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(54) Control of sludge temperature in
autothermal sludge digestion

(57) In a process for controlling the
autothermal aerobic digestion of sludge
wherein sludge is mixed with an oxygen-
containing gas in a covered diges-

tion zone to form an aerated mixed
liquor, the oxygen-containing gas is
introduced into the mixed liquor being
aerated at an oxygen concentration of
at least 20% by volume, in sufficient
quantity and rate to dissolve at least
0.03 pounds of oxygen per pound of
total volatile solids content in the
sludge introduced into the covered
aerobic digestion zone, and the volatile
solids content of the aerated mixed
liquor is maintained at a high level, the
temperature of the aerated mixed liquor
is sensed, and the rate of introducing
oxygen-containing gas into the aerated
mixed liquor is controlled in response
to the temperature sensing by increas-
ing the rate of introduction of the
oxygen-containing gas when tempera-
ture of the aerated mixed liquor de-
creases and by decreasing the rate of
introduction of oxygen-containing gas
when the temperature of the aerated
mixed liquor increases, to maintain
temperature of the aerated mixed liquor
within predetermined limits.

“The drawing(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION

Control of sludge temperature in autothermal
sludge digestion

This invention relates generally to a method for
controlling sludge temperature in the autothermal
aerobic digestion of such sludge.

U.S. Patent Application Serial Number 027,801
filed April 6, 1979 in the names of M.S. Gouid et al
describes a process for digestion of sludge wherein
the sludge is oxygenated with an aeration feed gas
containing at least 20% oxygen {by volume) in a first
digestion zone at temperature of from 35° to 75°C to
partially reduce its biodegradable volatile solids
content. The resulting partially stabilized sludge is
then anaerobically digested in a covered second
digestion zone at temperature of from 25°to 60°C to
yield a further stabilized sludge residue. In this
process, the aerobic digestion in the first digestion
zone is conducted for sludge retention time of 4 to 48
hours or, as alternatively specified, so as to reduce
the volatile solids content of the sludge introduced
to the first digestion zone by from 5 to 20%.

Within the above-mentioned broad ranges of
sludge temperature and retention time, several
embodiments of the foregoing process are possible.
In one particularly advantageous embodiment, an
autothermal aerobic digester is positioned in front of
an anaerobic digester. Feed sludge having a relative-
ly high total suspended solids content, e.g., 30,000
mg/l, is introduced into the aerobic digestion zone
along with an oxygen-containing aeration feed gas,
preferably containing at least 50% oxygen (by
volume). The aeration feed gas preferably contains
at least 50% oxygen {by volume), inasmuch as heat
losses associated with an oxygen-containing gas of
a lower oxygen concentration tend to become
sufficiently large as to hinder autothermal thermo-
philic operation. Such high oxygen concentration
gas is also preferably employed in order to secure an
increased rate of oxygen mass transfer to the sludge
during aerobic digestion to in turn provide an
intensified aerobic digestive action.

In the aerobic digestion zone, the oxygen-
contaning aeration feed gas is contracted with the
sludge, with aerobic digestion being continued for
sufficient duration to satisfy one of the sludge
retention time limitations (sludge retention time or
sludge volatile solids reduction) discussed earlier
herein. By utilizing a propertly insulated, covered
aerobic digestion zone, by maintaining the total
solids content of the sludge in the aerobic digestion
zone at a high level, and by utilizing a high oxygen
content gas, one is able to maintain thermophilic
operating conditions, i.e., a temperature of between
45° and 75°C, in the aerobic digestion zone autother-
mally.

Thermophilic operation of the aerobic digestion
zone is preferred for several reasons. First, the rate
of digestion in the aerobic digestion zone is directly
related to temperature, with higher temperatures
generally corresponding to high rates of digestion.
As a result, the retention time necessary to achieve a
given level of aerobic digestion will be shorter at
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higher temperatures. Second, by operating at the
thermophilic temperatures one is better able to
maintain the subsequent anaerobic digester in the
process within its optimum temperature range re-
gardless of ambient temperature variations. Finally,
by operating at thermophilic temperatures, and
more specifically by operating at temperatures
above about 50°C one is able to ensure that the
partially stabilized sludge discharged from the aero-
bic digestion zone is completely pasteurized. Pas-
teurization is a reduction of the concentration of
pathogenic organisms in the sludge.

Following initial aerobic digestive treatment, par-
tially stabilized sludge is passed from the aerobic
digestion zone to an anaerobic digestion zone. In the
anaerobic digestion zone, the sludge contents of the
zone are continuously mixed, thereby creating a
large zone of active decomposition and significantly
increasing the rate of the stabilization reactions. A
further stabilized sludge and a methane- containing
digester gas produced in the anaerobic digestion are
separately discharged from the anaerobic digestion
zone.

