A NEW URGENCY

‘It will be soft and hairy.”

Salvador Dali on the future of architecture,
in response to Le Corbusier

Designers face an unprecedented urgency to alter
their methods and reprioritize their goals to address
the accelerating degradation of the environment.
This new pressureﬂnteuectual. ethical, and
requlatory—demands recognition of the fragility of
nature and our responsibility to preserve it for future
generations. Under such shifting and intensifying
constraints, designers are beginning to go beyond
emulation to harness processes observed in the living
world, where systems achieve perfect economies of
energy and materials. Within this pursuit, working to
achieve enhanced ecological performance through
integration with natural systems, designers are
turning to biologists for their expertise and guidance.
This contrasts markedly with the design approach that
characterized the 20th century: the mechanization
of functions in order to overpower, isolate, and
control forces of nature, usually by utilizing advances
in chemistry and physics. The examples explored
here illustrate how this new approach—designing
with biology—lends itself to collaborations with life
scientists and foreshadows what kind of consilience, or
cooperation across fields, we can expect in the future.
The integration of life into design is not a magic
bullet to solve these pressing issues. Nor will it be
free from harmful missteps, deliberate misuses, or
controversy. Dystopian visions of the future awash
in biodesign gone awry are credible possibilities,
and they are included in this book. Beyond growing
structures with trees or integrating objects with
algae bioreactors, biodesign includes the use of
synthetic biology and thereby invites the danger of
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The imitation of nature in the design of objects
and structures is an old phenomenon, recalling
stylistic developments such as iron-enabled Art
Nouveau in the 19th century through to the more
t titanium-clad fish shapes in the computer-
designs of architect Frank Gehry. Yet this
jn approach is form driven and offers only
ficial likeness to the natural world for
corative, symbolic, or metaphorical effect. Design
ets out to deliberately achieve the qualities
ctually generate these forms—adaptability,
ncy, and interdependence—is infinitely more
ex, demanding the observational tools and
mental methods of the life sciences. The
to master this complexity is well under way;

n more than 30 years since scientists first

a bacterium’s DNA so that it could serve as

y factory producing an inexpensive and reliable
urce of human insulin.? At the beginning of the 21st
he DNA-modifying techniques to reproduce
and reconfigure the activity of a cell have
videly accessible. We have even reached

the milestone of synthesizing an entirely artificial
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DNA molecule that has successfully replicated and
formed new cells.® The affordability of the basic
tools of biotechnology has put them within reach
of engineers and designers who may now consider
basic life forms as potential fabrication and form-
giving mechanisms. Indeed, that is precisely the
intention of architects such as David Benjamin, who
is teaching and practicing how to wield life as a design
tool and insists that ‘This is the century of biology.™

In the 19th century the combination of
standardization of measurements, the Bessemer
steel-making process, and the steam engine
converged to enable the Industrial Revolution,
answering the call of democratic, capitalistic
nation-states seeking market growth. Facilitating
this development was the increasing quality and
plummeting price of steel, which rapidly fell from
$170 per ton in 1867 to $14 per ton before the end
of the century.’ Similarly, and following what has
become known as Moore’s Law, the computing power
of microchips has roughly doubled every two years
since the 1990s. This phenomenon, amplified by |
the rise of the Internet and the worldwide adoption
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of standards like HTML, has supported a Digital
Revolution.t Computer technology exponentially
spread and intensified the practices and effects of
the Industrial Revolution, and they addressed the
demands of a rapidly globalizing economy. These
demands include pressure to compete in foreign
markets, to coordinate increasingly complex supply
chains, and to achieve continual economic expansion
through productivity gains. In fulfilling th needs,
digital technology lubricates the gears of civilization
as we know it, supporting economic growth and
maintaining relatively low unemployment and stable

governments across most of the developed world.
In the first decade of the 21st century and
beyond, the forces that prompted industrialization
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easily be applied to complex organisms, the pac
of investment and growth is significant: more than
2 percent of United States GDP is now attributable

to products that rely on genetic modification.” As the
expertise to manipulate and wield the machinery of
life spreads, it will impact numerous fields and lead
to several collaborations; biodesign, as | have defined
it, is an opportunity that designers will not miss and
that is already attracting tinkerers of all stripes.

