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The management of human waste is an essential 
component of urban sustainability. The new sys-
tems of waste management being advanced by 
proponents of sustainability aim to reduce the en-
vironmental impact of waste by conferring value 
to it and reusing it—in the words of William Mc-
Donough, by eliminating the idea of waste. This 
paper argues that such systems are not new at 
all, but rather represent a revival of the medi-
eval strategy of containment and reuse of waste, 
rather than the modern strategy of dilution and 
evacuation.1 The sustainability debate would ben-
efi t from a reexamination of the historic processes 
that shaped the modern system now being called 
into question—that made the use of waste a radi-
cal idea. This paper examines the medieval sys-
tem and the reasons for its elimination. It then 
considers the transformation to the modern sys-
tem, using the design of Leonardo da Vinci’s ideal 
city of Romoratin as a case study. This transfor-
mation had important implications for urban form, 
ultimately allowing greater density and scale, and 
decoupling food production from the city’s organic 
output. Finally, the paper will consider the implica-
tions of the “new” sustainable strategies of waste 
management in light of this historical view.2

Sustainable waste management strategies share 
a proclivity for the reuse of human waste. Con-
sidered here are composting toilets, biodigesters, 
and bioremediation systems. Composting toilets 
contain waste and treat it locally, producing com-
post—a “rich mud” that can be used as fertilizer. 
Compost can be pasteurized with additional heat to 
eliminate pathogens.3 Biodigestion systems func-
tion similarly, but decompose waste in an anaero-
bic environment, creating methane-laden “biogas” 
that can be burned for heating and/or electricity 
generation, as well as organic matter that can be 

used as fertilizer. Bioremediation can take several 
forms: artifi cial wetlands and ecological machines 
are the most common. All treat wastewater bio-
logically through a series of vegetative fi lters: 
plants to eat the waste and excrete clean water, 
and the plants themselves can be composted or 
used as food for livestock or aquaculture. These 
systems tend to be decentralized—at the scale 
of a building or neighborhood rather than an en-
tire city—and are therefore located within human 
settlement, a location that allows easy use of the 
valuable end products of fertilizer, methane, clean 
water, and/or food. These systems therefore rep-
resent a return to the medieval strategy of con-
tainment and reuse of waste.

This revival passes unrecognized. As Dominique 
Laporte describes, the use of fecal matter is a 
contentious issue: “The investment of waste—par-
ticularly human waste—with value is consistently 
marked by a feigned oblivion of recent practices. 
It is offered as a discovery, or better yet a redis-
covery, of ancient models.”4 In the discourse of 
sustainability, the use of waste is cast as a dis-
covery of natural principles: legitimacy is sought 
through objective science. The strategy, however, 
is not new: it was standard practice throughout 
Europe as recently as the nineteenth century. An 
understanding of this system and the reasons for 
its demise are essential for an informed discus-
sion, and may reveal important considerations re-
garding sustainable waste management systems 
and their implications for urban form.

THE MEDIEVAL STRATEGY: CONTAINMENT 
AND REUSE

The composition of waste in the medieval city was 
almost exclusively organic. Aside from a small 
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amount of glass, metals, and other byproducts, 
most waste consisted of food scraps, human 
waste, and offals, and was therefore biodegrad-
able. Consequently, there was little distinction 
between types of waste: human excrement and 
garbage were treated similarly.5 City residents dis-
posed of waste in one of two ways: they dumped 
it onto the unpaved city streets, or contained it 
in cesspits at the lower level of buildings.6 One of 
three things subsequently happened to it. Much 
of what ended upon the street was eaten by the 
pigs and other livestock that freely roamed the 
city.7 A good deal of it was simply absorbed into 
the earth, creating a rich and fragrant mud. The 
excess waste from cesspits, as well as some of the 
rich mud, was collected and used as fertilizer, both 
within and outside the city. Human waste provid-
ed a valuable fertilizer, containing an abundance 
of potassium and phosphorus.8

The use of waste as fertilizer was a vital component 
of medieval agriculture. The medieval city was 
closely tied to agricultural production and was 
typically self-suffi cient. Approximately four out of 
fi ve inhabitants worked the land; even in larger 
cities only a small minority were true specialists.9 
It was not uncommon for gardens, orchards, fi elds 
and pastures to be located within city walls as well 
as in the immediate hinterlands.10 As late as 1850 
Paris generated enough produce on one-sixth 
of its land to supply the entire city.11 Medieval 
residences typically had a vegetable garden or 
larger green space behind the house (Figure 1), a 
fact belied by the often dense street edge. 12

