WiLLIAM BRAHAM
WASTE, WORK & WORTH

FOR MOST OF HUMAN HISTORY, PEOPLE COULD BE DIVIDED INTO
TWO CLASSES: THOSE WHO CARRIED THEIR DAILY WATER, AND AN ELITE WHO HAD
SOMEONE ELSE CARRY IT FOR THEM. WATER IS QUITE HEAVY; APPROXIMATELY 8
POUNDS PER GALLON AND MOVING IT TAKES WORK. AS A RESULT, IT IS LITTLE
SURPRISE THAT PEOPLE WHO HAVE TO CARRY WATER USE ONLY A FEW GALLONS
A DAY FOR DRINKING, COOKING, BATHING, AND CLEANING. WHEN WATER CAN BE
SUPPLIED WITHOUT HUMAN WORK, THE AMOUNT OF WATER USED EACH DAY INCREASES
DRAMATICALLY. IN ROME, AT THE TIME OF THE EMPIRE, WATER WAS DELIVERED TO
NEIGHBORHOOD FOUNTAINS, APARTMENT BUILDINGS, AND THE RESIDENCES OF THE
WEALTHY, SO AFFLUENT CITIZENS USED UP TO THE LUXURIOUS VOLUME oF 150
GALLONS PER DAY. THE CORRELATION BETWEEN WORK AND WATER EXEMPLIFIES
THE CLASSIC PARABLE OF TECHNOLOGICAL INNOVATION, IN WHICH HUMAN LABOR
IS REPLACED BY MECHANICAL (OR HYDRAULIC) INGENUITY AND THE AMOUNTS
OF WORK (OR WATER) THAT CAN BE DELIVERED ARE DRAMATICALLY INCREASED.






FAIRMOUNT WATER WORKS

WITH ABUNDANCE, HOWEVER, COMES WASTE. IN
1842, CHARLES DICKENS VISITED THE PHILADEL-
PHIA WATERWORKS, PART OF THE FIRST MODERN
WATER SUPPLY SYSTEM, AND EXPRESSED HIS
SURPRISE AT THE WASTE:

Philadelphia is most bountifully provided with
fresh water, which is showered and jerked
about, and turned on, and poured off, every-
where. ... The river is dammed at this point,
and forced by its own power into certain high
tanks or reservoirs, whence the whole city, to
the top stories of the houses, is supplied at a
very trifling expense.

THE WATERWORKS WAS BUILT THIRTY YEARS
PRIOR TO DICKENS’S VISIT AND HAD RAPIDLY

BECOME A MODEL FOR METROPOLITAN WATER
SYSTEMS ACROSS THE COUNTRY AND AROUND
THE WORLD. AS THE MODEL SPREAD, SO TOO DID
INCREASES IN WATER USE, LARGELY DUE TO THE
INSTALLATION OF PRESSURED AND PIPED SUPPLY
SYSTEMS. MUCH OF THAT FLOW WAS LOST IN THE
LEAKY SYSTEMS OF DISTRIBUTION AS THEY WERE
EXTENDED INTO HOUSEHOLDS AND BUSINESS,
BUT SINCE THE SUPPLY WAS RARELY METERED
UNTIL THE TWENTIETH CENTURY, THE POPULA-
TION WAS FREE TO EXPLORE USES OF WATER THAT
HAD BEEN UNIMAGINED BY EVEN THE WEALTHY
BATHERS OF PREVIOUS GENERATIONS.

EMBODIED BATHING

WASTE

As water consumption exceeded the capacity of local
ecosystems to simultaneously provide fresh water and
absorb waste, water intakes were extended and distribu-
tion systems made more efficient. However, consump-
tion continued to increase as Philadelphians began to
experiment in new ways with a readily available water
supply. In a report of 1900, it was noted, that “the aver-
age daily consumption in Philadelphia has risen from 36
gallons per capita in 1860, to 215 gallons in 1897.” As a
result, municipal engineers began seeking the installa-
tion of meters to help moderate rates of use. These dra-
matic increases in consumption can seem quite abstract
in the engineering reports, so it is important to recog-
nize the dramatic changes in personal habits that were
accompanied by the hundreds of gallons that began
flowing through households. At its most fundamental,
this cultural change involved a transformed concept of
cleanliness, both of the water and of those that used it.

In the final chapter of Mechanization Takes Command,

Siegfried Giedion examined this change through the
history of the modern bathtub, contrasting it with the
public bathing habits of the ancient world and locat-
ing the shift to private cleansing in the political and
corporeal anxieties of the early modern period. It can
be hard to imagine a regime of cleanliness so differ-
ent from our own, in which daily bathing prevails. The
change in concept and degree didn’t happen all at once
(or everywhere at the same rate), but as we consider
the subject of water use in the twenty-first century, it is
imperative to understand the moist evolution of habits,
habitats, and inhabitants that are involved in the new
technologies of water use. An infrastructural alignment
and a public health regulation illustrate this evolution.

