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The history of architecture and the city as we’ve known it since the second half of the twentieth
century has more often than not been re-examined through the prisms of politics, society and
culture, overlooking the physical, climatic and health grounds on which it is based, from city
design to building forms.

Architecture arose from the need to create a climate that can maintain our body temperature at 37
°C, raising walls and roofs to provide shelter from the cold or the heat of the sun. Originally, the
city was invented as a granary to store and protect grain. The first architectures reflect available
human energy. The fear of stagnant air brought about the great domes of the Renaissance to air
out miasmas. The global cholera epidemic that began in 1816 initiated the major urban transfor-
mations of the nineteenth century. The use of white lime, which runs throughout modernity, is
above all hygienic. More recently, oil has made it possible to develop cities in the desert... and
now, carbon dioxide is driving the architectural discipline to reconstruct its very foundations.

The exhibition offers three chronological itineraries in one: the untold history of architecture and
cities grounded in natural, energy, or health causes; the development of construction materials;
and the development of energies and lighting systems through full-scale objects. This new ap-
proach, which could be described as an objective one, brings various historical ages closer and
forges unexpected links. The secular whiteness of the roofs of Shibam in Yemen resonates with
the project of modernity, the invention of the decorative arts with today’s thermal curtains, domes
with the ventilation of social housing...Taken together, this brings out the real foundations of
the forms, materials and arrangements that are necessary for living purposes, as well as storage,
cooling, protection, ventilation, care and so on.

The exhibition and its companion volume, will highlight the natural, physical, biological and cli-
matic causes that have influenced the development of architectural history from prehistory until
today, in order to understand how to face the major environmental challenges of our century and
build in a better way in response to climate urgency and new health challenges.
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FOREWORD

Alexandre Labasse
Executive director of Pavillon de I’ Arsenal

There is no history of architecture that is not also a prospective vision of the construction of the
world. Every treatise is fascinating in how it bears witness to both the evolution of humanity and
the know-how (or heritage) of tomorrow.

Dedicated to Emperor Augustus, the first known manuscript takes the form of an encyclopedia
of ancient techniques and, at the same time, that of a guide to good practices. Based on the triad
of firmitas, utilitas, venustas, the ten books of Vitruvius, De architectura, established the foun-
dations of classical buildings, which were followed well into the seventeenth century. During
the Middle Ages, Villard de Honnecourt’s Portfolio, which portrays medieval society through
religious or secular scenes, naturalist sketches and details of mechanical devices, also served as
a vademecum of good practices for builders. The following literatures, notably those of Leon
Battista Alberti, Andrea Palladio, Father Marc-Antoine Laugier, Eugéne Viollet-le-Duc, Gott-
fried Semper, Adolf Loos, Walter Gropius or Le Corbusier, which are frequently cited in this
publication, offer this double reading. All can be read as accounts of the know-how of their time,
but they also question these practices in order to better project the future.

The Natural History of Architecture falls with the same perspective. It is based on the great,
mostly Western, urban saga and its daily applications, but re-examines them through the prisms
of the climate, health, and energy challenges of our times. To that end, Philippe Rahm engages
in a dialogue that goes beyond the sole analysis of the discipline. The cross-cutting studies and
works of chemists, writers, historians, engineers, paleontologists, philosophers, physicists in-
form his chronicle...Scientific discoveries, technological innovations and contemporary phe-
nomenological re-examinations allow us to grasp architecture and the cities once again, not as
cultural phenomena, but as the obvious consequences of human necessities.

This unconventional review focuses on fragments from history and pivotal moments, contrasted
with contemporary issues. The author reminds us that our homoeothermic nature dictates the



design of all buildings, that cities were born to protect the produce that allows us to survive, the
history of building sizes depends on the amount of human power available, parks were invented
for health reasons, the beginnings of the urbanization of the coast were the result of the fight
against rickets and cretinism and that cinema owes its success to the invention of air conditio-
ning. Our historiography summons not the icons and masters of the discipline, but also everyday
architectures and oft-forgotten vernacular strategies.

This new chronology, which could be described as “objective”, brings together different time pe-
riods and establishes unexpected connections between builders of various eras. The centuries-old
whitewashed roofs of Shibam, in Yemen, resonate with the project of modernity, the invention
of decorative arts, today’s thermal curtains, the domes of classicism, the ventilation of low-cost
housing units, and many more...

The real foundations of the forms, materials and arrangements necessary to live, store, refresh,
protect, ventilate, nurse, and so on, then become apparent. Architecture and its transformations
can be traced back to underlying natural, physical, biological, sanitary and climatic factors. Even
though some programs have disappeared, they still resonate in the present, as is the case of the
Persian windcatchers used for ventilation, attics for storage, the ice houses of the Pays d’Arles
for food preservation, and lazarettos to quarantine the sick.

The Natural History of Architecture is an adaptation by Philippe Rahm, with the support of Pa-
villon de I’ Arsenal, of his thesis prepared under the co-direction of Philippe Poti¢ and Antoine
Picon, and defended on 19 December 2019. The thesis was commended by the jury panel, consis-
ting of Paolo Amaldi, Martine Bouchier, Anouchka Vasak and Chris Younes, under the direction
of Bruno Latour. It reflects the commitment of the architect and doctor in architecture Philippe
Rahm, who has been investigating the architectural field from the standpoints of physiology and
climate for the past twenty years. It is published as a companion to the exhibition, with the same
name, produced by Pavillon de I’ Arsenal, which demonstrates our desire to share the understan-
ding of the major challenges facing the world today as widely as possible.
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Philippe Rahm,
Architect, Doctor in Architecture

(I) Why did our need to keep our body temperature at 37°C lead to the emergence of architecture?
(IT) How did the plain wheat granary give rise to the city? (III) How did pulses lead to the
development of cathedrals? (IV) How did churches provide freshness during the warm summers
of the Mediterranean? (V) When were the decorative arts more than mere decoration? (VI) Why
did the fear of foul odours cause huge cupolas to be raised over buildings? (VII) How did a
sprig of mint return nature to the city? (VIII) How did a volcano eruption lead to the invention
of the modern city? (IX) How did iodine cause the urbanization of the coast? (X) How did the
air-dried meat of Graubiinden give birth to modern architecture? (XI) How did oil cause cities to
grow in the desert? (XII) How did antibiotics enable the return to the city? (XIII) How is CO2
transforming cities and buildings? (XIII)

The Natural History of Architecture highlights the natural, physical, biological and climatic
causes that have influenced the course of architectural history and caused its figures to emerge,
from prehistory until today. Induced within a context of massive and easy access to energy, that
of coal followed by oil, and by the progress of medicine (with the invention of vaccines and anti-
biotics), political, social and cultural historiography in the twentieth century has largely ignored
the physical, geographical, climatic and bacteriological facts which have decisively shaped ar-
chitectural and urban forms throughout the centuries.

Rereading the history of architecture based on these real, objective and material data will help
us face the major environmental challenges of our century and build in a better way in response
to climate urgency.



[. HOW OUR HOMOEOTHERMIC NATURE
GAVE BIRTH TO ARCHITECTURE

To understand the origin of architecture, we must return to our «homoeothermic» condition and our need
to maintain our body temperature at 37°C. In order to do this, regardless of external conditions, the human
body regulates its internal bodily functions related to thermoregulation (vasodilation, sweating, muscle
contractions, catecholamine secretion) and external means, in particular food, clothing, migration and, of
course, architecture. In order to take shelter from the winds that cool the skin by convection, to get protec-
tion from the rain that accelerates the cooling of the body by conduction or to hide from the sun whose rays

burn by radiation, humans erect roofs and walls.
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RETURNING TO THE CLIMATIC
EDEN THANKS TO ARCHITECTURE

When in their condition of naked apes, human beings are most
comfortable under specific and limited climatic conditions, with
moderate sun and a temperature between 20 and 28°C. Maybe these
conditions match the original climate of the cradle of humanity
in Sub-Saharan Africa, as well as the paradise of mythology, the
Garden of Eden with its perpetual temperate spring from which
Adam was cast out. An amplified, exogenous and artificial form of
body thermoregulatory mechanisms, architecture’s primary mission
is to supply this climatic well-being to humans.

