ENGINEERING RESEARCH JOURNAL (ERJ)
,//I:j_'“\,g Vol. x, No. xx Month20xx, pp.
e ===
Ly diniadl 1S Journal Homepage: http://erj.bu.edu.eg
uuuuuuuuuuuuuuuuuuuuuuuuuuu -

Viscosity and Total Organic Carbon Removal in High-Solid
Anaerobic Digestion of Sewage Sludge

Ahmed M. Aboulfotoh?, Hanan A. Fouad®, Ahmed Y. Bakry®, Rehab El-
hefny*

2 Associated Professor, Environmental Engineering Department, Faculty of Engineering,
Zagazig University.
b Professor, Environmental Engineering Department, Faculty of Engineering at Shubra,
Benha University, Egypt.
¢ Assistant Lecturer, Environmental Engineering Department, Faculty of Engineering at
Shubra, Benha University, Egypt.
d Egypt Associated Professor, Environmental Engineering Department, Faculty of
Engineering at Shubra, Benha University, Egypt.

Abstract. A batch test was done to study the effect of anaerobic mono-digestion of sludge
and pretreatment on the sludge properties like viscosity and total organic carbon removal. After
the Biomethane potential test of the first and second sets ended, samples of anaerobically
digested sludge were analyzed for TOC removal. Set one and set two ended after 22 days. Set
1 shows that the best TOC removal was caused for the concentration of 11% for the pretreated
and blank reactors and it was 33.92% and 27.25% respectively. The minimum removal ratio
occurred at 16% concentration for the pretreated and blank reactors. Set 2 shows that the best
TOC removal was caused for the reactor at a pre-treatment temperature of 180°C and it was
35.83% and which was higher than the removal of the blank reactor which was 27.50%. The
maximum biogas produced was 2475 ml at 11% TS with an improvement of 55.56% and in
terms of TOC removed, it was 189.19 mLbiogas/gTOCremoved. In set 2, The maximum
Biogas produced was 3645 ml at 11% TS with an improvement of 60.57% and pretreatment
temperature of 180°C and in terms of TOC removed, it was 169.53 mLbiogas/gTOCremoved.
Sludge viscosity is enhanced after thermal pretreatment and improved the mixing of the high
solid sludge.

Keywords: Digestion; Anaerobic digestion; Sewage sludge, viscosity, Total Organic
Carbon.

ABBREVIATIONS
VS Volatile Solids NH:;  Ammonia
TP Thermal Pre-Treatment H>S Hydrogen Sulfide
TS Total Solids CO2 Carbon Dioxide
TOC Total Organic Carbon H Hydrogen
COD Chemical Oxygen Demand HSAD High-Solid Anaerobic Digestion
TS Total Solids AD Anaerobic Digestion

CAD Conventional Anaerobic Digestion



Engineering Research Journal (ERJ) Name(s) of Author(s) Vol. x, No.xxMonth 20xx, pp.

1. INTRODUCTION

Biomass energy generation from sewage sludge is gaining popularity around
the world since it eliminates contamination from untreated sludge while also
reducing dependency on fossil fuels [1]. Treatment of sewage sludge before AD
has the ability to improve AD efficiency. Thermal pretreatment of SS can
improve digestibility in the digester while also improving methane generation [2].
Landfills, agricultural utilization, composting, burning, reuse as a building
material, and anaerobic digestion are all common sewage sludge disposal
methods. The utilization of anaerobic sludge digestion is of high relevance.
However, this treatment is well-known and can result in a reduction in sludge
volume while also producing methane, which can be considered a renewable
power resource [3],[2].,[4]. All of these control techniques have practical
limitations in terms of human and environmental health [5]. Among the treatment
options, anaerobic digestion is regarded as an effective, environmentally friendly,
and cost-effective technique. AD reduces the total solids in sludge before
delivering to the disposal facility, stabilizes the sludge, kills pathogens, and
minimizes odor releases [2],[6]. The following are the main disadvantages of SS
AD: (1) the sluggish hydrolysis of bacterial aggregation leads to poor reaction
rates; (2) the generation of (H.S) and volatile silicon components, which obstruct
methane production and use; (3) Process sensitivity and lowering the resistance
to inhibitor buildup (e.g., NHs); Other drawbacks include a large buffer needed
for pH adjustment, ineffective treatment of mixed waste, and higher heavy metal
concentrations in the ADS [6].

