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Look to the abundance of lessons nature has to offer and develop a biomimetic design that
solves an important food system challenge while protecting the health of the planet.

BIOMIMICRY INSTITUTE Biomimicry.org | AskNature.org



Hans Hillewaert CC-BY-SA via Wikimedia Marco Carrubba, CC-BY-NC-ND via Flickr

Biomimicry is the practice of adapting nature’s best lessons to the
invention of healthier, more sustainable technologies for people.
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“The core idea is that nature, imaginative by
necessity, has already solved many of the problems
we are grappling with. Animals, plants, and microbes
are the consummate engineers. They have found
what works, what is appropriate, and most
important, what /asts here on Earth...

The conscious emulation of life’s genius is a survival
strategy for the human race, a path to a sustainable
e future. The more our world functions like the
BIOMIMICRY natural world, the more likely we are to endure
on this home that is ours, but not ours alone.”

|/
Innovation Inspired
by Nature

- Janine Benyus

JANINE M. BENYUS
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CHALLENGE DETAILS

» The Challenge is open to high school students,
university students, and professionals.

» Two categories: Student-only, and Open
Students may compete in either category

« Teams are required; individuals may not submit.

* Registration is free, but teams are required to
pay an entry fee in order to submit their work for
judging. ($40 / $100)

Entries due Spring 2016
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PRIZES

Student category

e 1stprize: $ 3,000
« 2dprize: $1,500
« 3dprizec $ 750

Open Category

The Open category awards a combination of cash
prizes (1st, 2nd, 3@ place) and mentorship and
incubation support through the Challenge Accelerator
program.

One team will be awarded the Ray C. Anderson
Foundation’s $100,000 “Ray of Hope” Prize at the
conclusion of the Accelerator.
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SUBMITTING

All materials are submitted online

* Project Summary (<300 words)
* Project Image/rendering

* Project Document, describing the solution,
sources of biological inspiration, and design
process

* Video Pitch (< 3 min)

e Team Photo
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JUDGING

Criteria are similar for the Student and Open
categories but weighted differently.

Student competition emphasizes learning and
demonstrating a biomimicry process.

Open competition emphasizes solution impact,
feasibility, and team readiness to pursue further
development in the Accelerator program.
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FREE RESOURCES

Online Introduction to Live Presentations Topical References
the Core Concepts and with Q&A
Methods of Biomimicry
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KEARNY HIGH SCHOOL -

ENGINEERING, INNOVATION & DESIGN

SAN DIEGO, CALIFORNIA




PROJECT BASED LEARNING SCHOOL

|0th Grade Interdisciplinary Project:
- English 3/4
- Introduction to Green Technology

- Biology

Began by analyzing all three of our standards.



PLANNING AN INTERDISCIPLINARY PROJECT

¥ In addition to the standards, what inspires us?

® Bingham: Biomimicry TED talk
® Innovative, Green, Cutting Edge
B Biology basis

B  English — Passionate about nature

Biomimcry:
Using nature’s design as inspiration
to solve current problems.

Example: Biomimic shark skin, on
which bacteria cannot grow, on
hospital surfaces to prevent the
spread of disease.




PLANNING AN INTERDISCIPLINARY PROJECT CONT.

B Plan the assessment

B What will you assess--early in the project, during the project, and at the end of the project? State the criteria for exemplary
performance of each product.

B  Map the project
®  List key dates and important benchmarks for this project.

®  What do students need to know and be able to do to complete the tasks successfully? How and when will they learn the
necessary knowledge and skills?

®  Biomimicry:
®  ELA: Read/Research various food system issues.
®  Biology: Learn about ecology, adaptations, etc.
® |IGT: Apply research + biology to inspire design.
W ELA: Take design and write about it.



PLANNING AN INTERDISCIPLINARY PROJECT

¥ Create client and industry connections.

B Reach out to real clients or industry to participate in a variety of ways throughout the scope of the
project and serve as both mentors and evaluators of student work.

