SPIRIT 2.0 Lesson: 

Sun Friendly Homes
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Instructional Component Used: Solar Home Design

Grade Level: Middle School

Content (what is taught): 

· Design an energy conserving dwelling

· Including solar energy uses into the home

[image: image2.png]


Context (how it is taught):

· Model building 
· Incorporate solar energy aspects into the home
Activity Description:

In this lesson students investigate heat management with structures.  Student creativity will be demonstrated in building an energy efficient dwelling. Technical skills will be developed in building a structure that maintains a “comfortable” internal environment. The student-conducted inquiry will emphasize the careful collection, analysis, and comparison of temperature data.

Standards:

Science: SA1, SB3, SE1, SF2

Technology:  TA1, TA3, TB3, TC4, TD1
Engineering: EA1, EA2, EA5, EC1, EC4, EE5

Math:  MC2, MD1, ME1
Materials List: 

· Cardboard boxes
· Thermometers
· Tape
· Glue
· Plastic wrap
· Newspaper
· Aluminum foil
· Bricks
· Miscellaneous insulation materials
· Heat lamp/high wattage bulb with reflector

· Natural building materials chosen by students such as clay, straw, sticks, wood, and sand

Resources:

Video clips to show natural building techniques.

Asking Questions: (Sun Friendly Homes)
Summary: Students will think about ways to build structures that will conserve energy.

Outline: 
· Discussion of climate controlled homes

Activity:  The teacher will lead a class discussion about ways that a climate-controlled home can be maintained. This discussion will help lead students towards thinking about sustainable housing.  It would also be useful to watch videos (links below) of traditional ways in which housing was compatible with climate, such as:  adobe, straw insulation, earth shelter, and passive solar.
	Questions
	Answers

	How do we keep our homes warm in the winter and cool in the summer?
	Furnaces and air conditioners

Fireplaces, space heaters, fans, open windows

	At what temperatures inside our homes are we comfortable?
	68-72 F in the winter and 78 in the summer



	Show the class two cups: a Styrofoam coffee cup that has a hole in the bottom (which you don’t let the students see) and a plastic cup.  Which would keep the coffee hot longer? 
	The Styrofoam cup—then show them the hole  

	What are some ways that we can save energy and still be comfortable in our homes? 
	Seal up any air leaks, keep shades open during the winter and closed in the summer 

	Where is some place that you’ve been during the heat of summer which was cool, though not air conditioned?
	Basement, closed up house in the morning, cave, etc.

	Why were those locations relatively cool?
	The closed up house didn’t have many air leaks to let in hot air and it had enough thermal mass to have kept the cooler temperature from overnight.  Basements and caves are insulated from the heat by the ground which maintains a fairly constant temperature.

	Why do cars get so hot in the summer?
	The green house effect—the windows let the solar radiation in but trap much of the thermal radiation within the car

	Passive solar heating systems often use thermal mass: a dense substance which can soak up the cooler nighttime temperature to help keep a building cool during the day.  Any ideas where this would be useful in this country?  Has it been used?
	The southern part of the US - traditional Native American homebuilding in the southwest uses adobe, which is much like concrete and works in this way


Online Video Resources:

· http://www.youtube.com/watch?v=LZABqaEsrLM  

· http://www.youtube.com/watch?v=p997sspjaMg&feature=related
· http://espanol.video.yahoo.com/watch/3886874/10589974   

· http://www.youtube.com/watch?v=mYAnsYdtRNE
· http://www.youtube.com/watch?v=CsrxVvkHJ7k&feature=related
Exploring Concepts: (Sun Friendly Homes)
Summary:   Students will investigate thermal and insulating characteristics through inquiry.
Outline: 

· Students will create experiments in order to test solar radiation and insulating characteristics

· Small groups will each create an experimental design and project and conduct an experiment

· Data will be recorded in order to provide information to the rest of the class about solar radiation and insulation

Activity:  Teacher Demonstration:  Using only a card box and a heat lamp, the teacher will monitor and record the temperature inside and outside of the box as a heat lamp is shined upon it.  For contrast and comparison, the demonstration is repeated with a foil-covered box.

