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The elements that make up our food system are 

incredibly complex. Current challenges include 

everything from production and processing, to 

packaging and waste, to distribution and policy. 

In the long term, the food security of the planet 

depends on water efficiency, energy efficiency, 

enhancing soil fertility by returning “waste” 

nutrients to the soil, protecting biodiversity, 

improving packaging, and fostering agricultural 

resilience at a local level. Many organizations 

have already done an excellent job outlining the 

challenges, many of which are being exacerbated 

by climate change. The Biomimicry Institute is 

focusing on solutions, whether for individuals or 

industry.

After all, ecosystems are complex too. Healthy 

ecosystems are models of abundance, resilience, 

and fertility. Nature’s gardens feed hundreds 

of billions of organisms across the globe every 

day, without the need for miles of irrigation 

pipe, pesticide applicator licenses, refrigerated 

trucks, and imported fertilizers. Nature processes 

waste on site, and uses that waste to fuel fertility. 

Instead of harming or limiting biodiversity, 

nature’s food production techniques support 

conditions that enhance biodiversity. And 

even as they produce an abundance of food, 

most ecosystems sequester carbon rather than 

contribute to our global atmospheric carbon load 

as most conventional agricultural techniques do. 

Nature has an abundance of lessons to offer us 

with regard to our food system. On the following 

pages, we share how some of those lessons are 

already being applied. As you’ll see, solving one 

challenge by mimicking nature’s strategies often 

leads to additional positive impacts as well, given 

nature’s expertise in multifunctional design.

Image credit: Dan Bergstrom CC-BY-NC
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WASTE PREVENTION AND RECLAMATION

Post-harvest food storage: Wakati 

Inspired by honeybees and plants, this Belgian team designed an 

efficient, low-cost evaporative cooler to keep fruits and vegetables 

fresh following harvest. The design solves many problems with 

existing evaporation coolers: limited geographic applicability, 

extreme water usage, and sanitation problems. It limits post-

harvest losses, thus benefiting farmers economically, preventing 

water loss due to food waste, and providing a more nutritious 

product for consumers. This technology uses just one liter of water 

per week, compared to 350 liters in existing evaporative coolers. 

Wakati has successfully conducted laboratory testing, is currently 

conducting field testing in West Africa, and has won numerous 

social venture prizes for its design. 

Impacts: waste, water efficiency, energy 

Learn more: http://bit.ly/1D1bl5o

On-site water treatment without chemicals: Eco-Machine 

The Eco-Machine is a form of wastewater treatment inspired 

by aquatic ecosystems invented by Dr. John Todd (John Todd 

Ecological Designs). Ecosystems incorporate helpful organisms 

from all the major groups of life in order to break down and digest 

organic pollutants. Treated wastewater is clean enough to be 

recycled for reuse. Eco-Machines have saved water, energy, and 

money for companies and communities on five continents. 

Impacts: waste, water treatment and reclamation, energy, cost 

efficiency 

Learn more: http://toddecological.com/

Student Design Challenge Winner

One of John Todd’s Eco-Machines at the 

Omega Center for Sustainable Living 

in New York State, USA. Image by Matt 

McDermott (CC-BY-NC-ND).

“Not only does [our] eco-machine clean 
the wastewater without using chemicals, 
it is also cheaper to build and cheaper 
to operate than conventional treatment 
plants.”

 –Mike Seago, Ethel M Chocolates 
  Henderson, Nevada, USA

http://bit.ly/1D1bl5o
http://toddecological.com/
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FARMING

Polycultures replacing monocultures: The Land Institute  

Since 1976, The Land Institute (TLI) has been using nature as a 

model for the sustainable production of food. According to TLI, 

“This means perennial grains grown in mixtures, thus creating 

ecosystems that reflect the resilience and productivity of prairies. 