The fundamental steps of AD include hydrolysis (solubilization), acidogenesis,
acetogenesis (produce acetic acid), and methanogenesis [7]. The rate-limiting
phase here is hydrolysis, in which bacteria’ extracellular enzymes break down
complex organic compounds into smaller, smaller molecules [8]. It is useful to
use several pretreatment technologies in this case, such as chemical, mechanical,
thermal, or biological to the substrates to accelerate the rate of solubilization,
dissolve organic molecules for increasing their degradability, increase methane
production, and to tribute to the stability of AD [9],[10],[11],[12],[13],[14]. The
use of thermal pretreatment to accelerate AD hydrolysis [2],[15],[16].
Pretreatment at high temperatures disinfects the sludge and degrades the
extracellular polymeric substances (EPS) inside as well as on the face of the flocs,
dissolving the floc structure and enhancing the bioavailability of the materials
that make up the cells as well as SS dewaterability. Furthermore, cell damage
caused by pressure variations during the thermal process may lead to an
improvement in the rate of degradation [17],[18]. For AD improvement, low-
temperature pretreatment uses temperatures below 100 °C. Thermophilic bacteria
are activated, organic compounds are hydrolyzed, and the degradation rate is
improved [19],[16]. Low-temperature pretreatment at 70 °C can also be used to
kill pathogens in sludge [20]. The optimal parameters for low-temperature



Engineering Research Journal (ERJ) Name(s) of Author(s) Vol. x, No.xxMonth 20xx, pp.

thermal pretreatment of urban wastewater sludge were reported by Nazari et al.
[16], according to their findings, the best temperature, time, and pH for
pretreatment were 80°C, 5 hours, and pH 10 correspondingly. Soluble COD
improved to 19 % under these conditions, but VS declined to 27.7 % [16].

Pretreatment at high temperatures usually causes physical degradation and
solubilization of organic material [21],[22]. Thermal processing at temperatures
ranging from 125 to 175 °C made WAS biodegradable quickly [23]. Thermal
pretreatment causes the cell wall and membrane to separate, making proteins
more accessible to degradation [24]. Liao stated that thermal pretreatment for 30
minutes at 70°C is recommended. The accumulative methane generation can be
improved by more than 10%, and the digestion period can be greatly reduced, due
to the rapid hydrolysis and lower viscosity of thermal degradation sludge.
According to Bougrier, results obtained at 190°C were superior to those obtained
at 135°C. COD removal increased from 52 % to 64 % after a thermal pre-
treatment at 190 °C. Thermal pretreatment has been proposed as a viable strategy
for speeding up hydrolysis during conventional AD (CAD) of low-solid sludge,
reducing digestion duration and increasing methane production [25],[26].
Because CAD and high-solid anaerobic digestion (HSAD) are founded on the
same fundamental metabolic mechanisms, applying heat pretreatment to HSAD
makes sense. Thermal pre-treatment can improve the hydrolysis of sludge
particles and supramolecular organic compounds while also lowering the
viscosity of high-solids sludge, according to theory. In fact, as the temperature of
the sludge rises, it becomes more liquid [27],[28].

In this research, Viscosity, Durability, pH, and total organic carbon (TOC) after
pretreatment processes and Anaerobic Mono-Digestion of HSAD of sludge were
investigated. The study was two sets. The first set was studying the effect of
different concentrations at a pretreatment temperature of 180°C for thirty
minutes. The second set was studying the effect of the different temperatures of
100, 120, 140, 160, and 180°C for a certain concentration of 11%.

2. MATERIALS

The sludge utilized in the batch models was a drying sludge (raw and
digested) from El-Berka and El-Gabal El-Asfar wastewater treatment plants
located in Cairo, Egypt as shown in table 1. In order to study the viscosity and
total organic carbon of high solid digestion of sewage sludge, a series of
experiments were performed at different temperatures and different solid
concentrations as shown in table 2.
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TABLE 1. Characteristics of inoculum sludge and raw sewage sludge.