The installation of the first water supply systems typi-
cally preceded the construction of sewage systems,



“THE CONCISE LINES OF THIS WHITE BATHTUB WILL PERHAPS BEAR WITNESS
TO LATER PERIODS FOR THE OUTLOOK OF OURS AS MUCH AS THE AMPHORA
FOR THE OUTLOOK OF FIFTH CENTRY GREECE. IT IS A LUXURY ARTICLE,
WHICH THE COMBINATIONS OF REFINED METALLURGICAL AND TECHNICAL
SKILLS TRANSFORMED INTO A DEMOCRATIC UTENSIL. IN ITS OWN WAY,
THIS DOUBLE-SHELL TUB, WHICH ON THE OTHER SIDE OF THE ATLANTIC
STILL SMACKS OF LUXURY, NUMBERS AMONG THE SYMBOLS OF OUR TIME.”
GIEDION

sometimes by decades. Dirty water was simply dumped DISEMBODIED BATHING
into existing yards, privies, and drains until they over-
flowed, causing a host of problems and demanding an
investment in sewage piping and closed sewers. This
ultimately ushered in the armature of modern plumb-
ing, which uses one set of pipes for clean water and
another for dirty. The real acceleration in water use be-
gan once the two systems were aligned, when the drain
for dirty water was located below the faucet deliver-
ing clean water. Public health officials quickly learned
about the dangers of letting the systems connect, with
one person’s dirty water siphoning back into another
person’s supply pipes, and so legislated a minimum
“air gap” between the bottom of a faucet and the top
of a bathtub or sink. The diagram of the alignment be-
tween faucet and drain, with its hygienic gap and simple
backflow prevention mechanism, describes the realiza-
tion of a powerful new technology for maximizing the
conversion of clean water into dirty. You don’t have
to touch water; all you have to do is turn on the tap.

Giedion posed the question of bathing as a choice be-
tween cleansing and leisurely regeneration, and hoped
that a recovery of the more public forms of bathing
might help redeem industrialized culture. However, he
also recognized the power of the new technologies of
the bathroom, and their luxurious appeal. To Giedion,
the smooth white tub signaled much more than the
fruit of advanced metallurgy; it symbolized the luxury

MIGRATION & EVOLUTION OF BATHING IN

EUROPE: “THE MANNER IN WHICH A CIVILIZATION
INTEGRATES BATHING WITHIN ITS LIFE, AS WELL AS THE

of hot and cold running water itself (“on every floor” TYPE OF BATHING IT PREFERS, YIELDS SEARCHING INSIGHT
as hotels used to advertise). The term luxury is quite INTO THE INNER NATURE OF THE PERIOD.”
precise in this situation, meaning the willful and visible GIEDION

expenditure of wealth, in the form of an unnecessary
expenditure of some of that massive hydraulic power.
Arguably, the first gallon or so a day is a biological neces-
sity, but the rest is a luxury to which we have become
accustomed.



WORK

The water delivered through modern pipes is luxurious
in two ways. First, is freedom from the mostly physical
work of lifting and conveying all that water. This en-
tails, on the part of most municipal water systems, the
moving of water that is already fresh, drawing it from
lakes, rivers, and underground aquifers, filtering it for
particulates, and then pumping it through the mas-
sive water supply infrastructure under pressure. The
typical cost of the water supply, whether paid through
taxes or individual meters, covers the work of building
and operating that hydraulic enterprise, which increas-
ingly includes some amount of chemical purification.
This brings us to the second luxury, the “freshness” of

water. The largely biochemical work of distilling and
cleaning water adds value that becomes starkly appar-
ent in regions where water re-use is necessary. In such
cases, freshness can be achieved by distillation, boiling
and condensing water using large sources of heat, or by
osmotic filtration under very high pressure, using elec-
trically powered pumps. The amount of electricity used
to power the osmotic process for cleaning dirty water
can be up to ten times greater than that used in facili-
ties which start with fresh water sources. This makes
evident some of the work already performed by the
biosphere to make the fresh water in lakes and rivers.



