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Q LESLIE What is Biological and Technical cycle?

)

Biological and Technical Cycles:
When Industry Learns from Nature

Nature has spent billions of years perfecting
systems of renewal. This presentation explores
what happens when human industry finally pays
attention — and how mimicking Earth's ancient
cycles is reshaping design, manufacturing, and the

global economy.
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Q LESLIE Nature’s Perfect Design

Before we can redesign our industrial
systems, we must first understand the
masterclass that nature has been running
for nearly four billion years. Life on Earth
has engineered solutions to every

\-‘ challenge of energy, material, and waste

— and the answers are all around us.
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Survival of the Efficient
Only organisms that solve problems without excess waste
persist across generations. Every failed experiment becomes
a fossil, not a product recall.

Continuous Iteration
Nature never stops refining. Solutions are stress-tested

across millions of generations and countless environmental
pressures.

Waste as Resource

In natural systems, there is no such thing as garbage. Every
byproduct of one organism is nourishment, shelter, or raw
material for another.

Co-funded by
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3.8 Billion Years of R&D

Nature operates the most rigorous testing environment ever
conceived. Organisms that solve problems elegantly survive; those
that fail disappear into the fossil record. This relentless iteration —

without budget cycles, quarterly earnings pressure, or planned

obsolescence — has produced systems of breathtaking efficiency.
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qLESLIE The Carbon Cycle

)

The Carbon Cycle: Earth's
Earth's Ancient Loop

Atmosphere

Carbon is the backbone of life — and Earth has been cycling it
flawlessly for hundreds of millions of years. Chemical elements
are continuously transformed by living organisms across
geological reservoirs: the atmosphere, soil, and oceans. Plants
capture atmospheric CO, through photosynthesis and convert
it into organic matter; animals and decomposers return it
through respiration and decay. Photosynthesis and respiration
are perfectly reciprocal, forming a closed loop that sustained
all life on Earth — until human industrialization introduced a

powerful new variable that the cycle was never designed to
absorb.
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qLESLIE Photosynthesis

Photosynthesis: Nature's
Original Solar Panel

Long before silicon cells, plants evolved the
ability to convert sunlight directly into
chemical energy — a technology so efficient
and elegant that after 3.8 billion years of
iteration, we are only beginning to understand

its full sophistication.
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Q LESLIE What is Nitrogen?

)
Nitrogen: The Element We Can't Create Without

Approximately 80% of Earth's atmosphere is nitrogen — yet plants and animals cannot use it in its atmospheric form. Nitrogen is essential for

building amino acids, proteins, and DNA, the very molecules of life. It exists in vast abundance, completely inaccessible without the right
transformation.

Nature solved this paradox through elegant biological chemistry: certain bacteria — including those living symbiotically in the root nodules of
legume plants — "fix" nitrogen into usable compounds. Lightning strikes and fires also break nitrogen molecules apart, making them
biologically available.

Lightning & Fire
High-energy events break atmospheric nitrogen bonds,
enabling uptake by soil and water.

Nitrogen-Fixing Bacteria

Microbes in soil and legume roots convert N, into ammonia
and nitrates plants can absorb.

The Closed Loop

Life depends on a finite element recycled endlessly — a system

perfected over billions of years. Gotinaedley
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QLESLIE Phosphorus

)

Phosphorus: The Slow Cycle

§ Essential to Life & No Substitute

Phosphorus is indispensable — found in
DNA, RNA, ATP (the cell's energy currency),
and phospholipid membranes. In the human

There is no phosphorus equivalent to carbon
capture or nitrogen fixation. What we mine
and disperse is effectively gone from

body, it forms the structural foundation of accessible circulation for tens of thousands

bones and teeth, and maintains acid-base : : .
of years — making conservation critical.

homeostasis in blood.

