinding Heat results, use Blinding Heat results to teach California science and math standards, and to motivate students to use what they learned in the Blinding Heat activity to conserve energy in their own homes. California science standards are met with a discussion on heat transfer and the law of conservation of energy. California math standards are met by calculating how much energy and money the class could save if everyone in the class switched their incandescent bulbs for CFL bulbs; and by students individually calculating the amount of money spent and energy used per week, month, and year for one appliance in their home. Lastly, the calculations are used to motivate students to switch their incandescent bulbs for CFL bulbs and information regarding Redwood Coast Energy Authority’s free bulb-switching program is handed out to students so they have the ability to take what they learned into their homes. The calculation sheet and the RCEA information sheet are located in the appendix. 
5.2.5 Day 5: Reflection 

The main objectives of Day 5 are to discuss students’ Appliance Energy Reading results, total class Home Checklist results, individual appliance calculation results, and reflect upon the week. After discussions, students make posters about what they learned during the week. Students can create their poster about heat, energy, how to conserve energy, or their favorite activity during the week and what they learned. These posters can be put up in the classroom so that students can be reminded of Bust-A-Watt and what the project taught them after the unit has passed. 
5.3 Cost Analysis
The Cost Analysis shows the total number of design hours spent on the final solution, implementation costs spent to construct the final design, and annual maintenance costs projected for RCEA to supply in order to keep Bust-A-Watt running effectively.  
5.3.1 Design Cost

The design cost is the total number of hours that Esquared has collected throughout the development of this design project.  Figure 9 shows the total amount of hours spent over the course of the project and provides the number of hours accumulated for every section of the design process. 
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Figure 9: Total Hours Spent on Design Project
5.3.2 Implementation Cost

The implementation cost is the total amount of money spent on materials needed to build the final solution.  A list of all the materials, the cost and number of each, and the total amount of $250.21 that was spent to acquire the necessary materials are located in Table 2.  The term donated, as shown in Table 2, represents the materials given to Esquared from outside sources.
Table 2: List of Materials and Their Costs for Bust-A-Watt
	Item
	Unit Cost
	Quantity
	Item Cost

	Plug-To-Socket Adapter Brown
	                $   1.75 
	12
	 $   21.00 

	Plug-To-Socket Adapter ivory
	1.89
	4
	7.56

	Ace Extension Cord 6ft 
	1.99
	14
	27.86

	Ace Extension Cord 10ft 
	4.49
	7
	31.43

	Ace 6 Outlet Power center
	4.79
	1
	4.79

	4x4 Fur Lumber Board
	8.32
	1
	9.01

	Kill-A-Watt Meter
	17.89
	7
	125.23

	Thermometer
	1.90
	7
	13.33

	CFL light Bulb
	1.25
	8
	10.00

	Incandescent Light Bulb
	1.50
	7
	Donated

	USB Drive
	8.00
	1
	Donated

	Paper Sheet
	0.01
	287
	Donated

	
	
	Total
	 $          250.21 


5.3.3 Maintenance Cost

In order for Bust-A-Watt to run effectively, maintenance is necessary.  Assuming the project is used three times per year, the projected cost for every year of use is approximately $ 19.50 due to broken materials and printed assignments.  These costs and the number of projected replacements are listed in Table 3.

Table 3: List of Maintenance Tasks and Projected Replacement Cost per Year
	Maintenance Task
	Projected Number/per year
	Cost/per year

	Print paper assignments
	3 weekly lesson plans
	$    9.00

	Replace light bulb
	1 bulb
	1.50

	Replace extension cord
	1 extension cord
	5.00

	Replace thermometer
	2 thermometer
	4.00

	
	Total Maintenance Cost/per year
	$     19.50


5.4 Instructions for Implication and Use
Bust-A-Watt is designed to be used by one teacher at a time for a week period.  Bust-A-Watt can be used multiple times throughout the year as long as certain conditions are fulfilled by RCEA and educators.  
5.4.1 RCEA