Adam cast out of Paradise. Drawing by Antonio di Pietro Averlino, the
Filarete, in Trattato di architettura, circa 1465. Biblioteca Nazionale Centrale
Coll., Florence.

STAYING ON THE MOVE
AS A MEANS OF PROTECTION

During the Neolithic, before the invention of agriculture, humans
lived from hunting and gathering, following the migrations of
animals, moving according to the direct availability of food and
immediately eating what their environment offered them. To
protect themselves from the elements, they erected structures that
were simple and quick to assemble, made of light locally-sourced
materials. With their conical shape that resists the winds, such as
American Indian tipis, these huts absorb all types of applied forces
and do not require any foundation because they are self-supporting.

Native American women from the Blackfoot Confederacy, raising tipis.
Photography, circa 1910. Montana Historical Society Research Center Coll.,
Helena (Montana, USA).



CLOTHING
AS SHELTER

Clothing and architecture share the function of maintaining a more
or less thick film of air around the skin, at an ideal temperature of
20-28°C. Since air is the best thermal insulator, when trapped in
between the wool fibres or within the fur (and also in the snow or
beneath the ice), it protects the body of the Eskimos against the
cold. Inside an igloo, there is a microclimate with a temperature that
is up to 20°C higher than the outside temperature.

Eskimos constructing an igloo with blocks of ice. Photography by Frank E.
Kleinschmidt,1924. Library of Congress Coll. (Washington D.C., USA) ©
Frank E. Kleinschmidt.

BUILDING
TO RECREATE A CLIMATE

The thermal losses of a poorly insulated building are distributed as
follows: around 30% through the windows, 19% through the roof,
16% through the walls, 14.7% from the discharge of combustion
gases, 10.5% through the ground and 10% from ventilation.
Insulating windows, walls and roofs properly could reduce
greenhouse gas emissions by 32.4%. However, the Paris Agreement
signed in December 2015 aims for 40% reduction in CO2 emissions
by 2030. Through additional measures on ventilation and the use
of solar and geothermal energies, this objective can be achieved
through the building sector alone, by improving its energy efficiency.

A forest house during the winter, Ithaca (New York, US), 2019.

Thermography by Philippe Rahm. © Philippe Rahm architectes.



II. HOW WHEAT
GAVE RISE TO THE CITY

The very first cities were born along with agriculture, at the turn of the Neolithic, dating back 10,000 BCE.
Humans went from living in societies of nomadic hunter-gatherers migrating with the seasons, to a life of
farmers and pastoralists. Underlying this change is a milder climate. Moist air from the Atlantic and the
Mediterranean caused heavy rainfall in the western Middle East: in Egypt, as far north as Mesopotamia,
and Sumer and Babylon to the east. The plains of this sunny and humid “fertile crescent” were covered with
vegetation. The city then played the role of a fortified granary, in which the peasants deposited their harvest
to ensure it was protected from looting and weather hazards.

THE CITY WAS BORN
AS A FORTIFIED GRANARY

In Sumer, temples doubled as granaries, and priests as wheat
stock managers — as archaeologist Tate S. Paulette explains in his
description of a ziggurat dedicated to the god Nanna in the city of
Ur. Sumerian temples, just as the ziggurats and temples of Ancient
Egypt, primarily consist of chambers dedicated to the storage of
wheat, which is used to produce bread, and barley, to be used for
beer. These were the staple foods of the population at the time. So
these temples were first built to serve as fortified granaries, the
religious motive remaining ancillary.

ABBEYS AND MONASTERIES
AS GRANARIES

After the fall of the Roman Empire in the fourth century,
Barbarians, who had been Christianized, no longer attacked abbeys
and monasteries where all sorts of economic, religious and social
activities clustered together. The idealized plan of the Abbey of Saint
Gall, which dates back to the ninth century, reflects the architecture
and organization of these monasteries. The urban complex includes
a mill, a bakery, stables, an infirmary, a dormitory and more in
its enclosure, around the church and the cloister. These religious
communities, which were conceived as “ideal cities”, proliferated,
and played a key role as warehouses for grain reserves during the
High Middle Ages, thus taking up the role of cities in Antiquity.
Like the priests of the first Mesopotamian civilizations, monks and
abbots administered grain stocks.

The great ziggurat of Ur in Mesopotamia (in present-day Iraq). Photography,
1932. Library of Congress Coll., G. Eric and Edith Matson Photograph
Collection, Washington D.C. (USA).

The Abbey of Saint Gall (Switzerland), a Benedictine monastic complex.
Idealized plan, early 9th century.  Stiftsbibliothek St. Gallen Coll.
(Switzerland).



PLAN
pu NEW BRISACH

THE DESIGNED
AND FORTIFIED CITY

The affluence of Renaissance society fostered the emergence of the
architectural profession, in particular with Filippo Brunelleschi and
Leon Battista Alberti in Italy during the fifteenth century. In their
city projects, the primary task of protecting harvests from looters
behind a wall is taken up as a formal basis, leading them to draw
rigorous geometrical plans — convex or shaped as stars or circles
— with an enclosure forming a barrier against attackers. Cities are
designed and drawn before they are built. They must also resist
cannon fire and firearms. The defensive geometric shapes, simple
and pure, which imparts them with an ideal and geometric quality,
lasted until the beginning of the nineteenth century.

Plan of the fortified town of Neuf-Brisach (in Alsace, France), built ex nihilo
in 1697 by Maréchal de Vauban. Prepared in 1740. Bibliothéque nationale
de France Coll. (Paris, France).

URBAN SPRAWL
VS. AGRICULTURE

Before the industrial era, the population and spread of cities would
depend on the quantity of grain that the surrounding farmland was
able to produce. The massive use of fossil fuels from the nineteenth
century onwards broke this original relationship of interdependence.
Cereals, fruits, wine, meat and other produce from all over the
world could now be transported on demand, including through the
use of air freight or refrigerated cargo. Food stocks are no longer
only kept in the city, but can be stored anywhere. In ile-de-France,
90% of the food products consumed are imported, though 49%
of the surface area is devoted to agriculture. Based on this figure,
the food autonomy of Paris can be estimated as being limited to
approximately three days.

Paris in focus. Satellite photography captured by Sentinel-2A on 15 July
2015. © Contains modified Copernicus Sentinel data (2015), processed by
ESA.



I . WHAT PUBLIC SPACE OWES
TO THE SEARCH FOR COOLNESS

In Ancient Rome, the civil Roman basilica, which was a vast covered space with various functions, inclu-
ding trade, justice and leisure (as a place to go for a stroll), served as a public place as much as the open
space of the Forum. Its ability to offer a haven of coolness during the summer heat naturally gives it a
unifying status. The public desire to provide each district with a cool place seems to have increased star-
ting in the Renaissance: in Rome in particular, there are more than nine hundred churches dating from the

Baroque period..

THE BASILICA,
A REFRESHING PUBLIC SPACE

In his treatise, Discourses on Architecture (1863), Eugeéne
Emmanuel Viollet-le-Duc analyses the public spaces of the Roman
era, namely thermal baths, basilicas and temples: “These great
Roman monuments...maintain an even, mild temperature within that
would be very precious in a climate such as ours...This is due not
only to the plan layout drawn in accordance with the Roman plan,
but also to the nature of the construction. The thick retaining walls
and brick cladding transfer neither the heat nor the cold dampness
from outside; they form a neutral obstacle to outside temperatures.”
Immense buildings that were devoid of any religious function
were thus put at the disposal of citizens by the Roman res publica.
Similarly to Rome’s Pantheon, they accommodated tribunals,
government offices, banking activities and stores, and served as a
covered public space.