AN

X Geological Timescales

Unlike carbon or nitrogen, phosphorus has
no significant atmospheric phase. The
average phosphate ion spends between
20,000 and 100,000 years in ocean
sediments before being uplifted back onto
land through tectonic processes — the

g Co-funded by ultimate slow cycle.
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qLESLIE 20.000 Years Cycle

)

20,000 Year Cycle:
The Patience of
Phosphorus

In a world obsessed with speed,

phosphorus operates on a timescale
that dwarfs all of human civilization.
Every gram we mine and waste today
will not return to accessible form for

thousands of generations.
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Q LESLIE The Liner Catastrophe

The Linear Catastrophe

For most of human industrial history, we have
operated on a fundamentally different logic than
nature: extract, manufacture, use, discard. This

| | linear model — so effective for driving short-

« T term growth — has placed us in direct conflict

with the planetary cycles that make life possible.
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qLESLIE Humanity’s Dangerous Experiment

)

Deforestation

Fossil Fuel Combustion

Burning fossil fuels converts Clearing forests converts
organic carbon accumulated living carbon stores — in
over 300 million years into vegetation and soil — into
CO; in just 150 years — a CO, through burning and
geological eyeblink. The decomposition,
atmosphere cannot absorb simultaneously destroying
this accelerated release the very mechanism
without radical climate nature uses to reabsorb
consequences. carbon.

Cycle Acceleration

We have compressed natural cycles that operate on million-year
timescales into a single industrial century — an experiment with
no precedent in Earth's history and consequences we are only
beginning to measure.
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Q LESLIE Dead Zones

)

When Cycles Break: Dead Zones
Eutrophication is what happens when the nitrogen 500+

and phosphorus cycles are flooded with excess

nutrients from agricultural runoff. Algal blooms .
5 g _ Dead Zones Worldwide
explode across water surfaces, blocking sunlight and

killing aquatic plants below. As the algae dies and And growing every decade as
decomposes, bacteria consume the dissolved agricultural runoff increases
oxygen, leaving vast underwater regions completely globally.

devoid of life.

There are now more than 500 dead zones 8 7 7 6
worldwide. The infamous Gulf of Mexico dead zone V4

— fed by nutrient runoff from the Mississippi River

basin — reached a peak size of 8,776 square miles Square Miles

in 2017, larger than the state of New Jersey. This is
the measurable cost of linear thinking applied to
cyclical systems.

Peak size of the Gulf of Mexico
dead zone in 2017 — larger than
New Jersey.
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Q LESLIE The Cost of Liner Thinking

)

The Cost of Linear
Thinking: 500 Dead
Zones

From space, we can see the consequences of
disrupted biogeochemical cycles written
across our coastlines in shades of brown and
green — a visible signature of systems
overwhelmed by inputs they were never

designed to absorb.
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Q LESLIE Learning to Mimic Nature

If nature has already solved most of our engineering challenges — over 3.8 billion
years of ruthless, waste-free iteration — then the most sophisticated thing human
designers can do is stop inventing and start observing. A new discipline has
emerged to do exactly that.
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Q LESLIE What is Biomimicry?

)

Biomimicry: 3.5 Billion Years of Solutions

What Is Biomimicry?

Biomimicry is an approach to innovation that seeks sustainable solutions to human challenges by emulating
nature's time-tested patterns and strategies. Rather than treating nature as a resource to be exploited, it treats
the living world as a mentor — a library of proven solutions refined across deep time.

Popularized by scientist and author Janine Benyus in her landmark 1997 book Biomimicry: Innovation Inspired by

Nature, the field has since grown into a global design movement transforming architecture, engineering,

medicine, and manufacturing.

01 02 03

Identify the Challenge Find Nature's Solution Abstract & Apply

USSR Wl jplfelel S n Ask: which organisms have Extract the underlying principle — not

functional terms — not "build N L :
solved this? Biology the organism itself — and apply it at

a faster train" but "move : :
becomes a searchable human scale with human materials.

objects through air with database of elegant, field-

minimal resistance."
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Q LESLIE The Kingfisher’s Gift: Japan’s Shinkansen

)

The Problem
Japan's Shinkansen bullet trains exceed 300 km/h, but when
1 exiting tunnels, they produced a powerful sonic boom — a
major source of noise pollution affecting entire communities
along the route.