Parameter COD | TOC TS VS VSITS pH
Unit g/L g/L g/L g/L % -
Value SS 150+ | 60+ 160+ 101+ @ 63.12 6.12
4.1 15 2.5 1.5
inoculum sludge (From | --------- | ------- 30+ 22 + 73.3 8
digester) - 0.5 0.5
inoculum sludge (From | --------- | ------- 210+ | 109.2 + 52 6.5
Belt press filter) - 2.5 1.5
2.1 BMP Test

The BMP tests were two sets. The first set was studying the effect of different
concentrations of TS 10,11,12,14, and 16 % at a pretreatment temperature of
180°C for thirty minutes. The second set was studying the effect of the different
temperatures of 100, 120, 140, 160, and 180°C for a certain concentration of 11%.
The pre-treatment duration was thirty minutes. The digestion process was done
at mesophilic temperature (35°C). All reactors were replicated. The used reactors
were glass bottles of volume one liter, and the working volume was 0.50 liter.
The biogas generated was measured by using the water displacement method.
After the batch ended, samples were analyzed for pH and TOC removal. Table 2
Is showing the stages of the BMP batch.

TABLE 2. Operating settings for BMP tests in the lab

Temperature Ts Pre-treatment Time of pre-
Temperature treatment
15t Set 35+2°C 10,11,12,14 and 16 % 180 °C 30 min
2nd Set 35£2°C 11% 100,120,140,160 and 180 °C 30 min

2.2 Lab analysis

TOC and pH were measured at the beginning and end of the batch experiments.
Traditional procedures were used to measure the digested sludge samples. The
pH readings were measured using a pH meter. During the experiment, the amount
of biogas produced was measured by using the water displaced method.

3. RESULTS

The primary objective of this research is to determine the viscosity, durability,
pH, and total organic carbon (TOC) after pretreatment processes and anaerobic
mono-digestion of HSAD of sludge.
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3.1 Viscosity and Dewaterability Improvement

Viscosity, and durability after pretreatment processes of HSAD of sludge were
found to be impacted by TP. Sludge viscosity was impacted by TP. Sludge left
untreated was a pseudo-plastic fluid. The viscosity of sludge affects its fluid
characteristics, which influences stirring performance. In the HSAD of sludge, a
substantial energy input for stirring is required to guarantee sufficient mixing.
The energy required for stirring would be reduced and the mass transfer would
be improved if the viscosity of high-solids sludge could be reduced by TP.
Extracellular polymeric substances (EPS) in the sludge surface layer, resulting in
high frictional resistance and hence an increased viscosity. Some EPS, like
carbohydrates, proteins, and lipids, were separated, liquefied, and even
decomposed after TP [6], disrupting the bonds between sludge and lowering
apparent viscosity. Farno [28] reported a similar statement. Because of the
irreversible degradation of proteins, carbohydrates, and lipids, the impact of TP
on sludge viscosity has traditionally been claimed to be irreversible [27],[28].

3.2 Effect of Anaerobic Digestion on pH value
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Pre-Treated Reactors - pH Value After Digestion
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FIGURE 1. pH Values after the batch tests (1st Set)
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FIGURE 2. pH Values after the batch tests (2nd Set)
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pH values increased in the two stages first increased (from 6.12 to 7.5 or 7.6 at
160 °C) and then decreased with a temperature of treatment (to 7.4 at 180 °C).
Protein adsorption or acidic chemical evaporation could cause the pH value to
rise [28]. The reduction in pH could thus be linked to macromolecule breakdown
into acidic chemicals. Because acidogenesis also works at pH near neutrality, and
methanogenesis is generally the rate-limiting step in an anaerobic one-step
treatment process, the pH should be kept close to neutral. To achieve effective
operation and control of the anaerobic digestion, you must control pH and the
elements that cause or resist pH change. The compounds that have a strong
buffering ability (alkalinity) in the neutral region around 7 are NHs, H>S, (HCO3),
and dihydrogen phosphate. The presence and concentration of buffering
substances depend on the structure of the sludge and TOL. Generally, the
carbonate balance controls the alkalinity required to control the pH [8]. sludge
containing a high amount of nitrogen that is organically bound could create high
alkalinity through ammonia production. Because the sulphide system is usually
available at trace levels compared to carbonate, its contribution to buffering is
normally minimal.