The Pantheon in Rome, commonly referred to as the “Rotonda”, 126 CE.
Engraving by Francesco Piranesi, circa 1790. University of Melbourne
Library Coll. (Australia), Baillieu Print Collection.

GATHERING AT THE CAFE
DURING THE WINTER

The basilica and lime trees offer cool spaces in summer, but the
tavern of the Middle Ages, followed by the café of the Age of
Enlightenment, brought warmth and conviviality during the winter,
as firewood remained expensive and scarce. These were real public
spaces, as recognized in the old English name “pub”, which stands
short for “public house”. The first café opened in Paris in 1672,
followed by Le Procope in 1684. They developed very quickly:
in 1710, there were three hundred cafés in the French capital (and
three thousand pubs in London). France had 200,000 cafes in 1960
but has less than 36,000 today. The decrease in the frequency of
café visits correlates with the generalization of heating installations
in homes.

Les Nouvellistes. Etching by Gabriel de Saint-Aubin, 1752.
© The Elisha Whittelsey Collection, The Elisha Whittelsey Fund, 1939.



PUBLIC SPACES WERE BORN
UNDER THE SHADE OF TREES

Historically, the climatic quality of a tree precedes public function:
there was a lime tree before there was a court of justice, and the
shadow of a tree was what transformed a place into an attractive
public space. Originally from Persia, the planted space model spread
to Greece and Rome during Antiquity. The shade of plane trees, and
previously of elms in France and lime trees in Switzerland, causes a
drop in temperature that is conducive to the development of public
social life. Sheltered by these «urban forests», the community
congregate and confer together there. The activities are similar
in many ways to those held in the Roman basilica or in the early
cathedrals.

Trees and public fountains on Petersplatz, Basel (Switzerland). Engraving
by Matthdus Merian, in Topographia Helvetiae, Rhaetiae, et Valesiae,
Frankfurt am Main, 1654 (2nd ed.). ETH-Bibliothek Coll., Zirich
(Switzerland).

CAN GLOBAL WARMING INCREASE
THE STANDING OF PUBLIC SPACES?

The climatic qualities at the origin of the emergence of public
space are yet again pivotal contemporary concerns. Many cities are
seeking to renew public spaces, less for their visual and aesthetic
value than to fight against rising temperatures and the growing
number of heatwaves. In 2009, in the business district of Otemachi
in Tokyo, the landscaper Michel Desvigne was commissioned to
design a small 3,600 m2 forest: “We are on a slab, on the roof of
a station and a group of buried buildings. The plot was intended to
give way to a forest with more than two hundred trees. The trees
were pre-cultivated for five years in the mountains around Tokyo
and planted identically, so that they would grow together. Five
years after the transplant, I can see that it is working very well.
In this city that is much warmer than in Paris, the constellation of
pocket gardens and small forests in this very dense district provide
high freshness value. It goes beyond the decor.”

Urban forest. Otemachi, Tokyd (Japan). Michel Desvigne, landscape
designer, 2009-2013. © MDP Michel Desvigne Paysagiste © 45g
Photography



IV . HOW PULSES
CAUSED THE RISE OF
GOTHIC ARCHITECTURE

At the fall of the Roman Empire at the end of the fifth century, the inhabitants of Western Europe were
scattered in some of the most remote lands. They sought refuge from the constant looting, and experienced
great physical weakness as a result of food shortages and famines. The perpetual state of hunger and these
weak muscular capacities brought about a pithy, low-rise architecture, carried out without unnecessary
expenditure of energy. The Revolution of the year 1000, which featured the invention of the plough and
the development of three-field crop rotation, introduced legumes into the diet. Their high protein content
provided the muscle strength that helped elevate the cathedrals that have been preserved to this day. These
buildings reflect the direct and fundamental link between built form and the tools and energy required.

THE EVOLUTION OF ARCHITECTURE
IS ASSOCIATED WITH A CHANGE
IN AGRICULTURAL TECHNOLOGY

After the year 1000, Europe experienced a sudden and rapid change
in agricultural practices (with the introduction of three-field crop
rotation and the plough), draught animal technology (including
horse shoeing, horse collars and improved breeding), as well as the
harnessing of motive power sources with watermills and windmills.
These simultaneous transformations improved labour efficiency
and increased agricultural yields. The consequences were manifold:
the population of Europe tripled between the ninth and fourteenth
centuries, a bourgeois class appeared, and the spreading of “food
affluence”, which allowed a substantial part of the population to
free itself from work in the fields and devote itself to philosophical,
technical, artistic or scientific questions as well as to trade or craft.
This is the time when the works of art and architecture that survived
into our times were created. The Gothic cathedrals were first born
in France, where alluvial lands were ploughed and produced a great
deal of wheat.

Mars (The month of March). Miniature by the Limbourg brothers for Les
Trés Riches Heures du duc de Berry, early 15th century, folio 3.
© RMN-Grand Palais (domaine de Chantilly) /René-Gabriel Ojéda.

A FOOD REVOLUTION DRIVES
THE GROWTH OF ARCHITECTURE

Between the tenth and the fourteenth century, the North Atlantic
region experienced what is referred to as the Medieval Warm Period
(or the Medieval Climate Optimum), which was associated with
agricultural and technical developments leading to a generalized
increase in energy availability. Plant protein provided humans and
work animals with the physical strength to extract, transport and
raise stones to build cathedrals, hospices, guild houses, castles
and fortresses differently. Urban and architectural forms changed;
buildings became larger and taller and more massive. “In the span
of three centuries, from 1050 to 1350, France extracted several
millions of tons of stone to build 80 cathedrals, 500 large churches
and tens of thousands of parish churches.” (Jean Gimpel in The
Cathedral Builders, 1958).

Rebuilding of Troy by Priam. Miniature by Jean Colombe, circa 1490.
Kupferstichkabinett Coll. (SMPK), Berlin. © BPK, Berlin, dist. RMN-
Grand Palais/Jorg P. Anders.



AN ARCHITECTURE LINKED
TO THE AMOUNT OF ENERGY AVAILABLE

The invention of the steam engine, which transforms heat generated
from the burning of coal into mechanical energy, multiplies
the potential energy of each worker by a hundredfold. With the
invention of steel and the advent of rail transport, the industrial
revolution of the nineteenth century made it possible to erect huge
structures quickly and easily, such as London’s Crystal Palace, for
which architect Joseph Paxton worked with engineer Charles Fox
and his firm, Fox, Henderson & Co., which conducted the studies
on materials and structural resistance. Architectural forms changed
accordingly, achieving unprecedented dimensions.

Rebuilding of Crystal Palace in Sydenham after the World’s Fair of 1851,
London (UK). Joseph Paxton, architect, Charles Fox, engineer, 1850-1851.
Photography by Philip Henry Delamotte, 1854. © Victoria and Albert
Museum, London.

AT THE ORIGIN OF SKYSCRAPERS,
COAL

At the origin of modern architecture, the architectural style of the
Chicago School, which emerged in 1875, during the reconstruction
of the city after the great fire of 1871, is a pure consequence of the
cheap power afforded by the use of coal. Among the architects of
the first American skyscrapers, Daniel Hudson Burnham built many
high-rise buildings in the 1880s in Chicago, as well as the famous
Flatiron Building in New York in 1900-1902. Culminating at 81
meters upon completion, it was one of the tallest skyscrapers in
Manhattan.

Flatiron Building during construction, New York (US). Daniel Hudson
Burnham, architect, 1900-1902. Photography by George P. Hall & Son,
1902. © New York Historical Society.



V. WHEN DECORATIVE ARTS
WEREN’T JUST DECORATIVE

Up to the advent of modern thermal regulation technologies, interior decoration played a key role in provi-
ding coatings for the internal surfaces of buildings, including the tapestries of the Middle Ages, the boise-
ries of the Renaissance, and the fabric-lined walls of the nineteenth century. During the twentieth century,
the improved efficiency in heating, lighting and ultimately, cooling appliances, allowed for just about any
creative whim in even the most hostile climates, and thus also the so-called “decorative art”, “decorative
style” or “interior decoration”. That is to say, anything that comes under the finishings and fittings of the

building, or even under finishes and artworks, as they are not load-bearing nor structural.