Sanitation in this scheme is closely related to 
density.13 While densities remained relatively low 
sanitation was not a problem. However, with the 
growth of European cities after 1300, the old strat-
egies of waste management became unworkable. 
As Rebecca Williamson describes, “the byproducts 
of everyday life in an urban milieu could no lon-
ger be simply absorbed back into the land […].”14 
The buildup of waste created a sanitation crisis, 
but “sporadic attempts at legislating urban clean-
liness in France and Italy during the twelfth and 
fourteenth centuries largely came to nothing.”15 In 
1292 King Phillip Augustus decreed that all roads 
in Paris be paved, in part due to the stench. The 
few streets that were actually paved made mat-
ters worse; waste could no longer subside into the 
earth and rainwater could no longer infi ltrate to 

cleanse the soil or recharge groundwater.16 Vari-
ous pieces of legislation prohibiting dumping in 
streets or rivers were ignored.17 The sanitary con-
ditions in cities continued to deteriorate as urban-
ization progressed.

The issues of sanitation and waste management 
came to the fore with the Black Plague, which 
struck Europe in 1348, killing a quarter to a third 
of the total population within three to four years, 
and continuing the fl are up throughout Europe un-
til the middle of the seventeenth century. While 
modern science has shown that the plague was 
caused by microbes that were harbored by rats 
and transferred to humans by fl eas, the science 
of the time blamed foul or corrupt air. This theo-
ry, later termed miasmic theory, is described by 
Carlo Cipolla:

[…] the basic, predominant idea was that 
[the plague] originated from venomous at-
oms. Whether generated by rotting matter or 
emanating from infected persons, animals, or 
objects, the venomous atoms would infect sa-
lubrious air and make it ‘miasmatic’—that is, 
poisonous. It was indeed the ‘corruption’ of 
the air that, according to doctors of the Re-
naissance, was the basic precondition for the 
outbreak of an epidemic of plague.18

These venomous atoms were considered excep-
tionally sticky: they would stick to porous objects 
like wool, cotton, carpet, and grain, permeating 
them in much the same way as perfume or a foul 
odor.19 The theory was validated by the fact that 
those who handled porous materials were more 
likely to contract plague, when in fact this cor-
respondence was due to the fl eas that inhabited 
such materials. The theory also gained legitimacy 
from the fact that the plague fl ared up in the sum-
mer when the city was permeated by offensive 
odors; venomous miasmas were clearly created 
by rotting material and raw sewage.

The erroneous correlation between waste, odor, 
and disease proved a formative infl uence on mod-
ern waste management strategies. According to Ci-
polla, “a common-sense sequitur to this view was 
that to avoid an outbreak or the further spread of 
an epidemic, the fi rst and most important thing to 
do was to clean up the environment”20—that is, re-
moving waste from human proximity by evacuating 
it from the city. Miasmic theory also created a fear 
of “bad air” that contributed to the transformation 
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olfactory perception and ultimately led to what Ivan 
Illich calls “the utopia of the odorless city.”21

Among European cities, those in Northern Italy—
namely Venice, Milan, Genoa, and Florence—
quickly became the most advanced in regards to 
hygiene and sanitation, and continued to advance 
throughout the fi fteenth and sixteenth centuries.22 
This is partially attributable to Italy’s legacy of 
Roman infrastructure, which provided invaluable 
inspiration to Renaissance thinkers like Da Vinci, 
who began looking to the architecture of the 
past—and in particular the Roman aqueducts and 
sewers—for solutions to contemporary problems. 
Leonardo da Vinci exhibited special interest in the 
issues of hygiene and waste; his sketches for ideal 
cities circa 1480 are largely structured by waste 
management strategies.23 Indeed, his design 
for an ideal city at Romoratin in France departs 
dramatically from the standard practices of the 
day—and these new strategies, precursors to the 
modern system, had important implications for 
the form of Leonardo’s city.