Biomimicry: Global Design Challenge
Professor from New School of Architecture
Biomimicry 3.8 (San Diego Chapter)

GMO educator — Kathryn Rodgers

Used all of our connections!



CREATION OF PROJECT TIMELINE

B Length of instructional time per course topics

B Master calendar — District calendar, testing windows,
staff pregnancy, etc.

B Built in flexibility



PLANNING CONTINUED

® Broke down the “Food Challenge”
B Chose food crisis ideas that would be manageable for students to grasp
B Selected key texts
B Used a few key anchor texts as resources
B Could closely examine the content AND form to master content standards.

® Ex: “Next Green Revolution” by Tim Folger



WRITING PROCESS

* Broke the writing requirement into three
big chunks. Then broke those chunks down.

* What content are the judges looking for?

* Broke down each chunk of the prompt in to
a scoring guide:

* Ex: Defining the Problem

* Then they put all chunks together and were
graded for quality.

Correct MLA Format

/5

Introduction gives a brief overview of all food system issues

/5

Introduction states the problem you found most compelling
and why you found it most compelling

/5

Clearly define the problem - explain it to someone who has
never seen it before.

/10

Define the various causes of this problem
Include textual evidence & cite correctly

/5

/5

Define the various effects of this problem
Include textual evidence & cite correctly

/5

/5

Conclude with a brief statement about your plan for fixing
this problem.

Total:

/50




SHOW OFF TIME ©

W https://vimeo.com/130467310
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MESSY!

Be Flexible.

It’s MESSY.

It will change.

It’s a work in progress.

Communicate EVERYTHING all the time.
But, can be SUCCESSFUL!



CONTACT INFORMATION

¥ Emily Liebenberg — Eliebenberg@sandi.net



THE
CHALLENGE

@ UNIVERSITY

MARJAN EGGERMONT [SENIOR INSTRUCTOR,
UNIVERSITY OF CALGARY, DESIGNER/EDITOR ZQ]




THE EARLY DAYS




2008-2009

A small number of schools
worked collaboratively via
skype and basecamp

A summary of approaches 1O . . : . .
was presented at ASEE Partl(npatlng lﬂStltUthﬂS,

Participation was an
independent study for one
of my students SCHULICH &

s = The University of
..F¥ Montana
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The design
brief

Design a specialized tarp
that can be used as
a bottomless ultra-light
backpacking tent




Approach +

Institution:

OCAD

Apply:
sketching and diagramming
to study the
relationship between
materials, environment and

performance




Approach + Institution: CBID

Problem Understanding: A graphical representation of the
combined results from individual brainstorming documents




Approach + Institution: CBID

Problem Understanding: A graphical representation of the

functional decomposition exercise




Approach +
Institution:
University of
Calgary

Familiarization:

+seek many different points of
view about the design problems
from the people impacted by the

design.
+get out of the classroom and go
talk to a wide variety of people who
have interest in and knowledge
about the design problem




2009-2010

Small group participation

Students who took an
interest

Outside of their course
work




2009-2010




2009-2010




2009-2010




2011-2013







Final Model Rendering

The following model renderings illustrate the final design of the transpirational pull based
commercial humidification system.

Figure 1: Water transport system and active humidification component

Figure 1 illustrates the hydrogel capillaries, which function to mimic the xylem of a plant by
allowing for the transport of water via cohesive and adhesive forces (capillary flow). Also shown
are the hydrogel plates, which effectively function to mimic the leaves of a plant, driving
transpiration and achieving humidification simultaneously.
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Bio-inspiration from a warm, westerly wind

S. L. Sanders, J. D. McMullen, and M. Eggermont

Abstract—In September of 2011, a group of
Capstone Design students entered the 2011 Biomimicry
Student Design Challenge. Encouraged to look for
solutions to energy problems and to look for inspiration
locally, they came up with an idea for a new heating
system based on a weather phenomenon specific to the
Eastern slopes of the Rocky Mountains. Every winter a
warm westerly wind, the Chinook, descends into Calgary
and southern Alberta. This paper describes initial
investigation into the phenomenon and the design
concept and process to date. The students will be
prototyping their ideas in the new year.