This promises an end to soil erosion, weaning from chemical 

inputs, restoration of soil health, curtailing of carbon emissions and 

greater food security”

Impacts: Soil health and fertility, water efficiency, energy efficiency, 

pest management 

Learn more: http://www.landinstitute.org/

Plant incubation: Groasis Waterboxx, Groasis BV 

Developed by Pieter Hoff, the Groasis Waterboxx design is based 

on the way nature sows seeds. Animals ingest plants and then 

excrete the seeds on top of the soil, where the surrounding feces 

functions as a cover while the seed develops roots and taps into 

water resources necessary for further development. The Groasis 

Waterboxx eliminates the need for irrigation or additional water 

input after planting, and also protects seedlings from wind, sun, 

and temperature extremes. 

Plant incubation, water efficiency, energy efficiency, community 

health 

Learn more: http://www.groasis.com/en

Above: The Wauhob Prairie at The 

Land Institute Kansas, USA. TLI’s 

crop breeding plots are visible in the 

background.. Photo: Perennials Project, 

Michelle Mockbee (CC-BY-NC )

http://www.landinstitute.org/
http://www.groasis.com/en


 Biomimicry institute | Design Challenges Biomimicry.org | AskNature.org4

PACKAGING

Lightweight, structural packaging: Vitalis water bottle 

Created by Logoplaste, the spiral pattern of the Vitalis PET bottle 

was inspired by alpine trees and their spiral growth pattern. Spiral-

grained materials deflect, or bend, more than straight-grained 

materials. Vitalis’ spiral design is now the world’s lightest PET 

bottle, able to withstand vertical, horizontal, and diagonal loads 

with minimum material usage and saving fossil fuel use in shipping 

and supply. Parent company Unicer estimates that the new design 

has reduced total raw material use by 7%, enabling savings of 250 

tons of raw material per year. 

Impacts: packaging, material efficiency, fuel efficiency 

Learn more: http://bit.ly/1o3GBNZ

Packaging from CO2: Novomer polycarbonate plastics 

“Novomer’s technology allows traditional chemical feedstocks to be combined with carbon dioxide 

or carbon monoxide to cost effectively synthesize sustainable chemicals and materials for everyday 

applications [such as polycarbonate plastics and absorbents]. The chemicals and materials contain 

up to 50% carbon dioxide or carbon monoxide and have a significantly reduced carbon and energy 

footprint compared to the materials they will replace.”

Impacts: packaging, renewable feedstocks 

Learn more: http://www.novomer.com

Image credit: Novomer.com

http://bit.ly/1o3GBNZ
http://www.novomer.com
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Edible, plastic-free packaging: WikiPearls™, WikiFoods, Inc.  

WikiPearls is an edible, plastic-free packaging technology for 

food and beverages that was inspired by the skins of fruits and 

vegetables, which protect their contents against water loss and 

contaminants. WikiPearls are being used to package everything 

from fruits and vegetables to cheese and ice cream. Learn more

Impacts: packaging, waste, renewable feedstocks 

Learn more: http://www.wikipearl.com

Oil-free bioplastic packaging: Mushroom® Packaging 

Ecovative’s award-winning Mushroom Packaging is a home-

compostable packaging solution based on mycelium, a living 

organism. The material is a high-performance, environmentally 

responsible alternative to traditional plastic foam packaging, 

insulation, and other synthetic materials. Ecovative’s products 

follow nature’s broad design principles, requiring low-energy 

manufacturing, utilizing agricultural waste and benign chemistry, 

and breaking down completely in the environment, releasing their 

nutrients for re-use.

Impacts: Packaging, waste reclamation, energy efficiency, benign 

chemistry, renewable feedstocks 

Learn more: http://www.ecovativedesign.com/

PACKAGING (cont.)

Bioplastics: Shrilk 

Developed at Harvard’s Wyss Institute for Biologically-inspired Engineering, Shrilk is an ultra-strong 

plastic replacement material. Although chitin, the primary material used to make Shrilk, is derived from 

shrimp skeletons, the material is biomimetic in that it adheres to nature’s broad design principles. In 

addition to eliminating the need for oil-based plastics, its manufacture leverages a locally abundant 

resource and eliminates what would otherwise be a waste material. Shrilk is transparent, flexible, 

and as strong as aluminum but at half the weight. It can be used with traditional casting or injection-

molding techniques and is also compostable to fertilizer grade material.