AT THE ORIGINS
OF DECORATION

In the castles of the late Middle Ages, heating techniques were very
inefficient and tapestries and panelling formed a barrier against
the cold coming from the stone or brick walls, which have high
thermal conductivity. Just as woollen rugs and wooden floors with
their low emissivity, insulate floors, tapestries lower wall emissivity
and improve indoor comfort. Tapestries were transported from one
castle to another and changed with the seasons: thicker during the
winter and thinner during the summer, including leather hangings.
Located everywhere in castles, they remained in common use in the
townhouses of the affluent classes until the end of the nineteenth
century.

«A mon seul désir». Sixth tapestry in The Lady with the Unicorn tapestry
series, around 1484-1500. © RMN-Grand Palais (musée de Cluny-musée
national du Moyen Age)/Michel Urtado.

FABRIC, A BARRIER
AGAINST THE COLD

Prior to the massive dissemination of central heating during the
twentieth century, new technologies had improved the efficiency of
fireplaces, including the use of emissive cast iron plates to radiate
infrared heat and the capture of heated air by ducts that removed
the fumes away from users, and stoves were invented. All the same,
decorative elements became even more widespread, preventing
heat loss and making interiors more comfortable. Tapestries, rugs
and drapings blocked the diffusion of the outside cold; screens and
curtains protected against drafts. Quilted armchairs insulate the back
from the cold. The mirrors and crystal pendants of the chandeliers
amplify the dim light of candles and later petroleum flames. And, in
a way, the pictures on the walls also contribute to thermal insulation.

Princess Mathilde’s Living Room in the Mansion on Rue de Courcelles.
Oil on canvas by Sébastien Charles Giraud, 1859. © RMN-Grand Palais
(domaine de Compiegne) / Gérard Blot / Christian Jean.



WHY DECORATION
DISAPPEARS WITH MODERNITY

In the twentieth century, the use of fossil fuels and the spread of
heating appliances made it possible to create artificial climates
almost independently of external constraints. Farnsworth House,
which was built in Illinois in the US by architect Ludwig Mies van
der Rohe, embodies this new capacity. Widely open to nature, no
thermal comfort equipment is apparent. Underfloor heating, in the
form of water coils fed by a boiler located in the basement, retains
heat without the need for rugs, drapings or tapestries. The low
thermal efficiency of the glass panes is compensated by the heavy
use of fossil fuels.

Farnsworth House, Ludwig Mies van der Rohe, architect, 1946-1951.
Photography by Hedrich-Blessing, 1951. © Chicago Historical Society.

THERMAL INSULATION
THROUGH FABRIC

In France, we now use six times less energy than in 1970. The
announced objective of the RT2020 standards is to reach 12
kWh per m? per year, that is to say, twenty-five times less energy
use than in 1970. To meet the increasingly demanding thermal
recommendations, certain architects, such as Arno Brandlhuber
in Germany and the Lacaton & Vassal studio in France, are re-
examining the thermal potential of sets of solutions including
mobile elements. Thus, the combined use of thermal curtains and
shading in the winter gardens of the Ourcq-Jaurés housing complex
contribute to the building’s energy savings. Placed inside the winter
garden, just behind the exterior facade, a shade curtain serves to
block solar radiation in order to avoid summer overheating. It is
made of strips of aluminium, which reflect solar radiation outwards,
placed on an openwork fabric that allows air to circulate.

Combination of thermal curtains and shading in the winter garden of
a residential unit. Social housing, Ourcq-Jaurés neighbourhood, 19th
arrondissement of Paris, Anne Lacaton & Jean-Philippe Vassal, architects,
SIEMP, developer, 2014. © Philippe Ruault.



VI. WHAT LIGHT DOMES
OWE TO THE FEAR
OF STAGNANT AIR

The conception that good health is linked to the air we breathe is believed to come from Hippocrates, a
Greek physician born in the fifth century. It was rediscovered in Italy during the Renaissance, when his
texts were first translated in Latin, especially On Airs, Waters, and Places. A real treatise on town planning,
it explains where and how to build cities, depending on the prevailing winds and the quality of the water.
Priority is then given to the symmetry of buildings and the alignment of windows in order to promote
ventilation. Concurrently, with the neoclassical rewriting of architectural forms in the eighteenth century,
«building mechanization» techniques concerned with air renewal appeared. Domes served to draw up mias-
mas in hospitals, before being generalized to all large public buildings. The theory of “bad air”, which was
solely responsible for contagion, remained widespread until the early twentieth century, and has influenced

the way collective housing is configured.

THE NATURAL VENTILATION
OF PALLADIAN VILLAS

A far cry from the strictly cultural and formal interpretation that
dominated in the second half of the twentieth century, the so-called
“Palladian” architecture, which is that of the villas built in Veneto
in Italy in the sixteenth century, takes into account the climatic
foundations of the discipline. Built in 1571 near Vicenza, the Villa
Rotonda is an exemplary application. The villa is laid out around a
cool, high central space called the sala, which is laterally shielded
from the sun by lower peripheral rooms, each of which is oriented
based on its seasonal use. The symmetry and the correspondence of
its openings ensure that the air circulates deep inside the building.
Below the sala, a cellar cools the air coming from the ground, which
escapes through the open centre of the dome.

Plan and cross-section views of Villa Almerico (Villa Rotonda), Andrea
Palladio, architect, 1566-1571. In I quattro libri dell architettura, book 11,
1570.

DOMES AND CUPOLAS
TO RENEW THE AIR

In the eighteenth century, reiterating the principles of the
Renaissance, architects such as Jacques-Germain Soufflot, Claude-
Nicolas Ledoux, Etienne-Louis Boullée and Antoine Petit designed
hospitals and buildings for large audiences around air circulation.
In the course of the discussions over the principles that were to
guide the construction of the new Hotel-Dieu hospital in Paris, the
professor of medicine, Antoine Petit, proposed a panoptic plan,
with rooms arranged radially ending in a circular air vent creating
a continuous flow of air. This enormous pneumatic machine was
designed to accommodate 1,800 to 2,400 patients, the capacity of
the Hotel-Dieu de Paris, which it was supposed to replace. The
project did not see the light of day however.

Hospital project, cross-section, Antoine Petit, physician and surgeon. In
Mémoire sur la meilleure maniére de construire un hopital de malades,
Paris, Louis Cellot, 1774.
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NATURAL VENTILATION
FOR A RESIDENTIAL COMPLEX

As early as the nineteenth century, the Prefect Haussmann prescribed
a system of courtyards of various sizes for Paris, sometimes so
narrow that they are comparable to modern ventilation ducts. In the
twentieth century, the principles of ventilation continued influencing
architects, still based on the principle of dissipation, but this time of
microbes. Architect Adolphe Augustin Rey thus developed a project
promoting natural ventilation of double-sided apartments for a
workers’ housing estate. The winner of the Rothschild Foundation
competition in 1905, this building is laid out in parallel to the
prevailing wind, so that the air can enter and circulate unsuppressed,
in all the rooms.

“Diagram of a whole-house ventilation system”, Augustin Rey, architect.
In “La tuberculose dans la chambre habitée. Comment [’empécher de s’y
établir”’ [Tuberculosis in inhabited rooms. How to prevent it from taking
hold”, Congres international de la tuberculose [International Congress on
Tuberculosis]. Paris, 1905.

VENTILATION SYSTEMS
TO SAVE ENERGY

The “Peon’s House”, a model individual housing unit designed for
the planned city of Chandigarh in India, is part of a programme
of affordable housing adapted to local climatic conditions. This
application of the Grille climatique (or “Climate Chart”) by the
Atelier Le Corbusier, reflects the desire for a reasoned and rational
scientific architectural response. Its creators, the workshop of Le
Corbusier, the composer, architect and engineer lannis Xenakis,
and the engineer and industrialist André Missenard, intend to
create a “material means of visualization that enables enumeration,
coordination and analysis of climate data for a place defined (by its
latitude) in order to orient architectural research towards solutions
suited to human biology. The aim is to regularize and rectify in
a useful way the asperities of extreme climates and to obtain,
[through] architectural devices, [the conditions capable of ensuring
well-being] and comfort.”

