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Look deep into nature and you will understand everything.
—Albert Einstein

Natural selection
Technological innovators find 
inspiration in the flowers and the bees.
By PAM FROST GORDER

From the spiraling of seashells to the symmetry of 
flower petals, from the arrangement of scales on a 
shark’s skin to the coordinated dance of honeybees 

around a hive, nature is full of patterns and innovations 
that help plants and animals perform more effectively.  
Through the relatively new field of biomimetics, scien-
tists can translate those patterns in form and function 
into mathematics that form the basis of new technologies. 
 The first documented case of a researcher specifically 
attempting to mimic nature with technology came in 
the 1930s. As part of his doctoral research at Washing-
ton University, biophysicist and engineer Otto Schmitt 
designed a switch that stabilized the output of an elec-
tric circuit by mimicking the firing of squid neurons. By 
the 1960s, Schmitt had coined the term “biomimetics” 
to describe his work and had launched the discipline of 
biomedical engineering.
 The notion of design inspired by nature was popular-
ized more recently in Biomimicry, a 1997 book by Janine 
Benyus. Today, biomimetics is a growing line of research, 
boosted by new technologies that make it possible to 
simulate innovations in detail on the computer screen. 

Left: The fern Salvinia uses its eggbeater-like fibers to keep itself afloat.

Photo by MATT SULLIVAN
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Inspired by nature
For mechanical engineer Bharat Bhushan, 
doing biomimetics research means explor-
ing a bottomless treasure trove of nature’s 
novel approaches to solving problems. It 
also means receiving the occasional odd 
phone call.
 In 2005, Bhushan published research on 
a beautiful aquatic plant, the lotus. He’d 
studied its waterproof leaves in detail 
and found characteristics that could lend 
themselves to an industrial coating for 
self-cleaning surfaces. 
 A news release issued by Ohio State 
spawned worldwide coverage in print and 
on TV. Smitten with the idea of surfaces 
that could clean themselves, the media 
declared that the research would someday 
put an end to domestic drudgery.
 When Bhushan’s phone rang one day 
three years ago, a toilet bowl manufac-
turer was on the other end.
 “He was asking for a [coating] recipe 
in a spray can,” Bhushan said. “I told him 
that I am a researcher having fun, and 
do not necessarily have recipes ready for 
manufacturing.” He was happy to share 
what he’d learned with the man, though. 
 Bhushan is a world-renowned expert in 
tribology—the study of friction, lubrica-
tion, and wear. He’s long been an Ohio 
Eminent Scholar and the Howard D.  
Winbigler Professor in mechanical engi-
neering. His work unit now has a new 
name: the Nanoprobe Laboratory for Bio- 
and Nanotechnology and Biomimetics.
 In the 1990s, Bhushan’s research 
focused on the texture of metal coatings on 
computer disks and data tapes, items for 
which friction determines performance. 
By 2001, some industry acquaintances 
began building specialized microdevices—
machines with tiny moving parts. The 
devices were hampered by friction, but 
were much too small to hold even a drop  
of traditional lubricant.
 Bhushan first tackled the problem by 
baking a thin coating of lubricant onto the 
surfaces of individual parts, which reduced 
friction by half. Gradually, he began to 
think about how he might do away with 
lubricant altogether. He knew that, in 
general, what’s good for water repellency 
is good for fighting friction. He looked to 
a water-repellant surface in nature. He 
looked to the lotus.
 “I was interested in reducing drag and 
adhesion, and the lotus leaf does that,” he 
said. Then he realized the possibilities in 
that line of research. 

 “That’s why I got into biomimetics, but 
once I was in, I found out that there are so 
many things nature does which are fasci-
nating, and I just got stuck. I loved it.”
 The surface of the lotus leaf is covered 
with waxy spikes that resemble peach 
fuzz. Like a human lying on a bed of nails, 
a water droplet rests on the tiny spikes 
and never penetrates. Water rolls off, and 
the lotus stays dry. 
 Bhushan and his team created a com-
puter model that allows manufacturers to 
calculate the right size, shape, and disper-
sion of spikes to recreate the form and 
function of lotus leaves on any surface.
 From slippery leaves, Bhushan went 
on to study sticky gecko feet. Though the 
climbing lizards weigh only a couple of 
ounces, wavy ridges on their toes gener-
ate enough friction to allow them to stick 
to vertical surfaces with more than four 
pounds of force. Yet the toes peel cleanly 
away in milliseconds when the lizard 
wants to move—a good model for super-
strong removable tape.
 Most recently, Bhushan figured out how 
to make use of Salvinia, an aquatic weed. 