Bust-A-Watt resides in the office of RCEA when not in use by educators.  In order for Bust-A-Watt to run effectively RCEA needs to check the kit after each use for damaged and lost equipment.  RCEA also needs to reorganize the materials in the box so educators can remove the kit with ease and limited confusion.  Appendix # has a list of all materials in the kit and images instructing RCEA where to place each component of Bust-A-Watt in the box.      
5.4.2 Educators

Instructors need to contact RCEA in order to check out Bust-A-Watt.  Once the box is received it is advised to check every material within the box to make sure no damaged or lost equipment is apparent.  A list of every material is shown in Appendix #.  Within the box, Bust-A-Watt is labeled with a detailed lesson plan.  On the lesson plan is a description on how to instruct every day of the week from Monday to Friday.  A lab packet consisting of detailed images, tables, and graphs are located with each day that involves an activity.  A reference to how the lesson plan is ordered and where the activity materials are organized within the box can be found in Appendix #. 

5.5 Results

Bust-A-Watt was tested by implementation into a local middle school science class. Bust-A-Watt was taught in Laurel Tree Learning Center’s middle school science class by its creators and science teacher Dan Equinoss. The project was altered for this class due to the class only occurring four days a week instead of the designed five days a week, by removing the calculation assignment for Day 4 and the poster assignment for Day 5 and adding a short survey for students on Day 4 for written feedback from the students. Below are the results for each day of implementation.

5.5.1 Day 1

Monday’s lesson was shorter than expected by 20 minutes. Equinoss told us to expect the lesson to be quicker in his class because his class consists of sixth through eighth grade students instead of the designed target of sixth grade, and he has previously taught a unit very similar to Bust-A-Watt. During the lecture it was found that students were not familiar with energy measurements and did not know what CFL stood for or what incandescent light bulbs and CFL bulbs looked like. Equinoss introduced the Law of conservation of energy and a review of the scientific method into Day 1 which was beneficial to the student’s understanding of the unit.  Lastly, Monday’s lesson showed that more content needs to be added to Day 1’s lesson plan and more clarification is needed for existing content.

5.5.2 Day 2

Tuesday’s lesson was expected to take 30 minutes to complete, but took 20 additional minutes for the class to complete Day 2.  The first 30 minutes were used for the Blinding Heat activity and the last 20 minutes were for the conclusion questions.  Students had a difficult time gathering data effectively until roles were assigned to each team member.  These roles include a time keeper, temperature reader, watt reader, and scribe. Once roles were assigned students gathered data with fewer complications.  Students stated that 10 second intervals were not long enough in order to collect data effectively so 15 second intervals are now in place. It was found that the docking stations need signs instructing students not to touch the light bulbs even while off because they are very hot; some students touched the light bulbs before the bulbs had cooled down to room temperature and were surprised how warm the bulbs still were. Students were also confused as to where to place the thermometer and requested that a thermometer placement location be designated. Students needed more room for conclusion question answers. Students were also confused by the procedure order. Overall, according to the student survey at the end of the week, most students enjoyed the Blinding Heat activity.

5.5.3 Day 3

Wednesday’s lesson started with 30 minutes for the Appliance Energy Reading activity and 20 minutes for students conclusions. The Appliance Energy Reading lab sheets were designed so students would know what appliances to measure prior to writing their hypothesis.  However, Equinoss had students write their hypothesis before appliances were defined so students were confused while using our premade lab sheets.  Students did not read the procedure prior to starting the activity so were confused during the activity as to what they were supposed to be doing. Since Energy Star certification was not mentioned prior to activity students were confused when the activity data table had a column asking whether or not the appliance they were measuring was Energy Star certified or not. Students were also confused by the “Standby” column in the data table since most appliances they measured did not have a standby setting; the only appliance with a standby setting found during the activity was the computers. Students also had difficulty determining if the appliance was on or off and how to achieve the different settings during appliance reading. Equinoss added to the discussion by asking student groups to report the appliances that measured the highest amount of wattage while on, off, and on standby, and the appliances that measured the lowest amount of wattage while on, off, and on standby. All of the student groups’ data were represented in a table on the board in front of the classroom. Equinoss circled the top three highest wattage appliances in each setting and the top three lowest wattage appliances in each setting. This is very useful in classrooms where each student group is measuring a different set of appliances. 