Peon’s House, Le Corbusier, architect. Principles of ventilation for a housing
unit, drawing from the Grille climatique, circa 1950. © FLC/Adagp, Paris,
2020.



VII . HOW A SPRIG OF MINT
INVENTED THE URBAN PARKS
OF THE 19TH CENTURY

In the eighteenth century, Scottish physician and chemist Joseph Black, established that air consisted of two
gases that would be later referred to as oxygen and carbon dioxide. Calling CO2 “fixed air”, in 1756, he
found that it extinguished candles and killed animals. English chemist and physicist Joseph Priestley obser-
ved that mice can live longer under a closed bell containing plants than under a bell without any. He also
observed that all plants (he first used a sprig of mint) have the power to “clean” the air of that part which
was then believed to be toxic, that is to say, to transform the fixed or mephitic air (carbon dioxide) into
dephlogisticated air, later identified and named oxygen by Antoine Lavoisier. This major discovery formed
the basis for the understanding of photosynthesis and influenced scientists at the time, who immediately
drew a number of lessons in terms of land planning. The creation of city parks is due primarily to this health

concern: trees are “devices” for “improving the air”.

WHEN CITY AIR
WAS COAL-BLACK

Starting in the eighteenth century, London was nicknamed the “Big
Smoke”. Its atmosphere was indeed blackened by domestic smoke
(from chimneys or coal stoves) and its buildings were covered in
soot and particulate matter. England had an abundance of coal in the
ground, compensating for the lack of firewood due to deforestation.
This is why London developed based on prevailing winds: the upper
classes settled upwind, while the poorest had to settle downwind. In
East End London, where the wind carried soot-laden smoke from
the city centre, life expectancy was the shortest around 1830.

Factory smokestacks in an industrial city in England. Wood engraving by
Roth, circa 1880. © INTERFOTO / Alamy Stock Photo.
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PARKS
TO LIVE LONG LIVES

In 1839, the English reformer Edwin Chadwick, advocated
ventilating the cities through the widening of streets, thereby
allowing the wind in, and, following the work of Joseph Priestley
on photosynthesis, planting more trees to alleviate excess mortality.
He is listened to by inhabitants of East London: 30,000 Londoners
sign a petition asking Queen Victoria to create what will become
Victoria Park. Opened in 1845 in the borough of Hackney, in the
eastern part of the city, it is the world’s very first modern urban
public park and became the benchmark for others that would be
designed during the nineteenth century, from the Haussmannian
parks of Paris, to Central Park in New York.

Victoria Park, London (UK), Sir James Pennethorne, architect, 1842—1845.
Plan showing the proposed layout for Victoria Park, circa 1840. © Victoria
and Albert Museum, London.



THE PARK AS A
CULTURAL CONSTRUCTION

In the twentieth century, when it is understood that the carbon
dioxide we breathe is in fact not harmful, trees and urban parks
lose their sanitary purpose. Parks were viewed as social or cultural
constructions from then on, and no longer as a fragment of nature
imported into the city. The winner of the competition launched in
1982 for Parc de La Villette in Paris, Bernard Tschumi explains:
“The park could be conceived as one of the largest buildings ever
constructed». Highlighting function and events for the social
structuring of this urban space, he opts for aluminium canopies rather
than plants and favours large empty spaces that can accommodate
concerts, parties, picnics, circus shows and so on.

Parc de La Villette, 19th arrondissement of Paris, Bernard Tschumi, archi-
tect, 1982—1987. In Cinégramme folie. Le parc de La Villette, Seyssel,
Champ Vallon, 1987. © Bernard Tschumi.

“THIRD-LANDSCAPES”
AND BIODIVERSITY

Planting trees in cities is a rather limited solution for absorbing
carbon dioxide: indeed, a single tree captures only 25 kg of CO2
per year, while an individual in France releases around 6,900 kg
each year. The challenge of nature in the city is therefore to bring
freshness thanks to the foliage of trees, and to maintain biodiversity.
Since the 1990s, landscape designer Gilles Clément in particular
has defended this idea of an urban sanctuary. In the very heart of
Parc Matisse in Lille, he reserved an inaccessible space of 2,500
m? placed on a concrete base more than 7 meters high, a replica of
a small island in the southern hemisphere imagined as a laboratory
of forest evolution over several decades, kept free from any direct
human intervention.

Derborence Island, the biodiversity reserve of Matisse Park, Lille (France),
Gilles Clément, gardener, Claude Courtecuisse, associate artist, Cabinet
Empreinte, Eric Berlin, associate landscape gardener, 1996-2003.

© Gilles Clément.



VIII . WHEN A VOLCANO ERUPTION
CREATED THE MODERN CITY

In 1815, the cataclysmic eruption of Mount Tambora in Indonesia projected a mantle of dust into the stra-
tosphere that decreased solar radiation for several years and destabilized the global climate ecosystem. In
the Bay of Bengal, the disruption of the monsoon season resulted in a formidable mutation of the cholera
germ, and the epidemic soon reached Moscow. The disease spread throughout Europe, starting in 1832.
To overcome the disease, which was thought to be ensconced in the stagnant air of narrow alleys, and in
order to dispel their stench, metropolises such as London and Paris initiated major urban transformations
that shaped the second half of the nineteenth century, in particular the planning of wide «windswept boule-
vards». Though it only caused a drop in temperatures of 2 °C, as revealed by Gillen d’Arcy Wood in Tam-
bora: The Eruption That Changed the World (2014), the eruption of Mount Tambora changed the course of
history and the makeup of cities at the eve of the twentieth century.
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VOLCANO ERUPTION:
AYEAR WITHOUT A SUMMER

In April 1815, the eruption of the volcano of Tambora on the
island of Sumbawa in Indonesia formed a thick sulphate fog and
caused numerous climatic disturbances, notably in Bengal, where
the British army was stationed. In August 1817, an unusually large
cholera epidemic decimated the Indian population, eventually
reaching the English military camp in November: 5,000 people died
there over the course of five days. Men who ingested contaminated
water introduced the cholera morbus epidemic to Europe in 1831 as
they moved across the globe.

“The march of cholera-morbus from India to Europe, 1831”. Bibliotheque
nationale de France Coll. (Paris, France).

BEHIND HAUSSMANN’S
RENOVATION OF PARIS, CHOLERA

When, in the middle of the nineteenth century, Baron Haussmann
decided to redesign the Old Paris and ‘air it out’, imagining an
urban development model structured around wide avenues and
boulevards. The Prefect based its principle on the extensive medical
literature that attributed the origin of diseases to stagnant air since
the end of the eighteenth century. The population of Paris had grown
from 759,000 inhabitants in 1831 to 1,053,000 in 1846, and was
crammed into medieval districts requiring, in Haussmann’s eyes,
a large restructuring of the existing urban fabric and the extension
the city. Wind circulation would be put to good use to fight against
major epidemics.

Thoroughfares commissioned and projected during Haussmann’s renovation
of Paris from 1851 to 1868. Eugéne Andriveau-Goujon, 1868. Bibliotheque
nationale de France Coll. (Paris, France).



THE PARADOX OF THE THEORY
OF POLICE CONTROL

In his memoirs, Haussmann himself explains that his renovation
works weren’t intended as counter-insurgency measures: “Surely
when he traced the Boulevard de Strasbourg and its extension up
to the Seine and beyond, the Emperor didn’t have the strategic
relevance of this extension any more in mind than for so many
other major thoroughfares ... the straight alignment of which did not
lend itself to the usual tactics of local insurrections.” He states that
neither Napoleon III nor himself had followed a strategic objective
aimed at supporting law enforcement. The reasons expressed are
health-related: “it was absolutely necessary for the capital that vast
arteries be open to public circulation to unclog the inextricable maze
of narrow squalid streets entangled in the centre of the Old Paris
as an inescapable consequence of its ever increasing population,
which continued gaining thirty thousand souls a year since the
development of the railway network, as well as of the increasingly
pressing demands of sanitary science regarding urban sanitation.”