The above-described digestion process has
proven to be extremely stable in operation and
highly resistant to process upsets due to fluctuations
in process operating conditions, such as are com-
mon to conventional anaerobic digestion processes.
Moreover, by utilizing biologically generated heat
developed in the aerobic digestion zone to thermally
stabilize the anaerobic digestion zone, more of the
heat energy produced by the anerobic digestion {i.e.,
in the form of combustible digester gas) is available
for other uses. Nevertheless, this aerobic/anaerobic
digestion process does have one significant draw-
back in commercial use. Due to variations, both
periodic and non-periodic, in the strength (biodegra-
dability), solids concentration and feed rate of the
sludge introduced into the aerobic digestion zone,
the temperature in such digestion zone may vary
significantly. This temperature variation is evident
even through the changes in strength, solids concen-
tration and feed rate of the influent sludge to the
aerobic zone are within the broad limits of operabil-
ity disclosedin U.S. Serial Number 027,801 forthe
aerobic/anaerobic sludge digestion process. Such
changes in the character and flow of the influent
sludge to the aerobic digestion zone may thus
adversely effect the operation of the plant and the
associated efficiency of sludge digestion treatment.

As an example of the foregoing, a sudden de-
crease in the amount of the sludge feed to the
aerobic digestion zone gives rise to an increased
sludge retention time in the aerobic digestion zone,
the retention time being inversely related to the
volumetric flow rate of sludge fed to the zone. The
sudden decrease in the amount of sludge fed to the
aerobic digestion zone will result in the temperature
rising above the value selected for optimum opera-
tion at steady-state conditions and design values.
Such undesirably high temperature condition gives
rise to an excessive usage level of oxygen, as based
on a unit mass of sludge in the aerobic digestion
zone. Apart from increasing the operating costs for
the digestion system due to increase oxygen con-
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sumption an excessive oxygen utilization level also
results in a reduction of the quantity of volatile solids
in the sludge that is fed to the subsequent anaerobic
digestion zone. Such volatile solids reduction in turn
reduces the amount of methane gas that can be
produced by the downstream anaerobic step. On the
other hand, an excessively low temperature in the
aerobic digestion zone, such as may occur dueto a
sudden increase in the feed rate of sludge intro-
duced to the aerobic digestion zone, may resultin
inadequate pasteurization of sludge, so that
pathogenic organisms are passed from the aerobic
digestion zone into the subsequent anaerobic diges-
tion zone and ultimately pass out of the treatment
system with the further stabilized sludge product
from the anaerobic digester.

Finally, temperature fluctuations in the aerobic
digestion zone may if of sufficient magnitude, cause
temperature fluctuations in the anaerobic digestion
zone, such as could lead to an upset in the digestive
process conducted in the latter zone.

Accordingly, itis an object of the present invention
to provide a method for controlling temperature of a
sludge being treated in an autothermal aerobic
digestion zone.

It is another object of the invention to provide a
control method which modulates the consumption
of oxygen-containing aeration feed gas in a highly
efficient manner, as well as limiting the extent of
digestion is an auto-thermal aerobic digestion zone
disposed upstream of an anaerobic digestion zone,
in such manner as to ensure that methane produc-
tion in the downstream anaerobic zone is maxi-
mized.

According to the present invention there is pro-
vided a process for controlling the autothermal
aerobic digestion of sludge wherein the sludge is
mixed with an oxygen-containing gas in the pre-
sence of aerobic micro-organisms in a covered
digestion zone to thereby form an aerated mixed
liquor therein.

The improvement of the invention comprises the
following steps:

{a) maintaining the total volatile solids content of
the sludge above at least 20,000 mg/l;

(b) maintaining the total volatile solids content of
the aerated mixed liquor above at least {100 -X)% of
the total volatile solids content of the sludge,
wherein X = 60 times the ratio of the biodegradable
volatile solids content of the sludge to the total
volatile solids content of the sludge;

(c) introducing the oxygen-containing gas into
the covered digestion zone for the aforementioned
mixing at an oxygen concentration of at least 20%
oxygen (by volume), with the mixing and the rate
and quantity of the introduction of oxygen-
contaning gas being maintained at sufficient levels
to dissolve at least 0.03 pounds of oxygen per pound
of total volatile solids content in the sludge intro-
duced into the covered aerobic digestion zone;

(d) sensing the temperature of the aerated mixed
liquor. and

(e) controlling the rate of introducing oxygen-
containing gas into the aerated mixed liquorin
response to the temperature sensing, by increasing
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the rate of introducing oxygen-contaning gas into
the aerated mixed liquor in response to a decrease in
temperature of the aerated mixed liquor and by
decreasing the rate of introducing oxygen-
containing gas into the aerated mixed liquor when
the temperature of the aerated mixed liquor rises, to
maintain temperature of the aerated mixed liquor
within a predetermined range.

As used herein the term “total volatile solids
content” refers to the total weight loss which occurs
upon igniting the dried residue of a sample at 550°C
pursuant to Part 224B of the Standard Methods for
the Examination of Water and Wastewater, 13th
edition, American Public Health Association,
Washington, D.C., 1971, as a percentage of the
weight of the original sample.

As also used herein the phrase “biodegradable
volatile solids content” refers to the maximum
reduction in solids achievable by aerating the sludge
in the presence of an aerobic microbial culture, with
an oxygen-contaning gas at ambient temperature,
e.g., 20°C, and at a dissolved oxygen concentration
of at least 2 mg/l as a percetage of the weight of the
original sample. Maximum reduction of solids is
assumed to be reached after 30 days aeration.
Specifications for this determination can be found in
Water Pollution Control. Eckenfelder, W.W. and Ford,
D.L., The Pemberton Press, 1970, page 152.

