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        Quick Look

        
            Grade Level: 7 
    (7-8)


            Time Required: 2 hours 15 minutes        

            Three 45-minute periods




        

            Expendable Cost/Group:     US $0.50

            Group Size: 3

            Activity Dependency:         

            Ocean Water Desalination
        

        
            Saltwater Circuit
        


                    
            Subject Areas:
Life Science, Physical Science        

            




	

        

NGSS Performance Expectations:

        
            
        
        	MS-ETS1-3
	MS-ETS1-4
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            Activities Associated with this Lesson     
    


Units serve as guides to a particular content or subject area.
    Nested under units are lessons (in purple) and hands-on activities (in blue).
 Note that not all lessons and activities will exist under a unit, and instead may exist as "standalone" curriculum.
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            Figure 1. Example student-designed and built model saltwater desalination plant.




        




            
                    
            Summary
        

            Students use a thermal process approach to design, build and test a small-scale desalination plant that is capable of significantly removing the salt content from a saltwater solution. Students use a saltwater circuit to test the efficiency of their model desalination plant and learn how the water cycle is the basis for the thermal processes that drive their desalination plant.
        
            This engineering curriculum aligns to Next Generation Science Standards (NGSS).  
 
            
                    
            Engineering Connection
        

            Environmental engineering is the application of science and engineering principles to improve air, water and land resources; provide healthy water, air, and land for human habitation; and remediate polluted sites. Environmental engineers work with other types of engineers to design and install water desalination plants around the world as our demand for clean water increases.




         




    

            
                    
            Learning Objectives
        

            After this activity, students should be able to:

	Describe the thermal process of water desalination.
	Explain the engineering design process.
	Work on a team.





        
    

                
            Educational Standards
    
    

    Each TeachEngineering lesson or activity is correlated to one or more K-12 science,
    technology, engineering or math (STEM) educational standards.



    All 100,000+ K-12 STEM standards covered in TeachEngineering are collected, maintained and packaged by the Achievement Standards Network (ASN),
    a project of D2L (www.achievementstandards.org).



    In the ASN, standards are hierarchically structured: first by source; e.g., by state; within source by type; e.g., science or mathematics;
    within type by subtype, then by grade, etc.




        
                     NGSS: Next Generation Science Standards - Science

                    
                        
                                


    	  NGSS Performance Expectation
	

                

                    MS-ETS1-3.
                    Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success.


                        (Grades 6 - 8)

                

                
                    
                        Do you agree with this alignment?

                        
                        

                    
                    Thanks for your feedback!
                

            
	
            Click to view other curriculum aligned to this Performance Expectation

        
	
	
                This activity focuses on the following  Three Dimensional Learning aspects of NGSS:
            
	Science & Engineering Practices	Disciplinary Core Ideas	Crosscutting Concepts
	Analyze and interpret data to determine similarities and differences in findings.Alignment agreement:
                                    Thanks for your feedback!
	There are systematic processes for evaluating solutions with respect to how well they meet the criteria and constraints of a problem.Alignment agreement:
                                    Thanks for your feedback!
Sometimes parts of different solutions can be combined to create a solution that is better than any of its predecessors.Alignment agreement:
                                    Thanks for your feedback!
Although one design may not perform the best across all tests, identifying the characteristics of the design that performed the best in each test can provide useful information for the redesign process—that is, some of the characteristics may be incorporated into the new design.Alignment agreement:
                                    Thanks for your feedback!
	


                                

                                


    	  NGSS Performance Expectation
	

                

                    MS-ETS1-4.
                    Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design can be achieved.


                        (Grades 6 - 8)

                

                
                    
                        Do you agree with this alignment?

                        
                        

                    
                    Thanks for your feedback!
                

            
	
            Click to view other curriculum aligned to this Performance Expectation

        
	
	
                This activity focuses on the following  Three Dimensional Learning aspects of NGSS:
            
	Science & Engineering Practices	Disciplinary Core Ideas	Crosscutting Concepts
	Develop a model to generate data to test ideas about designed systems, including those representing inputs and outputs.Alignment agreement:
                                    Thanks for your feedback!
	Models of all kinds are important for testing solutions.Alignment agreement:
                                    Thanks for your feedback!
The iterative process of testing the most promising solutions and modifying what is proposed on the basis of the test results leads to greater refinement and ultimately to an optimal solution.Alignment agreement:
                                    Thanks for your feedback!
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                                    Make two-dimensional and three-dimensional representations of the designed solution.
                                        (Grades 
6 - 
8)

                                    More Details
                                    
                                        View aligned curriculum
                                    

                                    
                                        
                                            Do you agree with this alignment?

                                            
                                            

                                        
                                        Thanks for your feedback!
                                    

