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	Green Roof Design
STEM – Student Activity
	Name __________________________
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	Overview – Designing a Green Roof Solution
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.


	Materials

· Access to computers with Internet connection

· TI-Nspire™  handheld RF or CAS
· Rooftop Garden.tns
· Vernier EASYTemp Temperature probe
· Green Roof prototype box (students will build in Activity 3)
· Various building materials for testing and inclusion in final Green Roof Design
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	Activity 1 - What motivates people to plant the surface area of an urban roof?

	Steve Luoni, Director of the University of Arkansas Community Development Center, provides one compelling answer: to reduce water pollution. Says Luoni, “The storm runoff in the first hour of rainfall has the same pollution index as raw sewage.” (University of Arkansas Research Frontiers, Spring 2008. p. 21.) 

Another big reason to move to green roofs is to manage heat transfer more efficiently. Because of the insulating properties of green roofing materials and plants, green roofs reduce the amount of heat transferred between the building and outside environment. This reduction in heat transfer conserves energy and reduces building maintenance costs. [image: image1.png]



Study GREEN ROOF TECHNOLOGY at http://www.rps.psu.edu/0105/roofs.html to learn more about green roofs. As you study this resource, think about answers to these questions and be prepared to 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

	Follow up this exploration of green roofs by looking at the concept of urban heat islands. Urban heat islands increase energy costs of maintaining buildings. Study the following websites—text, images, and graphics—and be prepared to discuss them: 

· 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 
Think about these questions as you study the images: 

· 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

	A prototype is an original type, form, or instance of something that serves as an example or standard for other things of the same category.  In many fields, there is great uncertainty as to whether a new design will actually do what is desired. New designs often have unexpected problems. A prototype is often used as part of the product design process to allow engineers and designers the ability to explore design alternatives, test theories and confirm performance prior to starting production of a new product. Engineers use their experience to tailor the prototype according to the specific unknowns still present in the intended design. For example, some prototypes are used to confirm and verify consumer interest in a proposed design where as other prototypes will attempt to verify the performance or suitability of a specific design approach.

Each group 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 temperature testing below.  Temperature testing data will be gathered using a Texas Instruments Nspire handheld technology and a temperature probe.  You will use various building materials to determine the best products for your roof’s purpose (Read Activity 5 below). Organize your data into a TI-Nspire file, including lists with data descriptors and notes pages where you will draw conclusions of the materials tested.
Develop a TI-Nspire document that includes the following: 

· 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 – Temperature Data collection using TI-Nspire and Vernier Temperature probe


Students will compare temperatures using the materials suggested by the International Green Roof Association (www.igra-world.com) for the three types of organic material needed for constructing the roof.

	  
	Extensive Green Roof 
	Semi-Intensive Green Roof 
	Intensive Green Roof 

	Maintenance 
	Low 
	Periodically 
	High 

	Irrigation 
	No 
	Periodically 
	Regularly 

	Plant communities 
	Moss-Sedum-Herbs and Grasses 
	Grass-Herbs and Shrubs 
	Lawn or Perennials, Shrubs and Trees 

	System build-up height 
	60 - 200 mm 
	120 - 250 mm 
	150 - 400 mm on underground garages > 1000 mm 

	Weight 
	60 - 150 kg/m2 
13 -30 lb/sqft
	120 - 200 kg/m2 
25 - 40 lb/sqft
	180 - 500 kg/m2 
35 - 100 lb/sqft

	Costs 
	Low 
	Middle 
	High 

	Use 
	Ecological protection layer
	Designed Green Roof
	Park like garden


1. The teachers assigns students groups where they are studying the effects of the plant communities on temperature absorption. The class will have two to three groups studying the same plant community.

