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Purpose and Overview 

 Purpose - Highlight both the promise and potential pitfalls of 

biomimicry in design. Propose design guidelines.

 Overview 

 Part 1: Brief Introduction to Biomimicry 

 Part 2: Successes and Challenges 

 Part 3: Towards a Design Methodology 



Part 1: Intro to Biomimicry 

 Some variation in definitions – direct vs. interpretive approaches 

 Biomimicry: The search in nature for both inspiration and duplication of natural 
structures and processes to engineer solutions to human problems 

 Motivations 

 Aesthetics 

 Innovation 

 Efficiency 

 Durability 

 Sustainability 











Part 1: Applications 

 Historical focus and success in the materials domain 

 More recent interest in process and systems level biomimicry (PLB)

 Ford’s River Rouge plant redesign 

 Modifying economic structures and regulations to more closely imitate 
natural principles (e.g. apex predator behavior)

 Business biomimicry (e.g. productivity systems)

 Imitating nature to make water systems more resilient 



Part 2: Successes & Challenges 



Case 1: Eastgate 

Centre (Zimbabwe)

 Challenge – design a building without 

using air conditioning

 Outcomes 

 Local building materials 

 Termite mound inspired ventilation system

 Initial savings: $3.5 million

 < 10% of energy typically consumed

 Rent is 20% Lower



Case 1: Success…sort of

 Original thinking about temperature regulation mechanism 

 But, upon closer examination…

 Takeaways

 Close connection regarding purpose

 Uncomplicated, uncontroversial goal



Case 2: Swarm Intelligence in 
Autonomous Vehicles (SI-AV)

 AV benefits

 Safety 

 Increased travel efficiency 

 Decreased emissions 

 Infrastructure enhancement

 SI-AVs

 Ant-colony optimization (ACO)

 Particle swarm optimization (PSO)



Case 2: Approaches & Concerns 

 AV-as-island approach 

 SI-AV 

Crowd sourced computation 

Coordination 

Concerns 

 Privacy/confidentiality (general)

Collectivism vs. individualism – subsumption of individual welfare



Ecological Insights

 Lotus Leaf

 Paints designed to imitate self-cleaning 

function of lotus leaf

 However….the lotus leaf is an ephemeral 

structure 

 Bacterial build up concerns with paints

 Temporal details are important 

 Broader point – context is of critical 

importance 



Part 3: Design Methodology 



General Systems Theory – Isomorphology 

 An isomorphology exists when two or more systems demonstrate key 

structural similarities; even when the systems themselves are very different in 

expression or functionality.

 Isomorphology allows for the formulation of common “models, principles, 

and laws” which enhance our understanding of the world (Bertalanffy, 

1969).

 Levels 

 Analogy: Similarities between systems are superficial in nature.  

 Homology: Here the similarities between systems go much deeper.  
Characteristic laws and behavior are “formally identical.”   

 Explanation: Highest degree of precision viz. the similarities between systems.  
Specific mathematical laws and logical relations are established.  



Isomorphology as a Test

 General 

 Deploy early in the design process

 Consider the nature of the connection when mapping a biological process to a 
human one.  Merely analogical?  If so, biomimicry may be ineffective or, worse, 
harmful

 Application 

 Case 1: Eastgate Centre 

 Simple, shared goal 

 Homological connection 

 Case 2: SI-AVs

 Surface vs. fundamental level goals (i.e. complexity) 

 Analogical vs. homological connection here



Which of these isn’t 

like the other?



Isomorphology & Dynamic Essentialism (DE)

 DE defined: what is considered an essential characteristic will 

change with application 

 Of bacteria and books

 Useful to compare when predicting growth 

 Not so much when considering the state of knowledge 

 Comparing cotton, corn, and lumber 



Design Guidelines 

 Guideline 1 – Process Scope: The scopes of the essential processes in 

question (natural and human) ought to be compared.  Details such as 

temporal scale and goal complexity are important  

 Guideline 2 – Process Purpose: Understand the essential purpose of both 

the human process and the natural one it is being modeled after.  

Differences in purposes can mean a lack of isomorphological connection

 Guideline 3 – Process Audience: Designers are encouraged to pay 

attention to both the original subject(s) of the natural process as well as to 

the would-be audience for the human application (closely related to 2)



Questions?

Thank you!

 References available upon request



Nuanced Application: Cotton Economics

 “Isomorphological Analysis: The Tough Knocks of Experience 
Found Through Practice” (Cantu & Beruvides, 2013)

 A challenge to existing assumptions and models
 Historic association between cotton and grain commodities (e.g. corn)

 Financial tools and assumptions associated with corn have also been applied to cotton

 Nuanced comparisons
 Looking beyond superficial similarities

 Cotton actually shares important economic traits with lumber

 Domestic vs. international demand

 Relatively minor market causality 