5.5.4 Day 4

 Thursday’s lesson took 40 minutes as expected, although the lesson was rearranged due to Laurel Tree Learning Center only teaching four days a week. Thursday’s lesson started with a 15 minute discussion reviewing Blinding Heat and explaining how light bulbs work. The next 15 minutes were used to calculate the amount of energy and money that could be saved if all the students switched their homes’ incandescent light bulbs to CFL bulbs. The class totals for incandescent light bulbs and CFL bulbs in the home were acquired from the Home Checklist turned in the day before. Students were able to understand and follow the process of how the savings were being calculated and helped in the process by using their calculators to calculate amounts for the presenter. The calculations had the biggest impact on the students when the money savings was calculated; students were talking among themselves what they could buy with that money. When the students were told that RCEA would replace their incandescent bulbs for CFL bulbs for free they became more excited and some said they would talk to their parents about calling RCEA. According to the student survey conducted at the end of Day 4, students felt that the discussions on Day 4 were the most useful information from the unit. The next 15 minutes consisted of the students calculating the amount of energy used and money spent by one of the appliances on their home checklist; to do this, students used the calculation sheets provided. Most students had some difficulty starting the calculation sheet and/or understanding the calculation sheet but with clarification they were able to complete the sheet on their own. In the last 10 minutes of class, the students filled out surveys detailing what they thought of the unit. The results are as follows:

1. Favorite Part

a. 50% - Blinding Heat

b. 50% - Appliance Energy Reading

2. Least Favorite Part

a. 60% - Home Checklist (was too hard to find wattage of appliances)

b. 20% - Math/Calculations

c. 20% - Monday (not interactive)/Taking Notes

3. Most useful thing learned

a. 90% - Day 4’s discussion (CFL vs. Incandescent, Money saved by using CFLs, Saving energy, converting kWh to cost)

b. 10% - Helping the environment

4. Would have liked to learn

a. 80% - Learn more about how to conserve energy while using appliances other than light bulbs.

b. 10% - How much energy and money would be saved if you switched just one incandescent bulb for a CFL

c. 10% - How CFLs work and how long they last

5. Activity Feedback:

a. Home Checklist

i. 67% had difficulty finding wattage

ii. 22% thought the instructions were clear and easy to understand

iii. 11% thought that the quantities column should be removed

b. Blinding Heat

i. 20% thought thermometer distance should be specified

ii. 20% thought there should be more types of lights

iii. 20% thought the procedure should be clearer

iv. 40% thought there should be an easier way to record data

c. Appliance Energy Reading

i. 25% thought that appliances should be tested to see how easy they are to turn on/off prior to the activity

ii. 25% liked being in groups

iii. 25% liked being in a different location than the classroom

iv. 25% felt confused by the activity

6. Were the bulbs too bright in Blinding Heat?

a. 71% No

b. 21% A little bit

c. 7% Yes

7. Should Blinding Heat be renamed?

a. 55% No

b. 45% Yes

8. Was there too much work?

a. 72% No

b. 11% Wattage finding on the Home Checklist was too hard 

c. 6% thought there should only be one activity

d. 6% thought it was too much at one time

e. 6% thought it was challenging

9. Anything else you would like to mention?

a. 41% liked the unit

b. 18% liked Esquared members

c. 15% thought the unit was fun

d. 6% liked the difference from the normal class structure

e. 3% thought the unit was informative

f. 3% thought the unit was not boring

g. 3% felt the unit inspired them
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Appendix II: Brainstorm Notes

Appendix III: Alternative Solutions Lesson Plans

Checking the Home

Objective

The objective of this activity is to educate students about energy, energy used in the home, how to conserve energy in the home, and to motivate students to conserve energy in their homes. 
Materials

1) Home Energy Checklist: This checklist lists appliances, lights, window pane thickness, thermostat temperature, etc. and students count and record how many, what type, and how often the listed item is used.