                                
	
                                    Refine design solutions to address criteria and constraints.
                                        (Grades 
6 - 
8)

                                    More Details
                                    
                                        View aligned curriculum
                                    

                                    
                                        
                                            Do you agree with this alignment?

                                            
                                            

                                        
                                        Thanks for your feedback!
                                    

                                
	
                                    Develop innovative products and systems that solve problems and extend capabilities based on individual or collective needs and wants.
                                        (Grades 
6 - 
8)

                                    More Details
                                    
                                        View aligned curriculum
                                    

                                    
                                        
                                            Do you agree with this alignment?

                                            
                                            

                                        
                                        Thanks for your feedback!
                                    

                                


                    

                 State Standards

                
                             Colorado - Science

                            
                                	
                                            Identify properties of substances in a mixture that could be used to separate those substances from each other
                                                (Grade 
7)

                                            More Details

                                            
                                                View aligned curriculum
                                            

                                            
                                                
                                                    Do you agree with this alignment?
                                                    
                                                        
                                                    
                                                    
                                                        
                                                    

                                                
                                                Thanks for your feedback!
                                            


                                        
	
                                            Develop and design a scientific investigation to separate the components of a mixture
                                                (Grade 
7)

                                            More Details

                                            
                                                View aligned curriculum
                                            

                                            
                                                
                                                    Do you agree with this alignment?
                                                    
                                                        
                                                    
                                                    
                                                        
                                                    

                                                
                                                Thanks for your feedback!
                                            


                                        


                            


                

            Suggest an alignment not listed above
            

            

            

            




    
            
                    
            Materials List
            
                    

            Each group needs:

	No. 10 tin can (this large size can is ~6 3/16-in diameter x 7-in height [15.72 cm x 17.78 cm] and is most commonly used by food service companies for tomatoes, ketchup, pie filling, refried beans, pizza sauce, etc.; ask for this size at restaurants or your school's cafeteria; Indian restaurants buy this size to make some of their food, so ask for their used cans before they throw them out; alternative: any other large tin can, such as a 2-lb coffee can)
	1 piece of aluminum foil, 12 x 12 in (30 x 20 cm)
	2 plastic containers (any type will do)
	5-10 Popsicle sticks
	plastic soda bottle, 20 fl oz (566 ml) size
	hot plate
	3-5 cups, 9 fl oz (266 ml) or 16 fl oz (473 ml) size
	eye protection (goggles or safety glasses)
	oven mitt, to safely move tin can on hot plate
	saltwater circuit, as created in the associated Saltwater Circuit activity
	Design Worksheet, one per team
	Reflection Worksheet, one per person


For the entire class to share:

	roll of aluminum foil
	salt, enough for 20-25 g per group
	water, enough for 32 fl oz (946 ml) per group
	duct tape
	masking tape
	measuring cups or graduated cylinders, to measure ml of water
	triple beam or digital scale, to measure grams of salt
	ice, enough for about 2-4 cups per group (expect to use 1 large bag of ice for two class periods; sometimes school cafeterias have an ice maker; otherwise bags of ice are available at grocery stores and gas stations)
	cooler, to keep the ice cold
	projector, to show the attached Water Desalination Plant Presentation PowerPoint





        
        
                
            Worksheets and Attachments
        

            Water Desalination Plant Presentation (ppt)

            Water Desalination Plant Presentation (pdf)

            Design Worksheet (doc)

            Design Worksheet (pdf)

            Reflection Worksheet (doc)

            Reflection Worksheet (pdf)

        Visit [www.teachengineering.org/activities/view/cub_desal_lesson01_activity2] to print or download.
    

    


            
                    
            Introduction/Motivation
        

            How much of the water on our planet do you think is available for drinking? (Give students a few seconds to think about this.) Of the total water available on our planet, less than 1% is safe for drinking. In fact, the world's water consumption rate is doubling every 20 years, outpacing by two times the rate of population growth. It is projected that by the year 2025, water demand will exceed supply by 56%.

Luckily for us, the oceans are full of water — except that we just can't fill a glass with ocean water and drink it! Engineers have been working on technologies to transform ocean water into drinking water. One technology they have created is based on a thermal process that is a controlled approximation to the naturally-occurring water cycle. What is really cool about this technology is that the water cycle occurs by nature on our planet and engineers have thought of ways to mimic this process on a smaller scale.

During the next few days, you are going to design and build a model system that takes in saltwater and removes as much of the salt as possible. You will also test the efficiency of your system using a saltwater circuit. We are going to use the engineering design process to help us create our desalination plant. Has anyone ever heard of the engineering design process? Do you know what it is? (Take suggestions from students.) It is a series of steps that engineers follow, kind of like how scientists follow the scientific method, but these steps are used to solve solving engineering design problems.