Nature's Answer

The kingfisher bird dives from air into water at high speed

2 with virtually no splash — transitioning between two media
of vastly different density thanks to its long, tapered beak
geometry.

The Result
Engineers redesigned the train's nose with a beak-like profile.
3 The result: sonic boom eliminated, noise reduced, and a 10%

reduction in energy consumption — a better train inspired
by a bird.
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Q LESLIE Whale Fins

)
Whale Fins & Wind Turbine Revolution

Humpback whales are extraordinary swimmers — surprisingly agile

for creatures of their size. The secret lies in the tubercles: distinctive
bumps running along the leading edges of their pectoral fins. These
create turbulent micro-vortices that maintain lift at steep angles,
dramatically reducing drag.

Engineers studying this phenomenon applied it to wind turbine
blade design — and the results were transformative. Tubercle-
inspired blades generate more power, operate more quietly, and
perform effectively at lower wind speeds. The same principle has
since been adapted for industrial fans, aircraft wings, and air
vehicles.

Researchers also developed mathematical solutions using owl
feather geometry to minimize aerodynamic noise — combining
nature's lessons from multiple species into a single engineering
solution.
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qLESLIE What is Velcro?

Velcro: The Burdock Plant's Accidental Revolution

The Discovery

In 1941, Swiss engineer George de Mestral returned from a
hunting trip to find burdock burrs stubbornly tangled in his dog's

hair. Curious rather than annoyed, he examined them under a
microscope.

The Insight

Each burr was covered in tiny, flexible hooks that latched onto
loops in fabric and fur with remarkable holding power. The plant
had evolved this mechanism purely for seed dispersal — an
elegant solution to a biological challenge.

The Industry

De Mestral patented Velcro in 1955. Today it is used on NASA

spacesuits, medical devices, military equipment, and
consumer goods worldwide — a multibillion-dollar industry

RN Co-funded by 1 .

3l the European Union born from one plant's seed dispersal strategy.
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Eden Project

Eden Project: Honeycomb
Meets Geodesic Dome

When architects designed
the Eden Project's iconic
biomes in Cornwall,
England, they faced a
profound structural
challenge: how to enclose
the largest space possible
with the least possible
material — on an uneven,
irregular site where
traditional foundations
were impossible.

The answer came from nature's own
geometry. Soap bubbles naturally
form hexagonal arrangements that
minimize surface area while
maximizing enclosed volume.
Honeycomb structures distribute
stress evenly across their faces.
Combining these principles produced
geodesic domes of remarkable
strength and lightness — now housing
thousands of plant species from
around the world, and standing as a
testament to how biomimicry creates
both functional beauty and structural
integrity.
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qLESLIE Two Cycle, One Economy

)

Understanding that nature runs on cycles is the first insight. The second — and

more revolutionary — insight is that human economies can be redesigned to run
on cycles too. Not one cycle, but two: one for living materials, one for technical
materials. Together, they form the foundation of the circular economy.

Co-funded by
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Q LESLIE Ellen MacArthur’s Butterfly Diagram

)

Ellen MacArthur's Butterfly Diagram Revelation
A New Mental Model

The Ellen MacArthur Foundation's Butterfly Diagram is one of the most important frameworks in
modern economic thinking. It separates the circular economy into two distinct but complementary
loops — each governed by its own logic, materials, and regenerative mechanisms.

Products and materials are kept in circulation through maintenance, reuse, refurbishment,
remanufacture, recycling, and composting — matching the treatment to the material type rather

than sending everything to landfill by default.