Salvinia has hairy leaves like the lotus, 
with eggbeater-shaped structures dotting 
the tips of the hairs. The hair shafts repel 
water, while the eggbeaters attract it. The 
combination helps keep the plant afloat by 
trapping air bubbles among the hairs and 
allowing leaf edges to cling to the water. 
 Based on those characteristics, Bhushan 
successfully created a Salvinia-like coat-
ing in the lab. With commercial develop-
ment, the coating could reduce drag and 
boost buoyancy on boats and submarines. 
Bhushan hopes that industry and the mili-
tary will pursue the idea. 
 In the meantime, he’s moved on to a  
new subject: sharkskin. Sharks may 
appear smooth and shiny to the naked eye, 
but in reality, rows of microscopic tooth-
like scales form ribs along their bodies. 
Bhushan and his team made a mold from 
the skin of a mud shark, cast similar struc-
tures in materials such as acrylic resin, 
and tested how water flowed over the 
surfaces. So far, they’ve learned that the 
ribs are especially efficient for propelling a 
shark through turbulent waters—a hint of 
what a similar texture could do for boats. 

Left: The lotus leaf’s ability 
to repel water may lead to the 
development of self-cleaning 
surfaces.

Below: The shape of microscopic 
scales on a shark’s skin helps  
it navigate turbulent waters.  
A similar texture might be 
beneficial when applied to boats.
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Going green
Because biomimetic technologies emu-
late nature, they can be “green,” meaning 
environmentally friendly. Biomimetics:  
Bioinspired Hierarchical-Structured Sur-
faces for Green Science and Technology is 
the title of Bhushan’s latest book, to be 
published in June.
 Bhushan begins the book with a quote 
from Leonardo da Vinci, who said that in 
nature, “nothing is lacking and nothing 
is superfluous.” That idea is the founda-
tion of today’s sustainability movement. 
Nature recycles and maintains balance, 
and human society can do the same.
 Joseph Fiksel, director of Ohio State’s 
Center for Resilience, explains sustain-
ability with a motto: “Waste equals food.” 
 “In natural ecosystems there is no 
waste. There’s always some residual value 
from every material,” he said. “Likewise, 
in industrial systems, every byproduct is 
potentially food for some other process,  
if you’re creative enough.”
 A former sustainability consultant and 
author of the book Design for Environment: 
A Guide to Sustainable Product Develop-
ment, Fiksel led Battelle’s Life Cycle 
Management Group before coming to 
Ohio State in 2005. At Battelle, he helped 
businesses act sustainably while saving 
money, and that mission continues at the 
university. 
 The key is waste elimination, modeled 
after processes found in nature. So what 
the Center for Resilience does might be 
called “ecomimetics,” the study and emu-
lation of entire ecological systems. 
 Fiksel founded the Ohio By-Product 
Synergy Network, which helps member 
companies identify opportunities to reuse 
waste from other industry sectors. 
 What no longer has value in one indus-
try might be very useful in another, and 
thus the network operates much like a 
natural ecosystem.
 Similar networks have sprung up across 
the country—from Washington state to 
New England—many of them sponsored 
by the U.S. Business Council for Sustain-
able Development.
 In 2008, scientists at the Center for 
Resilience helped the Columbus Depart-
ment of Public Utilities reduce energy 
consumption costs and greenhouse gas 
emissions at the city’s wastewater treat-
ment plants. The key was finding ways to 
reuse the plants’ main byproduct, sludge, 
of which the city produces thousands of 
tons per year. 

 Some dry sludge is incinerated and 
dumped in landfills, while the rest is used 
by farmers as fertilizer or converted into 
an organic compost called Com-Til, which 
is sold to the public at retailers through-
out central Ohio.
 Fiksel and his team used an innovative 
software tool called Eco-Flow to balance 
incineration, composting, and farm use  
in a way that would save Columbus  
$2 million of its annual $8 million sludge-
disposal costs while cutting emissions of 
greenhouse gases by 25 percent.
 As with biomimetics, the computer 
is the tool of choice for ecomimetics, as 
Fiksel and his team build models of indus-
trial, societal, and ecological systems and 
search for connections between them.
 They don’t look at the fine details—that 
would require a supercomputer. Rather, 
they work with aggregate data from broad 
categories and study the resilience of the 
system as a whole. 
 For example, rather than determining 
the carbon footprint of one particular 
business, they look at the full carbon cycle 
and examine how an industry fits into  
that cycle.
 The technique is appropriate for 
answering big policy questions, which  
deal with very large-scale issues that 
evolve over long periods of time, Fiksel 
said. 
 Most recently, the Center for Resil- 
ience partnered with the John Glenn 
School of Public Affairs and researchers 
at Ohio University to address a big  
question for the Ohio economy: what 
would happen if the state adopted more 
biologically based renewable energy 
sources and environmentally friendly 
technologies? 
 Using computer simulations, the 
researchers concluded that going green 
would create jobs and boost business 
growth and diversification, as well as 
stimulate innovation. Investment in green 
technologies would also improve quality  
of life throughout the state.
 Ohio State is a good home for the Cen-
ter for Resilience because of the caliber 
and diversity of the faculty, Fiksel said. 
Collaborations with researchers from  
six colleges—including Arts and Sciences, 
Engineering, and Business—allow inte-
gration across diverse disciplines.