Boulevard Haussmann, close to No.4, 8th arrondissement of Paris.
Photography by Charles Marville, circa 1877. © Charles Marville/BHVP.

HAUSSMANN:
WITHSTANDING THE TEST OF COVID

In the twenty-first century, global warming, air pollution and the
coronavirus pandemic are a reminder of the physical and chemical
nature of the urban atmosphere, as well as the health issues that stem
from it. There have been studies investigated whether Covid-19
could be spread through PM2.5 and PM10 particulate matter. The
current health crisis certainly gives us a better understanding of the
aims of nineteenth century politicians, city planners and architects
when they were building the modern city.

Cycling lanes on Rue de Rivoli, 4th arrondissement of Paris. Photography
by Aurélien Morissard. © Aurélien Morissard/Xinhua/Maxppp.



[X . HOW IODINE CAUSED THE
URBANIZATION OF MORE TERRITORIES

In the nineteenth century, the discovery of the healing properties of iodine transformed territories that had
been relatively sparsely populated until then: seashores and mountainous regions. To allow patients to reach
these naturally iodized sites, rail networks were developed. The real estate developers of the seaside resorts
worked in agreement with the then still private railway companies and were sometimes even one and the
same party—up until nationalization of rail in 1937. For instance, the Pereire brothers, Parisian bankers and
the promoters of many Haussmannian works, founded the Compagnie des chemins de fer du Midi in 1852,
connecting Bordeaux to Arcachon among other places, and funded the construction of the Arcachon seaside
resort in 1860. As early as 1936, the French coast, which represents 4% of the national territory, is almost
three times more populated (193 inhabitants per km2) than the rest of France (77 inhabitants per km2 on
average). Between 1968 and 1999, it experienced twice the national average population growth rate.

CARTE
o

THE APPEAL
OF IODINE

Until the nineteenth century, people living far away from the
territories that were naturally rich in iodine suffered from thyroid
problems and cretinism. As early as the middle of the eighteenth
century, the English doctor Richard Russell started recommending
seaside stays to his patients. And in 1820, the Geneva doctor Jean-
Francois Coindet scientifically established that these diseases
resulted from a lack of iodine in the diet of populations living far
from the sea or from a source of naturally iodized thermal water. By
administering iodine to affected patients, he managed to cure them
in a matter of weeks. These results sparked tremendous enthusiasm
for the seaside and spas with iodine-rich mineral waters across
Europe.

Map depicting the variations in endemic goitre in France over 50 years
(from 1816 to 1865), in Recueil des travaux du Comité consultatif d’hygiéne
publique de France et des actes officiels de |'administration sanitaire, t. 11 :
Enquéte sur le goitre et le crétinisme [Investigation on goitre and cretinism].
Report by Dr. Jules Baillarger, Paris, Librairie J. B. Bailli¢re et Fils, 1873.

URBAN DEVELOPMENT
AND THE QUEST FOR OCEAN SPRAY

It was in Dieppe that the first French sea bathing establishment was
inaugurated in 1822, followed by the construction of hotels and
residences, as well as a racecourse in 1852 and a casino in 1886.
Thanks to the railway serving the city from 1848, Parisians and
Londoners flocked there to dive into its iodine-rich waters. Other
towns followed suit: Arcachon opened a bathing establishment in
1823, followed by Biarritz, Trouville and Cabourg in 1853, Houlgate
in 1854, Villers-sur-Mer in 1857, then Monaco, which created the
Société des Bains de Mer in 1863, and Deauville in 1864. Because
these developments took place on the flat lands of the coast, urban
forms had little in common with the uneven ones of the villages and
towns of the past. The layout of the seaside towns follows a regular
orthogonal grid of streets and avenues that are perpendicular or
parallel to the shore, with large blocks where buildings offer long
facades facing the sea.

Dieppe’s beach and casino, Alexandre Durville, architect. Autotype, 1884.
© Historical image collection by Bildagentur-online/Alamy Stock Photo.



THE BENEFITS
OF VITAMIN D

In the eighteenth and nineteenth centuries, rickets, which is a
childhood disease caused by a lack of calcium that deforms the
limbs, was very present in central and northern Europe. In 1822, it
was understood that the lack of the exposure of the skin to UV light
causes the disease. Ultraviolet rays, which are naturally present on
the sun-drenched Mediterranean coast, are lacking in the skies of
northern cities, especially when further obscured by smoke from
the coal mines. The rays of the sun allow the skin to synthesize the
vitamin D necessary for bone calcification. From then on, the quest
for ultraviolet light gave rise to a new appreciation for the sun and
tanned bodies.

Children exposed to ultraviolet light, London (UK). Photography, 1934.
© akg-images/Imagno.

THE URBANIZATION
OF MEDITERRANEAN REGIONS

The search for ultraviolet light became the driver of considerable
urbanization of the Mediterranean coast in Spain, Italy and France.
In 1963, in order to stem the flow of French holidaymakers to
Spain, the French President Charles de Gaulle commissioned Pierre
Racine, the Chief of Staff to the Prime Minister, with a tourism
development plan for the Mediterranean coast. The “Mission
Racine” included the ex nihilo construction of seven seaside resorts
in Languedoc-Roussillon, such as La Grande-Motte or Le Cap-
d’Agde, with imposing buildings open to the sea and exposed to the
sun on previously undeveloped marshland.

Residential building “Le Grand pavois”, La Grande-Motte, Jean Balladur,
architect, with Jean-Bernard Tostivint, architect, 1967-1968. Postcard,
photography by Pierre Riby, undated. © Yvon. All rights reserved.

© Adagp, Paris 2020.



X . WHY MODERN ARCHITECTURE
IS WHITE IN COLOUR

Following an unexpected analogy with the air-dried meat of Graubiinden, which is preserved from rotting
through exposure to direct sunlight and the outside air, modern architects seek to replicate the virtues of the
sanatoriums of the early twentieth century in their constructions. Their buildings are painted white, for two
reasons that are also related to hygiene. Firstly, because it has been known since the beginning of the nine-
teenth century that whitewash, which is naturally white, is a powerful antiseptic and its use is recommended
to destroy any miasma that could become embedded in the walls. Secondly, white amplifies the rays of the
sun, which are believed to be bactericidal, especially against the tuberculosis germ. Today, the interest in
natural light is returning because it is loaded with energy that can be freely captured to heat homes in win-

ter, reducing heating needs and therefore also the emissions of greenhouse gases.

SANATORIUM

Accordingto LouisPasteur, “Lightdelaysorpreventsthedevelopment
of bacteria and microscopic fungi”. Since the beginning of the
twentieth century, mountains have become conducive to healthcare
practice. With the construction of the Schatzalp sanatorium in
Davos in 1900, a new architecture appeared, with large windows, all
facing south, balconies and terraces allowing patients to be exposed
to the sun and the air, and, above all, the white colour that coats
the various building materials in order to increase the intensity of
solar illumination. The purpose of having the sun penetrate into the
depths of the rooms is to eliminate bacteria and disinfect patients.
All sanatoriums were henceforth built following this principle of
full-sun exposure and white paint. The Davos Sanatorium is the
largest of the Swiss sanatoriums and is connected to the city with its
own cable car, which at the time was truly a technical feat.

Schatzalp sanatorium, Davos (Switzerland), Otto Pfleghard and Max
Haefeli, architects, 1898-1900. Photography by Werner Friedli, 1949. ©
ETH-Bibliothek Ziirich, Bildarchiv/Stiftung Luftbild Schweiz © Werner
Friedli.

