M

echanical dewatering of biosolids is
becoming a standard process at many
wastewater treatment plants based on the need
to transport biosolids long distances for final use and
disposal or to subject biosolids to further processing. A
2004 national survey conducted by the North East Biosolids and
Residuals Association (NEBRA; Tamworth, N.H.) shows that more
than 900 U.S. plants now have mechanical dewatering, processing more
than 1.3 million ton (1.2 Mg) of biosolids per year. Of these, about 65% are
dewatered by centrifuges. Centrifuges generally can produce a drier cake but at a
higher conditioning chemical dose. Recent studies have shown that the high shear in
centrifuges also is a main cause of dewatered-cake odor.
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This article explores alternative dewatering
devices that do not impose comparable shear on
sludge yet provide potentially comparable cake
solids. Performance of these technologies, such
as rotary and screw presses, can be comparable
to centrifuges in some conditions. While these
alternatives potentially can perform comparably to
high-solids centrifuges, performance data are limited
for a wide variety of sludges.

Sludge Dewatering
Primary and waste activated sludge dewatering
has long been a challenge at wastewater treatment
plants. The two factors that influence dewatering
the most are the type and design of the dewatering
device and the nature of the sludge. Due to
the water affinity of sludge solids, mechanical
dewatering devices are inherently inefficient. Free
water, interstitial water, vicinal water, and bound
water each are held in sludge by varying forces. As
mechanical forces are applied during dewatering,
water is released from the sludge in reverse order of
how tightly they are bound until they reach a limit,
which is characteristic of the sludge. Since each
mechanical dewatering device applies forces in a
different way, the resulting cake dryness varies. The
conditioning process also has significant impacts
on dewatering.
Centrifuges are gaining popularity, especially
at large treatment plants, due to several benefits,
including
• a totally enclosed, continuous operation;
• relative ease of operation;
• relatively high throughput and cake solids;
• high solids capture; and
• compact and space-saving design.
The most common type of centrifuge used in the
wastewater industry is the solid-bowl decanter (see

Figure 1, below). Decanters dewater by applying
high centrifugal force to the sludge slurry, conveying
solids from the bowl up the “beach” of the conical
section, where the cake is squeezed and discharged
from the unit at the end of the beach. Because sludge
is introduced to the center of the bowl and subjected
to centrifugal forces up to 3000 G, it is subjected to
extremely high shear forces.
Belt presses, on the other hand, apply to the
solids only a fraction of the shear that centrifuges
apply. Feed solids usually are introduced into a
feed box via pumping and distributed across the
dewatering surface under atmospheric pressure.
As free water drains, a thin layer of cake is formed
which builds up as the sludge is moved into the
shear zone and pressure zone. One 2006 study
reported that the shear applied by a centrifuge (as
measured in shear-rate values) is as much as 10
times that of a belt filter press.
Recently, results of a Water Environment
Research Foundation (Alexandria, Va.) study found
that anaerobically digested solids after dewatering
by centrifuges contained elevated concentrations
of fecal coliform. It also was found that centrifugedewatered solids had higher odor potential. It was
postulated that high-shear dewatering caused
changes to the solids structure, resulting in regrowth
or reactivation of pathogens and generation of odor.
While further research is under way to confirm these
observations, the findings to date have caused many
municipalities to scrutinize their dewatering choices
more closely, especially if they have anaerobic
digestion at their plants and intend to continue with
Class A or Class B land application.

Alternative Dewatering Technologies
Given the potential negative impacts of high-shear
dewatering, municipalities are looking for alternative

Figure 1. Cross Section of a Solid-Bowl Decanter
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Figure 2. Cross Section of a Rotary Press

devices with comparable or better performance. The
industry in general has been developing alternatives
that provide benefits similar to the centrifuge
without subjecting the sludge to high shear. These
devices include the rotary press, screw press, highsolids belt filter press, and electrodewatering. Each
of these technologies is described below.
Rotary Press. The rotary press was developed
in Canada in the 1980s with its first municipal
installation in Quebec. During the next decade, the
rotary press slowly gained wider use in Canada,
while the first U.S. installation was in Tennessee
around 1999. The rotary press dewaters by filtration
and squeezing through rotating screens (see Figure
2, above). Sludge is first conditioned with polymer
and fed into a rectangular channel formed by the
rotating screens at speeds up to a few revolutions
per minute. At the channel outlet, a restriction
allows pressure to build up to form a cake, which is
eventually extruded from the channel. Both the inlet
and outlet pressure can be adjusted automatically
to changing feed solids. Modular units can have up
to six channels per machine.
Screw Press. The screw press comprises a
rotational helical screw inside a cylinder made
of perforated sheets or longitudinal bars. Sludge
usually is fed into one end and discharged from
the other end. As sludge moves through the press,
it is subjected to increasing pressure created by a
decrease in the distance between the cylinder and
screw. The reduction is achieved either by a conical
cylinder or a screw with varying diameter. There