As it often does, art illuminated the path forward.
Bioart of the last decade, including works by Eduardo
Kac, such as the living, glowing ‘GFP Bunny' in 2000
and the numerous projects that have emerged from
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SymbioticA, foreshadowed the now burgeoning
do-it-yourself biology (DIY bio) movement. Facilitated

by the availability of inexpensive equipment and
emboldened by like-minded enthusiasts through instant
communication over the web, amateur biologists are
now creating transgenic organisms and even inventing
novel equipment on their own. These new creators,
some of them with design experience, also follow in the
footsteps of tech entrepreneurs working out of garages
in California in the 1970s and 1980s, and they bring

an ethos of independence that is unlinked from the
agendas or conventions of universities and corporations.
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Art Nouveau attempted to mimic natural forms
displaced by industrialization. The movement
emerged in France but then spread swiftly
around the world. The Hotel Tassel in Brussels
is a masterwork of Victor Horta, and it was
completed in 1894 for the scientist Emile Tassel.

PHYSICAL SCIENCE TO
LIFE SCIENCE: A HISTORY
OF NATURE IN DESIGN

‘The Stone Age did not end because humans
ran out of stones. It ended because it was
time for a re-think about how we live.”

Architect William McDonough

The desire to follow nature, to adhere to its underlying
forms in the pursuit of harmony, can be traced back
to antiquity, to the writings of Vitruvius, as well as
to Goethe's work on morphology and the Romantic
notion that certain truths were observable in nature
and unknowable to reason. The close examination
and formal mimicry of nature by designers reached
a height in the late 19th century, in the Art Nouveau
style in France and in its iterations across Europe,
coinciding with the work of naturalists and pioneers
of biology, like Ernst Haeckel, who meticulously
described, named, and illustrated thousands of new
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SymbioticA is a pioneering research laboratory at
the University of Western Australia that enables
artists and researchers to engage in wet biology
practices. It hosts residents, workshops, and
symposia to support the exploration as well as
the critical evaluation of scientific developments
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species. Shortly thereafter in On Growth and Form
[1917), D'Arcy Thompson described numerous links
among biological form, physics, and mechanics, and
highlighted how optimization was frequently achieved
in nature. This also coincided with the First World
War, and the rapid rise of mechanized industry as

a dominant feature of economic, aesthetic, and
political life in Europe and the United States.

Interest in nature as a model or tool for design
remained a consistent, if minor, current in architecture
of the early 20th century. This was particularly so in
the work of figures such as Frank Lloyd Wright, Alvar
Aalto, and even Mies van der Rohe, for their focus on
integration of indoor and outdoor spaces, use of natural
materials, expression of structure, and consideration
of architecture as a component of a larger whole—at
least its immediate built surroundings. The idea of
emulating nature on a larger scale emerged decades
later in post-war Japan, articulated by the built
and theoretical megastructures of the Metabolist
movement that embraced impermanence, citing the
fluctuations of nature as a logical guiding principle
for buildings and cities, which themselves undergo
massive transformations that can be considered in
terms of cycles, including destruction and rebirth.