Keywords—Biomimicry, student design challenge,
engineering, Chinook, heating, cooling.

I. INTRODUCTION

hat is Biomimicry? Janine Benyus coined the

term “biomimicry” in 1997 when she

published her book Biomimcry: Innovation
Inspired by Nature. She created this term by
combining bios, which refers to life or living things,
and mimicry, which means to copy or emulate. So
in it’s most simple terms biomimicry means copying
life.

Benyus, an ever-curious biologist and captivating
storyteller, defines biomimicry as “the conscience
emulation of nature’s genius.” She uses the word
‘conscience’ to imply intent. When you use
biomimicry as a design tool, you begin your design
process with intent of emulating nature. She uses
the word ‘emulation’ to suggest that biomimicry
isn’t about just mimicking nature; it is about
extracting the best ideas and the strategies from
nature and using them as the basis for our designs.
She uses the phrase ‘nature’s genius’ because the
forms, processes, and systems found in nature are
fabulously ingenious compared to our own
technologies. As Thomas Edison once said, “Until
man duplicates a blade of grass, nature can laugh
at his so-called scientific knowledge.”

A less eloquent but perhaps more pragmatic
definition is that biomimicry is a sustainable design
tool based on emulating strategies used by living

S. Sanders, and J. McMullen are fourth year Capstone Design
students in the Department of Mechanical and Manufacturing
Engineering at the Schulich School of Engineering in Calgary.

M. Eggermont is a Senior Instructor in the Department of
Mechanical and Manufacturing Engineering at the Schulich School
of Engineering in Calgary.

things to perform functions that we want our
technologies to perform - everything from creating
color to generating energy. The goal of biomimicry
is to design products and processes, companies
and policies -- new ways of living -- that are well
adapted to life on earth over the long haul.[1]

In 2008/09 The Biomimicry Institute held their
first Student Design Challenge. Students from
Mexico, The United States and Canada participated
in a real world design project with a real world client
improving a design for outdoor pursuits (in this
case a ‘camping tarp’).

Fig 1: Challenge 1 - Image from familiarization stage -
'Distill,” “Translate', and ‘Observe’ phases

The first iteration of the challenge (Figure 1) was
a very collaborative process with students from all
three countries working as a team. A student from
our school summarized the experience as follows:
“From the initial day and with just an idea of a tent-
like structure inspired by nature, our project has
gone through different stages. The design
development can be followed from the design
spirals and mind maps posted by all groups of the
team. After a series of great ideas and creative
thoughts, lot of reading and research we came up
with something concrete. We now have a potential
material used for this purpose, and alongside the
color and texture of it.
Being involved in this project | have developed a
new way of thinking and a new interest for this field
of engineering that | knew very little about.
Biomimicry is a term maybe not so recognizable in
our society but it is definitely the future of
engineering.”

In 2009/10, the challenge (Figure 2) had
developed into an organized structure that gave
student teams access to a ‘biologist at the design
table’. Students could ask questions related to
biology on a weekly basis in order to translate from
biology to engineering. Instead of a group of about

modern technology with ideas drawn from nature.

Biomimicry has already played an important role
in multiple energy-related engineering innovations,
such wind turbine blades inspired by the shape of
whale fins or solar cells inspired by leaves, and it is
important to keep investigating the field’s
potential. The merit of using the Chinook heating
system is that combustion of natural gas is not
required for it to operate, thus eliminating
emissions. Therefore this heating system falls under
multiple topics of interest for the VI International
Conference of Sustainable Design and Construction
Engineering.

In addition to biomimicry and design with nature,
it also aligns perfectly with the following topics:
design and technologies for energy efficiency and
conservation and developing energy efficient
buildings at design stage to secure long-term
savings.