are at least two screw press suppliers in the United
States: One utilizes an inclined screw configuration,
while the other uses a horizontal arrangement. To
facilitate throughput rates, prethickening of the feed
sludge is often employed.
High-Solids Belt Filter Press. Belt filter presses
(see Figure 3, p. 63), first developed in the 1960s, are
one of the most common dewatering devices in the
wastewater industry. The NEBRA survey indicates
that at least 650 wastewater treatment plants use
a belt filter press. Among the modifications and
improvements made over the years are the inclusion
of the gravity drainage zone, variations in the wedge
zone design, roller arrangements in the pressure
zone, and enclosure of the unit for worker safety
and health. More recent improvements include
the extension of the pressure zone with additional
rollers.
Electrodewatering. Electrokinetic processes
for dewatering have been considered and tried
for some time, but, until recently, commercialscale application had been unsuccessful.
Electrodewatering holds promise in overcoming
the inherent limits on traditional mechanical
dewatering as detailed above. Electrophoresis
and electro-osmosis are the processes involved in
electrodewatering. Electrophoresis is the migration
of particles through the liquid phase due to the
electrical gradient, whereas electro-osmosis is
the migration of water through solids as the cake
builds up during dewatering. By applying an electric
field on a dewatering device, negatively charged
particles are attracted to the anode while cations
in the solution migrate to the cathode. This has
been shown to aid in the separation of solids and
liquid in hard-to-dewater slurries. Electrodewatering
has been applied in recessed-chamber filter presses
and belt filter presses. In the latter case, conductors
woven into geosynthetic belt materials at specific
spaces are used to apply a voltage gradient to the
sludge. Alternatively, voltage is applied to two belts
sandwiching the cake.

Performance
Since several of these technologies have not
been applied extensively in the United States,

Rotary Press Performance at U.S. Municipal Facilities*
Sludge blend
Mixed primary/WAS
WAS only
Primary only

Feed solids, %

Cake solids,%

Solids capture, %

Range

Average

Range

Average

Range

Average

2–8

3.8

20–40

28

90–99

97

0.7–2.7

1.6

12–23

18

93–98

96

5–10

6.6

30–50

37

90–95

93

WAS = waste activated sludge.
*From a 2005 CDM (Cambridge, Mass.) study.
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Figure 3. Cross Section of a Rotary Press

available performance data are limited. Both rotary
and screw presses are relatively sensitive to sludge
characteristics. In a survey of rotary press facilities
conducted in 2005 by CDM (Cambridge, Mass.),
considerable variations in dewatering performance
were reported dependent on sludge characteristics
(see table, p. 62). Facilities with a mixed primary
sludge and waste activated sludge (WAS) produced
cake solids of 28%, with a 97% average capture rate.
Cake solids and capture ranges for mixed sludge
facilities are 20% to 40% and 90% to 99%, respectively.
Facilities dewatering only WAS produced 18% cake
solids with a 96% capture. Facilities dewatering
primary sludge performed the best, with average
cake solids of 37% and a 93% capture rate.
The results of the survey support two of the
findings from pilot studies conducted in the midAtlantic region and South Carolina: Higher cake
solids are obtained with higher influent feed solids,
and fiber content is an extremely important factor in
rotary press performance. Fiber is critical because
it increases the friction created in the channel and
thereby enhances dewatering. Piloting conducted in
Brockton, Mass., also suggests presses have difficulty
with sludge that has a gelatinous quality from long
storage. Sludge also can have a slimy consistency due
to influent characteristics, making influent sludge a
key consideration. The average cake solids result is
27% for facilities with a primary sludge content of at
least 30% by volume; the average from pilot plants
is 23%. The data suggest rotary press performance
begins to fall off when the primary sludge content
decreases to 30% or 35% of the total feed sludge.
In a pilot test conducted at the South Cary (N.C.)
Water Reclamation Facility, aerobically digested WAS
dewatered to only 11% to 14% solids. This is lower
than what was reported in the survey.
©2008 Water Environment Federation. All rights reserved.

Another parameter that could affect the
performance of the rotary press is the consistency of
the sludge blend. There has been little documentation
on the effects of sludge variability on rotary press
efficiency. One survey reference reported that, during
spring, the plant tends to receive a higher amount of
sand. This change in sludge characteristics caused
the presses to produce thick and thin patches.
Performance data for screw presses are limited.
One 2005 study reported that an inclined screw press
facility in Maine dewatering a blend of 49% primary
sludge to 51% WAS resulted in cake solids of 21%.
Another study conducted pilot testing of a Japanese
screw press on anaerobically digested primary
sludge and WAS that achieved approximately 23%
cake solids.
Data from one full-scale electrodewatering facility
in Canada show that screw presses dried sludge
from 15% solids to more than 30% solids. A series of
tests on a bench-scale filter press reported a solids
concentration exceeding 50%. Similar results were
reported by other researchers.
Performance of technologies such as the rotary
press and screw press can be comparable to
centrifuges in some conditions, but in most cases,
they are inferior to what can be obtained from
high-solids centrifuges. Based on available data
in the literature, electrodewatering holds promise
for significantly increasing the ability to dewater
wastewater sludge. Further testing and development
of full-scale dewatering devices will provide more
useful data in applying this technology to different
types of sludge.
K. Richard Tsang is a vice president and residuals and biosolids discipline leader in the Raleigh, N.C.,
office of CDM (Cambridge, Mass.).
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