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	Green Roof Design



Activity Overview: Green Roof Design
In this student-centered learning model, students work collaboratively in small teams to design a heat- and water-conserving ‘green roof’ for a building.  Students collect and analyze data using multiple materials and combinations of materials to determine the best solution to meeting the design challenge.  It is based on authentic processes that professional engineers perform to win green roof clients. As the teacher, you will require students to submit a response to the green roof ‘Request for Proposal’ (RFP) based on their results and justifications of their design.
Teacher Preparation and Notes
· Two week time frame
· Project Preparation:

· Schedule two class periods in computer lab

· Collect building materials
· Class set of TI N-spire 

· VERNIER temperature probes
· Before attempting this lesson, students should have sufficient literacy skills to extract and synthesize meaningful concepts and data from written Web materials, and to construct a written argument citing evidence from multiple sources. They also need the analytical and discernment skills to evaluate evidence as text, images, schematics, and data graphics. In terms of group work, they need the maturity to work collaboratively in small groups, and to be active, contributing members to the creation of the final product and its presentation. 
· Classroom should be arranged to accommodate groups with plenty of room for construction and temperature data collection 
· The instructor should be proficient with basic TI N-spire operations and able to troubleshoot data collection with a Vernier temperature probe.
· To download the student TI-Nspire document(s) (.tns file(s)), student worksheet, and standards and text book alignments go to education.ti.com/exchange and enter “XXXXX” in the quick search box.

Materials

· TI-Nspire™ handheld technology, TI-Nspire™ CAS handheld technology  
· If needed TI-Nspire™ computer software
· Access to computer lab with Internet connections

· Student worksheet GREEN_ROOF.doc

· Student TI N-spire file Green_Roof.tns
· VERNIER Temperature probe
· Green Roof prototype box (students will build in Activity 3)
· Various building materials for testing and inclusion in final Green Roof Design
Suggested Related Activities (optional)
To download any activity listed, go to education.ti.com/exchange and enter the number in the quick search box.
· Name (device) — ax number

· Name (device) — ax number

· Name (device) — ax number
	Activity 1 - What motivates people to plant the surface area of an urban roof?

	In this lesson, students will design a “green roof” for an urban building. Explain to students that a green roof is generally a flat roof of a building that is planted with a variety of plant life and is therefore green in color. It might look like a rooftop garden. In Germany, an estimated 10% of the buildings incorporate green roof technology. Though certainly pleasing to the eye, green roofs attract attention for other reasons now in the U.S. Three main reasons for the emerging interest in green roofs are: 

1. The biomass of the plants slows the transfer of heat from the environment to the interior of the building, thus serving to insulate and conserve heat—which is a major financial concern in this era of energy crises. 

2. The green plant coverings also help maintain water quality by absorbing 60% to 100% of the rain that falls on them. This reduces storm water runoff that contributes to pollution by washing contaminants off building roofs into water systems. Storm water can be a cause of erosion or flooding when fast-flowing water leaves an uncovered roof and is shunted over a soil bank or into a storm sewer system. 

3. Green roofs conserve building materials by protecting the roof from the effects of weathering and harsh sun, or repeated freeze/thaw cycles that can crack roof coverings and require them to be repaired or replaced more frequently than roofs protected by plants. 

Students will use the computer lab with Internet access to research GREEN ROOF TECHNOLOGY.  One site they can use to learn more about green roof technology is http://www.rps.psu.edu/0105/roofs.html . As they study this resource, they should be prepared to answers these questions and discuss them in class: 

· What motivated Europeans to be leaders in green roof technology? Why are Americans slower to adapt? 

· If we think of the green roof as a “sandwich,” what are the three layers? 

· Now that we know the three layers, explain the role of each. 

· What data did the Pennsylvania researchers have to suggest to them the green roof might help manage heat transfer? What would be a next good step to complete the experiment that measures green roof success? 
· What additional resources were you able to locate in reference to green roof technology? Be prepared to share these with the class.


	Activity 2 – Urban Heat Islands

	
As a class, see an example of a green roof project created by college kids at Macalester College’s First Green Roof, a project designed by college students in St. Paul, Minnesota with the help of a $10,000 grant they won from the U.S. Environmental Protection Agency in an energy conservation contest. The students’ experience is briefly described by Macalester senior Alese Colehour. The environmental aspect of this effort is the topic of a report: Campus Greening: Macalester College in World Watch Magazine at http://www.worldwatch.org/node/4652. For a detailed photographic and text report by the students of the creation of the green roof, visit Macalester College’s First Green Roof at http://www.macalester.edu/environmentalstudies/students/projects/macalestersfirstgreenroof.pdf 
Students will follow up this exploration of green roofs by looking at the concept of urban heat islands, which increase the energy costs of maintaining buildings. The following websites will help prepare students for discussion: 

· The Making (and Breaking) of an Urban Heat Island at http://earthobservatory.nasa.gov/Features/GreenRoof/greenroof2.php 

· Beating the Heat in the World's Big Cities at http://earthobservatory.nasa.gov/Features/GreenRoof/greenroof.php 

Students should be prepared to discuss these questions: 

· What conclusions can you draw from a comparison of the two enlarged Landsat images of New York City? 

