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Abstract

The volume of produced sludge and its characteristics depend on the quantitative and

qualitative characteristics of wastewater, the treatment process, and the operating
conditions. Relatively high production of excess biological sludge is considered one of the
main drawbacks of aerobic processes used in biological wastewater treatment. This
research was conducted in the existing industrial treatment plant of Pars Shiraz sugar
factory with a capacity of 5 cubic meters per day. In this research, the effects of
temperature changes in the anoxic tank and return line were investigated to increase the
biological removal of sludge, reduce the excess biological sludge; also, the effects of
temperature changes on the biokinetics parameters in the activated sludge system were
analyzed. The average values of the biomass production coefficient (Y) or growth
efficiency in the 100-days study period, after the biological reactor reaches a stable state,
varied from 0.75 to 0.54 at the return sludge temperature of 40 °C, decreasing to 0.38 at 50
°C and 0.30 at 60 °C in terms of (JMLSS/gCOD). This research demonstrated that while
the biomass production coefficient decreases with the increasing return sludge
temperature, it also has a negative impact on the quality of the effluent with respect to both
quality and biokinetics parameters. The results indicated that the existing conventional
bioreactor, with the return sludge temperature of 40 °C, achieves a significantly higher
efficiency in removing pollutants, maintainingconventional range of biokinetics
parameters, reducing the amount of sludge production coefficient and excess sludge
disposal.
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Investigation of the use of the thermo-biological ...

1. Introduction

Sludge production is one of the most important
effective features of biological wastewater
treatment, and the amount of biological sludge
produced along with its characteristics, depends
on both the quantitative and qualitative
characteristics of wastewater and the treatment
process, as well as the operating conditions
(Jefferson et al., 2001). The main mechanisms
for reducing sludge production include cell
decomposition and latent growth, non-pair
metabolism, autophagic metabolism, predatory
bacteria, and hydrothermal oxidation. These
mechanisms work primarily by increasing the
biodegradability of inactive solids (Foladori et
al., 2010).

In general, the measures that can be used to
reduce the production rate of biological surplus
sludge include:(1) self-destruction process, (2)
uncoupled metabolism using the OSA process,
(3) increasing dissolved oxygen in the aeration
pond, (4) partial oxidation of sludge using
chlorine or ozone, (5) temperature increase in the
sludge returned to the reactor, (6) energy
dissipation by compounds  resistant to
decomposition and toxic substances, (7) change
in pH, (8) use of electric pulse in sludge returned
to the reactor, and (9) the use of ultrasonic waves
in the sludge returned to the reactor (Vitanza et
al., 2019; Foladori et al., 2010; Saby et al., 2002;
Pegaard, 2004; Pérez-Elvira et al., 2006;
Ginestet, 2006; He et al., 2011).

The use of thermal methods on sludge
produces  various effects, including the
breakdown of the sludge structure, the separation
of biological clots, a high level of sludge
dissolution, the breakdown of bacterial cells, and
the release of intracellular components and
water. The aqueous phase of the sludge after heat
treatment is characterized by a high content of
dissolved organic compounds. In addition,
hydrolysis causes the breakdown of intracellular
fluid, resulting in significant changes in the
viscosity of the sludge. In the thermal treatment
of sludge atl12%, it appears in liquid form,
allowing it to be transported like raw sludge with
a concentration of 5% to 6% (Foladori et al.
2010; Metcalf et al., 2014b).

2. Materials and methods

The study is quantitative, cross-sectional and
analytical, with the aim of investigating the use of
heat in the return sludge line to reduce pollutants
and excess production sludge. This research was
conducted in the existing industrial treatment
plant of Pars Shiraz sugar factory with a capacity
of 5 cubic meters per day and was carried out in
three stages. The objectives of this research were
investigated using a modified activated sludge
system. Initially,the thermal element was installed
in the existing anoxic tank. Then the modified
activated sludge reactor was tested and
investigated with temperature changes in the

sludge return line as a system, and the effects of
temperature changes in the return sludge were
investigated to increase the biological removal of
sludge, improve the settling ability of sludge, and
reduce the excess biological sludge in the system.
During this period, changes in biosynthetic
parameters were also investigated using research
data.