The term “sludge’” means a solids-liquid mixture
characterized by a solids phase and an associated
liquid phase, in which the solids are at least partially
biodegradable, i.e., capable of being broken down
by the action of living micro-organisms.

The present invention will now be further de-
scribed with reference to the accompanying draw-
ings, in which:

Figure 1is a schematic flowsheet of an aerobic/
anaerobic-digestion system according to Gould et al,
U.S. Serial Number 027,801, to which the process of
the instant invention may advantageously be ap-
plied.

Figure 2 is a schematic flowsheet of an aerobic
digestion zone adapted to carry out the process of
the instant invention.

Figure 3is a graph in which the aerated mixed
liquor temperature is plotted as a function of elapsed
time for an autothermal aerobic digestion vessel, as
uncontrolled (Curve A) and as controlled {Curve B)
by the method of the instant invention.

Referring now to Figure 1, a Schematic flowsheet
of a process system according to Gould et al, U.S.
Serial Number 027,801, to which the instant inven-
tion may be applied, is shown; such system is
suitable for sludge treatment with a thermophilic
aerobic first digestion step followed by mesophilic
anaerobic digestion. Sludge, which may derive from
a source such as a primary sedimentation tank, the
clarifier in an activated siudge wastewater treatment
plant, a trickling filter, or from some other sludge-
producing system, enters the processinline 8 and is
sequentially heated in heat exchangers 22 and 15, as
for example to a temperature of 30° - 35°C, prior to
introduction to the first digestion zone 10, to assistin
maintaining the temperature in the zone in the
thermophilic range of from 45° to 75°C. The ambient
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temperature sludge in line 8 is first heated in heat
exchanger 22 by passage of the sludge in indirect
heat exchange countercurrent flow relationship with
the further stabilized sludge discharged from co-
vered second digestion zone 20 in line 24. In this
manner heat is recovered from the further stabilized
sludge and the resulting cooled stabilized sludge is
discharged from the heat exchanger 22 and passed
out of the system in line 25 to final disposal or other
end use. The further stabilized sludge entering the
heat exchanger 22 in line 24 may suitable be ata
temperature of 35° - 40°C so that the influent sludge
exiting the heat exchanger in line 9 is warmed to
temperature of 28° - 30°C. From line 9 the partially
warmed influent sludge is further heated in heat
exchanger 15 to a temperature of 30° to 35°C by
indirect countercurrent flow heat exchange with the
partially stabilized sludge discharged from the first
digestion zone 10 in line 14 and passed from the heat
exchanger in line 16 to the second digestion zone 20.

As an alternative to the above-described heat
exchange with sludge product streams from the
respective digestion zones, the influent sludge may
be heated prior to introduction to the first digestion
zone by indirect heat exchange with a suitable
externally supplied heating medium such as steam
or hot water, although heat recovery from the warm
digestion zone product streams is preferred since it
efficiently serves to conserve heat within the process
and minimizes heating energy requirements for the
process. Although heating of the influent sludge
prior to its introduction to the first digestion zone is
not essential in the broad practice of the sequential
aerobic/anaerobic sludge digestion process, it may
be desirable in practice to maximize the thermal
efficiency of the elevated temperature process. The
desirability of such heating of the sludge depends on
the influent sludge solids content, studge retention
time in the aerobic digestion zone, and other process
parameters.

The further heated sludge discharged from the
heat exchanger 15 in line 11 is introduced to first
digestion zone 10 along with aeration feed gas from
line 17 as the process fluids for the first digestion
step. The aeration feed gas in line 17 preferably
comprises at least 50 percent and desirably at least
80 percent oxygen content (by volume) aeration feed
gas in order to provide suitably high mass transfer
driving force and rate of oxygen dissolution in the
sludge at the high sludge temperatures in the first
digestion zone. Line 17 is connected to a source of
oxygen-containing aeration feed gas (not shown)
which may for example comprise a cryogenic ox-
ygen plant or supply vesse! or an adiabatic pressure
swing adsorption air separation unit, as convention-
ally available as supply source means for enriched
oxygen-containing gas. As shown, the oxygen-
containing aeration feed gas in fine 17 may also be
heated by heater 19 to assist in maintaining the
temperature in the digestion zone 10 at the desired
process level. As mentioned earlier herein, the
aeration feed gas of preferably at least 50 percent
and desirably at least 80 percent oxygen content (by
volume) is employed in order to promote autother-
mal thermophilic sludge heating in the aerobic
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digestion zone while minimizing the quantity of
oxygen-depleted digestion gas which is wasted from
such digestion zone and which otherwise carries
heat energy out of the process system.

The aerobic digestion zone is provided with a
cover to form a gas space overlying the sludge
therein from which waste oxygen-depleted digestion
gas can be vented. Such arrangement permits a
controlled venting of waste gas, as for example by a
small vent conduit passing through the cover and
joining the gas space with the external gas environ-
ment, and thereby promotes heat retention in the
aerobic digestion zone relative to an uncovered zone
wherein oxygen-depleted aeration gas is allowed to
pass freely in bulk from the sludge volume being
treated into the external gas environment, i.e., the
ambient atmosphere. In addition, the cover for the
aerobic digestion zone forms a gas space from
which the oxygen-containing aeration gas can be
recirculated against the siudge as for example by
recirculation of gas from the overhead gas space to a
submerged sparger device, or in which the sludge
can be recirculated against the aeration gas, as for
example by means of a surface aeration device.
Such aeration gas or sludge recirculation arrange-
ments permit the aerobic digestion step to realize
high utilization of the oxygen content in the aeration
feed gas introduced to the aerobic digestion zone.