The more familiar contemporary understanding of
the built environment and industrial manufacturing as
systems affecting their natural surroundings matured
in the wake of the environmental movement and the
energy crisis of the 1960s and 1970s, as expressed
thrqugh the works of Richard Buckminster Fuller,
Rachel Carson, and Victor Papanek." Perhaps the
best representation of the ideas they espoused is the
concept of industrial ecology, explained first and with
cogent precision in 1989 by Robert Frosch and Nicholas
Gallopoulos, two scientists working for General
Electric.” Their thesis can be summarized: industrial
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product becomes a raw material
for another process. This idea was explored further,
with a naturalist view, by Janine Benyus in her seminal
book Biomimicry: Innovation Inspired by Nature (1997),
and her continuing work through the Biomimicry
Guild and Institute. Following similar principles, in
Cradle to Cradle: Remaking the Way We Make Things
(2002), architect William McDonough and chemist
Michael Braungart retold the history of Western
architecture and industrial design to highlight their
inherently destructive relationship with the people and
environments from which they had risen. These authors
also demonstrated the sort of cross-disciplinary
partnership necessary to connect scientific research
and rigor to industrial and building technologies for
improved ecological performance. In a sense, they
symbolized a return to the type of consilience that
characterized the sciences and applied arts from the
Renaissance, when leading artists and architects
were also scientists, until about the 18th century,
when the effects of the Scientific Revolution took hold
and led to dramatically specialized fields of study.
Today, this rift between fields is narrowing
by necessity. We recognize that designers do not
simply create things like teapots and office towers
but instead act as initiators of systems of resource
collecting, labor application, manufacturing,
marketing, distribution, consumption, and disposal.
These activities, all oversimplified by the tendency
to consider the object as an end in itself, present a
uniquely complex set of problems and support the
assertion that from an ecological standpoint, there
are no such things as things: there are only systems.
This realization mirrors new research in biomedicine
that suggests the human body hosts approximately
ten foreign cells for every one of its own making. We
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depend on all this microscopic life—trillions of cells—
for essential functions, like digestion and resistance
to infection, making us all ecosystems in miniature.
The built environment is no different: as
research by the BioBE Center (page 248) suggests,
a better understanding of microbial life in indoor
spaces—a vast and undiscovered realm we interface
with all the time—may inform a probiotic design
approach that reduces reliance on mechanical
ventilation. These realizations arise in part from new
access to the nanoscale, the ability to manipulate
matter on the cellular and molecular levels. Ju
as standardization and manufacturing tolera
the millimeter scale were crucial to the mov
craft to the Industrial Revolution, as well
practices and goals of the Bauhau
to change the inner functioning o
increases designers reach, and i
from the industrial to the biotech
turn is becoming the medium of
Bauhaus school to emerge, perh

ch

This new access In
vocabulary to the languag
a larger need to bring the living wort
everyday lives. Perhaps in the recent
mimicry of forms displaced by industri
globalization was sufficient as a symbol, but
has past. In Complexity and Contradiction in Arch
(1966), which laid the intellectual foundation for
postmodernism in architecture, Robert Venturi argu

-

a

0]

that the labored rectilinear style of the modernist
in fact a dishonest representation of functionalism and
that both greater visual harmony and expression of

function was achieved through formal conflict: shapes,

lines, and textures that disrupt one another. Echoing
that critique, one can see nature-inspired design and
its iterations, often posturing under the banner of
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To the present day the Pantheon remains the
largest unreinforced dome in the world. Its
stable structure was made possible by concrete
that was poured in sections and supported by
awood scaffold until it dried, combined with
clever engineering to reduce the weight of

the rock substrate with increasing height.

THE EVOLVING GOALS AND DESIGN
OF CONCRETE: A TRAJECTORY
TOWARDS BIODESIGN

‘Our objective is to use bio-based materials
and processes for civil engineering to
reduce environmental pressure.’

Henk Jonkers, Re cher and I
Bio-based Geo- an
Program, Technology Unit

biomimicry as a labored style for its own sake that does  Concrete’s 2,400-y

not represent biodesign, for its intention strays from the example of t
priority of delivering enhanced ecological performance.
It is primarily by cooperation, communication,
and debate that effective approaches to biodesign will
be developed and implemented, and a legible formal
language will emerge. As progress is made, however,
and as designers and scientists work together more
frequently, it's essential to recognize the challenges
along with the opportunities. As shown in a recent
study at the University of Cambridge, which examined
such collaborations, obstacles often arise, such as
disagreement about how to share intellectual property
rights, a lack of shared vocabulary, and conflicting
working styles and standards.” These and other
issues will be at the forefront as society acknowledges
that the consumption of irreplaceable resources and
the loss of biodiversity driven by economic activity
cannot be sustained. Consequently, systems of nature
and the biologists who work to understand them
will be integral to new systems for designing and
creating. Only this type of consilience might help to
bring the material existence of artificial environments
and objects into a sustainable harmony with nature,
a state upon which everything ultimately depends.

