
Biomimicry
Instructions for Educators



Biomimicry
Have you ever heard of biomimicry?  Biomimicry is the study of living 
systems and how we can learn from them. In general, we tend to learn 
about animals, plants and other living systems. We’re trying to see how 
we can learn from those things, as well.  Choose a story!

Each number represents one ‘swipe’ on the screen.   
Key points are bolded.

Biomimicry Background for Educators 

Janine Benyus’s TEDTalk on Biomimicry is highly recommended.  
Both of her talks are available as video podcasts or online.  
www.ted.com/talks/janine_benyus_shares_nature_s_designs.html 
www.ted.com/talks/janine_benyus_biomimicry_in_action.html



1. This tree is just hanging out, and yet it 
gathers all of its energy from the sun.

2.  How can we gather more energy from   
solar panels?

3.  As the sun passes over a tree, and over   
a house with standard solar panels, they   
both gather sunlight energy.

4. As the sun continues to move, the tree 
continues to gather energy.  The house,   
however, stops gathering as much energy.

5. This is because a tree’s leaves are 
arranged to gather light from any 
direction.

6. Engineers have designed domed solar 
panels, which would also be able to 
gather light from all directions. This 
increases efficiency by approx 20 percent.

7. In Massachusetts, the average house  
uses around 8,000 kilowatt-hours per year.

8. The average solar array on a  
Massachusetts house can generate 
around 5,000 kilowatt-hours per year.

9. Domed solar panels are even more 
efficient, and can generate around 6,000 
kilowatt-hours per year.

  Here’s a challenge – what will you see in 
the Aquarium today that could inspire us? 
What else do we want to learn from? 

Tree

10.



1. What could a whale and a wind turbine have 
in common?

2.  Wind turbines are great, but in 
Massachusetts, they tend to only run at 
about 25 percent efficiency, because the 
wind is not as steady or strong here as it is 
in other places.

3.  Humpback whales are incredibly efficient 
swimmers—they swim thousands of miles 
every year, on a diet of tiny plankton!

4.  A scientist named Dr Fish noticed that 
humpback whale flippers have bumps 
on the leading edge, called tubercles. He 
knew that most airplane wings, turbine 
blades and fan blades have smooth 
edges. So why did the whales develop 
bumps? What did the bumps do for them?

5.  When Dr Fish tested turbine blades with 
whale-like tubercles, he found that they ran 

20 percent more efficiently—that means 
they generated 20% more energy from the 
same wind!  This is because the tubercles 
help the turbine to generate energy when 
the wind is very low, and also when the 
wind is very high and a standard turbine 
blade would wiggle too much to keep going.

6.  A standard turbine in Massachusetts 
produces enough energy to power 410 
houses.  At 20% more energy generated, a 
turbine with whale-based blades (you only 
have to replace the blades!) would produce 
enough energy to power 493 houses.

7.  Animals and plants have developed 
shapes that reduce energy use and 
increase power. What else can you  
see around the Aquarium that we could 
learn from?

Whale



1. Sharks and ships don’t usually have much 
in common.  What can a ship learn from a 
shark?

2.  Cargo ships use a huge amount of energy 
to move around.  They are very heavy, 
travel long distances and use a very 
inefficient form of fuel.

3.  As a ship moves around, barnacles and 
other “fouling organisms” grow on the 
hull of the ship. This added friction slows 
the ship down, increasing the amount 
of fuel needed and requiring frequent 
cleanings.

4.  Sharks also hang out in the water – but 
they don’t have barnacles growing on 
them.  Why not?

5.  If you look closely at shark skin, it is 
covered in tiny scales called dermal 
denticles.  Dermal denticles are very 

hard for barnacles and other fouling 
organisms to attach to, so sharks stay 
smooth and barnacle-free.

6.  Materials engineers have developed a ship 
paint that mimics the shape of dermal 
denticles.  This reduces the number 
of barnacles that grow on the ships, 
increasing their fuel efficiency by 5 percent.

7.  Boston Harbor is a busy port.  There were 
689 cargo ships that came into the harbor 
last year.

8.  If we painted all of them with shark paint, 
we would save enough energy to balance 
the average CO2 production of all the cars 
registered in Boston.

9.  That’s a lot of CO2!

 What other things can we learn from?

Shark
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1.  A coral reef is kind of like a city.  But 
cities and corals have more in common 
than complexity and diversity.

2.  They’re also made of similar materials.

3.  Cement* is the second-most used liquid on 
the planet, after water.  

4.  Cement is generally made in a way that 
produces a huge amount of CO2, both as a 
direct consequence of the process and as 
a byproduct of the energy needed to make 
the cement.

5. However, corals produce almost exactly 
the same material—calcium carbonate—
by mixing CO2, water and other things 
naturally found in ocean water.