In the aerobic digestion zone 10, the sludge and
aeration feed gas fluids are mixed. If the digestion
zone 10 is provided with a cover, one of the sludge
and aeration feed gas fluids may desirably, as
indicated above, and simultaneously with the mix-
ing, be recirculated against the other fluid in the
digestion zone in sufficient quantity and rate for
aerobic digestion of the sludge while maintaining
the total volatile solids content of the studge at least
at 20,000 mg/l. Such mixing and fluid recirculation is
suitably effected by the contacting means 12 which
may in practice comprise a submerged turbine
sparger and a gas compressor, with the latter
coupled to the gas head space in the digestion zone
and to the gas sparger, for recirculation of the
oxygen-containing aeration gas against the sludge,
or, alternatively, the contacting means may com-
prise a surface aeration device for recirculating
sludge against aeration gas in the gas head space of
digestion zone 10. Recirculation of one of the sludge
and aeration gas fluids against the other fluid in the
aerobic digestion zone may, as indicated above, be
desirable in order to obtain high levels of oxygen
dissolution in the sludge and high utilization of the
oxygen contained in the aeration feed gas. Nonethe-
fess, such recirculation is not essential and in some
instances it may be possible to obtain adequate
dissolution of oxygen in the sludge and high utiliza-
tion of oxygen in the aeration feed gas with a
once-through flow of aeration feed gas through the
aerobic digestion zone.

In the feed to the aerobic digestion zone, the total
volatile solids content of the sludge is maintained at
least at 20,000 mg/l so as to facilitate the mainte-
nance of high aerated mixed liquor temperature in
the first digestion zone, as necessary to obtain a
satisfactory degree of partial sludge stabilization in
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the aerobic digestion zone at short retention times.

Under the foregoing process conditions, sludge is
maintained in the first digestion zone for digestion at
temperature in the thermophilic range of from 45°to
75°C, for rapid biodegradation of the sludge volatile
solids content.

The aerobic digestion step is continued in the first
digestion zone for sludge retention time of from 4 to
48 hours, to partially reduce the biodegradable
volatile solids content of the sludge introduced to
the first digestion zone. In terms of quantitative
reduction of the sludge’s solids content in the first
digestion zone, the aerobic digestion step is prefer-
ably conduced so as to reduce the volatile solids
content of the sludge introduced to the first diges-
tion zone by from 5 to 20 percent. In the aerobic
digestion step, the sludge retention time should be
at least 4 hours in order to obtained a sufficient
extent of partial stabilization in the first digestion
zone; at retention times below 4 hours, the extent of
sludge stabilization required in the subsequent
anaerobic treatment step becomes disproportionate-
ly large relative to the stabilization level in the
aerobic first step and the overall system retention
time and tankage requirements begin to approach
those of the conventional anaerobic digestion sys-
tem, with increasing loss of the unexpected im-
provement in these process variables (i.e., overall
system retention time and tankage) characteristic of
operation at retention times in the aerobic digestion
step of from 4 to 48 hours. For correspondingly
similar reasons, the sludge retention time in the
aerobic digestion zone should not exceed 48 hours.
Above such value, the extent of sludge stabilization
in the aerobic digestion zone becomes unduly large
with regard to the residual stabilization in the
down-stream anaerobic step, so that methane pro-
duction in the latter step tends to be seriously
adversely reduced, and again there is increasing loss
of the improvement of the overall system retention
time and rankage requirements achievable in con-
nection with the aerobic digestion sludge retention
time range of from 4 to 48 hours. Preferably, the
retention time is in the range of from 12 to 30 hours,
and suitably from 12 to 24 hours, based on the
foregoing cobnsiderations.

Following the above-described aerobic digestion
treatment, partially stabilized sludge is discharged
from the aerobic zone in line 14 and oxygen-
depleted digestion gas is separately discharged from
the aerobic zone in line 18. The discharged oxygen-
depleted digestion gas desirably contains at least 21
percent oxygen (by volume) in order to obtain
suitably high utilization of oxygen contained in the
aeration feed gas while maintaining the expenditure
of energy for aeration gas and sludge contacting ata
suitable low level for economic operation.

It has been found that by maintaining the sludge in
the aerobic digestion zone at the thermophilic
temperature of at least about 50° - 52°C, substantially
complete pasteurization of the sludge is achieved.

Partially stailized sludge is discharged from the
aerobic zone 10in line 14 at temperature in the range
of between 50° and 75°C. Inasmuch as this specific
embodiment employs mesophilic anaerobic diges-
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tion in the covered second digestion zone 20, heat
may desirably be removed from the partially stabil-
ized sludge in line 14 to ensure efficient operation of
the anaerobic sludge treatment step at a lower
temperature than that employed in the first digestion
zone 10. Accordingly, the sludge in line 14 is flowed
through the heat exchanger 15 in indirect heat
exchange relationship with the partially warmed
influent sludge entering heat exchanger 15in line 9.
The cooled partially stabilized aerobically treated
sludge than flows through line 16 for introduction to
the covered second digestion zone 20. Alternatively,
the partially stabilized sludge in line 14 could be
cooled by an externally supplied cooling medium
such as the clarified effluent of a wastewater treat-
ment plant. Additionally, in winter operation, there
may be no need to utilize a heat exchange step such
as carried out by heat exchanger 15 for cooling of the
partially stabilized sludge stream, since heat losses
to the environment from the second digestion zone
and the sludge stream flowing from the first to the
second digestion zone may satisfactorily compen-
sate for the absence of such heat exchanger.