Students will create experiments to test solar heating, thermal mass, an air infiltration-free envelope, and insulation.  The teacher will lead a discussion about the energy available through the sun and ways that it is used in human structures.  Points to emphasize include the greenhouse effect (using glass to permit the entry of solar radiation but prevent the escape of thermal radiation), the value of mass to store solar heat, the importance of a well sealed home, and insulation to retain heat.  

The teacher will assign each of these concepts to teams of students.  The students will conduct experiments to test the concept and learn about them.  Sample experiments could include:

Greenhouse Effect: Record the temperatures in cars on a sunny day at hourly intervals—both in the passenger cabin and trunk, or create a small solar collector using a box with its interior first lined with foil, then covered in black paper, and finally topped with a plastic-wrap lid.  Then record the temperature both in the box and beside the box during a sunny day.

Thermal Mass: Create two solar collectors as above each with a thermometer inside.  In only one of them place a couple of bricks. After the two boxes have been in the sun for several hours, bring them indoors-being careful to maintain the clear plastic covering and then record temperatures every 15 minutes.

Air Infiltration-Free Home:  Use two identical cardboard boxes as the model homes.  Cut a window in each in order to observe the interior thermometer.  Cover the window in one box tightly with plastic wrap.  Do not place plastic wrap over the window in the other box-since the air gaps (which exist in many homes) equals leaving a window open!  Use a heat lamp to heat both houses to the same interior temperature.  Turn off the heat lamp and record the interior temperatures every minute until the temperatures inside and outside the boxes equalize.

Insulation:  Several teams could do this with different insulations.  Use two identical boxes.  Insulate the interior of one with some type of easily used insulation (not fiberglass due to the irritating fibers) such as sheets of newspaper, foil layers, making an interior wall creating an air gap, straw, packing peanuts, etc.  The other box gets no insulation.  Cut a window in each box, place a thermometer in each, and then tightly seal plastic over the window.  Heat the boxes with a lamp or take the boxes to the school’s walk-in refrigerator.  Record the temperatures each minute until the temperatures equalize inside and outside.
The students will then share their results with the other class members.

Materials:  Cardboard boxes, thermometers, tape, glue, plastic wrap, newspaper, aluminum foil, bricks, misc. insulation materials, heat lamp

Instructing Concepts: (Sun Friendly Homes)
Solar Home Design

Construction techniques and materials that take the sun into consideration are as ancient as south-facing caves, cliff dwellings, and adobe homes.  The era of seemingly cheap energy in this country for a time reduced these considerations.  Drafty houses were built with inefficient heating systems and little or no insulation.  The increase in energy costs, more widespread recognition of the limits of fossil fuels, and an awareness of increased competition for finite resources has revived interest in both the use of the sun’s abundant energy as a heat source and traditional techniques to living in southern climates with a minimum of air conditioning.  Careful selection of a building site as well as its features (such as landscaping) can significantly complement the solar-friendly design of a structure.

Key Concepts
Solar Radiation: Radiant energy emitted by the sun, which can be captured and used

Greenhouse Effect: Solar radiation passes through glass (or clouds), is converted to thermal radiation (heat), and is then trapped within a structure (or the biosphere) by the glass (or clouds).

Passive Solar Design:  Structures that receive solar radiation, retain the heat it creates, and then gradually releases it to the interior of the structures.  This is generally accomplished with south facing glass, thermal mass, and vents to move both cool and warm air. 

Thermal Mass: Dense matter (often concrete, stone, or water) which absorbs either a build-up of heat or a lowered amount of heat.  A home in a cold-temperature climate would use a thermal mass to store the sun’s heat from the daytime in order to release it in the evening.  This also prevents overheating of a home during the time when the sun is shining.  The thermal mass in a home in a hot climate would be cool during the day while the home is closed up to keep the heated air out.  During the nighttime, the windows would be opened in order to discharge the heat gained during the day.