LEFT

An early example of iron-reinforced concrete,
the Lighthouse of Port Said was completed in
1869, just a week prior to the opening of the
Suez Canal. The building was an important
asset in facilitating global trade and had come
under British imperial control by 1882.




methods of using bacteria as an ecological means

of reinforcement. Concrete has served designers

and engineers as the spine of infrastructure and the
foundational material of structures since antiquity.
First widely used in the 4th century Bc, it was integral
to the Roman Architectural Revolution, which spanned
several hundred years and generated structures—
including domes, arches, and agueducts—that still
stand today.' Soon after the fall of Rome, the formula
for concrete, calling for particular proportions of
calcium oxide, pulverized rock, clay, ash, and water,
was lost for thirteen centuries. It is useful to pause
for a moment to ponder how builders for so long
looked at ancient monuments that bested their own
engineering ability. This age without concrete ended
with its rediscovery in 1756 in England, the precise

time and place of the dawn of the Industrial Revolution.

Approximately a century later, reinforced
concrete was developed in France by Francois
Coigent and was deployed to create several structural
typologies that are common today.'* The utility
and historical significance of the material is well
illustrated by many of his projects, from the sea wall
in Saint-Jean-de-Luz, to the lighthouse in Port Said,
Egypt, and the Aqueduc de La Vanne in Paris. All
of these projects met infrastructure needs arising
from the forces brought to bear by widespread
industrialization and the rise of global capitalism in
the form of colonialism: constructing ports to facilitate
the movement of freight to support commerce,
and infrastructure to facilitate rapid growth in
urban populations. Similarly, the first structure in
Britain to feature a reinforced concrete frame was
a factory: a flourmill built in Swansea in 1897."
With the benefit of centuries of hindsight,
it is possible to see concrete’s evolution—from
its discovery, loss, and rediscovery to its current
‘widespread use in reinforced form—as closely
intertwined with the evolving needs and priorities

of the societies that used it. In the centuries during
which its formula was unknown, much building
occurred, but the forces driving it apparently did not
create a strong enough imperative for the material's
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rediscovery to occur. The needs of an empire—roads,

bridges, ports, barracks, and aqueducts—demanded

such a material from the Roman builders who,

through experimentation and discovery, found a

way to deliver it. With the dissolution of the empire,

the need for a material like concrete was likewise

diminished, although many builders, mocked by

the splendid monuments in their midst, would be

in want of its formula.' Similarly, one can see the

needs of the industrial age to maximize land use—by

means of factories, bridges, ports, and ever-taller

buildings—as driving the deliberate search for a

leap in material technology, one that was answered

by iron and, eventually, st reinforced concrete
Today, a new and powerful need is emerging to

impact of human activities,

materials and less

‘\/ T
ly, st

reduce the environm
including building: u
energy, and consider tf e design life cycle,

from conception through manufacture to disposal.
Understood as part of the continuum of developments
in material technology, this need introduces a new
dimension to how performance is evaluated: the degree
of sustainability. Design in the 21st century is expected
to perform in new ways that take into account its impact
on worldwide energy and material cycles. The effects

of the rapid development of the global economy and

the rising prosperity of hundreds of millions of people—
particularly in India and China—are exacerbating
scarcities of natural resources and demanding that
systems of design, manufacture, and consumption
evolve. The poor example set by the United States and
Western Europe, in terms of environmental degradation
and waste of material resources throughout the 19th
and 20th centuries, simply cannot be followed by

all the world’s citizens, now numbering more than
seven billion—the environment cannot endure it."

The urgency of this demand for material
sustainability and ecological preservation grows even
as the world recovers from an economic downturn. At
current rates of production and consumption, carbon
emissions would lead to an uninhabitable climate
for much of the planet within 300 years.? Developing
strategies to respond to this bleak outlook results
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in exercises such as considering how to build in a
desert with precious few resources, as shown by

the architect Magnus Larsson in his proposal ‘Dune’
(page 62), which would harness bacteria to build walls
that halt the spread of the Sahara. Ultimately, the
constraints of extreme environments force designers
to examine and replicate life: the only resource-
management system that is known to function

within conditions as harsh as those of a desert.

