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In this study, the effect of pretreatments applied to the sewage sludge of the Tokat Municipality 

wastewater treatment plant (WTP), the sewage sludge of the packaged wastewater treatment plant 

(PWTP) of a fruit juice production plant, and the aqueous phases of their mixtures on biogas 

production was investigated. Chemical, thermal (microwave (MW) and hot plate (HP)) and 

chemical-thermal pretreatments were applied to these sludge samples. Considering the results in all 

samples, the highest biogas production amount and efficiency were found in the pre-biogas-unit 

aqueous phase of the sewage sludge of the Tokat WTP, which was applied 20% H2SO4+10-minute 

(min) thermal MW pretreatment, with 667.51 ml and 396.34 ml biogas/g water dissolved SM value, 

respectively. Statistical analyses included the Duncan comparison test for cumulative biogas 

production efficiencies at the end of 65 days and the maximum exponential increase function and 

Gompertz equations for cumulative biogas amounts. Accordingly, the most appropriate model was 

tried to be determined. The electricity generated at the end of the 22-day incubation period at the 

facility meets 36% of the electricity needed by the Tokat WTP. At the end of the experimental 

studies (20% H2SO4+10 min thermal MW pretreatment), it can be said according to the 22-day 

biogas data that the biogas production efficiency increased by 3.41 times, this would meet all the 

electricity needed by the facility, and that there would be an extra 23% electricity generation of the 

total generation. Mixing and using fruit juice PWTP and WTP treatment sludge in the production 

of biogas will enable both the utilization of this waste in biogas production and the weakening and 

reduction of high parameter values, which sometimes cause problems in the sludge discharged from 

the Tokat WTP due to urban wastewater treatment, to acceptable limits. 
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Introduction 

Treatment sludge, which is produced as a result of the 
treatment of wastewater, is a major economic and 
environmental concern. In recent years, the increase in 
environmental awareness and the development of 
environmental behavior have led to the investigation and 
application of new methods to reduce its amount. The 
methods of sludge disposal include stabilization, 
minimization, recycling, incineration, landfilling, 
composting, and agricultural use. To eliminate the 
treatment sludge without further environmental problems, 
it is necessary to dispose of it with appropriate methods 
(Yalçın et al., 2010). 

Most of the energy needs are met by using fossil fuels 
and it is one of the main causes of environmental problems. 
For this reason, renewable energy produced from waste is 
considered as one of the future alternative energy sources. 
One of the biomasses that can be used as a renewable energy 
source is the sludge left after treatment in wastewater 
treatment plants. Since the organic load of the treatment 
sludge is high, high biogas efficiency can be obtained by 
digesting it in anaerobic processes. Anaerobic biological 

treatment systems are one of the methods to convert biomass 
into energy. This method can also be applied to many 
industrial and agricultural wastes (Speece, 1996). 

All pathogenic organisms and pollutants in wastewater, 
and chemicals used in the processes to reach the discharge 
limits of the effluent in wastewater treatment plants turn 
into sludge. For this reason, there may be harmful 
substances in treatment sludge. This sludge, which 
threatens human health and cause negativities for the 
environment, is quite good in terms of calorific value 
(https://inevaturkiye.com.tr). For this reason, treatment 
sludge can be used to obtain energy.  

Some studies on the subject have shown very good 
results of biogas production from treatment sludge samples 
by using an anaerobic system. In addition, many studies 
have indicated that pretreatment applications give positive 
results of biogas production from both treatment sludge 
and different raw materials (Wang et al., 2022; Hämäläinen 
et al., 2022; Akçakaya et al., 2022; Gülşen Akbay et al., 
2022; Zeng et al., 2022; Gülşen Akbay et al., 2021; Zhao 
et al., 2021; Mainardis et al., 2021). 

http://creativecommons.org/licenses/by-nc/4.0/
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In this study, the effect of pretreatments applied to the 
sewage sludge of two different facilities in our city and to 
their mixtures on biogas production was investigated. The 
results were evaluated statistically on the SPSS software, 
and the most appropriate model for biogas production was 
determined by applying various mathematical models 
(maximum exponential increase and Gompertz). It was 
seen that using the resulting biogas as an energy source 
could provide both environmental and economic benefits. 