6. Let’s zoom in on a coral polyp, which looks 
a lot like a tiny anemone.

7. The coral polyp takes in the ocean water, 
which has mixed with CO2 and calcium, to 
form its skeleton.

8. A group of engineers has developed a 
system for producing cement just about the 
same way that coral does: by mixing CO2 
(in this case, the flue gas from a factory) 
with ocean water or brine, and letting 
nature take its course.  Instead of making 
CO2, this process uses CO2.

9. If all the cement in the US was made this 
way, we would make over 18 million metric 
tons less CO2 per year.

 Nature tends to reuse waste, instead of 
dumping it somewhere.  How else can we 
do this?

*Cement = the glue-like substance in concrete 
that holds the gravel or other stone together.  It 
is predominantly calcium carbonate.  Concrete 
is the building material that the Aquarium is 
made of.

Coral
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1. Ever seen any of those cute little boxy cars 
on the road that look so odd?  What do 
they have to do with a fish?

2. Each American car uses an average of 585 
gallons of gas a year.  How can we get 
more efficient?

3. The boxfish is not a very sleek-looking fish.  
In fact, it looks pretty funny.  But it turns 
out that its boxy shape actually helps it use 
less energy to move around.  Its shape 
creates little eddies behind it, which 
help push the fish along.  That’s how it 
can get around with such tiny little fins.

4. Some engineers took a look at the 
boxfish…

5. …and designed a concept car* based on 
its shape!

6. The average car in the US gets around 23 
miles per gallon.

7. The boxfish concept car gets 70 miles per 
gallon!

8. The average American car produces 5.22 
metric tons of CO2 per year.  The boxfish 
car would produce 1.72 metric tons of CO2 
per year.

9. Animals’ shapes aren’t random—they 
are selected for speed, maneuverability 
and efficiency.  What else can we learn 
from what they’ve got?

*Concept car = a car that will likely never be 
seen on the road in its final shape, but parts of 
its design will be used to influence future car 
designs. 

Boxfish



Shark Ship tinyurl.com/SharkPaint

Fuel saved per cargo ship 2,000 tons/yr Manufacturer estimate  
  (tinyurl.com/SharkPaint)

CO2 saved per cargo ship 5,900 mt*/yr CO2 coefficient for heavy fuel oil  
  (www.eia.gov/oiaf/1605/coefficients.html)

Bulk cargo and container ships  689 ships  Port of Boston statistics 
in Boston Harbor in 2011  (www.massport.com/port-of-boston/)

CO2 saved if all above ships  4,065,100 mt/yr 689 ships at 5,900 metric tons per ship 
had shark paint

Number of cars to produce  382,778 cars See car calculations under Boxfish Car 
equivalent CO2

Cars registered in Boston in 2011 363,790 cars Massachusetts DOT  
  (www.vehicletest.state.ma.us/newsletters/11WINTER.pdf)

Boxfish Car tinyurl.com/BoxfishBiomimic

Average mileage for a US car 23 mpg US EPA  
  (www.epa.gov/climatechange/)

Mileage for Boxfish Car 70 mpg Manufacturer tests 
  (www.cnn.com/2007/TECH/03/08/cars.fish.popsci/)

Average distance driven  13,476 mi/yr US DOT 
by passenger car in US   (www.fhwa.dot.gov/ohim/onh00/bar8.htm)

CO2 produced per average US car  5.220 mt/yr 

CO2 produced per boxfish car  1.72 mt/yr

Tree Solar tinyurl.com/TreeSolar

Average electricity used 8,000 kwh/yr  Energy Information Administration 
by a Mass. household   (www.eia.gov/electricity/data.cfm#sales)

Average produced by a  5,694 kwh/yr Massachusetts Clean Energy Center, pers. comm. 
Mass. home solar array   (masscec.com) 

Improvement by domed  20% Manufacturer tests 
solar arrays  (sphelarpower.com/)

Whale Wind Turbine tinyurl.com/WhaleWind

Average production of land-based  3,285,000 kwh/yr Mass. Water Resources Authority, pers. comm. 
wind turbines in Mass.  (1500kw/hr * 24 hr/day * 365 day/yr * 25% capacity)

Average electricity used  8,000 kwh/yr Energy Information Administration 
by a Mass. household  (www.eia.gov/electricity/data.cfm#sales)

Improvement by whale-based  20% Manufacturer tests 
turbine blades  (www.whalepower.com)

Coral Cement tinyurl.com/CoralCement

CO2 produced by US limestone  18,500,000 mt/yr Energy Information Administration 
cement production  (www.eia.gov/oiaf/1605/ggrpt/carbon.html)

Coral Cement process description  Calera 
  (calera.com/index.php)

*mt = metric ton = 2,204.62 pounds

Background Data, Original Biomimicry Story, and Data Sources:

CO2 coefficient for gasoline 
(www.eia.gov/oiaf/1605/coefficients.html)