2) Energy in the Home Information Sheet: This information sheet helps students evaluate how much energy each aspect of their house uses or loses. This sheet includes the average energy usage of home appliances, lights, and heaters; as well as the energy that is lost in relation to window and door thickness and sealing.
Lesson Plan

1. Homework:

· Send students home with the Home Energy Checklist the night before the activity as homework, and have it due at the beginning of class the next day.

2. Activity:

· Introduce the activity briefly: tell students they are going to be using their Home Energy Checklists to create an idea of how much energy they use in their homes and how they can make their homes more energy efficient.

· Hand out the energy in the Home information sheet so students can calculate the approximate amount of energy they use per appliance per month in their home. They are doing this by multiplying the average kW usage for the appliance by the average amount of hours of use per month.

· Students add up the energy used in their house per month by all appliances considered.

· While students’ complete calculations, the teacher walks around the room and record students’ checklist data (not calculations) and help with calculations if needed.

· Once the teacher has a checklist representing the accumulation of the class, he/she asks students to stop working and focus on the teacher.

3. Class Cumulative Checklist Presentation

· The teacher writes the cumulative checklist totals for the class on the board.

· The teacher presents ways in which to decrease energy usage of these appliances and show how much energy these tips would save if the entire class implemented them in their homes. The teacher could also present local average energy cost rates and how much money would be saved.

· At the end of the class the teacher passes out information about RCEA and informs the students that RCEA can replace their incandescent light bulbs with CFL bulbs for free.

4. Activity follow-up/homework

· Students need to finish calculations started in class as homework if not finished.

· Students may also be assigned to create a bar graph expressing their data from the checklist compared to the class’ student average. This gives them practice creating bar graphs and gives them an idea of how they compare to peers.

· The checklist could also include a point system that would give students an idea of how energy efficient their homes are. For example, a high score could indicate their home is more efficient than the average home and a low score indicates their home could be much more energy efficient; students would gain points for having CFL bulbs, Energy Star appliances, etc.
Criteria

The Home Checklist activity satisfies all of the criteria, with additional strengths in amount of real world applicability, level of engagement, and ease of maintenance. The activity requires little maintenance because it only consists of checklists and data worksheets that need to be printed. The kids take this assignment home with them which allows them to apply the activity to their daily life and relate it to their families. 

Insulation Creation

Objective

The objective of this activity is to:
a)  Teach students the purpose of insulation

b) Improve students presenting skills

c) Teach about energy transfer through a material

Materials

1) Wire Mesh Basket:  Is used to hold the insulation material 

2) Hair Dryer:  Used to transfer heat through the proposed insulation material

3) Insulation materials:

· Cotton balls

· Cardboards scraps

· Rubber scraps

· Fabric scraps

· Shredded paper

4) Thermometer:  Measures the temperature of air on both sides of the insulation.

5) Wood/Plexiglas Open Ended Box:  Funnels the heat given off from the hair dryer into the insulation material.

6) Fiberglass insulation in wire mesh

7) Cellulose insulation in wire mesh

8) Rigid foam insulation in wire mesh
Lesson Plan

1. Teacher Prep

· Setup insulation materials at the back of the classroom.

· The wire mesh basket and the open-ended box should be placed in the front of the room.

2. Lesson Introduction

· Have a brief discussion of what insulation is and the reason for it in homes.

· Describe to the class what insulation materials are available for them to use and how the wire mesh box is holding the insulation material while hot air is blown toward it.

3. Activity

· Break students into teams of 3 to 4.

· Have teams hypothesize what the most energy efficient insulation material will be.

· Have them line up in the front of the classroom and then allow them 10 seconds to run/walk to the insulation materials they hypothesized as the most efficient.

