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Purpose:
To engage students in making design decisions that affect the transfer of energy between a building and the outside environment. To help students identify and consider the types of decisions involved in improving a building’s energy profile. To analyze the green roof option in economic and community terms.
Context:
For this project based learning assignment, students work collaboratively in small teams to design a heat- and water-conserving “green roof” of plant material for Greater Lawrence Technical Schools Clean Energy Building. This project involves internet research, hand drawings, creation of exhibit boards with models and text, photos and data graphics, and a final presentation of findings. It is based on authentic processes that professional engineers perform to win green roof clients. 
Students are required to submit a response to the green roof “Request for Proposal” (RFP) described below, in the Development section. This must be checked and approved before the construction of the exhibit board may be started.  

When finished, student teams will present their plans to the class as well as the carpentry students. Presentations will occur in a “Science Fair” exhibit setting through which selected students and faculty walk to evaluate each other’s boards. 
Finally, assessment requires you to work with the class to collectively devise a rubric for evaluating the proposals. Once the rubric is developed each student is to write down a summary of two different presentations, noting how each met the rubric requirements. 
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In the execution of this project, students will:
· develop an understanding of the basics of green roof design as an energy management system—not just an architectural or ideological construct 
· master the integration of contents of four Benchmarks by exploring energy interactions and transformations, as well as the role of science in negotiating trade-offs for society in the short- and long-terms 
· build on previous knowledge from earlier grades, including exploring the idea that the transfer of heat through space is affected by the nature of materials, and that energy in the form of heat is almost always one of the products of an energy transformation   
· (Benchmarks for Science Literacy, p. 85 National Standards?) 
Research suggests that middle- and high-school students don’t always regard heat exchange as an interaction. (Benchmarks for Science Literacy, p. 84.) To overcome this, you can do the Addressing Misconceptions about the Transfer of Energy teacher sheet with students—either as a “thought” experiment, or a physical exercise requiring you to provide a bucket of ice cubes and a thick mitten. 

Before doing this lesson, students should have sufficient literacy skills to extract and synthesize meaningful concepts and data from written internet materials, and to construct a written argument citing evidence from multiple sources. They also need the analytical 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. 

Ideas in this lesson are also related to concepts found in the following National Science Education Standards:
· Science and Technology: Abilities of Technological Design (9-12) #1, 2, 3, 4, 5 
· Physical Science: Conservation of Energy and Increase in Disorder (9-12) #4 
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Planning Ahead

Materials Needed:
· Access to computers with Internet connection 
· Graph paper 
· Colored pencils for sketches and renderings 
· 3-ring binder for consolidating each team’s responses to the RFP, to include 2 pages of written text; map of project which they draw, and 1 data graphic they create expressing quantitative relationships such as current energy conditions of the building, and projected savings due to the green roof. These may be augmented with PowerPoint presentations, flip charts, or poster boards for the presentation. 
· Designing a Green Roof Solution student E-sheet 
· Action Step for Designing a Green Roof Solution student sheet 
· Addressing Misconceptions about the Transfer of Energy teacher sheet 
Optional:  Plan a field trip to a local residence or commercial building that has a green roof so that students can ask questions they may have that will aid in the design of their green roof. (Or a guest speaker)
Motivation
In this lesson, students will design a “green roof” for Greater Lawrence Technical Schools Clean Energy 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. [image: http://2013readsandreacts.files.wordpress.com/2009/09/green-house.jpg]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. 
Student Activity:  Green Roof Example Research and Report
Development
In this lesson, students will design a green roof for Greater Lawrence Technical Schools Clean Energy Building. They will work in respectful, collaborative teams and research the topic through Internet and library resources, then write and illustrate a short report to present their design. If a guest speaker can be engaged to visit the classroom—or a fieldtrip arranged—the authenticity of the exercise would be greatly enhanced. Their design will mimic the real-world engineering process in which engineers submit a design in response to a Request for Proposal (RFP). The design requirements for the RFP are outlined in the Action Step for Designing a Green Roof Solution student sheet. 

In their RFP, students will incorporate what they’ve learned about green roof technology, urban heat islands, and managing heat transfer through green roofs. They will propose a solution to a heat transfer problem in a school building in words, pictures, and data graphics. 

Before students begin this project, they should add to their knowledge about green roofs by using their Designing a Green Roof Solution student E-Sheet to go to and read Green Roofs. 
Activity: Designing a Green Roof Solution WebQuest 
Main Project: Now go over the green roof design project with students on the Action Step for Designing a Green Roof Solution student sheet. Students should follow the directions on this sheet to help them develop their RFP that proposes a green roof solution for an urban building. They should describe it in words, pictures, and data graphics.
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Assessment
For the assessment, 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. 

Once the rubric is decided and written, students 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. 

Assessment requires each student to write down a summary of at least two different presentations and hand it in to you. They must evaluate them against the rubric the class devised for the use of the building owner in the selection process. 

For your own assessment purposes, you are to evaluate their presentations on how well they address foundational concepts of the Benchmarks.

	


Lesson Adapted from: http://www.sciencenetlinks.com/lessons.php?BenchmarkID=8&DocID=496  
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