3.3 Effect of Anaerobic Digestion on TOC Removal
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FIGURE 1. TOC Removal Ratio (1st Set)

After the Biomethane potential test of the first and second sets ended, samples
of anaerobically digested sludge were analyzed for TOC removal. Set one and set
two ended after 22 days.

FIGURE 1 shows the TOC removal ratio of set 1. It shows that the best TOC
removal was caused for the concentration of 11% for the pretreated and blank
reactors and it was 33.92% and 27.25% respectively. The minimum removal ratio
occurred at 16% concentration for the pretreated and blank reactors. FIGURE 2
shows the TOC removal for set 2. It shows that the TOC removal increases with
TP temperature increasing. The best TOC removal was caused for the reactor at
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a pre-treatment temperature of 180°C and it was 35.83% and which was higher
than the removal of the blank reactor which was 27.50%.
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FIGURE 2. TOC Removal Ratio tests (2nd Set)

35.83
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Table 3. The effect of thermal pre-treatments on sewage sludge anaerobic
digestion with high solids (1st set)

Reilciglr(s i Péi;;g?;e_d Imp_roveme Bla_nk Reagtors- Bla_nk Reaqtors-
Concentrations Gas Gas ntin gas Biogas Yield Biogas Yield
Production | Production production | (mLbiogas/gTO | (mLbiogas/gTO
mL iy % Cremoved) Cremoved)
10% 2440 3285 34.63 159.48 170.16
11% 2475 3850 55.56 151.38 189.19
12% 2460 3150 28.05 157.69 159.98
14% 1575 2025 28.57 106.42 111.57
16% 1065 1370 28.64 71.48 76.88

In set 1, It was reported that the gas generation of the reactor of 11% SS was
the optimum reactor, and the generation of the biogas was enhanced by (28-55
%) because of the thermal treatment. In set 2, the generation of gas for the various
pretreatment temperatures is maintained in Table 4. For the blank reactor, the gas
volume was 2270 mL. The reactors with thermal pretreatments at 100, 120, 140,
160, and 180 °C led to an enhancement in the generation of biogas by 20.7, 30.2,
45.4, 50.7, and 60.6 %, respectively. The results achieved are considered within
the ranges acquired in the sludge anaerobic digestion which was (30 to 50) %
[19]. The highest TOC removal occurred in the reactor of the highest biogas
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generation which was the reactor with the concentration of 11% TS as shown in
Table 3. The maximum Biogas produced was 2475 ml at 11% TS with an
improvement of 55.56% and in terms of TOC removed, it was 189.19
mLbiogas/gTOCremoved. IN set 2, The maximum biogas produced was 3645 ml at
11% TS with an improvement of 60.57% and pretreatment temperature of 180°C
and in terms of TOC removed, it was 169.53 mLbiogas/gTOC emoved @S Shown in
Table 4.

Table 4. The effect of thermal pre-treatments on sewage sludge anaerobic
digestion with high solids (2nd set)

Temperature Gas Production Improvement in gas Biogas Yield
°C mL production (mLbiogas/gTOCremoved)
Blank 2270 - 137.58
100 °C 2740 20.70% 150.14
120 °C 2955 30.18% 147.01
140 °C 3375 48.68% 173.08
160 °C 3420 50.66% 168.47
180 °C 3645 60.57% 169.53

4. CONCLUSIONS

Total solids content has a significant impact on overall digesting efficiency.
Pumping and mixing of the sludge become difficult at greater TS content,
However, TS content can be increased by up to 25% to (1) reduce storage space
within the Wastewater treatment facility and (2) lower transportation costs. Heat
applied during thermal treatment reduced viscosity and makes mixing easier. In
this research, high solid sewage sludge was thermally pretreated at 100, 120, 140,
160, and 180 °C. The following conclusions can be drawn from the experiment
results:

« Sludge viscosity could be reduced by thermal pretreatment.

« The pH should be kept close to neutral to achieve effective operation and

control of the anaerobic digestion.

* The best TOC removal was caused for the reactor at a pre-treatment

temperature of 180°C and it was 35.83%.

« The maximum Biogas produced was 3645 ml at 11% TS with an

improvement of 60.57% and a pretreatment temperature of 180°C.
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