The partially stabilized sludge introduced to the
second digestion zone from line 16 is maintained
therein under anaerobic conditions at temperature
of from 25° to 45°C for sufficient sludge retention
time (duration) to further reduce the biodegradable
volatile suspended solids content of the sludge, to
less than about 40%, and preferably less than 20%,
of the biodegradable volatile solids content of the
sludge introduced to the first digestion zone, and
form methane gas.

In the broad practice of the aerobic/anaerobic
digestion process, the temperature of the sludge in
the covered second digestion zone may be main-
tained in the range of 25° to 60°C, which includes
both operation in the mesophilic range of 25° to 45°C
and operation in the thermophilic range of 45° to
60°C. For highly efficient operation, the anaerobic
zone in mesophilic operation is maintained at a
sludge treatment temperature of between 35°C to
40°C, and preferably between 37°C and 38°C. A
preferred operating temperature range for aerobic
thermophilic digestion is from 45° to 50°C. Operation
in the foregoing preferred temperature ranges pro-
vides particularly rapid degradative action of biodeg-
radable volatile solids by the microbial strains
involved. :

In the operation of the anaerobic digestion zone
20, the digestion zone contents are advantageously
continuously mixed by agitation means 21, thereby
creating a large zone of active decomposition and
significantly increasing the rate of the stabilization
reactions. Retention time of the sludge in the second
digestion zone may suitably lie in the range of from 4
to 12 days and preferably in the range of from5to 9
days. Sludge retention times in the second digestion
zone of less than 4 days may be undesirable because
below such value, the retention time tends to
become increasingly inadequate to support a large
viable population of methane formers in the anaero-
bic step, with consequent adverse effect on the
overall sludge stabilization performance of the
digestion system. On the other hand, at sludge
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retention times in the anaerobic digestion step of
greater than 12 days, the retention time for the
second digestion zone becomes superfluously long,
and the synergistic retention time and tankage
requirement benefits realized by the integrated
process in the broad retention time range of 4- 12
days become increasingly difficult to achieve.

After anaerobic treatment of the sludge in the
second digestion zone 20 is complete, the further
stabilized sludge produced hereby is discharged
from the second digestion zone in line 24 and heat
exchanged for recovery of heat content against the
influent sludge feed in heat exchanger 22 prior to
final discharge from the process in line 25. The
methane gas formed in the second digestion zone 20
as a product of the biochemical reactions conducted
therein is discharged from the anaerobic treatment
step in line 23 having flow control valve 26 disposed
therein.

Referring now to Figure 2, a schematic flow sheet
is shown of an aerobic digestion zone, which is
generally similar to the aerobic digestion zone in the
embodiment of Figure 1 discussed above; the Figure
2 embodiment shows the control elements which
are employed to practice the method of the present
invention and which could be applied to the aerobic
digestion zone in the Figure 1 system to conduct the
invention therewith.

Siudge having a high volatile solids content is
introduced via conduit 111 into covered-and prefer-
ably well-insulated digestion zone 110. The sludge is
mixed with an oxygen-containing gas, introduced
into the digestion zone 110 through conduit 112 in
the presence of aerobic micro-organisms to form an
aerated mixed liquor. The sludge has a total volatile
solids content above at least 20,000 mg/t. Concur-
rently, the total volatile solids content of the aerated
mixed liquor is maintained above at least (100 -X)%
of the total volatile solids content of the sludge,
wherein X = 60 times the ratio of the biodegradable
volatile solids content in the sludge to the total
volatile solids content of the sludge. The oxygen-
contaning gas has an oxygen-concentration of at
least 20% (by volume) and preferably 50% and is
introduced into the mixed liquor undergoing aera-
tion in sufficient quantity and rate to dissolve at least
0.03 pounds of oxygen per pound of total volatile
solids content in the sludge introduced into the
coveéred aerobic digestion zone.

In digestion zone 110, the oxygen-contaning gas
fed through conduit 112 is introduced by means of
contacting device 117. A particularly advantageous
method for introducing the gas into the digestion
zone 110 in the practice of this invention is disclosed
in U.S. Patent Application Serial Number 021,296,
filed April 8, 1979 in the name of C. Scaccia.
According to the method disclosed in that applica-
tion, oxygen-contaning gas is introduced over the
bottom of a digestion zone as small bubbles which
are then allowed to rise more or less freely through
the aerated mixed liquor. As the bubbles rise
through the mixed liquor, however, they tend to
coalesce. In accordance with the method of the
Serial Number 031,296 case, these bubbles are
repeatedly re-sheared into small bubbles as the gas
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rises through the mixed liquor. It is to be under-
stood, however, that the method of the present
invention is not limited to any particular mass
transfer device or method, subject only to the
restriction that the oxygen-containing gas be intro-
duced into the mixed liquor undergoing aeration in
sufficient quantity and rate to dissolve at least 0.03
pounds of oxygen per pound of total volatile solids
content in the sludge introduced into the covered
aerobic digestion zone. The oxygen-depleted gas
which is not dissolved in the mixed liquorin
digestion zone 110 is vented from the digestion zone
through conduit 113.