2. The students will have small flower pots with the plant community assigned to them stuffed inside.

3. Students will complete temperature measurements on different days under varying conditions.

4. Measurement conditions:
a. No immediate lighting

b. Focused lighting tuned on 10 minutes after temperature probe inserted into the plant community
c. Focused lighting turned on when temperature probe is inserted into the plant community.
5. Experiment set-up.
a. No immediate lighting: 


Time Graph with data collection every 15 seconds for 20 minutes (1,200 
seconds)
b. Focused lighting after 10 minutes


Time graph with data collection every 15 seconds for 30 minutes (1,800 
seconds)
c. Focused lighting throughout the experiment.


Time graph with data collection every 15 seconds for 20 minutes (1,200 
seconds)
6. Experiment reporting.


Groups will complete a scatterplot for each of the three settings and save the .tns 
file. The file should contain three list and spreadsheet pages and three graphs 
and geometry pages. Using the TI-Nspire Computer Link Software, the groups 
will save the file and send it to the teacher.

Groups with the same plant community will compare experiment results and 

prepare a report explaining the differences/similarities. 
	Activity 5 – Designing a Green Roof Solution

	 Incorporate what you’ve learned about green roof technology, urban heat islands, and managing heat transfer through green roof technology. You will do this by writing an engineering document known as a Request for Proposal (RFP).  This document proposes a green roof solution for the building subdivision. You will use your TI N-spire files to determine the best materials for your green roof’s purpose. 
Site Context: 

You are part of an engineering team competing to win a new client who wants green roof options for a hypothetical subdivision. Your rooftop will serve one of several purposes; playscape, gardening, relaxation, exercise, green space, or an original purpose of your choice. The roof you are designing is 80 feet in length, 50 feet wide, and 5 feet deep. 

The client has issued a Request for Proposal, called an RFP. This is a formal engineering document.

Your Job: 

Working in teams, develop a Request for Proposal that includes 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.

Include one drawing of the site including visual information that concisely conveys the spaces purpose, as well as your proposed green roof design. The context includes 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, such as http://www.thebrentonarboretum.org/pavilion.htm on the Brenton Arboretum Pavilion page. 
When you 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.

· Your 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.

	


	Activity 6 – Designing a Green Roof Solution

	Incorporate what you’ve learned about green roof technology, urban heat islands, and managing heat transfer through green roof technology. You will do this by writing an engineering document known as a Request for Proposal (RFP).  This document proposes a green roof solution for the building subdivision. You will use your TI N-spire files to determine the best materials for your green roof’s purpose. 
Site Context: 

The United States Green Building Council (www.usgbc.org) provides information about legislator’s concern for school and students  regarding energy and costs. In October 2007, with the active support of the U.S. Green Building Council (USGBC), the House of Representatives Green Schools Caucus was created by founding co-chairs Rep. Darlene Hooley, D-Ore., Rep. Michael McCaul, R-Texas, and Rep. Jim Matheson, D-Utah. The Green Schools Caucus will  help schools save money, help society save the environment and, ultimately and most importantly, help make sure that children are attending classes in the safe indoor environments.
“Just six months after the caucus launched, the House of Representatives passed House Resolution 3021: the 21st Century Green High-Performance Public School Facilities Act. This progressive resolution would dedicate $20 billion over the next five years to states for the construction and renovation of healthy, green schools. 

Your Job:
1. The funding specifically supports green schools projects built to LEED and other green building and energy standards.”  (http://communicate.usgbc.org/newsletters/K-12-LEED/1008_long.html). Investigate if your community would qualify for funding. Discuss ways to develop projects in your community.

2. The U.S. Green Building Council kicked off its Fifty for Fifty initiative in September 2008, working with state lawmakers in all 50 states to promote green school buildings. USGBC’s goal is for every state legislature in the nation to have its own caucus or working group of lawmakers advancing green schools. Inspired by the success of the Congressional Green Schools Caucus, the Fifty for Fifty Initiative will build on widespread participation in USGBC’s LEED for Schools certification program, which has over 1,000 green schools projects registered in all 50 states and the District of Columbia.