Joseph Fiksel at the Columbus  
wastewater treatment facility
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Consider the honeybee
Professional diversification would seem  
to be necessary for a career in emulat- 
ing nature. Long after Otto Schmitt  
built his squid-inspired electric circuit,  
he remarked that researchers don’t 
develop a specialty in biomimetics— 
they “de-specialize” into it.
 One example would be Ohio State  
electrical engineer Kevin Passino, who  
collaborates so closely with biologists  
that he’s become a de facto expert on an 
industrious insect with much to teach 
humanity: the honeybee.
 Passino and Cornell University sociobi-
ologist Thomas Seeley use high-definition 
cameras to capture bees’ movements in 
the field. Then they develop computer 
algorithms that model the behavior. 
 “I’m interested in working with biolo-
gists to do science, but I’m also interested 
in what I can learn from science to do engi-
neering. I think it’s really important that 
we’re learning how to do good engineering 
via the study of nature,” Passino said.
 Bees exhibit impressive decision-making 
skills, he said, and he and Seeley want to 
learn how they do it.
 One critical moment happens every 
spring in Ohio and around the country as 
wild honeybees take advantage of warming 
weather to leave their hives and migrate  
to new homes. When that happens, thou-
sands of bees take to the skies together. 
A buzzing cloud will rise from a rock or 
fallen log and converge on a nearby tree 
while a few worker bees venture out to 
look for a new nesting site.
 How does an entire hive decide where  
to go based on only a few scouting reports? 
Honeybees think collectively when they 
make important decisions, Passino 
explained. It’s almost as if each bee were  
a single cell in the same brain. Individually, 
bees aren’t very smart, but together they 
make good decisions—even when they 
have limited information. 
 The researchers have determined that 
the insects communicate via a “waggle 
dance.” The bee angles its body and 
dances at a certain speed to show the 
direction it wants its hive-mates to go.
 If scouts return with different opinions, 
they dance in different ways to indicate 
their choice of sites. The varying dances 
spread through the hive, with bees align-
ing themselves with one scout or another. 
When enough bees choose the same side 
of the debate, the decision is made. A few 

bees shoot off in the chosen direction, and 
the remainder interpret their hasty depar-
ture as a cue to swarm.
 Researchers aren’t sure what makes 
bees choose one dance over another. They 
simply seem to know, and they also seem 
to know when the hive has enough of a 
consensus to proceed.
 Passino said that based on the com-
puter models he and his partners have 
constructed, “we figure that only about  
5 percent of the bees actually know where 
they’re going. The rest just follow.”
 Over and over again, the system works, 
and the bees find the perfect piece of real 
estate—typically, the hollow of a tree— 
to call home.
 The waggle dance also comes into play 
in a more mundane example of decision 
making: daily foraging. When scouting 
worker bees discover a good place to 
gather nectar, they use the waggle dance 
to tell their hive-mates where to find it. 
Again, competing scouts dance different 
dances, and the hive collectively decides 
on the preferred site and how many bees 
to send there.
 To Passino, the process looks a lot like 
a classic engineering problem: resource 
allocation. 
 He and his team constructed a honey-
bee foraging model and turned it into  
a computer algorithm that optimizes  
temperature control in an office building.

 The algorithm minimizes the amount  
of energy required to achieve the best 
indoor temperature—just as bees decide 
how to gather the most nectar by sending 
out the fewest number of worker bees.  
The algorithm makes decisions based 
on a distributed network of temperature 
sensors.
 Biomimetics could help engineers solve 
problems in other areas. Passino envisions 
a day when swarms of tiny autonomous 
robots aid search-and-rescue missions 
on Earth and help humans explore other 
planets. 
 His temperature-control experiment  
is an early step in that direction, because  
it shows that a distributed computer net- 
work can accomplish a task while emu-
lating bees’ decision-making skills. In 
addition to rescue operations, Passino 
foresees applications in exploration and 
the military.
 According to Fiksel, now is the right 
time for humans to take a cue from nature, 
especially regarding decisions about the 
environment. 
 “We believe that today we have to take  
a systems approach to understand the 
implications of the decisions we make, 
because the world is so tightly connected,” 
he said.
 “Otherwise, we don’t see the big picture, 
the consequences of our choices.” n

 What do the habits of honeybees have to do with the temperature in an office?
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