        

            
                    
            Procedure
        

            Background

The thermal desalination approach involves heating saltwater until it evaporates and then forcing the evaporated water to condense. The condensed water is clean water. This type of process is used to produce more than 85% of the desalinated water in the world. This approach mimics the water cycle; in fact, each step in a thermal process can be linked to a stage of the water cycle (see the attached Water Desalination Plant Presentation PowerPoint).

In this activity, students design a model seawater desalination plant using a hot plate as the heat source (see an example in Figure 1).Refer to additional background information for this activity in the associated lesson, Ocean Water Desalination, and associated activity, Saltwater Circuit.

An important aspect of this project is to give students opportunities to make mistakes. It is common for students to not consider in their initial designs all aspects of how the desalination plant will ultimately work. But through a few design iterations, they improve their designs, until their plants work. This process mirrors the real world in which the steps of the engineering design process are followed and repeated to correct design deficiencies.

The basic steps of the engineering design process (sometimes called the engineering design loop) include: identify and understand the need, research the problem, brainstorm and develop possible solutions, select the most promising solution, construct a prototype/model, test and evaluate the prototype/model, and redesign and improve. A successful model or prototype serves as the mock-up for a full-scale product or system. Engineering teams often iterate a design many times before determining the final solution to a challenge. See more information on the engineering design process at https://www.teachengineering.org/k12engineering/designprocess.

Before the Activity

	Gather materials.
	Cut the aluminum foil into 12 x 12 in (30 x 30 cm) pieces, one per team. Cut a few extra sheets in case some teams are unable to build a working plant on their first try and need more than one piece.
	Make copies of the Design Worksheet (one per team) and the Reflection Worksheet (one per person).
	For Day 1, set up a projector to show the PPT presentation.
	For Day 2 and Day 3, have a cooler full of ice.
	Divide the class into groups of three or four students each.


With the Students—Day 1

	Show students the attached Water Desalination Plant Presentation (PowerPoint).
	Show students the materials available to build their model desalination plants. Have one or two sets available for them to examine. Hand out the Design Worksheets, one per team.
	Review the steps of the engineering design process (write them on the board).
	Give teams time to brainstorm ideas and come up with labeled diagrams and drawings of what they intend to create with the given materials. Encourage them to get several ideas down on scrap paper. Use the worksheet to document the final design.
	Review and approve designs at the end of class. Acceptable designs are detailed, labeled diagrams that show what the model plant will be made of and look like.


With the Students—Day 2

	Give teams time to construct their model desalination plants.
	Once a team has completed their model, have the team begin testing. Give each team 20 to 35 grams of salt, 32 fl oz (946 ml) of water and 2-4 cups of ice. (Use about a 3:1 ratio of water to salt. During the testing phase, set hot plates to their highest setting.)
	Once a team has its plant running, have team members take turns visiting other groups' stations to ask questions about their designs, and provide the comparative research information and ideas requested on page 3 of the Design Worksheet.
	After the desalination plants have been running for 20 minutes or so, have the team check to see if they are collecting water. Answer the questions on the Design Worksheet.
	If no water is collected, direct students to analyze their design and redesign with improvements.
	Before the class period is up, have students make notes on their design worksheet on what worked and what didn't. Let them know that the next class period will be the final class period to get a working desalination plant.
	For teams that successfully collect water, have them use their saltwater circuit to test the water for salt. If the light bulb turns on, then salt is present in the recovered water. If the light bulb does not turn on, then is no salt (or significantly reduced amount of salt) is present in the recovered water. Success!
	While going from team to team, note the kinds of designs and their major features, so as to prepare for the next class period when you will begin with an overview of different designs.


With the Students—Day 3

	To help students reach a working design, spend about 10 minutes at the beginning of the class drawing three different designs on the board and leading a class discussion about what would work and not work. You could use Figures 2 and 3 (one is workable, one is not); you could also incorporate student design examples observed from step 8 on Day 2.
	Give teams about five minutes to revise and improve their designs.
	Replenish any materials students may need and give students time to build and test their revised model desalination plants.
	It is possible that not all teams will achieve a working design by the end of Day 3. This does not mean the team has failed. In engineering --- much is learned from failures. Ask each team to write a summary paragraph describing their model plant and its performance.
	Conclude by having each student complete the Reflection Worksheet, as described in the Assessment section.


Figure 2. A failed design for a desalination plant, because the clean, condensed water falls back into the seawater.
copyrightCopyright © Juan Ramirez Jr., ITL Program, College of Engineering, University of Colorado at Boulder


The design drawn in Figure 2 does not have a chance to work; the water that is evaporated by the hot plate condenses on the bottom of the plastic bin and falls back into the original saltwater solution. The design team failed to consider how to collect the water that condenses at the bottom of the plastic bin.