Subsequent to achievement of the required de-
gree of aerobic digestive treatment, the partially
stabilized sludge is discharged through conduit 114
for subsequent treatment as desired or appropriate.
Preferably, the partially stabilized sludge discharged
from the aerobic digestion zone is passed to a
downstream anaerobic digestion zone in the manner
discussed in connection with the embodiment of
Figure 1. As used herein, the term "‘partially stabil-
ized’” means that the total volatile solids content of
the sludge introduced through conduit 111 to the
aerobic digestion zone has been reduced by not
more than about 50% and preferably about 20%
within the digestion zone 110.

Inasmuch as the total volatile solids content of the
sludge and the aerated mixed liquor is maintained at
a high level and also because the oxygen-containing
gas is introduced into the (insulated) covered diges-
tion zone 110 at the aforementioned quantity and
rate, the temperature of the aerated mixed liquorin
the digestion zone 110 will autothermally rise to a
temperature substantially above the temperature of
the influent sludge introduced to the digestion zone.
Moreover, if the oxygen concentration of the ox-
ygen-containing gas is maintained above 50%, then
the temperature of the mixed liquor will autother-
mally rise to thermophilic temperatures, i.e., a
temperature between 45 and 75°C.

The actual temperature prevailing in the mixed
liquor in digestion zone 110 is measured by tempera-
ture sensor 130. Sensor 130 generates a signal based
on this temperature sensing and this signal is
thereupon transmitted to recorder 132 via signal
transmitting means 131. Recorder 132 may advan-
tageously make a record of the temperature of the
mixed liquor in digestion 110 as a function of
elapsed time. Such temperature history is then
monitored by controller 140, which may be automa-
tic controller means or which may be a manual plant
operator. The controller 140, if automatic, then
generates a control signal or if the controller is a
plant operator, corrective action is taken (the control
signal of the automatic controller is transmitted by
signal transmitting means 142 in the Figure 2
drawing) to adjust the aeration feed gas flow control
valve 116 in response to the sensed temperature. In
such manner, as discussed more fully hereinafter,
the mixed liquor temperature in the digestion zone is
maintained within a predetermined range, i.e., the
fluctuations of temperature of the mixed liquor in the
digestion zone are suppressed by modulation of the
flow rate of oxygen-containing aeration feed gas
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introduced to the digestion zone.

When automatic control is employed in the
method of the invention, as opposed to manual
control by a human operator, the oxygen-containing
aeration feed gas flow rate may be controlled
continuously according to the temperature/oxygen
feed rate relationship for the digestion process, as
previously determined by calculation, experiment,
or otherwise. The manual control of the tempera-
ture/oxygen feed rate variables may be step-wise in
character, with the oxygen-containing aeration feed
gas flow rate being modulated at intervals to return
mixed liquor temperature to a satisfactory or desired
value, if necessary.

The actual control logic associated with the pre-
sent invention is rather simple in character. For
example, as the temperature of the aerated mixed
liquor in digestion zone 110 starts to decrease, such
as may be caused by an increase in the feed rate of
the sludge introduced to the digestion zone, the
aerated mixed liquor temperature, as decreased, will
be continuously monitored by temperature sensor
130 and will be ultimately transferred to controller
140, which then increases the feed rate of the
oxygen-containing gas by further opening flow
control valve 116. Such increase in the feed rate of
the oxygen-containing gas produces a correspond-
ing increase in biological digestive activity within the
digestion zone 110 and thereby causes the tempera-
ture of the mixed liquor in digestion zone 110 to
return (rise) to its proper level. Conversely, if the
temperature of the mixed liquor in the digester
begins to increase, such as may occur if the feed rate
of the sludge introduced to the digester decreases,
the oxygen-containing gas is decreased, which in
turn reduced biological activity and causes the
temperature of the aerated mixed liquor in the
digestion zone to decrease to its proper level.

While the control method of the present invention
has been described with respect to fluctuations in
feed rate of the sludge introduced to the digestion
zone, mixed liquor temperature variations in the
digestion zone will also be caused by a change in the
composition of the sludge, i.e., its ease of degrada-
bility by the aerobic micro-organisms present, as
well as changes in the total volatile solids content of
the sludge introduced to the digestion zone; these
changes and their consequent effect on mixed liquor
temperature levels can be fully and efficiencly
accomodated by the method of the present inven-
tion.

The temperature control method of this invention
is based upon the positive regulation of biologically
generated heat by limiting or controlling the amount
of oxygen available for digestive destruction of
volatile solids in the digestion zone. The method is
based, inter alia, on the finding that it is not
necessary to maintain any significant dissolved
oxygen level in the mixed liquor in the digester. In
other words, the aerobic digestion itself must be
neither kinetically nor mass transfer limited. To
ensure that the digestion system is not kinetically
limited, the conditions in the aerobic digestion zone
must be such that the rate of volatile solids removal
and therefore the rate of biological heat generation,
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occurs at a rate sufficient to offset any heat losses
from the digestion zone. Additionally, to ensure that
the digestion system is not mass transfer limited, the
conditions in the digestion zone must be such that
the mass transfer capability of the aeration device
employed for aeration gas/sludge contacting in the
digestion zone must exceed the oxygen require-
ments of the aerated mixed liquor.