It is with such a view that a new type of concrete
is being developed at Delit University of Technology in
the Netherlands. There, Henk Jonkers has adopted the
use of bacteria to create a living, self-healing concrete
that might outlast, and be cheaper to maintain than,
the conventional variety (page 80).”' The bacteria offer a
means of reinforcement, infusing the material and lying

* dormant for years or decades until a crack appears,
weakening the concrete, whether in a road or structural
support. By admitting oxygen and moisture, the crack
prompts these bacteria to secrete limestone, effectively
sealing it naturally. If perfected and widely adopted,
such biointegrated material technology could have an
enormous impact: a full 5 percent of human-generated
carbon emissions result from the manufacture of
concrete, so even a marginal increase In the material's
service life would amount to a breakthrough. It is
precisely this type of research, led by a biologist
focused on making civil engineering more
sound through integration with a living proc
heralds a new approach to designing with D10

For much of history, [ e and gl
were measured by the degree to whi
material, object, or structure addr
needs only once it was com ted and h
to the user. This primacy and narrow definition
of function is no longer valid. In the 21st century
it is being replaced by a new, more sophisticated
understanding of factors, such as the impact of carbon
emissions, product life cycle, and resource scarcity.

In addition, new dimensions of function have become
increasingly important, such as an object’s ability to
restore a sense of human connectivity, enable new
forms of interaction, or make critical observations
about the future trajectory of technologies and
behaviors. As a result, as this examination of concrete
illustrates, the performance of a design has come

to be judged by a much larger set of criteria.

THE PROMISES AND PERILS
OF PARADIGM SHIFT

‘If we were incapable of handling
nature as we found it without causing
lasting damage, why would we handle
its manipulation any better?"

Angeli Sachs, Curator, Museum of Design, Zurich
The dernand to design differently—to bring production

and construction into @ more integrated relationship
with natural processes—is growing and will

accelerate collaborations between designers and
biologists. This phenomenon is being encouraged by
educators like Maria Aiolova, organizer of the One
Lab; Alberto T. Estévez, who heads the program in
genetic-biodigital architecture at the International
University of Catalonia; and David Benjamin, who
introduces architecture students at Columbia
University to the emerging field of synthetic bioldgy.
Simultaneously, regulatory action to combat climate
change by enforcing ecological performance standards =
and preserving what remains of natural resources
gains ground, albeit slowly. Promising advances
in synthetic biology and the availability of tools
for genetic engineering also multiply the possible
benefits of harnessing nature, much like HTML
standards helped lay the groundwork for the web.
Beyond stylistic consideration or symbolic
meaning, biodesign pioneers collaborate with the
greatest urgency and potential for positive impact,
propelled by societal forces and new research.
A major difference between a proposal like Le
Corbusier's The Radiant City (1935) and Magnus
Larsson’s ‘Dune’ (2008) is that the latter is a response
to a new conception of necessity. Lewis Mumford,
criticizing Le Corbusier, wrote: ‘[his] skyscrapers _
[ xistence apart from the fact ABOVE 17
me technological possibilities.

By harnessing bacteria to form rigid structures
from a mixture of sand and nutrients, Magnus
Larsson’s project Dune proposes the formation
of habitable oases in the desert that will also
help to protect endangered arable soil.
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Resembling the first digitally created
typeface, Digi-Grotesk S, Symbiosis utilizes
bacterial cultures in petri dishes to shape
letters, with variations created by elements
in the growing environment (page 142).

not demand as dramatic a transformation as that
which the 21st century appears to require. Building
with bacteria and other organisms is simultaneously
becoming a technological possibility and a necessity.
An analysis of the history of technology and
design rightly prompts skepticism about the embrace
of new design that uses living matter, regardless of
how extreme the conditions of climate change or
other pressures might become. Evidence strongly
suggests that designers could misuse the new powers
they are obtaining with the help of biology. Designers
and architects are still people bound to their cultural




fit, and media-savvy theatricality out of proportion

T al potential, will persist as design develops
tions with the life sciences. Designers and
are also responding to these looming dangers
e created numerous objects and narratives
ate dark potential futures that we may
ttingly bring into being. Alexandra Daisy Ginsberg
envisioned such futures in critical projects like
E.Chromi’ (page 167) and ‘The Synthetic Kingdom'
page 168, and—disturbingly—has found them
frequently misinterpreted as literal, earnest proposals
new technologies. One goal of this book is to incite
discussion and careful consideration of the potential
unintended consequences of biodesign, something
that is too often overlooked in the breathless optimism
that characterizes discussion of this field today.

Should biodesign be the next design paradigm,
oreshadowed throughout this book, in which
biological and biomimetic processes replace those
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