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Title: “Biomimicry and the Future”
Overview:  We are dependent on petroleum. We have created harsh chemicals and environmentally harmful processes to use these chemicals, and we have generated a lot of pollution in doing so.  We need some novel ideas to solve the current ones.  Enter biomimicry and sustainability.  Through nature as inspiration, we can solve our problems through the tremendous research and development that it has already completed.  We can generate clean power, use processes that mimic nature to clean our structures, and produce less pollution in the process.
Grade Level:  5-8
Subject Matter:

· Biomimetics

· Sustainability

· Engineering

· Biology

· Physics

· Chemistry

Duration:  3, 50-minute lessons

National Standards Addressed:

Science As Inquiry

· Abilities necessary to do scientific inquiry

· Understandings about scientific inquiry
Life Science

· Diversity and adaptation of organisms
Science and Technology

· Abilities of technological design

· Understandings about science and technology

Personal and Social Perspectives

· Personal health

· Populations, resources, and environments

· Natural hazards

· Risks and benefits

· Science and technology in society
Science and Nature of Science

· Science as a human endeavor

· History of science

· Nature of science
Objectives:
By the end of the lesson, the students should be able to:

· Describe what sustainability is, and how biomimicry can play a big role in this.

· Describe several new technologies and ideas that scientists are working on.
Materials:

· Computers

· Blank Cd’s (optional)

· Copies of handouts

· CD player

· Projector

· Screen
Procedure:
1. What is sustainability?
a. Sustainability is "meeting the needs of the present without compromising the ability of future generations to meet their own needs."
i. Present this quote to the class and ask the following:

Using the example of petroleum/gasoline shortage, how does this definition apply to your grandchildren?

ii. Have students work in small groups to come up with their best answer.  

iii. Students can write down their answer on a whiteboard and present to the class.

b. Sustainability Worksheet

i. Hand out the “Sustainability Worksheet.”

ii. As a class, watch the video at: http://www.ted.com/index.php/talks/alex_steffen_sees_a_sustainable_future.html - end at 7:30 minutes.

iii. Discuss the answers.  Be sure to stress the definition that was discussed in the previous activity.

2. Biomimicry and Sustainability go hand in hand.

a. Background:  Janine Benyus is known around the world for her concept of biomimicry. Biomimicry is defined as “innovation inspired by nature, while looking to the natural world for advice in order to live more sustainably.”  See more information at: http://frontendofinnovation.blogspot.com/2008/04/speaker-profile-janine-benyus.html 

b. The students will discover what biomimetic ideas are current and in the future to establish sustainability.

i. Watch the video:

http://www.youtube.com/watch?v=n77BfxnVlyc 

1. Start at 10:20 to the end.

2. The students will fill out the worksheet entitled “Biomimicry and Sustainability”

3. Pause the video after each “Design Idea” and discuss the answers.

4. Always be sure to stress how nature does all this without petroleum, harsh chemicals, heating, and pollution.  Nature does it without harming the environment around it.

5. Depending on time, you may use all or part of the video and its associated worksheet.

3. Future Products/Technologies – audio homework assignment:
a. The students will look at some of the new ideas that biomimicry has inspired.  This will be done through several audio and video files.

b. Create a CD with all Pulse of the Planet audio files and give one to each student, or upload the files to a website.

c. The students will answer the questions based on the audio and video files.

Note:  download and keep videos from YouTube, check out the site: http://keepvid.com/ 

d. Give the students several days to complete the assignment.

4. Wrap-up

a. At the end of this extensive lesson be sure to discuss with your students the importance of biomimicry and it effects of weaning us off of harmful chemicals, petroleum dependency, and pollution.
Handouts:

Sustainability Worksheet

Watch the video and answer the questions on this worksheet.

1.  An ecological footprint is the amount of stuff that __________________________________________________

And how much ______________ is left behind from our society.

2. With all the petroleum and resource use, we are currently using __________ planets worth of resources and we are using it ______________.  In other words some countries use a lot of resources and some use only a little.