A process that can be summarized into a few
stages, which are shown in Figure 3, creates the
Chinook winds that are characteristic to Alberta,
Canada. Firstly, wet air from the Pacific Ocean is
carried by coastal winds over the Rocky Mountains.
While passing over the mountains, the moisture is
forced out of the air by increasing elevation
(decreasing pressure). Note that wet air loses heat
at 5°C/1000m as it gains elevation [4]. The dry air
then comes down off the mountains and into the
Canadian Prairies. Conversely to wet air, dry air
gains heat at 10°C/1000m [4]. The resulting air
has higher final temperatures, which cause warm
winds.

Fig 3 Chinook wind effect
(http://rst.gsfc.nasa.gov/Sect14/g_chinook.jpg)

The Chinook heating system would operate in a
fashion to reproduce the orographic effect of the
actual natural phenomenon and yield the same

results:

1.Air from the room is drawn into the device.

2.The air is mixed with water to saturation point
(at relative room temperature).

3.The air mixture then experiences a decrease in
pressure to simulate an orographic effect.

4.The majority of the moisture is removed from
the air.

5.The air is returned to atmospheric pressure.

6.The air is expelled back into the room.

A basic functional decomposition of the proposed
Chinook heating system is given in Figure 4. The
overall decomposition in Figure 4A depicts the
energy, material (air and water), and signal (current
and desired room temperatures) inputs into the
system and the desired output (warm air).
Furthermore, the more specific internal sub-
functions within the system are investigated in
Figure 4B.

The proposed Chinook heating system requires a
design for each sub-function in Figure 4B to
achieve the required air conditions, which would be
the next stage of investigation for this project.
Designs for each sub-function still have to be
considered to determine the most effective
mechanism for achieving each condition. The
system would most likely employ pumps to draw air
into the system and to create the pressure drop.
Pressure valves and nozzles may also be used in
junction with pumps to create the pressure drop. A
mechanism for mixing the water vapour and air as
well as the collection of the condensed water still
needs to be brainstormed.

The energy consumption of this design is not yet
known and therefore it is not certain that there will
energy or cost savings. The proposed future steps
of this project are to establish designs for each
sub-function from existing technology and
subsequently determine the resulting efficiency of
the system. The energy consumption of the
Chinook heating system would then be compared
with a conventional central heating system to
determine which system has superior energy
efficiency. Assuming the system is viable, other
parameters would be determined such as ideal
system positioning within a house, cost to operate
and maintain the system, and the manufacturing
process and expense.




2011-2012

Student challenges were
run in the science and
engineering capstone
courses for interested
teams as their capstone
project

| acted as sponsor and
mentor




2012-2013

Challenge was a project in
the first year engineering
design course for all 700
first years

Challenge was modified to
fit the course but gave
students the opportunity
to submit their designs in
time for the challenge

The project was again
available to capstone
groups

Senior students




Engg 200 Fall 2012: Paper project plan

components
Introduction to
Biomimicry
Design Process
[LP #1]*
Sketching
practice

Sust. workshop

Week [ Comms Lecture Workshop/Lab Due Learning
Outcomes
1-- 3 hours: Logbook check by ¢ Individual and
Sept. “|cebreaker” TAs .atben(‘jl of lab team work
10 1. An introduction !Partlcwpatlon mark - fProduce
to the e et
communications dragwings aid
component of the sketches
course ® Impact of
2. An introduction :Ongientjering on
to |ngOOkS X e Construct logical
3. An introduction and persuasive
to technical arguments
communication.
This introduction is
similar to reverse
engineering.
Students are asked
to analyze a
document
4. An introduction
to graphics in this
course
2-- Communications #1 * Produce
Sept. |+ Introduction to introductory
17 paper project & cngmeenng