 

Materials and Methods 

 

Raw Materials Used in the Study and Their 

Preparation for Analysis 
The samples given in Table 1 were studied separately 

in the laboratory. After the treatment sludge samples were 
taken from the facilities, they were brought to the 
laboratory without delay, and moisture, total solids, ash, 
and volatile matter analyses were carried out in the 
laboratory according to standard methods (APHA, 2005). 
The remaining parts of the sludge samples were dried in an 
oven at 70°C for one day until they were completely dry. 
These dry samples were ground in a grinder, and the 
samples remaining under the sieve were used in the study 
for pretreatment applications. The HO-1000 model ring 
grinder of Yerli Unal Engineering and Machine Industry was 
used for grinding raw materials. The pure water to be used 
during analyses was produced by using the MES brand MP 
MINIPURE device. A Yuksel Kaya Machine brand shaking 
incubator was used for mixing samples. For the weighing 
processes of the samples, a Denver Instrument brand 
precision balance with ±0.1mg sensitivity was used. 

Drying processes and moisture analyses were 

conducted in a Nuve Dry Heat Sterilizer FN-055 brand 

oven according to standard methods. 

Ash and volatile matter values were determined in a 

Lentom brand muffle furnace that can be adjusted up to 

1200°C. A BEKO MD 1500 Model 5 microwave oven (70-

700 W) and the four-burner jacket heater of Thermal 

Laboratory Instruments Company model N11742, which is 

adjustable up to 400°C, were used for the microwave and 

hot plate thermal pretreatments applied to the raw 

materials. A Hach brand Sension1 model pH meter was 

used for pH measurements of the samples.  

 

Pretreatments Applied to Raw Materials 

The pretreatments applied to the samples were 

administered to the aqueous mixtures of the treatment 

sludge containing 10% solids by mass.  

HP thermal pretreatments were carried out in a four-

flask balloon heater at the normal boiling point of water 

(100°C) under reflux, which is a part of the process, and 

MW thermal pretreatments were performed in a 

microwave oven under reflux with 700W power.  

Pretreatments performed by adding acid and base to 

sludge samples containing 10% solids were as follows: 

50% diluted 98% concentrated H2SO4 (with 1.86 kg/L 

density) or 25% aqueous NaOH solutions by mass were 

added to 10%, 15%, and 20% of the solid matter in the 

sludge, and they were cooked for 10, 20, and 30 min. 

Additionally, the flow chart of the pretreatments applied to 

the samples and their combinations is given in Figure 1. 

 

Table 1. Raw materials used in the study  

The sources of the treatment sludge 
The names of 

the samples 

Fruit juice PWTP treatment sludge Sample 1 

Tokat WTP sludge before the biogas unit Sample 2 

Tokat WTP sludge after the biogas unit Sample 3 

Dimes fruit juice company PWTP sludge and treatment sludge mixture from Tokat WTP (both 50% 

by weight) before the biogas unit 
Sample 4 

 

 
Figure 1. Flow chart of the procedures applied to the treatment sludge 
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Determination of Solubility in Water and Preparation 

of Materials for Analysis 

Aqueous mixtures containing 10% solids by mass, 

which were left without pretreatment at room temperature 

or were subjected to chemical, thermal HP, thermal MW, 

chemical-thermal HP, and chemical-thermal MW, 

underwent a total of 588 water dissolution processes as 3 

replications. After the water dissolution experiments, 24 

samples with the highest water solubility values were 

selected for analysis. H2SO4 and NaOH solutions were 

used to adjust the pH of the selected 24 aqueous phases to 

7, which is the necessary pH level for the biogas-producing 

bacteria to live. 

The bottles in which the 10% of aqueous phases 

obtained from samples with and without pretreatment 

would be put into were wrapped with aluminum foil to 

allow anaerobic degradation and prevent light 

transmission. Bottles of 100 ml were used for biogas 

measurements. The samples obtained from the 

pretreatments were filled in these bottles in volumes of 3/4. 

All aqueous phases were inoculated to produce methane. 

The inoculated solution was obtained from the aqueous 

solution formed by filtration of fresh cow manure 

containing 5% solids through glass cotton. The samples 

were put in bottles of 100 ml in certain volumes, the bottles 

were capped, and then nitrogen gas was filled in them for 

approximately 45 seconds to remove the oxygen 

completely from the bottles. While nitrogen gas was filled 

in the bottles, a second serum needle was used for gas 

evacuation. 