· Teams go up to the front of the room one by one and present to the class why they believe their choice of insulation is the most efficient.   They then place as much of the material as possible into the mesh box.

· Accompany each team by turning on the hair dryer and timing it for 20 seconds.

· Have students record the temperature every 5 seconds and write highest temperature on the board.

· Do this for each team.

· The team with the lowest temperature change achieved the most energy efficient insulation.

· After all teams have gone, put the three provided sample insulations one at a time through the test.  Record the results along with the teams’ results.

4. Activity Follow-up

· Discuss as a class why some materials resisted heat change while others didn’t.

· Introduce conduction, convection, and radiation as ways of energy transfer.

· Comment on how thickness and density both contribute to energy transfer.

· Have students create a bar graph comparing the change in heat of all the insulation trials.

· X-axis is each team and sample material, Y-axis is temperature (preferably).

· Once all previous steps have been completed have each student individually write up a paragraph concluding their thoughts on what insulation’s function is within a building and the primary factors considered during insulation creation.
Criteria

Insulation Creation fulfills all of the criteria. Only the teacher handles the hair dryer, and the hair dryer is inside the box so it cannot be touched while hot, providing safety.  Insulation Creation is light enough to be transported and easy to be set up.  Only hazard that exists is the hair dyer causing a fire within the box.

Blinding Heat

Objectives

The objective of this activity is to:

a) Show the energy efficiency of different types of light bulbs

b) Show that the release of heat correlates to a loss in energy

c) Motivate students to make a change from incandescent to CFL bulbs in their homes.

Materials

1) Plug in outlet socket adapter:   Used to light the bulb.

2) Kilowatt electricity load meter and monitor:   Measures the amount of energy that each type of bulb uses.

3) Thermometer:   Measures the temperature of heat that is released from each bulb.

4) Color changing pencils:   Used as an entertaining way to show temperature change of the light bulbs.   

5) 60 Watt incandescent bulb  

6) 13 Watt CFL
Lesson Plan

1.  Teacher Prep

· Place each set of a kilowatt meter, a thermometer, a plug in outlet socket adapter, a CFL bulb, and an incandescent around the room.

2. Lesson Introduction

· Brainstorm with students how energy can be ineffectively used within the home.  As a class discuss some ideas on how energy consumption can be reduced at the home.

3. Activity

· Split students up into groups of 3-4.

· Have students plug in the CFL bulb into the adaptor and plug the adaptor into the kilowatt meter.  An outlet is needed for each kilowatt meter.

· Students need to record the kWh usage displayed on the meter.

· Have students keep a thermometer by the bulb and record the temperature over a period of two minutes.

· Have students hold their mood pencils a few inches away from the bulb and watch it change colors. Mood pencils are painted with heat sensitive paint so that with a slight change in heat the pencil changes color.

· Once every team has completed the activity with the CFL, proceed to the incandescent.   As done before, plug in the incandescent into the adaptor and plug the adaptor into the kilowatt meter.

· Students need to record the kWh usage displayed on the meter

· Have students record the temperature with the thermometers over a period of two minutes.

· Have students hold their mood pencils a few inches away from the bulb and watch the pencil change color.

4. Activity follow-up

· Discuss with students if a difference of light produced, energy usage, or temperature was observed.

· With a graph, have students compare kWh and temperature of the incandescent to the CFL.

· Explain how heat released from the incandescent correlates to energy lost from the lighting of the bulb.

· Discuss with the class how to find the energy efficiency of the incandescent to the CFL bulb.

Criteria

Blinding Heat satisfies all of the criteria listed in Section two.  The only criterion that Blinding Heat needs to address is its safety level.  The safety level is an issue because the exposed incandescent bulbs heat up to temperatures that can burn skin if touched.  
Looks Can Be Deceiving

Objective

The objective of this activity is to:

a) See if the size of an incandescent or CFL effects the energy usage of the bulbs.

b) Teach students that CFL’s are more energy efficient than a traditional incandescent bulb.

c) Motivate students to change their incandescent bulbs to CFL.
Materials

1) Three 60 Watt incandescent bulbs of different shapes.