This experimental research was conducted on
a small-scale sewage treatment plant in operation,
whose units are anaerobic tank, anoxic tank,
aeration tank (extensive aeration), secondary
sedimentation tank, disinfection unit
(chlorination) and sludge aerobic digestion tank.
The entire sampling period lasted for about 100
days after the conditions reached a stable state,
which took about 2 to 3 weeks. During this
period, a total of 60 samples were collected, with
case repeated for 15 to 20 samples after
establishing  stable  conditions for each
temperature. All variables were calculated based
on statistical indicators including maximum,
arithmetic mean, minimum, standard deviation,
median, geometric mean, decile, first quartile,
third quartile, and fourth quartile, as well as the
90th and 95th percentiles. Average data for each
temperature were used to draw graphs. Sampling
parameters at the time of study were temperature,
COD, MLSS, SVI, pH and flow rate. Each of
these parameters was measured according to the
guidelines in the standard methods book (Lipps et
al., 2023b).

3. Discussion and result

Examining the average difference of Y in the
existing system with return sludge at 40 °C shows
that the biomass production coefficient under
these conditions decreases by about 19.7%
compared to the existing system. In the sludge
conditions at a temperature of 50 °C, the biomass
production coefficient Y decreases about 33. 49
%, and at 60 °C, the biomass production
coefficient Y decreases about 60%. This indicates
that the biomass production coefficient decreases
with increasing temperature, which is consistent
with consistent with the indings of Deleris et al.
(2002).

Vandkerchoi et al. investigated the effects of
temperature on biosynthetic coefficients, and their
results are conisistent with those of this study.
They demonstrated that, at temperatures ranging
from 20 to 60 °C (the temperatures considered in
this research), an increase in temperature
correlates with a decrease in the biomass
production coefficient. However, this issue
negatively affects the output quality and sludge
settling ability (\Vandekerckhove et al., 2018).

In a study, Zhai et al. investigated the trend of
changes in biomass efficiency with increasing
temperature, and their findings also confirm the
results of this research (Zhai et al., 2017).
Examining the average difference of the Kq
coefficient in the existing system with 40 °C
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return sludge, it is found that the Ky coefficient is
about 46.67% lower in these conditions than in
the existing system. In the case of 50 °C sludge,
the Ky coefficient is about 3.23%, while at 60 °C,
the self-eating coefficient decreases by
approximately 10%. This indicates that the self-
eating coefficient initially decreases with
increasing temperature, and as the temperature
rises, its decreasing trend increases, which is
consistent with the studies conducted by
Vandekerckhove et al. (Vandekerckhove et al.,
2018).

Al-Malack demonstrated that the range of this
coefficient can vary between 0.025 and 0.48 (Al-
Malack, 2006). Examining the difference in
average Kg coefficient in the existing system with
40 °C return sludge shows an increase of
approximately 52.63% compared to the existing
system. In the case of 50 °C sludge, this
coefficient is about 80.99%. The KS coefficient
increases by 91.29% in the case of 60 °C sludge,
which shows that this coefficient increases with
rising temperature, and as the temperature
increases, its increasing trend increases. These
findings are consistent with the studies by
Alagappan and Cowan (Alagappan and Cowan,
2004).

Studies by Kim et al. confirm the effect of
temperature on biological coefficients and its
agreement with this research (Kim et al., 2013).
Shaw et al. have investigated the effect of the
semi-saturation constant coefficient (KS) in the
denitrification process, which shows that
increasing this coefficient can be effective in
increasing the denitrification process and, as a
result, reducing nitrates (Shaw et al., 2010).

Examining the average difference of the K
coefficient in the existing system with 40 °C
return sludge indicates that its amount in the 40
°C return sludge condition has increased by about
19.70% compared to the existing system. In the
50°C sludge condition, the increasing trend is
slower, reaching approximately 15.87%. At 60
°C, this coefficient increases again to about 19%.
This demonstrates that the coefficient increases
with rising temperature, and as the temperature
increases, its increasing trend also increases,
which is consistent with the studies conducted by
Hashimoto (Hashimoto, 1984).