	


	Activity 7 – Designing a Green Roof Solution

	 Incorporate what you’ve learned about green roof technology, urban heat islands, and managing heat transfer through green roof technology. You team received the grant for a green roof solution for the building subdivision. You will use your TI N-spire files to determine the best green roof purpose for existing structures.
Site Context: 
The following criteria can be used to characterize three different forms of Green Roofs:
  

Extensive Green Roof 

Semi-Intensive Green Roof 

Intensive Green Roof 
Maintenance 

Low 

Periodically 

High 

Irrigation 

No 

Periodically 

Regularly 

Plant communities 

Moss-Sedum-Herbs and Grasses 

Grass-Herbs and Shrubs 

Lawn or Perennials, Shrubs and Trees 

System build-up height 

60 - 200 mm 

120 - 250 mm 

150 - 400 mm on underground garages > 1000 mm 

Weight 

60 - 150 kg/m2 
13 -30 lb/sqft

120 - 200 kg/m2 
25 - 40 lb/sqft

180 - 500 kg/m2 
35 - 100 lb/sqft

Costs 

Low 

Middle 

High 

Use 

Ecological protection layer

Designed Green Roof

Park like garden

Source: http://www.igra-world.com/types_of_green_roofs/index.php
Your Job: 

1. Choose one of the Green Roof forms.
2. Calculate the surface area of the roof.
3. Select plants from the plant communities
4. Use the TI-Nspire to determine the cost to purchase the plants in your community.
5. Use a notes page to list and describe your plants

6. Record the plant names, cost/plant, number of each specific plant, and total cost per plant type into a Lists and Spreadsheet page of your project.
7. Draw a diagram of the roof showing the location of all plants using appropriate computer software.


	


	Activity 8 – Designing a Green Roof Solution

	 Incorporate what you’ve learned about green roof technology, urban heat islands, and managing heat transfer through green roof technology. You team received the grant for a green roof solution for the building subdivision. You will use your TI N-spire files to determine characteristics of roofs in your community that you plan to make “green.”

Site Context: 
Checklist

Checklist for Green Roof planning

Construction Engineering 

Vegetation Technology 

Roof substructure
Substructure (reinforced concrete, wooden substructure, metal sheeting, etc.)

Waterproofing
Refurbishment or new construction

Roof parapets, roof penetrations and adjacent building parts
Roof upstand and perimeter heights

Roof slope
Normal Green Roof system build-up, absorption of shear and erosion forces

Roof construction
Roof construction, thermal insulation, load bearing capacity

Assumed Load
Area loads through Green Roof system build-up and usage of the roof

Wind uplift
Local wind effects, security measures

Roof Drainage
Drainage devices, rainfall, roof outlets

Irrigation
Water connections, dam-up irrigation

Fire prevention
"Hard roofing", preventive protection

Accident prevention
Fall protection

Roof Access
Installation, service and maintenance

Additional functions
Thermal insulation, usage of the roof, rainwater and solar energy

Approval
Building regulations

Local conditions
Climate, microclimate, rainfall, roof height, roof slope, roof exposure 

Desired Green Roof type
Extensive Green Roof, Semi-Intensive Green Roof, Intensive Green Roof 

System build-up
Functional layers: root barrier, protection layer, drainage layer, filter layer, growing medium, plant level

Plant selection
Seeds, plants and vegetation of Extensive Green Roofs and Intensive Green Roofs

Different types of planting
Seeding, cuttings, root ball plants, pre-cultivated vegetation mats

Maintenance and support
Installation maintenance, development maintenance, upkeep maintenance

Water retention
Water retention capacity, water run-off coefficient

Costs/subsidies
Costs, municipal subsidies

Your Job: 

1. Investigate your assigned items from the checklist.
2. Calculate any necessary items using the applications in your TI-Nspire.

3. Compile your results with classmates so that the entire checklist is completed.
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