In order to satisfy the foregoing requirements, and
effectively employ the method of the present inven-
tion, three basic requirements must be satisfied.
First, the total volatile solids content of the sludge
must be maintained above about 20,000 mg/1.
Second, the total volatile solids content of the
aerated mixed liquor must be at least (100-X}% of the
total volatile solids content of the sludge fed to the
digestion zone, wherein X = 60 times the ratio of the
biodegradable volatile solids content of the sludge
of the total volatile solids content of the sludge,
Third, the oxygen-containing gas containing at least
20% oxygen (by volume) must be introduced into the
mixed liquor being aerated in sufficient quantity and
rate to dissolve at least 0.03 pounds of oxygen per
pound of total volatile solids content in the sludge
introduced into the covered aerobic digestion zone.
Preferably, the oxygen-containing gas contains at
least 50% oxygen (by volume). If the total volatile
solids concentration of the sludge and the aerated
mixed liquor is too low, then the heat lost through
the sensible heat of the digestion zone effluent
becomes a dominant heat loss, and the amount of
biologically generated heat available is not sufficient
to maintain elevated temperatures in the digestion
zone at the desired level. Moreover, by maintaining
the total volatile solids content of the aerated mixed
liquor above at least (100-X)% of the total volatile
solids content of the sludge, wherein X = 60 times
the ratio of the biodegradable volatile solids content
of the sludge to the total volatile solids content of the
sludge, the rate of the aerobic digestive activity in
the digestion zone is maintained at a sufficiently
high level to ensure the required rate of heat
generation to maintain autothermal operation. Final-
ly, the oxygen must be introduced into the mixed
liquor being aerated in sufficient quantity and rate to
dissolve at least 0.03 pounds of oxygen per pound of
total volatile solids content in the sludge introduced
into the covered digestion zone, so as to support the
high rate of digestive activity. If a feed gas with a low
concentration is used, e.g., air, then the heat lost by
water evaporation from the aerated mixed liquor
may become a significant heat loss and the degree
of functionality between the feed rate of the oxygen-
containing gas and the temperature of the aerated
mixed liquor may be reduced. As a result, in such
circumstances it will only be possibie to operate the
covered aerobic digestion zone within the mesophi-
lic and near thermophilic temperature range of from
30° to 45°C. Preferably, the oxygen concentration of
the oxygen-containing gas is maintained above
about 50% oxygen (by volume) and most preferably
above about 80% oxygen (by volume), so that the
aerated mixed liquor can be autothermally main-
tained at thermophilic temperatures.

With an automatic control system, the feed rate of
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the oxygen-containing gas may be changed almost
instantaneously in response to a change in the
temperature of the mixed liquor undergoing aera-
tion in the digestion zone. However, in a system for
the digestive treatment of wastewater sludge, an
attempt at such a precise method of temperature
control is frequently not necessary, and in such
cases, the control system can suitably be step-wise
in character, such as is amenable to the implementa-
tion of manual control. In such type of manual
control arrangement, an operator will periodically
check the temperature of the mixed liquor and will
vary the feed rate of the oxygen-containing gasin
response thereto. The effect of this type of control
method is shown by the empirical data plotted in the
graph of Figure 3. This data was collected from a
pilot plant system wherein sludge was digested
sequentially in aerobic and anaerobic digestion
zones, as constructed and operated in accordance
with the previously described Gould et al U.S. Patent
Application Serial Number 027,801. The aerobic
digestion zone was constituted by a covered vessel,
approximately 60 gallons in liquid capacity, provided
with an aeration device of the type disclosed in the
aforementioned C. Scaccia U.S. Patent Application
Serial Number 31,296. The aeration device consisted
of a 1-inch shaft having a 4-arm (12 X 16-inch
diameter) rotating sparger located near the tank
bottom and a 4-arm (16-inch diameter) bubble
shearing means, spaced 15.5 inches above the tank
bottom.

In the operation of the above-described pilot plant
system, at time equal to 0 hours, the feed rate of the
sludge introduced into the digestion vessel {aerobic
zone) was changed from 50 gallon/day to 100
gallons/day. This change in feed rate corresponds
approximately to a reduction in the detention time of
the sludge in the aerobic digester from 24 hours to
12 hours. The feed rate of the oxygen-containing gas
fed to the digestion zone, however, was not
changed. Instead, the oxygen feed rate was held
constant at 100 cubic feet/day. The resultant effect
on temperature level is shown by the plotting of the
data on the curve identified as Curve A. As shown,
temperature of the mixed liquor in the digestion
zone immediately decreased in magnitude and even-
tually dropped from about 57°C to about 41°C over
the course of the next 20 hours. In other words, the
mixed liquor temperature in the aerobic digester in
this uncontrolied test (i.e., no control of oxygen-
containing gas feed rate in response to sensed
temperature in accordance with the present inven-
tion) fell below the thermophilic temperature range.
Subsequently, the same pilot plant was operated in
the manner of the present invention, with modula-
tion of oxygen-containing aeration feed gas flow rate
to the aerobic digestion zone in response to sensed
mixed liquor temperature. This subsequent test
generated the data plotted in Figure 3 as Curve B. At
the beginning of the subsequent test in accordance
with the present invention, the retention time was
still 12 hours while the feed rate of the oxygen
containing gas to the aerobic digestion zone was
increased from 150 cubic feet/day to 200 cubic
feet/day. As shown by Curve Bin the graph, the
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mixed liquor temperature in the aerobic digestion
zone then began to rise steadily. After the 20th hour,
the temperature of the mixed liquor had rise back
above 50°C.