The design shown in Figure 3 could work; the water evaporated by the hot plate condenses at the bottom of an angled plastic container that directs the clean water into a collector cup.

Figure 1: A working design for a saltwater desalination plant.
copyrightCopyright © Juan Ramirez Jr., ITL Program, College of Engineering, University of Colorado at Boulder





        
        
                
            Vocabulary/Definitions
        

        
    engineering design process: A series of steps that engineering teams use to guide them as they solve problems. Sometimes called the engineering design loop. 



    input: The object(s) going into a system.



    iteration: Repeating a series of steps to get closer to a desired outcome (that is, re-design, re-test, re-build to get nearer to an optimal engineering solution to a specific problem). Also: A version of the final product or solution. For example: Our third iteration passed the saltwater circuit test.



    model: A small-scale object that represents another, often larger object. Often used in testing or perfecting the design of a final product or system.



    output: The object(s) coming out of a system.



    system: An object(s) that receives inputs and transforms them into output(s).



    


        
                    
            Assessment
        

            Pre-Activity Assessment

Class Discussion: After showing the Water Desalination Plant Presentation PowerPoint, lead a class discussion.

Activity Embedded Assessment

Design Worksheet: Teams use the worksheet to sketch their design schematics and details, collect comparative information on the designs of other teams, and answer questions about their testing results.

Post-Activity Assessment

Team Writing Assignment: Whether or not teams achieved a working design, ask them to conclude their work by composing a summary paragraph describing their model plant and its performance.

Reflection Worksheet: By answering the four questions on this worksheet, students individually describe what they learned in this activity and how it can be improved. Review worksheets to gauge students' mastery of the subject matter. Questions: Describe the thermal water desalination processes; With which part(s) of the design process did you help? What did you learn in this activity? How would you change this activity for future classes?




                
    
    
            
                    
            Safety Issues
        

            	Use eye protection during this activity.
	Hot plates can get extremely hot. Watch that students do not touch or throw water on them.





        
    
    
            
                    
            Activity Scaling
        

            	For Lower grades, show a demonstration of the model desalination plant, test its water output with a saltwater circuit, and make comparisons to the natural water cycle.
	For upper grades, allow teams to choose the saltwater concentration for their model plant.





        
            
                    
            Additional Multimedia Support
        

            Show students a two-minute video that describes the work General Electric has done in Africa to provide water for human use. See:

https://www.youtube.com/watch?v=USRRqmICTJE&feature=related

Show students a two-minute video of a water desalination plant in Israel. See:

https://www.youtube.com/watch?v=9bUCH-HyCek&feature=related




        
    

    
        
                    
            Subscribe
        

            Get the inside scoop on all things TeachEngineering such as new site features, curriculum updates, video releases, and more by signing up for our newsletter!
            PS: We do not share personal information or emails with anyone.


        

        
            
            
            
            Subscribe to TE Newsletter
        

    






    
                
            More Curriculum Like This
        

        

            
                
                    Middle School Lesson

                    
                

                    
        Ocean Water Desalination
        
Students learn about the techniques engineers have developed for changing ocean water into drinking water, including thermal and membrane desalination. They learn how processes can be viewed as systems, with unique objects, inputs, components and outputs, and sketch their own system diagrams to desc...        

    


                
                    
                        

                            Ocean Water Desalination

                        


                    

                    
                        

                            
                        
                    

                

            

            
                
                    Middle School Activity

                    
                

                    
        Saltwater Circuit
        
Students build a saltwater circuit, which is an electrical circuit that uses saltwater as part of the circuit. Students investigate the conductivity of saltwater, and develop an understanding of how the amount of salt in a solution impacts how much electrical current flows through the circuit.         

    


                
                    
                        

                            Saltwater Circuit

                        


                    

                    
                        

                            
                        
                    

                

            

            

            
                
                    Middle School Lesson

                    
                

                    
        Natural and Urban "Stormwater" Water Cycles
        
Students examine in detail the water cycle components and phase transitions, and then learn how water moves through the human-made urban environment. Students show their understanding of the process by writing a description of the path of a water droplet through the urban water cycle, from the dropl...        

    


                
                    
                        

                            Natural and Urban "Stormwater" Water Cycles

                        


                    

                    
                        

                            
                        
                    

                

            

            
                
                    Upper Elementary Lesson

                    
                

                    
        Fresh or Salty?
        
Students learn about water bodies on our plant, including their uses and qualities. They learn several ways that engineers help people to maintain and conserve water sources.         
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    Please enable JavaScript to view the comments powered by Disqus.
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