Impacts: packaging, waste, renewable feedstocks 

Learn more: http://bit.ly/1qakndx

Wine bottle box made from Ecovative’s 

Mushroom Packaging. Image CC-BY-SA via 

Mycobond.

http://www.wikipearl.com/%23wikipearl%20
http://www.wikipearl.com/%23wikipearl
http://www.ecovativedesign.com/
http://bit.ly/1qakndx
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WATER

Irrigation and pest management: Egy Osmo 

Egy-Osmo, a team from the German University of Cairo, won 

the Grand Prize in our 2012-2013 Biomimicry Student Design 

Challenge for their camel-inspired irrigation strategy. Their novel 

design leverages the city of Fayoum’s existing extensive yet 

stagnant canal system for irrigation and non-chemical pest control 

purposes. The team is currently collaborating with a nonprofit 

organization and has gained interest from a private organization to 

begin testing their design.

Impacts: irrigation, pest management

Reduced chlorine use in water reservoirs: Lily impeller 

After years of studying the efficiency of fluid flow in natural 

systems, inventor Jay Harman (PAX Water Technologies) developed 

the Lily impeller mixing technology. A 1/3 horsepower unit installed 

in reservoirs of up to 7 million gallons uses only the energy of three 

100-watt light bulbs and costs roughly $1.00 a day to operate. The 

device de-stratifies water in reservoirs, leading to a reduction in 

chlorine use because of proper mixing. PAX Water is committed to 

creating a world where high-quality drinking water is sustainably 

produced, efficiently distributed, and universally valued as a life-

giving foundation for healthy communities.

Reduced chemical use, energy efficiency, cost efficiency 

Learn more: http://www.paxwater.com

Student Design Challenge Winner

Desalination: Aquaporin membrane technology 

A combination of biomimicry and bioutilization, Aquaporin membrane technology was inspired by 

the way aquaporin protein molecules facilitate water transport across cell membranes in living things. 

Incorporating aquaporin molecules, Aquaporin membranes have unique selectivity, high permeability, 

and the potential to revolutionize the water treatment and desalination industries due to their energy-

efficient filtration capabilities.

Impacts: Water treatment, energy efficiency 

Learn more: http://www.aquaporin.dk/

Diagram showing how the Lily impeller is 

able to efficiently mix large volumes of water 

despite its small size. Image credit: PAX Water.

http://www.paxwater.com
http://www.aquaporin.dk/%20
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ENERGY

Energy efficiency: FLOWE Project 

As fish swim, they shed tiny vortices. In large schools of fish, 

individuals transfer energy to each other with these vortices, 

lowering the energetic costs of swimming. Dr. John Dabiri at 

California Institute of Technology has taken inspiration from this 

strategy and applied similar principles to the spatial design of wind 

farms. By placing vertical-axis turbines close together in a strategic 

array, energy is gathered by each turbine, while simultaneously 

directing wind to nearby turbines. Once optimal positioning is 

determined, an array may be able to produce 10 times more power 

than a conventional wind farm while  reducing the cost, size, and 

land area needed.

Impacts: Energy efficiency, renewable energy, land conservation

CONSERVATION AND SEAFOOD SECURITY

Seafood security: Air Ballast Biomimetic Cargo Ship 

This Canadian team’s design for a cargo ship that uses air as 

ballast, rather than water, addresses problems associated with 

invasive species in the ballast water of trans-ocean cargo ships. 

Inspired by fish swim bladders, their design uses air instead of 

water to regulate buoyancy and could reduce the threats posed by 

invasive aquatic species to fishing grounds around the world.

Impacts: Distribution, conservation, water quality

Student Design Challenge Winner

Seafood security: Project Bubble Net 

Three scientists Instituto Politécnico de Leiria are working on a pilot-scale prototype and international 

patents for a bubble net fish capture technology inspired by the feeding behavior of humpback 

whales. The technology replaces traditional woven nets used to catch pelagic fish and holds great 

potential to reduce bycatch, which can have significant social, environmental, and economic impacts.

Impacts: Conservation

Image credit: John Dabiri/Caltech