In actual practice, the temperature of the mixed
liquor in the aerobic digestion zone would quickly be
monitored at approximately 4 to 8 hour intervals
and, depending on the occurrence of any changes in
the aerated mixed liquor temperature, appropriate
correction of the feed rate of the oxygen-containing
gas to the aerobic digestion zone wouid be made at
that time. Moreover, in most commercial installa-
tions of the aerobic/anaerobic sludge digestion
system, the rate of change of the feed rate, composi-
tion, or concentration of the influent sludge would
not be as drastic as was intentionally introduced
during this experiment. Nonetheless, the test does
clearly show the occurrence of excessive tempera-
ture fluctuations wihout the control method of the
present invention being employed, as well as the
temperature-correcting character of the control
method of the instant invention.

Although preferred embodiments have been de-
scribed in detail, it will be appreciated that other
embodiments are contemplated with modification of
the disclosed features, as being within the scope of
the invention.

CLAIMS

1. Aprocess for controlling the autothermal
aerobic digestion of sludge, which comprises mixing
sludge with an oxygen-containing gas in the pre-
sence of aerobic micro-organisms in a covered
digestion zone to thereby form an aerated mixed
liquor which is retained in said digestion zone for
sufficient time to partially stabilize the sludge, and
wherein:

(a) total volatile solids content of the sludge is
maintained above at least 20,000 mg/1;

{b) total volatile solids content of the aerated
mixed liquor is maintained above at least (100 -X)%
of the total volatile solids content of the sludge,
wherein X = 60 times the ratio of the biodegradable
volatile solids content of the sludge to the total
volatile solids content of the sludge;

(c) said oxygen-containing gas is introduced into
said covered digestion zone for said mixing therein
at an oxygen concentration of at least 20% oxygen
(by volume) with said mixing and the rate and
quantity of the introduction of oxygen-containing
gas being maintained at sufficient levels to dissolve
at least 0.03 pounds of oxygen per pound of total
volatile solids content in the sludge introduced into
said covered digestion zone;

(d) the temperature of the aerated mixed liquor is
sensed; and

(e) the rate of introducing oxygen-containing gas
into the aerated mixed liquor is controlled in re-
sponse to the temperature sensing, by increasing
the rate of introducing oxygen-containing gas into
the aerated mixed liquor when temperature thereof
decreases and by decreasing the rate of introducing
oxygen-containing gas into the aerated mixed liquor
when temperature thereof increases, to maintain
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temperature of the aerated mixed liquid within a
predetermined range.

2. Aprocess as claimed in claim 1 wherein said
oxygen-containing gas contains at least 50% oxygen

5 (by volume).

3. Aprocess as claimed in claim 2 wherein said
oxygen-containing gas contains at least 80% oxygen
(by volume).

4, Aprocess as claimed in any of claims 1to 3

10 wherein said covered digestion zone is insulated to
decrease the loss of heat from the aerated mixed
liquor to the ambient environment of the digestion
zone.

5. Aprocess as claimed in any of claims 1 to 4

15 wherein volatile solids content of the sludge intro-
duced to said covered digestion zone is reduced by
from 5 to 20% in said digestion zone.

6. Aprocess as claimed in any of claims 1to 5
wherein aerobic digestion of sludge is carried out in

20 said covered digestion zone for sludge retention
time (duration of from 4 to 48 hours to partially
stabilize said sludge and thereafter passing same to
a covered second digestion zone for anaerobic
digestion of said partiaily stabilized sludge therein

25 while maintaining temperature of the sludge in the
second digestion zone in the range of from 25° to
60°C, for sufficient solids retention time (duration) to
further reduce the biodegradable volatile solids
content of the sludge to less than about 40% of the

30 biodegradable volatile solids content of the sludge
introduced to the aerobic digestion zone, and form
methane gas, with discharge of further stabilized
sludge and said methane gas from said second
digestion zone.

35 7. Aprocess as claimed in claim 6 wherein
temperature of the sludge in said second digestion
zone is maintained in the range of from 35°C to 40°C,
for mesophilic digestion of sludge in said second
digestion zone.

40 8. Aprocess as claimed in claim 6 wherein
temperature of the sludge in said second digestion
zone is maintained in the range of from 45° to 50°C,
for thermophilic digestion of sludge in said second
digestion zone.

45 9. Aprocess as claimed in any of claims 6to 8
wherein sludge retention time of sludge in said
second digestion zone is from 4 to 12 days.

10. A process as claimed in claim 1 and substan-
tially as hereinbefore described with reference to

50 Figure 1 or Figure 2 of the accompanying drawings.
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