THE MODERN STRATEGY: DILUTION AND 
EVACUATION

While the modern system of waste management, 
consisting of diluting waste in water and evacuat-
ing it from the city via sewers, is typically traced 
to the mid-nineteenth century, often specifi cally 
to the redevelopment of Paris under Baron Georg-
es Haussmann, the same strategy was the subject 
of discussion as early as the Renaissance. Leon-
ardo’s unbuilt city of Romoratin, designed in 1517 
for François I, then King of France, provides an 
excellent case study. François I was particularly 
interested in hygiene, as evidenced by his later 
Hygiene Edict of 1539 mandating the removal 
of waste from the city.24 Leonardo’s design for a 
new palace quickly evolved into the design of an 
entire city whose form was largely a response to 
contemporary problems of sanitation and disease. 
This ideal city represented a distinctly modern 
approach to the problem of waste, employing an 
elaborate system of canals and sewers to fl ush 
waste out of the city. The plans for Romoratin and 
its palace complex were never implemented; an 
epidemic in the area caused François to build in 
Chambord instead.25 The design, however, re-
mains an important indicator of a new way of 
thinking about waste and city form.

Leonardo’s design is structured by his waste man-
agement strategy: a vast network of canals that 
covered the region between the Loire and Saone 
rivers (Figure 2). Leonardo was unequivocal about 
the function of the canals: he was using water a 
medium for fl ushing waste out of the city: “The 
numerous canals keep numerous toilets clean. The 
numerous canals clean numerous streets […].”26

The use of water to fl ush waste was not a new 
idea. Water fl owed through the Roman sewers 
and the Cloaca Maxima, which washed Roman 
waste into the Mediterranean via the Tiber River. 27 
Medieval monasteries and palaces often contained 
latrines that emptied into rivers.28 The novelty of 
Leonardo’s design was, fi rst, the extensive provi-
sion of man-made canals to perform this function, 
and second, the application of this concept to a 
city as a whole.

Leonardo’s proposal was also consistent with bur-
geoning Renaissance thought. Leon Battista Al-
berti, a contemporary of Leonardo, wrote his in-
fl uential Ten Books on Architecture around 1450, 
in which he makes a distinction between two types 
of drains (sewers). One kind, the “subsidence pit,” 
collects waste and allows it to be “absorbed by the 
bowels of the earth”29—a description of the then-
predominant form of containment and reuse. The 
second kind, the “diffuser,” discharged waste into 
a body of water. While Alberti does not explicitly 
indicate which method he prefers, he stresses the 
importance of drains “in maintaining the sanita-
tion of the city, the cleanliness of buildings […] 
and toward preserving the wholesomeness and 
purity of the air.”30 His emphasis on air quality—in-
formed, to be sure, by miasmic theory—favors a 
method of waste management that eliminates the 
source of miasma from the city.

Eliminating putrid air, however, is incompatible 
with the reuse of waste. As Gibson and Farrar ob-
serve, “If sewage does not putrefy, it is not bro-
ken down into simpler compounds which plants 
can utilize, and its useless for agriculture.”31 A key 
element of the medieval strategy was contain-
ment—the storage and concomitant putrefaction 
of waste prior to use. Thus Alberti’s emphasis on 
air quality clearly favors diffusion. The process of 
diffusion further undermines the use of waste as 
fertilizer by reducing the concentration of nutrients 
and decreasing the nitrogen content.32 The stench 
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of waste is therefore inseparable from its fertil-
ity. Laporte notes the historic ambivalence toward 
waste: sometimes praised as the best fertilizer, at 
other times it is considered unsanitary and wholly 
unfi t for use.33 Leonardo’s strategy takes a clear 
position in this debate.

Although Alberti wrote that waste could be dif-
fused into any body of water—river, lake, or sea—
Leonardo’s design for Romoratin emphasizes the 
movement of water, not merely diffusing waste 
but fl ushing it out of city. The natural movement 
of the river was not adequate for this task: his de-
sign calls for damming the river at the north of the 
city in order to create torrents of water that could 
rush through the city’s canals and sewers:

The course of the river shall not pass through 
the ditches that are within the city, so that 
when the river becomes turbid it shall not un-
load soil at the bottom of the said ditches. Wa-
ter, then, shall be given to these ditches by 
means of fl oodgates, so that it shall be used for 
the mills, as well as to sweep away the mud of 
the city and any other fi lth.34

This emphasis on movement had practical moti-
vation: slow water would allow silt from a “turbid” 
river to clog city sewers; and rushing water could 
serve the additional function of powering mills’ 
water-wheels. But moving water itself was also an 
important element of sanitation. Standing water 
was seen as dangerous because of its relation-
ship to miasmic air. Vitruvius, who was a source 
of inspiration for both Leonardo and Alberti, 
stressed the importance of moving water. Places 
like marshes in which water could not move were 
seen “merely [to] putrefy as they stand, emitting 
heavy, unhealthy vapors.”35 Leonardo’s design 
specifi cally avoids stagnant water that could cor-
rupt the air, favoring sluices and an underground 
sewer system to move waste out of the city.