Biological Loop Technical Loop

Biologically-based, biodegradable raw Man-made materials, metals, and rare earth
materials flow through living systems — elements used in electronics are kept in
composting back to soil, regenerating high-value circulation through reuse, repair,
nutrients for new biological materials. remanufacture, and recycling — never

Nature is the model and the mechanism. discarded, always recovered.

M Co-funded by
the European Union
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qLESLIE The Biological Cycle

)
The Biological Cycle: Return to Soil

How It Works

Biodegradable materials are returned to Earth through composting and anaerobic
digestion, feeding the soil with nutrients that regenerate new biological feedstocks. The
waste of one product literally becomes the raw material for the next — mirroring nature's
decomposer systems exactly.

Ecovative: Mycelium Packaging

Ecovative grows compostable packaging from agricultural byproducts and mycelium —
the root structure of fungi. It performs like expanded polystyrene foam, protects products
during shipping, and then composts completely back to soil. No petroleum. No persistent
plastic waste.

The Radical Idea

In the biological cycle, waste becomes food. Packaging becomes soil amendment.
Food scraps become biogas. The end of one product's life is the nutritional beginning of
another. This is not idealism — it is engineering that mirrors 3.8 billion years of proven

ARl Co-funded by
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qLESLIE The Technical Cycle

)

The Technical Cycle: Industrial Metabolism

In the technical cycle, products are designed from the outset to remain in circulation. Instead of being buried in landfills or incinerated
after a single use, materials are maintained, repaired, remanufactured, or recycled — keeping their embedded energy and resource
value permanently in the system.

Resortecs has developed a dissolvable thread that allows textile garments to be rapidly disassembled at end of life — making
recycling fast, economical, and complete. Fabrics can be separated by material type without manual labor, dramatically increasing
the quality and volume of recovered fiber.

01 03

Design for Disassembly Remanufacture
Products are engineered with material recovery in
mind from the first sketch — not as an
afterthought.

Components are restored to original
specifications, capturing far more value than raw
material recycling.

02
04

Reuse & Repair Close the Loop

Maximum value is extracted through use

Remaining materials are recycled back to feedstock
extensions before any material processing occurs.

— electronics, metals, and plastics designed to loop
infinitely.
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Urban Mining: Cities as Ore Deposits

10x

More Precious Metal

A tonne of circuit boards holds
ten times more precious metals
than an equivalent tonne of
traditional mined ore.

Urban Mining

50x 13x

Higher Concentration Cost Reduction
Electronics contain precious Urban mining can reduce
metals at concentrations up to 50 production costs for certain
times higher than those found in  metals by up to 13-fold compared
natural mineral deposits. to conventional extraction.

$17.86

True Extraction Cost

The external environmental cost
of mining metals for one phone
— versus $1.64 market value.
Urban mining reveals the real
economics.
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Q LESLIE The Transformation Ahead

)

We stand at a rare inflection point. The

knowledge exists. The technologies are
emerging. The economic case is becoming
undeniable. What remains is the collective
will to redesign our systems — not
incrementally, but fundamentally — in
alignment with the principles that have
sustained life on Earth for nearly four billion

years.
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Q LESLIE When Biology Meets Industry

)

When Biology Meets Industry: The Revolution Now

Humility Before Mastery Waste Is a Design Failure

Nature has spent 3.8 billion years perfecting cycles; Every waste stream is not an inevitability — it is a
we've had fewer than 200 years of industrialization. design failure waiting to become the next breakthrough
Biomimicry isn't copying nature — it's learning innovation. In nature, nothing is wasted. In the
humility from the most successful engineer in Earth's economy of the future, nothing will be either.
history.

Both Cycles, Together The Future Is Alive
The companies, cities, and economies that master The future isn't merely circular — it's alive.
both biological AND technical cycles will define the Regenerative, adaptive, resilient. Designed not just to
next century. Partial adoption is not enough — the sustain, but to restore. The revolution is not coming. It
whole system must shift. is already growing, in forests, laboratories, and

factories around the world.
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