 

Determination of Biogas Amounts Forming during 

Anaerobic Process  

The bottles, which were provided with anaerobic 

conditions, were left for anaerobic biodegradation in an 

incubator, whose temperature was set to 35°C to create 

optimum conditions. The volume of biogas and methane 

forming in 100 ml serum bottles placed in the incubator for 

biogas formation was measured in a setup similar to that of 

the Orsat gas analyzer.  

First, the biogas volume in the device was determined. 

Then, all of the biogas was taken to the absorption column 

on the device, which contained 33% of KOH solution that 

absorbs CO2, and the gas was washed with this solution 

several times to ensure that all CO2 was absorbed. 

Afterward, the remaining gas was transferred to the burette, 

which is the other gas level measurement point on the 

device, and the methane volume was read from there.  

 

Statistical Analysis Applied to Biogas Production 

Efficiencies 

The biogas data obtained in the study were also 

evaluated statistically. To do this, the anaerobic treatment 

results were based on a statistical method. In this context, 

the analyses were conducted on the SPSS 17 statistical 

software package. The study was designed in accordance 

with the "Random Plots Trial Plan". First of all, the test to 

be applied was decided depending on the number of 

samples. In cases where there are two samples, T or Z test 

should be employed, while in cases where there are more 

than two samples, variance analysis should be conducted 

and the variances should be homogeneous in this case. 

Therefore, the Levene variance homogeneity test was 

applied. 

When the variances are homogeneous (P>0.05), the 

variance analysis stage is started. When the analysis of 

variance is homogeneous (P<0.001), the Duncan test is 

used. Duncan test (P<0.05) is performed to find the 

difference between the methods. In the Duncan test, letters 

are used to show which means are equal and which are 

different. 

 

Modeling 

A modeling study was carried out to show that biogas 

production amounts could be estimated with several 

mathematical equations without using tables. Following 

this objective, maximum exponential increase and 

Gompertz modeling were applied by evaluating the 

cumulative biogas production amounts of four sludge 

samples after 65 days. 

 

Maximum exponential increase equation;  

 

f = a × (1-exp (-b×X)) 

 

where; 

f: total amount of biogas forming in x time 

X: time during decomposition period 

a: biogas production potential 

b: first order kinetic constant 

 

Another equation used in comparison was the 

Gompertz equation. The equation of this model was as 

follows (Lo et al., 2010); 

 

f = a×exp (-exp (-(X-Xo) / b)) 

 

where; 

f: total amount of biogas forming in x time 

X: time during decomposition period 

Xo: maximum time at the biogas production rate 

a: biogas production potential 

b: first order kinetic constant 

 

Findings and Discussion 

 

Characteristics of Raw Materials  

The moisture, ash, solid matter, and volatile matter 

measurements of the samples taken from the treatment 

sludge of both plants are given in Table 2. 

 

Table 2. Analysis results of the treatment sludge samples  

 Sample 1 Sample 2 Sample 3 

Solid content%* 14.72 5.08 3.25 

Moisture%* 85.28 94.92 96.75 

Ash content%** 34.37 33.00 51.00 

Volatile matter%** 65.63 67.00 49.00 
 *In the original sample **In the dry solid 

 

Findings of Water Dissolubility in Samples with and 

without Pretreatment 
The water dissolution percentages of four treatment 

sludge samples with and without pretreatment are given in 

Table 3.  
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Table 3. The water solubility percentages of raw materials with and without pretreatment 

 Pretreatment WS   Pretreatment WS  

S1 

Without pretreatment 49.56 

S3 

Without pretreatment 49.40 

Chemical (20% H2SO4) 73.08 Chemical (20% H2SO4) 59.16 

Thermal HP (10 min) 55.62 Thermal HP (30 min) 53.54 

Thermal MW (10 min) 60.87 Thermal MW (10 min) 54.22 

Chemical-Thermal HP (20% H2SO4, 20 min) 73.06 Chemical-Thermal HP (20% NaOH, 30 min) 70.01 

Chemical-Thermal MW (15% NaOH, 10 min) 89.85 Chemical-Thermal MW (20% H2SO4, 30 min) 60.05 

