RETHINKING WATER TREATMENT
by Ethan Jackson

WASTING WATER

Current wastewater treatment practices are inefficient. Modern designs require large amounts of
energy to power mechanisms that natural processes aready perform. Additionally, typical practices
generally dump the treated water into the nearest waterway, offering no replenishment of resources [1].
As populations rise, water resources fall and climate change threatens the dependability of our water
sources, it is tantamount to survival that urban infrastructure close its water cycle [2]. We must not let
our wells run dry, and be forced to confront the true price of water.

Treatment must be self sustaining and produce as few unusable end-products as possible.  Waste isa
human invention; virtualy every biological product serves a purpose for another life form. By
harnessing these processes we can reduce energy requirements while purifying our wastewater to
drinking standards.

A SOLUTION

The Vertical Farm has the potential to clarify municipal graywater (treated non-potable wastewater) to
drinking standards by simply growing crops. It is aso possible to use other mechanisms to power
treatment processes by using the energy inherent in wastewater streams. For example, filter feeding
organisms can benefit from consuming impurities in sewage effluent. Additionally, processes such as
pyrolysis have the potential to extract viable fuel oil from sewage sludge to power the treatment.

A hypothetical design is proposed in which a portion of New York City's 1.4 billion gallons of daily
municipal wastewater is treated to irrigate a Vertica Farm in Manhattan [3]. These processes require
less total energy consumption when considering all energy needs for the total waste management
process. Thefina product, distilled water, can be reinstated into the city's drinking water supply.

THE PROCESS

Separation of solids and liquids has long been viewed as an efficient approach to treatment. Processing
begins with high speed centrifuges which are currently used as an integral step in NYC sludge
dewatering [3,4]. Though centrifugation draws more energy than other dewatering processes, it greatly
reduces human exposure to pathogens and odors, a significant concern in densely populated areas [5].

As shown in the flowchart below, collected sewage, or blackwater, is centrifuged into separate effluent
and solids streams and treated independently. Effluent treatment begins with piping to Ward's Island
for zebra mussel filtration.

Effluent Treatment
The zebra mussel (Driessena Polymorpha) is widely considered one of —
the most effective filter feeders on the planet. The one-quarter square
inch shellfish has the ability to filter one quart of water per day,
consuming particulates 0.7 microns to 0.75 millimeters in size [6]. This S Q
includes silts, clays, and large pathogens such as worm eggs and more S
notably Cryptosporidium and Giardia. These cysts are particularly (
dangerous organisms in human waste, and their removal defines a current
EPA standard for disinfection [7]. Zebra mussels are so effective at
filtering water that they have been credited with cleansing Lake Erie to
the point of nearly exterminating the phytoplankton population [8].
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First brought to the Great Lakesin the late 20" century, this fresh water
creature has monopolized nearly every aquatic ecosystem it has
reached [6]. Its invasive history demands careful containment
measures. Ward's Island is an ideal location for zebra mussel filtration
because it is aready home to an NY C wastewater treatment facility,
and is surrounded by marine water. This is useful because zebra
mussels are intolerant of salt water environments brackish water
defines the current population front in the Hudson River (which is
- notably clearer since their introduction) [9]. Feeder filtration on a
- marineisland would add an additional degree of containment.

Source: EPA

The current filtration design involves cascading .
waterfalls in which effluent flows down a series
of walls coated with several thousand zebra '
mussels (see figure). Each wall empties to a
tank, which drains to another wall. This not
only ensures maximum effluent contact with the
animal, it offers information towards the
efficiency of this novel technology. A 10' x €'
wall with a single layer of mussels could filter
over 8,000 gallons of effluent each day. Thisis
a conservative estimate wehen considering the
prolific nature of the anima. Ensuring a
populated wall surface is more dependent on
available nutrition than reproduction a single
female lays approximately 100,000 eggs per
year [10]. Therefore, the zebra mussel eggs
must be neutralized.

Ultraviolet irradiation immediately following feeder filtration will remove not only the threat of zebra
mussel infestation down stream, but also inactivate any pathogens too small for feeder filtration
(bacteria and viruses). Ultraviolet light does not kill, but rather prevents the accurate reproduction of
DNA [11]. Though UV irradiation is energy intensive, it replaces the larger energy demand of
activated dudge treatment which is a common process typically drawing half of a treatment plant's
energy [12]. This also displaces the need for effluent exposure to chlorine disinfection, eliminating the
possibility of hazardous disinfection by-products.

A two-phase sand and activated carbon filtration system
will follow sterilization to remove any inactivated
| particulates not consumed, such as mussel eggs. This
ensures a particle-free irrigation supply to the Vertica
Farm pipes and in turn the crops, the final treatment step to
drinking water.

As the graywater irrigates the farm, photosynthesis
* naturally produces water vapor by evapotranspiration.
Pipes flowing with chilled brine will condense atmospheric
water vapor on the outer surface and collect underneath in
a drainage basin. Following water quality testing, the
water is reintroduced into the municipal water supply.

Source: Verticalfarm.co



Solids Treatment

Though the sludge end-product is planned for landfilling, the energy demands for processing are
significantly reduced. While a typical sludge treatment process dries sludge to a 'cake' for landfilling,
New York City currently processes much of its sludge to EPA accepted fertilizer pellets, which are
shipped across the country to Texas, Florida, and other agricultural states [3]. Though most of the
waste is reused, processing and shipping the pellets requires copious amounts of fossil fuel, thus
hastening the consequences of climate change. New York also utilizes methane digestion which is
often energy sustaining, but requires large retention times, enormous processing tanks and produces
noxious odors that require careful monitoring [3,4]. Pyrolysis, on the other hand, is a relatively fast
process and has potential to power itself aswell [13].

Following centrifugation, sludge is dried and pelletized to increase
treatment efficiency. The pellets are then exposed to a pyrolysis
chamber. Volatile gases from materials are released by exposing the
pellets to high pressure and temperature (~800°F) in an anaerobic
environment, alowing them to escape the solids without combusting.
' The end products, combustible gases and benign char, can be reused.
& The gases can be condensed into a diesel-like fuel, commonly referred
0 as bio-oil, which has potential to power the process [13]. There are
also potential applications for the char such as building materials and
soil amendment, but currently the most viable solution is landfilling.
Though landfilling still requires transportation, daily waste disposal
requires less energy than trucking across the country and far less than
Source: Dynamotive.com trucking a dewatered sludge cake to the same landfill.

Pyrolysis also offers potential for energy recovery from crop refuse and local restaurant food-waste.
Any excess power generated could be put into the grid and waste heat could serve as climate control for
the farm in winter months. If the sludge process can indeed power itself, a carbon neutral system will
replace the fossil fuel demand. Any carbon sequestration measures taken could lead to a carbon
negative power supply.
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