Adobe: Adobe is one of the many natural materials suitable for energy-efficient design.  Adobe is generally a brick-like material made from indigenous clay, sand, water, and straw/grass/sticks.  It dries hard, is durable, and acts as a thermal mass.

Insulation: Although synonymous with fiberglass, insulating materials are as diverse as straw, earth, and simple air spaces.  

Building Envelope: The integrity of a building is critical to maintaining climate-control while minimizing heating/cooling costs.  A goal is to minimize the infiltration of outside air while maintaining the quality of the interior air.  Extremely tight houses often use air-to-air heat exchangers in order to introduce fresh air into the home while retaining the heated/cooled air from the interior.
Organizing Learning: (Sun Friendly Homes)
Summary:  Students will gather building materials and create a structure of their own design.  Students will measure temperature and record data at regular intervals.  Students will analyze and then discuss the data with the class.

Outline: 

· Students will build their structure using naturally occurring materials and a design of their own creation

· Students will monitor temperature inside and outside of their structure over time.  Data is recorded in tabular form. 

Activity:  Students are to use naturally available building materials to build a sustainable structure up to approximately 1 cubic foot in dimension.  Naturally occurring is defined as materials that would have been available in 1900.  The only exception to this is that windows may be made from clear plastic (so that students will not have to handle glass).  Each building must have at least one window.  Students will place a small visible thermometer inside the structure and immediately outside of the structure.  The structures will be placed outside in direct sunlight for two hours.  The students may choose the orientation of the structure outside (which direction the house faces in relationship to the sun).  An interior temperature will be taken after the two hours.  The structures will then be brought inside.  Interior temperatures will be taken every two minutes until interior and exterior temperatures equalize.  

Students may choose to either attempt to minimize or maximize solar gain - as would be appropriate depending upon whether the structure was located in a cold or warm climate.  

Students will then create a data table (advanced students can use Excel to create a data table and line graph to display the changes in the two sets of readings) and line graph of their readings.  The data table will include the characteristics of the home (building materials used and how thermal gain was maximized and retained or minimized).  

Students will present the results of their experiment to the class.  Students will take notes on other designs in order to learn from others and successfully complete the summative assessment in portion Understanding Learning of this lesson.

Resources:
Students will design and create their own structures.  The teacher will have a sample box showing the appropriate size.  The teacher will assist with providing materials for students who need assistance.

Understanding Learning: (Sun Friendly Homes)
Summary:  Students will use common data to explain effective design characteristics and building materials for energy-efficient construction.

Outline: 

· Formative assessment of solar home design

· Summative assessment of solar home design

· Performance assessment of solar home design

Activity:  Students will (as architects) be provided with two scenarios for which they are to provide home designs and building characteristics.  They may use the data/notes taken from the Organizing Learning portion of this lesson in order to inform their answers. 

Formative Assessment

As students are preparing for the summative assessment, ask these or similar questions:

1) What features were/weren’t effective in gaining/preventing heat in the structures?  

2) What building materials were most efficient in meeting your design needs?

Summative Assessment

Students can answer the following writing prompt:

Describe what the key characteristics of solar home design are and how they relate to the building of a home.

Performance Assessment:

Designs must include ways to appropriately minimize or maximize solar gain and maintain the temperature within the home.
Scenario 1:  You have been approached by a family moving to Yuma, Arizona.  The average summer high is in the hundreds and the nightly lows in the seventies.  They would like to minimize the amount of air conditioning needed.  How will you guide them?  You may provide design sketches and/or written descriptions of what characteristics you will build into their home and the materials you will use.  You must explain why you have chosen these methods and materials.

Scenario 2:  A family in Bismarck, North Dakota would like you to build them a home.  The average January high temperature is 21 degrees F with a low of zero degrees.  They would like to minimize their carbon footprint and use the least amount of fossil fuels as possible.  What will the home you build them be like?  You may provide design sketches and/or written descriptions of their home as well as the building materials you will use.  You must explain why you have chosen these methods and materials.
Resources:  Student data table, line chart, and notes from the Organizing Learning portion of this lesson.
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