3. We don’t know, yet, how to build a society with is environmentally ________________, which is ______________ with everybody on the planet, … and is _________________in a necessary amount of time.

4. Alex Steffen sees the future city that is ___________ or packing more buildings, stores, and restaurants in a smaller amount of space.  This will leave more untouched _________________________________.

5. Even now, we are able to build building that generate their own ______________, recycle their own ____________, and use natural ________________.

6. Sharing resources like cars means you end up using ______.

7. Biomimicry allows us to create more _____________ machines, like exhaust fans.

Biomimicry and Sustainability

Watch the video “12 Sustainable Design Ideas from Nature” and complete the following questions.

The teacher will pause at each “Design Idea” to discuss it with you.

Self-assembly:

1. Mother-of-pearl is secreted by some ocean-dwelling mollusks (kind of like snails).  Where does mother-of-pearl form?

2. Does the mollusk have to heat the seawater to make the mother-of-pearl?  Explain.

3. How much stronger is mother-of-pearl than our toughest, most high-tech ceramics?

4. Explain the technology that Jeff Brinker is working on.

5. What is self-assembly?

Carbon dioxide (CO2) as a feedstock:

6. Plants use the process of ________________ to make sugars and starches from carbon dioxide.

7. Geoff Coates has found a way to make _________________ from carbon dioxide.   These _________________ are biodegradable, and nontoxic.

8. We will be able to biodegradable _______________ from carbon dioxide!

Solar transformations:

9. _______________ is an expensive metal that can be harmful to you in certain nonmetallic forms.  ___________ is very common and much less expensive.  Plants use _________ to transform energy.

The power of shape:

10. The bumps on a whale’s fins can increase the ________________ in which it moves through the water.  This means that the whale gets more movement out of its swimming.

11. How would these bumps save on fossil fuel usage?  

Color without pigments:

12. Peacocks create its beautiful color without _______.  It creates the color using ___________.

13. If dyes are chemicals, how can this new technology be helpful to the environment?

Clean without detergents:

14. How many plants have you seen taking a bath?  How do they get clean?

15. What does a lotus leaf have on it that allows it to get clean?

16. What is “Lotusan?”

Quenching thirst:

17. What special trick does a Namibian Beetle and a Pill Bug do?

18. How will this help us?

Metals without mining:

19. Water, especially seawater and polluted water, contain a lot of metals.  Some microbes can separate the metals out of waste water.  Where do you see this kind of technology being helpful?

Green chemistry:

20.  What is green chemistry doing to help us be more sustainable?

Timed degradation:

21. Degradation means to break down – degrade.  Mussels use self-made _____________that hold it to rocks.  These _____________are timed to break down after ______ years.

22. How could this method from mussels help the packaging industry?

Resilience and healing:

23. Vaccines need to be __________________.  These vaccines can spoil when they are exposed to room temperatures.

24. Tardigrades (also known as Water Bears) pull of a neat trick.  Describe the trick.

25. How might this trick be able to help us store vaccines?

Sensing and responding:

26. 80 million locusts can exist in a single swarm and never collide with each other.  What type of technology can we gain from studying the locust’s anatomy?

Growing fertility:

Farming actually uses up a lot of the good nutrients in the soil.  Farming in the future will give us healthy soils after the harvest.

Life creates conditions conducive to life:

27. Life (in nature) is able to clean the _________, make and mix the _______ we breathe, and generate complex molecules we eat.  It does this all without making _______________.

28. On the contrary, all of our process to clean, create, and produce generates harmful _____________.
Biomimicry and the Future
Background:  Scientists, engineers, and research teams are all looking to nature for inspiration.  Nature has many answers to our sustainable questions.  Many ideas have already been in mainstream culture – Velcro, self-cleaning paint.  Other ideas are in the testing phase.   This assignment will have you explore these new ideas.

Directions:  Listen to the audio and video files provided by your teacher and answer the questions.