WHITE MODERNITY
VS. CONSTRUCTIVE TRUTH

Following the discovery of the health benefits of ultraviolet rays, the
appeal of the Mediterranean coast operated a seasonal reversal from
the winter to summer from the 1920s onwards. Architecture was
transformed accordingly. Facades were opened to the southern sun
through large bay windows and terraces started offering solariums
to expose the naked body to the sun. Eileen Gray was inspired by
these precepts for her Villa E-1027 in Roquebrune-Cap-Martin.
Dominating the shore, it takes the form of a small white villa of 190
m? on two levels. For her first architectural creation, Eileen Gray
primarily refers to the ideas and aesthetics of the white architecture
of the modern movement: roof terrace, stilts, horizontal bays... A
modernity that can also be found in the choice of materials such as
reinforced concrete and a metal framework, as well as the invention
of pipe railings drawn from nautical handrails.

Villa E-1027, Roquebrune-Cap-Martin, Eileen Gray and Jean Badovici,
architects, 1926-1929. In L’ Architecture vivante, winter 1929. Bibliothéque
d’architecture contemporaine Coll., Cité de I’architecture et du patrimoine,
Paris. All rights reserved.



THE LAW
OF WHITENESS

Le Corbusier’s 1930 masterpiece, Villa Savoye, near Paris, best
reflects all the ambition of white modernity. The entire building
is traversed by light, air and sunlight. The building calls on the
therapeutic vocabulary of sanatoriums. Isolated in the centre of a
large park and built on an elevation to benefit from unrestricted
access to the winds and the sun, it features a roof solarium so that
its residents can expose themselves to the moving air and the rays of
the sun. The four facades are open from one angle to the other by a
long continuous strip of glazing that lets in the light all day long and
give the house its name: “Les heures claires” [The bright hours].

Villa Savoye, Poissy (France), Le Corbusier, architect, 1928-1931.
Photography by Marius Gravot, circa 1930. © FLC / Adagp, Paris, 2020 All
rights reserved.

WHITE IS BACK TO TACKLE
A WARMING ENVIRONMENT

The summer heat waves, linked to global warming and amplified
in urban environments, are now redefining the colorimetric strategy
applied to architecture and urban planning. Conversely, light-
coloured materials reflect sun rays and remain cool. The albedo
principle, aiming to reflect the heat of the sun, is well known in
warm regions such as the Greek Cyclades, where the low-rise
houses and streets are completely white. Their bright roofs reduce
the heat build-up, and the interiors and streets are kept comfortably
cool. According to the most recent studies, such a strategy is more
effective for reducing the temperature in cities than green roofs and
is now recommended.

Roofs being painted in white by volunteers engaged in the NYC CoolRoofs
initiative, Bronx, New York (US). © Ken Cavanagh / Alamy Stock Photos.



XI . WHEN OIL CAUSED
CITIES TO GROW IN THE DESERT

Though humans have known how to heat the air artificially since prehistoric times, there were no technical
means of cooling air until the beginning of the twentieth century, except putting it in contact with ice that
had been stored during the winter in underground coolers or transported by boat from regions with cold
climates. In 1902, Willis Carrier, an engineer employed by an American ventilation company, invented air
conditioning. He managed to control air humidity levels and unexpectedly found that he could also lower
its temperature. Air-conditioning units provide cooling via convection — by blowing air like a fan — but
especially via conduction — lowering the temperature of the air. As early as 1955, one in twenty-two Ame-
ricans had air conditioning and in the South, one out of ten. A full 9% of buildings in the southern United
States were equipped with air conditioning by the mid-1970s. Globally, the number of air conditioners has
tripled over the past thirty years and now represent 10% of global power use, along with fans, as at 2016.

URBANIZATION THROUGH
THE DISCOVERY OF OIL

Los Angeles was only sparsely inhabited, just as the other cities
that were built in the American desert such as Las Vegas, Denver,
Dallas and Lubbock and the whole of the southern United States.
There were a few houses by the sea in an area with long hot
summers and no potable water: a location where Vitruvius would
not have recommended building a city. Its exponential urban and
demographic development, especially during the second half of the
twentieth century, only became possible following the discovery of
oil in California in 1892 and the massive and unlimited use of fossil
fuels.

Oil derrick in Signal Hill (California, US). Photography, circa 1925. City of
Signal Hill, California. All rights reserved.

AIR CONDITIONING
AND THE AMERICAN SOUTH

Between 1910 and 1950, the southern United States saw its
population drop, losing more than 10 million residents. This trend
was subsequently reversed however. The urban development of the
Sun Belt, which concerns all the states located south of the 36th
parallel, is the corollary of the mass production of air conditioning
units. Cities such as Las Vegas, Los Angeles, Miami, Palm Springs
and New Orleans attract populations looking for sunny climes,
but the heat of which is now artificially tempered down. This is
reflected in the demographic boom of Los Angeles, which now has
19 million inhabitants, up from 1.5 million in 1940.

Santa Monica Boulevard, between Beverly Hills and Westwood, Los
Angeles (California, US) Photography from 1927. Library of Congress
Coll., Prints and Photographs Division, Washington, D.C. (USA). All rights
reserved.



AIR CONDITIONING ERASES
THE IDIOSYNCRATIC FEATURES
OF REGIONAL ARCHITECTURE

Globally, the number of air conditioners has tripled over the past
thirty years and now represent 10% of global power use, along
with fans, as at 2016. The recent development of Qatar, Dubai and
Abu Dhabi is also correlated with the acceleration in the use of air
conditioning. In short, after World War 11, living comfortably in the
desert or in jungles, in extremely warm climates, was made possible
by the liberal use of air conditioning.

TOWARDS THE URBANIZATION
OF COLD REGIONS TO USE LESS ENERGY

Given that temperatures decrease with altitude, by 0.65°C for
every 100 meters gained, there could be cooler towns in mountain
regions. Likewise, sites farthest from the equator could become
pleasant to live in. The shift of data centres and large server farms
from California (where the natural warmth leads to a huge use of
air conditioning for cooling purposes) to Alaska or northern Europe
in order to benefit from a constant supply of cool air and lower
energy expenditures, may be evidence of a new trend. For instance,
in 2013, Facebook built a 27,000 m2 hangar in Luled in Sweden to
host some of its servers.

Aerial view of the city of Abu Dhabi (United Arab Emirates). Photography
circa 1960. Jorge Abud Chami Collection. Courtesy of the Arab Image
Foundation.

Facebook’s first data centre in Europe, located close to the Polar circle in
Lulea (Sweden). © Facebook. All rights reserved.



XII . HOW ANTIBIOTICS HAVE PAVED
THE WAY FOR A RETURN TO THE CITY

The French reconstruction after the Second World War was carried out based on a modernist health pro-
gramme that was already obsolete when it was initiated, given that antibiotics and vaccines, which had
become widespread starting in the 1950s, had largely freed human beings from the health issues that had
forged the urban principles since the nineteenth century, increasing life expectancy from an average of 40
years in 1900 to upwards of 80 in 2000. This last modernity will be supplanted by postmodernism, which is
marked with a return to the city starting in the 1970s, as we can now all return to live in the winding, dark
alleys of the old historic centres as they have shed all their negativity thanks to antibiotics. Architecture
was then able to focus on values of symbolic or cultural images and social uses rather than on health and

climatic values.

THE FAILURE
OF MODERN SANITARY THINKING

Starting in the 1970s, everything came together to sign the death
of modern architecture, as postmodern American architect Charles
Jencks points out: “Modern Architecture died in St. Louis, Missouri,
on July 15, 1972, at 3.32 p.m. (or thereabouts), when the infamous
Pruitt Igoe scheme, or rather several of its slab blocks, were given
the final coup de grace by dynamite.” That day, a building complex
created in 1954 by architect Minoru Yamasaki was demolished. The
year 1972 does indeed correspond to the end of modernity and the
beginning of postmodernity, that is to say, of an era free from the
health problems that had hampered architecture and the city since
its inception. Thanks to antibiotics, architecture and urban planning
no longer have to worry about the medical, the biological and the
chemical and can now turn to the human sciences: the political, the
social and the aesthetic.