The priority given to unobstructed fl ow is writ 
large in the city plan; wide, straight streets and a 
gridded network of canals provide easy movement 
of water, waste, and people—a dramatic reversal 
from the tightly-knit fabric of the medieval city. 
It was over a century later than William Harvey 
formulated his theory of circulation of the blood, 
and over two centuries after Harvey that Sir Ed-
win Chadwick applied this theory to city planning; 
but the concept was already clearly expressed in 
Leonardo’s design.

According to miasmic theory, health is explicitly 
linked to the elimination of foul air. Leonardo’s re-
markably modern design for the palatial privies 
goes to great lengths to prevent odors from seep-
ing into the rest of the building:

Let all privies have ventilation [by shafts] 
through the thickness of the walls, so as to ex-
hale through the roof. […] The rooms leading 
to the privies must be numerous and leading 
one into the other so that the stench may not 
penetrate into the dwellings, and all their doors 
must shut themselves by means of counter-
weights.36

This is a departure from typical royal residences, 
which were among the worst offenders in regards 
to sanitation, surrounded by cesspits and stag-
nant sewage.37

The strategy proposed by Leonardo—evacuation 
of waste via water fl owing through underground 
sewers, rational gridded cities, and ventilated 
bathrooms—anticipated a system of waste man-
agement that was not fully realized until the end 
of the nineteenth century. The debate between 
containment and evacuation—between sewers 
drained with water and cesspools cleared by man-
ual labor (“night-soil collectors”)—raged through-
out Europe during 1850s, with cholera taking 
the place of plague.38 Miasmic theory maintained 
its currency during this time, even as evidence 
mounted for germ theory; and the confl ation of 
odor and disease formed the foundation of the 
case for evacuation. By the end of the nineteenth 
century, combined waste and storm water sewers 
were becoming the norm across Europe.39 The ad-
vent of inorganic fertilizers dealt the fi nal blow to 
the medieval strategy of containment and reuse.

Matthew Gandy argues that another impetus for 
the expansion of sewers and the evacuation of 
waste in the nineteenth century was a changing 
standard of personal hygiene, motivated in part 
by a new sensibility regarding smell, that dra-
matically increased in the use of water in dwell-
ings. Whereas in medieval cities little water was 
used for bathing—washing was predominantly a 
collective activity40—the standards of cleanliness 
and privacy underwent a dramatic shift during 
the eighteenth and nineteenth centuries.41 Alain 
Corbin argues that standards of smell and odor 
are largely a social creation of this area.42 These 
factors—supported, if not created, by miasmic 
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theory—created a demand for private washrooms 
and individual toilets, and a parallel demand for 
private sewer connections to fl ush water away.43 
The aversion to odor made the alternative solution 
of containment unacceptable; and the demand for 
sewers fi gured heavily in their expansion and ul-
timate success.

Gandy observes that the loss of continuity be-
tween waste and agriculture—between city and 
country—paralleled a new view of nature. Waste 
was no longer productive, but rather annoying; its 
odor “began to lose the last semblance of its rural 
associations with fertility;” and nature became, for 
city dwellers, simply a site for recreation and lei-
sure—a commodity to be consumed.44 The organic 
economy—the exchange of nutrients between city 
and country—had been usurped.

The rationale for the modern strategy has 
been obscured by its ubiquity, and it remains 
interestingly inconsistent with modern rationality 
that its adoption is rooted in delegitimized 
miasmic theory. Some of these discontinuities 
are resurfacing—if not self-consciously—in the 
arguments being advanced by the sustainability 
movement.