2) Three 13 Watt CFL bulbs of different shapes.

3) Six Kill A Watt meters

4) Six bulb adaptors 

5) Six thermometers
Lesson Plan

1. Teacher Prep

· Set up each station around the room with a different size bulb, one kilowatt meter, and one bulb adaptor.

· Keep power off until after lecture

2. Lesson Introduction

· As a class discuss how energy is used throughout the home.  Brainstorm what is the largest source of energy consumption and how can it be reduced.

· Introduce that lighting is one of the highest consumers of energy in the home and discuss ways in which lights can be changed to reduce energy usage.

· Ask students to hypothesize if a CFL or incandescent is more energy efficient.

· In addition, ask them to think if the shape and size of the bulb effects energy consumption.

3. Activity

· Describe to students the six stations and what is located at each.

· Split the class up into an equal number of students at each station.

· Once all students are at their location allow them to turn on the power to the bulb.

· They need to record the kWh rate on the kilowatt meter and the temperature over a period of a few minutes.

· Once every group has finished with their readings, instruct them to move on to the next station.

· Repeat this process until students have gone to every station.

4. Activity Follow-up

· As a class discuss the results and answer the questions:

· Does the type of bulb (CFL or incandescent) change the amount of energy consumption?

· Does the size and shape of the bulb change the energy usage?

· What type of bulb releases more heat, the CFL or incandescent bulb?

· Have students graph temperature and energy consumption for each bulb.

· Put the averages on the board for all graphs and have students write a response to the results of the class averages.

· Have them answer the main question:  

· Is a CFL or Incandescent more energy efficient?

Criteria

This activity satisfies all of the criteria other than safety and durability. Incandescent light bulbs can cause burns if touched; light bulbs are also easily broken, which does not satisfy one of the criteria, durability. If the box is mishandled the light bulbs may be broken, causing a safety risk as well as an inconvenience for the instructor.
Pump in the Heat
Objectives

The objective of this activity is to:

a) Show students where heat escapes in the home

b) Explain to students how heat loss can happen, can be prevented, and how it affects energy consumption.

c) Motivate students to try to prevent heat loss in their homes.
Materials

· Fish tank:   The “fish tank” used in this activity consists of a 2 liter soda bottle with labels removed and the top third of the bottle cut off.  Inside the 2 liter bottle there is a model house made out of Plexiglas.  It is connected to the bottom of the 2 liter bottle. This house has no leaks except for at common areas that houses lose heat, such as doors, windows, and chimneys.  At the base of the fish tank a plastic tube travels through the fish tank and into the model house and about one foot of excess tubing continues outside the fish tank.  This tubing is used to transfer water into the house.

· Soap dispenser:    A cleaned out soap dispenser that dispenses liquid as the nozzle is pushed down.

· Putty:    Some form of putty to be put on the model house to prevent leaks.

· Food Coloring:    Red and blue preferred.
Lesson Plan

1. Teacher Prep

· Fill fish tank with cold water about 2/3 full.

· Add about 4-6 drops of blue food coloring to the cold water.

· Fill soap dispenser with warm/hot water and add 4-6 drops of red food coloring.

· Attach tubing from bottom of fish tank to the nozzle of the soap dispenser.

· Place putty next to fish tank.

2. Lesson introduction

· Have fish tank placed in an area out of reach of students.

· Teacher introduces activity to students through lecture and discussion.  Lecture and discussion objectives should include:

· Introduce the topic of heat loss in the home

· Ask students where they think the most heat is lost in the home.  This is the students proposed hypothesis.

· Inform students about home heat loss but not where the most heat in a home is lost.

3. Activity

· Show students that the cold water is colored blue and the warm water is colored red.

· Have students slowly pump the hot red colored water from the soap dispenser into the house in the fish tank. 

· Students watch the warm water as it fills the interior of the house and then as it slowly leaks into the surrounding blue water.