· The color distribution of this image correlates with temperature variance in New York City. Where does it look the hottest? What areas look the coolest? To what do you attribute the difference? 

· What general principles about urban heat islands does it suggest? Construct a hypothesis about energy interactions and transfers. 

· What information is NOT on this graphic that would be helpful in making a scientific summary of the problem? 


	Activity 3 – Building a green roof prototype

	Each group of students will build a box to be used as a green roof prototype to test various building materials for their final green roof design.  The dimensions of the prototype will be       1 foot x 1 foot x 6 inches.  The box will be placed 6 inches off the top of a table to accommodate a temperature testing probe below.  
You will need to collect various building materials available in your area for the students to use.  You may be able to get donations from local construction companies, hardware and building supply stores.  It is important to have a wide variety of materials for your students to test.

Temperature testing data will be gathered using a Texas Instruments N-spire handheld technology and a temperature probe.  Students will organize their data into a TI N-spire file, including lists with data descriptors and notes pages where you will draw conclusions of the materials tested.

Students are given the following set of items to be included as they develop a TI N-spire document: 

· Graph page displaying temperature data collected
· Collect sufficient data to display temperature findings of prototype design and various materials tested

· Lists of materials data collected, describing in detail conclusions to your findings

· Notes on conclusions and justifications for these reasons



	Activity 4 – Building Materials Exploration and Temperature Data collection using TI-Nspire and Vernier Temperature probe

	Insert .tns directions here
Step-by-step activity directions with screenshots, sample data, teacher tips, etc. as needed. Screenshots created using TI-Nspire handheld resized to 70% (1.8” x 2.4”), software screenshots resized to 1.95” x 2.59”] Screenshots should appear as needed – estimate is one per tns page.
Parallel the student document in terms of the questions and possible answers in bold.

For example:

1. Here is the first question copied from the student sheet.

Here is the answer.
Teacher Tips: Here are the teacher tips as needed. Technology, pedagogy, and classroom management as needed specific to a question or portion of the activity. 
2. Here is the second question copied from the student sheet

Here is the answer to question 2.
Teacher Tips: Here are the teacher tips as needed.
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	Activity 5 – Designing a Green Roof Solution

	Students will be asked to incorporate what they’ve learned about green roof technology, urban heat islands, storm runoff, and managing heat transfer through green roof technology by writing an engineering document known as a Request for Proposal (RFP).  They are asked to propose a green roof solution for a building in a subdivision using their temperature data to determine the best material for their green roof’s purpose. 
Working in teams, students will be part of an engineering team competing to win a new client who wants green roof options for this hypothetical subdivision. Their rooftop will serve one of several purposes; playscape, gardening, relaxation, exercise, green space, or an original purpose of your choice. The roof they are designing for is 80 feet in length, 50 feet wide, and 5 feet deep.  Their Request for Proposal will include the following: 

· Brief description of data collected to sufficiently display temperature findings of prototype design and materials tested

· Lists of materials data collected, describing in detail conclusions and justifications to your findings

· Notes on the location of the building, climate, statement of problem this green roof address, purpose of this space, advantages of this green roof design, drawbacks of this green roof design, recommendation of materials to use for building this green roof.

They will also include one drawing of the site including visual information that concisely conveys the spaces purpose, as well as your proposed green roof design. They will include information such as proposed dimensions of the elements within the green roof, clear purpose of the green roof space, and a cross-sectional drawing of the construction of the green roof.
When they are finished with the RFP, the class will decide ways to present their RFPs. Options include: 

· A team-by-team presentation, which may include PowerPoint or some other electronic media presentation. 

· Displays on exhibit boards in a space in which all team members can walk to review each other’s work - like a science fair.

· Maybe their own original ideas for presenting! 

Each student must choose two teams’ exhibits to evaluate with a rubric for completeness—and award the “contract” based on the evidence cited in the rubric.  Students should work with you to design a written rubric of selection criteria they think the building owners should use to help select a design plan and what descriptors best determine the level of success achieving these criteria.


	


	Further Assessment

	Once the rubric is decided and written and final determinations have been made, students should have a chance to revise their presentations so they more closely conform to it. 

Each team then presents its plan to the class either serially, in a front-of-the-room conference format, or simultaneously in a “Science Fair” exhibit setting through which students walk to evaluate the boards. 
A final summary of the experience can be included as part of a summary class discussion.
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