drawings and
sketches

® The impact of
engineering on the
environment

* Interpret ethical,
social and
environmental
influences

e Elicit and interpret
customer needs

[...]* enrichment material




Engg 200 Fall 2012: Paper project plan

Engg 200 Fall 2012: Paper project plan

Week | Comms Lecture Workshop/Lab Due Learning Week | Comms Lecture Workshop/Lab Due Learning
Outcomes Outcomes
3-- 1 hour comms Logbook checkby |  Produce 5-- Communications #3 * Produce
Sept. portion: :As ‘@be]nd of lab |ntr?duct9ry Oct.8 |- Sketching |ntro.duct.ory
. - I . I
24 Introduction to ne oneens practice engineenng
i rawings and ) L drawings and
sketching 2 sketches + Biomimicry case sketches
Introduction to * Produce studies * Produce
Inventor introductory CAD » Sust. workshop introductory
drawings of designs e Qral technical repi.rts‘
resentations ® Interpret ethical,
4 -- Communications #2 * Produce b : social and
: introductor - Slide DeSIQn i tal
Oct. 1 . Sketchlng ’ ! y environmenta
. engineering * [LP #3] influences
pralcltlce. drawings and * Impact of
. ert!ng |n. sketches engineering on
Engineering * Produce society
* In-class writing introductory
exercise technical reports 6 - Communications #4 * Produce
+ Sust. workshop ° ‘”_telrp’zt ethical, Oct. + Sketching introductory
social an . engineerin
* [LP#2] environmental 15 practice dragwings agd
influences + Sust. WOI’kShOp sketches
® Impact of M [LP #4] ® Produce
engineering on introductory
society technical reports
® Practice writing ® Interpret ethical,
with correct spelling, social and
punctuation and environmental
grammar influences
® Practice ® Impact of
conciseness, engineering on
crispness, precision society
and clarity of
language 7 -- Paper project work | * Executive * Give group
Oct - Executive Summary draft - presentation
29 ' Summa ork one per team ® Produce
u ry w member - collate | introductory CAD
* Autodesk

[...]* enrichment material

Inventor time
+ Oral
presentations

® Logbook check
by TAs @ end of
lab

drawings of designs
® Produce
introductory
technical reports

* Work effectively in
a small team
 Describe and
apply techniques for
creative problem-
solving

[...]* enrichment material




Engg 200 Fall 2012: Paper project plan

Engg 200 Fall 2012: Paper project plan

[...]* enrichment material

* Report writing 2

Week | Comms Lecture Workshop/Lab Due Learning Week | Comms Lecture Workshop/Lab Due Learning
Outcomes Outcomes
8— Paper project work | ® Draft report: ® Produce 9 -- Communication #5 Paper project due in | ® Produce
Oct 29 Abstract, Exec. introductory Nov.5 |- Sketching lab [on CD: introductory
Summary, engineering . * Abstract engineering
Concept drawings and practice * Executive drawings and
P 9 ", 9
sketches, Design | sketches ° Report writing 1 Summary sketches
Process, Model, ® Produce e Concept Sketches | ® Produce
LP evaluation, introductory (may include story | introductory
Autodesk Sust. technical reports boards, flow technical reports
Part o Interpret ethical, charts, etc.) ® Interpret ethical,
* Logbook check social and ® Final Sketch social and
by TAs @ end of environmental Rendering or environmental
lab influences Model influences
® Impact of ® Presentation — A | ® Impact of
engineering on maximum of 12 engineering on
society slides society
* Work effectively in e Evaluation * Work effectively in
a small team According to a small team
¢ Describe and Nature's ¢ Describe and
apply techniques for Principles apply techniques for
creative problem- ¢ Optional creative problem-
solving Autodesk solving
Sustainability ® Ability to complete
Workshop Award | basic analysis with
presentation respect to the
® Project video impact of
incorporating engineering on the
drawing, environment, and on
animation, social, knowledge
narration (~3 and economic
minutes) systems in modern
culture
10 --
Nov.
12
11 -- [ Communication #6 * Produce
Nov. |« Sketching introductory
19 practice engineenng

drawings and
sketches

[...]* enrichment material




First year students

Illustrations of body oscillation:




Equation that shows
the relation between
the ratios of
centripetal force and
surface tension.

The radius (R) of the
mammal's body on which
the angular frequency w
depends upon.




2013-2014

Capstone design course
participation




2014-2015

A new student society has formed in Calgary: Enova
A biomimicry student group

I mentor the group if and when asked




ENOVA WINS STUDENT
CHALLENGE




POSSIBLE RESOURCES







THANK YOU
QUESTIONS?