· Students record where the warm water (red) leaks out of the house and how many pumps of warm water it takes to observe the first leak.

· Record the amount of pumps needed to fill the entire model house with hot water (red).

· Second Run

· Students disconnect tubing from soap dispenser and empty water in fish tank into sink.

· Students take bits of putty and place it on the house where they noticed heat loss.  The students’ goal is to close-up these leaking areas so that heat loss will not occur.

· Students refill fish tank with cold water to 2/3 full and add 4-6 drops of blue food coloring.

· Students empty and refill their soap dispenser with warm water and add 4-6 drops of red food coloring.

· Reconnect the tubing and repeat process of slowly pumping in warm water into the house.

· Students record where the warm water leaks out and how many pumps it takes to produce the first leak.

· Record number of pumps when house is full.

4. Activity follow-up/homework

· After students have cleaned up the activity, have them come back together as a class to discuss the activity.

· Ask the students where heat loss first occurred and where heat loss occurred most.

· Ask students if they have noticed heat loss such as this in their own homes.

· Have students either:

· Brain storm as a class possible real-life solutions to home heat loss

· Brain storm individually as homework possible real-life solutions to home heat loss.

· Have students design a real-life solution to home heat loss as homework.  Ask them to:

· Draw a diagram/picture of solution

· Write a paragraph explaining how their solution would work.

· The next day in class, have students present their solutions and present real ways in which people are reducing the heat loss in their homes.
Criteria

Pump in the heat satisfies all of the criteria. The only criteria that needs to be addressed is the set up time, we are concerned that it may take too long to set up.
School Appliance Energy Reading

Objective

The objective of this activity is to:

a) Educate students on energy and how it is measured.

b) Teach students how to use a kilowatt meter.

c) Provide relevant examples of energy using appliances to be measured.

d) Motivate students to conserve energy.
Materials

1) Worksheets: the worksheets are used as an activity for half of the class in the classroom. They consist of crosswords, word finds, matching, etc. all with an energy conservation focus.

2) Data Sheets: the data sheets are made of tables with 4 columns: appliance, energy usage of the appliance while on, while off, and while on standby. The students record activity data in the data sheet tables.

3) kilowatt Meters: These meters measure the kWh usage of the appliance plugged into it.

4) Appliances

5) Energy in the Home Information Sheet: This information sheet is used by the teacher to present the average energy usage of common household appliances.
Lesson Plan

1. Lesson Introduction:

· Introduce the activity via lecture

· Explain to students the basic lesson plan and then split the class up into two halves: Group A and Group B.

2. Activity

· Group A is doing the activity the first day while Group B does individual worksheets, and on the second day the groups switch activities.

· Split Group A into teams of about 4 students.

· Take Group A students to a room on the school campus that has a variety of appliances, such as the school office, library, or cafeteria.

· Show students how to use the kilowatt meter using an appliance as demonstration.

· Give each group a kilowatt meter and tell them which appliances they can, or cannot, measure.

· Have the students measure the energy usage of at least five appliances while the appliances are on, off, and if applicable, on standby.

· Students record this data on their data sheets.

· Students return kilowatt meters and return to the classroom.

3. Activity follow-up/homework

· Have students create a bar graph that displays their data from the measuring activity.

· Have a discussion with students addressing how the school could reduce their energy usage.

· Present the average energy use of common household appliances.

· Alternation: Do not split class; have the entire class doing the same activity.

· Alternation: Instead of students in the classroom working on worksheets, use the time to lecture about energy and how to measure it.

Criteria

School Appliance Energy Reading satisfies all of the criteria but the ease of use; this activity will be difficult to facilitate by one person if groups are designated. Also, it may be difficult to arrange times in which measurements can be made in a room with adequate appliances. 
Input:


Humboldt County 5th-8th grade students uneducated and/or unmotivated about energy conservation.





Output:


Humboldt County 5th-8th grade students educated and/or motivated about energy conservation.
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