Pruitt Igoe’s residential complex, Saint Louis (Missouri, US), Minoru
Yamasaki, architect, 1951-1954. Demolition of a building, 22 April 1972.
U.S. Department of Housing and Urban Development. All rights reserved.

THE RETURN TO THE CITY

The first French example was the Hautes-Formes neighbourhood
in Paris, designed by Christian de Portzamparc in 1979. On a site
slated to be razed to the ground and replaced with modern high-
rises, the architect designed a street, alleys, a square and buildings
aligned with these urban spaces, together creating a block inspired
by those of pre-modern cities but open to vistas, to the sun and the
wind thanks to the division of the programme into small volumes,
testifying to the conservation of certain achievements of modernity.

Les Hautes-Formes, group of residential buildings, 13th arrondissement of
Paris, Christian de Portzamparc, architect, with Georgia Benamo, RIVP,
project developer, 1975-1979. © 2Portzamparc © Nicolas Borel.



FROM PHYSICAL CONSTRUCTION
TO SOCIAL CONSTRUCTION,
AN ARCHITECTURE THAT SPEAKS FOR ITSELF

The 1980s spawned a theoretical synthesis of the opposition between
the modern and the postmodern in the figure of Jean Nouvel, whose
postmodern linguistic structure skilfully brought into play narrative
signs that came no longer from the past, but from the present or the
future. To construct his postmodern narratives, Jean Nouvel also
works based on images, hints and symbols, no longer borrowing
them from the past as Aldo Rossi or Bernard Huet did, but from the
contemporary world, from science fiction.

Théatre Le Granit, Belfort (France), Jean Nouvel, Gilbert Lézénés and
Dominique Lyon, architects, artistic intervention by Gary Glaser, Frangois
Seigneur and Pierre-Martin Jacquot, scenography by Jacques Le Marquet,
1980-1984. All rights reserved.

FROM A FRENCH-STYLE POSTMODERNISM
TO THE OVERCOMING
OF POSTMODERNISM

The return to the city that started in 1980 was accompanied by
the onset of numerous signs evoking the culture of the premodern
city, whether Haussmannian, Renaissance, medieval, or even from
Greek or Roman antiquity. For example, the nineteenth century
corner rotundas, the bricks of which, in addition to their role as
construction material, mark a historical period, as do the steel lintels
with their green color reminiscent of the paint used on metals at the
end of the nineteenth century (for example by Hector Guimard)...
The internationally-renowned postmodern architect and theorist,
Aldo Rossi, signs his only Parisian creation at La Villette. The full-
block structure includes 91 social housing units and a post office,
highlighted in blue on one corner of the complex. The construction
is intended as an interpretation of everyday Parisian vocabulary.

Residential building, Paris (France), Aldo Rossi and Claude Zuber,
architects, SAGI and French Ministry of Posts and Telecommunications,
developers, 1991 © photography by Vincent Fillon.



XIIT . AND WHAT IF CO2 WAS TO CREATE
AN ARCHITECTURAL WAKE-UP CALL

The sector relating to sheltering of human activities, which can be encompassed under the term of architec-
ture, globally emits 39% of global greenhouse gas emissions, mainly for heating or cooling. By contrast, the
aviation industry amounts to only 2%. Architecture is therefore at the forefront in the fight against global
warming, which is reflected in the implementation of thermal regulations, new standards and recommen-
dations that as a first step seek to limit energy consumption, which is still 85% dependent on fossil fuels.
A new architectural style is now appearing, where the meteorological parameters of space, air, light, heat,
humidity, their behaviours and physical characteristics, such as convection, conduction, pressure, emissi-
vity, effusivity and diffusivity, become the new tools of architectural and urban composition.

THE OIL CRISIS SPURS A QUEST
FOR ALTERNATIVES

In the wake of the oil shock of 1973, the first experimental energy-
autonomous houses, harnessing solar energy, geothermal energy,
the principles of thermal inertia, forms that adapt to the course of
the sun, to the wind, to geographical features and so on, see the
light of the day. A few architects, some of them close to the hippie
counterculture in their overall rejection of economic and technical
development, tried to find architectural solutions that were not
dependent on oil or industrial manufacturing. Such was the case of
Paolo Soleri, an architect of Italian origin and creator of Arcosanti,
an ecological experimental town in Arizona. Around the same time,
Mike Reynolds created the Thumb House, a house made of scrap
tires and used cans that was energetically self-sufficient thanks to
solair gain and thermal inertia.

Experimental house, Taos (New Mexico, US), Michael Reynolds, architect.
Photography by David Hiser, June 1974. National Archives at College Park.
All rights reserved.

WHEN FOSSIL ENERGY CAUSED
BUILDING FACADES TO DISAPPEAR

The 1970s also marked the beginning of ecological and energy
thought, aiming to offer buildings that had broken free from the
dependence on fossil fuels and opening up to renewable energies. In
1974, Douglas Kelbaugh began building his residence in Princeton,
New Jersey. Inspired by the Trombe wall implemented and tested
by Professor Félix Trombe and architect Jacques Michel in the
1950s to 1970s, this heating device leverages the greenhouse effect
to harness the free energy of the sun to heat the house. Analyses
show a fairly high stability of the indoor temperature around an
average of 17°C when outdoor temperatures vary between -13 and
14°C. The quest for an architecture that is independent from oil and
industrial manufacturing remained marginal during the 1970s and
largely disappear in the 1980s when the price of oil began to drop
again.

Kelbaugh House, Princeton (New Jersey, US), Douglas Kelbaugh, architect,
1975. Photography, circa 1976. Canadian Centre for Architecture Collection,
Montréal. © Douglas Kelbaugh.
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THE IMPORTANCE OF
THERMALLY INSULATING BUILDINGS

Effective energy consumption reduction programmes such as
Passivhaus in Germany (which was created in 1996) or Minergie in
Switzerland (created in 1998),have been applied to the construction
or renovation of public buildings. These pragmatic labels aim to
drastically reduce the energy consumption of buildings (by a factor
of eight) through a few simple measures: insulating the exterior
walls, the roof and the floor by lining the supporting structure with
no less than a 150 mm thickness of mineral wool (currently at least
200 mm), placed outside, to avoid thermal bridges; making the
interior airtight by preventing air leakage from the outside through
cracks or leaking gaskets; using double glazing (triple glazing is
now also used), reducing the thermal conduction of glazing and
controlling the renewal of indoor air, in particular by recovering
heat from the outgoing exhaust air to preheat the incoming fresh air
through double-flow ventilation systems.

Low-energy house. Sources: Minergie-Suisse / Passivhaus-Allemagne ©
Philippe Rahm architectes, 2020.

EVOLUTION DE LA TEMPERATURE GLOBALE DEPUIS 10 000 ANS
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Sources : EPICA (Dome C, Antartica), Nasa Goddard Institue for Spatial Studies, Alfred Wegener Institute climate model

THE LINK BETWEEN
ARCHITECTURE AND CLIMATE
REACTIVATED DUE GLOBAL WARMING

In December 1895, Professor Svante Arrhenius, hypothesized that
the Earth’s surface temperature had varied in ancient times based on
changes in the level of CO2 in the air. This was the first scientific
study to report that increasing this rate causes temperatures to rise.
It formed the basis of the correlation model between the release
of greenhouse gases and global warming as established today
by the Intergovernmental Panel on Climate Change (IPCC) 4.
By analysing variations in the average temperature of the earth’s
surface since 1850, which has increased globally by about 1°C, as
well as in the concentration of CO2 in the air over the same period,
which has risen from 280 ppm (parts per million) to over 400 ppm,
there is a correlation that could be explained by the opacity of CO2
to infrared light.

Global temperature change over the past 2,000 years. Sources: EPICA,
Dome C, Antarctica / NASA Goddard Institute for Space Studies / Alfred
Wegener Institute climate model © Philippe Rahm architectes, 2020.
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