Mucus
· POP #4578: “Biomimicry – Giraffes”


· POP #4576: “Biomimicry – Magical Mucus”



1.  What does the giraffe’s mucus in its mouth do for it?

2. What are two possible applications for the giraffe’s mucus?

3. Have you ever wondered why you can’t digest yourself?

4. What stops us from digesting ourselves?

5. What are three things our mucus does for us?

Slug Slime

· POP #4582: “Biomimicry – Reading Slug Slime”

1. What can one slug’s slime trail tell another slug?  (name two things)

2. In order for the information to be useful, the slime trail must be ______________.

3. Why would one slug want to find another slug?

4. What astonishing trick can a slug do?  (Hint: male or female?)

5. A slug has a tremendous ability to store and retrieve information.  What good could this do for us and our technologies?

Hippo Sweat
· POP #4581: “Biomimicry – Hippo Sweat”

1. Hippo sweat is not like our sweat, it’s really an _________ secretion.

2. “We’ve discovered in the lab that it’s a ______________, which means that it really ___________ the sunlight as well.  It stops the sun in two ways.  It ___________ and renders harmless, and it also ______________.”

3. Flies seem attracted to feces (poop!).  Hippos seem to be covered in poop.  How does the hippo’s sweat solve this problem?

4. What is the last thing a hippo’s sweat seems to do for the hippo?

Tidal Energy

· Watch the video:  The Future Makers Biomimicry 1:

http://www.youtube.com/watch?v=jvBUL5bnuB0
1. Dr. Tim Finnegan created his Biostream Power Conversion System.  In one sentence, what does this new device do?

2. Where will the Biostream Power Conversion System be placed to generate electricity?

3. How is this a good technology for a country like Australia?

Wasp Ideas

· POP #4583: “Biomimicry – Wasps”

1. The wasp’s front end and back end are separated by a structure called a __________________.

2. Why is this structure so crucial to the wasp?

3. What is so remarkable about this structure?

4. Describe the new type of box that came from this example of biomimicry.

Novel Robots

· POP #4587: “Biomimicry – Novel Robots”

1. What can these new robots do that older robots couldn’t?

2. Older robots would sense all of the information and correct problems in its robot “brain.”  Now, with this new invention, what can a robot use to correct itself instead of its brain?

Additional Resources

Web Sites

Kids Science Challenge – Scroll to Bio-Inspired Design

http://www.kidsciencechallenge.com/html/sciencefair.php
Jane Benyus bio

http://frontendofinnovation.blogspot.com/2008/04/speaker-profile-janine-benyus.html
Center for Bilogically Inspired Design – Georgia Tech

http://www.cbid.gatech.edu/
Nature’s 100 Best Innovations

http://www.n100best.org/
Termite-Inspired Air Conditioning – n100best.org

http://www.n100best.org/innovation/case01.html
Biomimetic Millisystems Lab

http://robotics.eecs.berkeley.edu/~ronf/Biomimetics.html
Design Process – MIT 

http://ocw.mit.edu/OcwWeb/Civil-and-Environmental-Engineering/1-012Spring2002/Projects/detail/design_process.htm
How Would Nature Solve Green Building Challenges? – AskNature.org / Biomimicry Institute

http://www.asknature.org/#
How Biomimicry Works – Howstuffworks.com

http://science.howstuffworks.com/evolution/biomimicry3.htm
The Children’s Museum Biotechnology Learning Center 

http://www.childrensmuseum.org/themuseum/index.htm
What is Biotechnology? – National Commission on Biotechnology (Pakistan)

http://www.ncb.gov.pk/?Link=KidsSection/KidsSection
Video

Sustainable Future

http://www.ted.com/index.php/talks/alex_steffen_sees_a_sustainable_future.html
Kids Science Challenge – Scroll to Bio-Inspired Design for Video

http://www.kidsciencechallenge.com/html/sciencefair.php
Jane Benyus talks at TED

http://www.youtube.com/watch?v=n77BfxnVlyc 
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