Examining the average index of disposal
sludge in the existing system with return sludge at
40 °C shows that its volume has decreased by
47.05% and its weight by 36.07%. In the case of
50 °C sludge, a decreasing trend was observed,
which was 56.93% in terms of volume and
62.30% in terms of weight. At 60 °C sludge, the
volume decreased by 59.92% and the weight
decreases by 75.41%. This indicates that this

parameter decreases with increasing temperature,
so as the temperature rises, the rate of decrease
accelerates. The studies conducted by Lv et al.
confirm this issue (Lv et al., 2019).

Also, Wang et al. significantly reduced the
amount of excess sludge in domestic wastewater
by modifying the conventional activated sludge
system to the Oxic Settling Anaerobic® system
and using a thickening pond. So that in the
organic loading of 0.48 grams of COD per gram
of MLSS of the aeration tank per day, the amount
of excess sludge decreased by 33.3% compared to
the control reactor (Wang et al., 2015). Xu et al.
also demonstrated that the bacterial population in
the system can play a crucial role in sludge
production (Xu et al., 2021).

The extensive studies conducted by Chen and
colleagues in 2001 and 2003 on the mechanism of
sludge reduction in the OSA process did not
consider the effects of isolated energy, growth
reduction, and the creation of soluble microbial
products® to be effective in reducing sludge, but
rather as a possible mechanism to reduce it. In the
OSA process, it is known that the decomposition
of sludge is significantly accelerated under low
oxidation-reduction potential® conditions in the
anaerobic tank. Their experiments indicated that
the increase in dissolved COD in the anaerobic
tank caused the hidden growth in the aerated tank
thereby reducing sludge production (Chen et al.
2001; Chen et al., 2003).

4. Conclusions

This study determined that the existing
conventional bioreactor, with a change in the
return sludge temperature of 40 °C, demonstrates
a significantly higher efficiency than the existing
situation in terms of removing pollutants;
reducing the amount of sludge production and
excess sludge disposal. Moreover, it has
improved the volumetric index of sludge and as a
result, improved sludge settling ability. However,
despite the reduction of sludge at higher
temperatures, the quality of the output in terms of
organic and suspended matter is poorer than the
current situation. This study showed that although
the biomass production coefficient decreases with
the increase in the return sludge temperature, this
declinehas a negative effect on the quality of the
wastewater output in terms of pollutants as well
as the conventional range of biosynthetic
parameters.

! oxic Settling Anaerobic (OSA)
Z Soluble Microbial Products (SMP)
® Oxidation-Reduction Potential (ORP)
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Table 2. Standard method instructions for measuring the
desired parameters (Lipps et al., 2023a)

. Standard

No. Parameter Unit i)

1 TSS mg/L 2540 D

2 MLSS mg/L 2540 D

3 SVi ml/g 2710 D

4 COD mg/L 522[)? D

Portable pH
5 pH } meter

s plag 5o Sl ias (ol 500 sloszalll 5 Joe -Y J g

Table 3. The location and sampling parameters of the
treatment plant during the study period

Sampling location

No.Parameter | qent Aeration Fszﬁfggg Sedimentation
1 Temp. v - v 4
2  CoD v - - 4
3  MLSS v v v 4
4 sV v - - 4
5 pH v - v ’
6 Q v - / /

1- A

2- Pump Station

3- Anoxic Basin

4, 5- Aeration Basin

6- Secondary Sedimentation Basin
7- Chlorination Basin

Fig. 1. Site plan of existing wastewater treatment plant
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Table 1. Specifications of the inlet and outlet wastewater
of the treatment plant based on the initial design

aF

Parameter Umit Influent Effluent
BODs mg/L 3000 <100
COD mg/L 6000 <200

TSS mg/L 300 <50
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Fig. 2. Schematic view of the system used in the research
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