Water filtration methods can also be applied to sewage,
in a process called “toilet-to-tap,” which according to
a county official in San Diego, is “one of the most ex-
pensive kinds of water you can create.” While he was
referring to the economic cost, that expense also re-
flects the tremendous amount of work that natural wa-
terways provide up until their biological processes are
overwhelmed. Toilet-to-tap is is really just the final step
of water recycling implemented to reduce the burden
on local ecosystems that began when American legisla-
tors enacted the Clean Water Act of 1948. Along with
the revisions of 1972, this legislation made the common
practice of dumping raw sewage illegal and required ef- POTABLE WATER | DISINFECTION $120

COMPONENT COSTS: 30 MGD
fluent to meet secondary treatment standards, mostly
through the elimination of biodegradable organics.
Most of that treatment work is performed in sewage COAGULATION & FILTRATION 5540
treatment facilities by microbes similar to those found
in natural waterways, which consume the organic mate- |
rial as food, converting it to carbon dioxide, water, and \ MEMBRANE SOFTENING $590
heat. They biologically neutralize wastewater before it
is returned to waterways, where some of it is simply ex-
tracted again for the water supply system. A common
urban saying is that the river water of major cities is
“drunk seven times between the source and the sea.”

WASTEWATER REUSE $250

LIME SOFTENING $410

REVERSE OSMOSIS S601




WORTH

In spite of all the work that goes into water treatment,
anxieties about cleanliness and the last step from sew-
age to drinking water are profound. San Diego ultimate-
ly decided to pump its osmotically filtered sewage water
into local aquifers, where it actually became somewhat
less pure before it is subsequently withdrawn again for
consumption. However “laundering” water in this way
more adequately satisfies public superstition about
cleanliness. This is a fascinating perception, in which
we trust the natural processes of the hydrologic cycle
to deliver cleanliness, while counting their services
as “free,” but we distrust the engineered services for
which we have to pay. Pristine nature versus imper-
fect people perhaps, but the distinction highlights the
rrrrrr difference between common sense perceptions and
the economic exchange value of natural resources. As
long as the human uses of a river are within the capac-
ity of the waterway to clean itself, the exchange value
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ering it. But once the renewal capacity is exceeded, as
consumption grows past those limits, the real price of
purifying and delivering the water becomes evident, as
costlier forms of work and greater quantities of energy
are required to reproduce the natural supply. Munici-
pal engineers can purify seawater and recycle sewage
to augment or even replace fresh water supplies, but
it requires tremendous amounts of work to do so. In
other words, the luxury of abundant fresh water is pur-
chased with work, whether through the “free” work of
the biosphere or the paid work of the technosphere.

As ecological economists have demonstrated, monetary
costs undervalue the contribution of the biosphere un-
til its capacities are exceeded. An alternate approach
for evaluating environmental work (and worth) is bio-
physical accounting. In the method developed by H. T.
Odum, every form of energy transformation is tracked
to provide a common evaluation of the many different
kinds of work and resources required to deliver fresh
water. Ultimately all the work performed in the bio-



sphere can be traced back to the sun, whether as part
of the hydrologic cycle, the human conversion of fossil
fuels to work, or the production of food to support hu-
man labor. Putting these many different contributions in
the common terms of solar embodied energy (solarem-
joules, sej) enabled Andres Buenfil to quantify the to-
tal cost of the different delivery mechanisms for fresh
water in Florida. The clean water delivered to a lake
involves about 250 million sej per cubic meter of water.
Not surprisingly, the least expensive fresh water supply
was a municipal system drawing fresh water from a lake,
which required about one trillion sej per cubic meter.
Using an osmotic filtration system with brackish water
doubled that cost, while a system purifying seawater
was over seven times as expensive. This largely confirms
the conventional engineering ranking, but reinforces
the contribution of ecosystem services and the value
of maintaining the health of existing watersheds. Of

course the most expensive method of delivering fresh
water is in plastic bottles, which requires over 150 times
as much total work and energy as the municipal sup-
ply from a lake, even when the water had been drawn
from the same fresh water source. It turns out to be
much, much more expensive to drive water in a diesel-
powered delivery truck than to pump it through pipes.

Life unavoidable generates waste, and the ubiquitous
plastic bottle of water stands as a symbol of the par-
ticularly wealthy life-style of the early twenty-first cen-
tury. It is a wealth obtained by extracting work from a
biosphere reaching the limits of its capacity to provide
more fresh water and absorb more wastes. However
there is a more human lesson to be taken from this brief
history. Clean water isn’t valuable because it is scarce, it
becomes scarce because it is so useful. Water is a pow-
erful agent of chemical transformation and of heat and
mass transfer, which is integral to most biological activi-
ties and many social and symbolic ones as well. We sim-
ply use water to the point of scarcity, and that is what
makes its abundant use so luxurious.
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ENERGY SYSTEMS: POTABLE TAP WATER FOR
CONSUMERS IS THE RESULT OF A COMPLICATED MATRIX
OF ENERGETIC AND MATERIAL INPUTS STEMMING FROM
INDUSTRIAL AND ECOLOGICAL SYSTEMS.
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