SUSTAINABILITY: RECONSIDERING THE 
MEDIEVAL MODEL

As the sustainability movement has demonstrated, 
the modern waste management strategy, now in 
use around the globe, is not without its costs. The 
use of water as a medium for waste disposal is 
seen as a misuse of an increasingly scarce and 
vital resource. Supplies of fresh water are not 
replenished as fast as they are consumed, and 
water consumption is increasing. Already water 
scarcity is a major problem around the world. 
Furthermore, the dilution of waste in water—the 
strategy advocated by Leonardo and Alberti—itself 
does little in the way of sanitation. It relies on low 
concentrations of waste, yet the output of cities 
has long surpassed what rivers can assimilate 
naturally. In response, cities have deployed 
complex systems of sewage treatment, but the 
treatment is incomplete: toxins from cleaners, 
heavy metals, PCBs, and other pollutants 
frequently make it through the treatment facilities 
and are released into the environment, with 
increasingly problematic results.45 The treatment 

process often utilizes hazardous compounds 
and creates toxic byproducts.46 Moreover, the 
continued growth of cities has overwhelmed the 
capacity of many municipalities’ treatment plants. 
Major North American cities such as Chicago, 
Cincinnati, Montreal, and Vancouver routinely 
discharge untreated sewage into local bodies of 
water, primarily during rain events and as a result 
of the overfl ow of combined sewage and storm 
water systems.47

At the same time, the sustainability movement 
is rediscovering the value of waste. In Cradle to 
Cradle architect William McDonough and chemist 
Michael Braungart make the fundamental realiza-
tion that “waste equals food.”48 Their proposal at-
tempts to address the complex anatomy of the 
modern waste stream by sorting waste into two 
categories: “biological nutrients” that can biode-
grade, and “technical nutrients” that must be re-
cycled or reused by humans.49 This would mean a 
differentiated waste stream: the organic and the 
inorganic, would no longer share the same fate.

If there is a lesson to be learned from history, it 
is that changes in the strategy of waste manage-
ment do not leave the overall form of the urbs 
unchanged. What are the ramifi cations of imple-
menting the containment and reuse model in the 
context of the modern city? As Herbert Girardet 
demonstrates, the hyper-dense metropolis of to-
day relies upon a complex infrastructure that al-
lows it to draw resources from vast distances and 
export its wastes to other locales.50 Yet the prob-
lem of the medieval system was precisely this: 
containment and reuse was not feasible beyond 
a certain density. While hygienic improvements 
undoubtedly increase this limit, it is unrealistic to 
suppose that they eliminate it altogether. There 
remains a limit to the amount of waste that can 
be locally used or absorbed without adverse ef-
fects. It is therefore appropriate to ask whether 
the distributed and localized nature of sustain-
able systems—composting toilets, biodigesters, 
and bioremediation systems—is compatible with 
the centralized order of the modern city. What are 
the limits of these new systems in terms of local 
absorption capacity and settlement density, and 
what do these limits tell us about city form? Would 
their adoption precipitate a change in the overall 
order and scale of the city?

WASTE AND CITY FORM
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The reuse of waste features prominently in the 
proposed alternatives to the modern system, all 
of which create valuable end products from excre-
ment. How will these end products, namely com-
post, be put to use? Various proponents of urban 
sustainability have suggested a closer connection 
between the city and agricultural production, of-
ten in the form of urban agriculture.51 Propos-
als for urban agriculture have tended to suggest 
radically different settlement patterns than those 
of present-day cities.52 In order to answer larger 
questions about the form of the city, as well as 
questions regarding the feasibility and implica-
tions of containment and reuse at a large scale, 
future work in sustainable waste management 
must engage these issues: the reuse of waste, its 
relationship to agriculture, and limits of scale and 
density.

Leonardo’s design for Romoratin addressed the 
challenges of his time—urbanization, sanitation, 
and hygiene—by combining the science of the day 
(miasmic theory) with inspiration from to the past 
(Roman precedents). The result was a design that 
utilized moving water to eliminate waste from the 
city—a strategy that eventually changed the form 
of the city and ultimately made possible the hy-
per-dense metropolises of today. Now, sustainable 
design takes up the problems that the modern 
system has been unable to resolve. Using the sci-
ence of ecology, it addresses those conditions that 
have changed markedly since the Renaissance: 
an exploding population, scarcity of fresh water, 
and new forms of industrial waste. The strategy 
of evacuation is necessarily being questioned, but 
the debate is as yet fatally disconnected from the 
larger questions of the city, its supporting infra-
structure, and its relationship to agriculture. It is 
important to note that Leonardo’s design for his 
ideal city at Romoratin was inextricably linked to 
his notion of the ideal sewer.
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