S2 

Without pretreatment 51.96 

S4 

Without pretreatment 49.38 

Chemical (10% H2SO4) 64.49 Chemical (15% NaOH) 61.37 

Thermal HP (30 min) 64.03 Thermal HP (30 min) 58.67 

Thermal MW (10 min)  55.45 Thermal MW (30 min) 79.31 

Chemical-Thermal HP (20% NaOH, 10 min) 79.04 Chemical-Thermal HP (20% H2SO4, 30 min) 83.01 

Chemical-Thermal MW (20% H2SO4, 10 min) 84.21 Chemical-Thermal MW (20% H2SO4, 20 min)  80.26 
WS: Water solubility (%); S1: Sample 1; S2: Sample 2; S3: Sample 3; S4: Sample 4 

 

Table 4. Cumulative biogas production amounts 

 Pretreatment CB  Pretreatment CB 

S1 

Without pretreatment 146.7 

S3 

Without pretreatment 98.55 

Chemical (20% H2SO4) 231.9 Chemical (20% H2SO4) 139.74 

Thermal HP (10 min) 209.26 Thermal HP (30 min) 190.55 

Thermal MW (10 min) 232.48 Thermal MW (10 min) 166.54 

Chemical-Thermal HP (20% H2SO4, 20 min) 295.32 Chemical-Thermal HP (20% NaOH, 30 min) 208.43 

Chemical-Thermal MW (15% NaOH, 10 min) 278.02 Chemical-Thermal MW (20% H2SO4, 30 min) 215.31 

S2 

Without pretreatment 195.37 

S4 

Without pretreatment 176.71 

Chemical (10% H2SO4) 366.85 Chemical (15% NaOH) 293.14 

Thermal HP (30 min) 425.71 Thermal HP (30 min) 331.71 

Thermal MW (10 min)  398.66 Thermal MW (30 min) 419.25 

Chemical-Thermal HP (20% NaOH, 10 min) 566.87 Chemical-Thermal HP (20% H2SO4, 30 min) 472.72 

Chemical-Thermal MW (20% H2SO4, 10 min) 667.51 Chemical-Thermal MW (20% H2SO4, 20 min)  471.96 
CB: Cumulative Biogas (ml); S1: Sample 1; S2: Sample 2; S3: Sample 3; S4: Sample 4 

 

It is seen in Table 3 that all chemical (acid/base 

addition) and thermal (HP/MW) and chemical (acid/base) 

+ thermal (HP/MW) pretreatments increased the solubility 

of solid matter in water. In a similar study, it was concluded 

that thermal, chemical, and chemical-thermal treatments 

applied to increase the biological decomposition efficiency 

of treatment sludge disrupted the flock structure of the 

sludge and increased its solubility and that the treatments 

administered increased the rate and efficiency of 

biodegradation (Genç, 2008). In other studies on the 

subject, it was observed that pretreatments applied to 

samples increased the water solubility levels (Ardıç and 

Taner, 2004; Halisdemir, 2009; Ardıç, 2009; Bayrak Işık 

and Polat, 2017; Şenol, 2019). 

When the water solubility percentages of the 

pretreatments applied to four sewage sludge samples were 

compared, it was seen that the highest water solubility was 

obtained as 89.85% from the chemical-thermal MW (15% 

NaOH+10 min MW) pretreatment applied to the sewage 

sludge of the fruit juice PWTP. 

 

Biogas Production in Aqueous Phases Obtained 

From Unpretreated and Pretreated Sludge Samples 

Anaerobic degradation of the aqueous phases in the 

bottles took 65 days. During these 65 days, biogas 

production amounts of the samples kept in the incubator at 

35oC were measured every five days (Table 4). Since a 

decrease was observed in the biogas production as a result 

of the measurements, no measurements were made after 

the 65th day and the study was terminated. 

Biogas production amounts were measured in ml. 
Then, they were calculated as biogas/ml per gram of solids 
dissolved in water, and biogas production efficiency 
assessments were made. Figure 2 shows the biogas 
production efficiency obtained from unpretreated and 
pretreated samples of sewage sludge. 

When the biogas production efficiencies obtained from 
the four different treatment sludge samples were 
compared, the results obtained from all pretreatments were 
found to be higher than those obtained from samples 
without pretreatment. There are various studies showing 
that pretreatment increases the amount of biogas 
production (Arıkan, 2008; Varinli, 2010; Martin, 2017; 
Çilingir, 2018; Şenol et al., 2020). 

It can also be said that thermal HP and thermal MW 
pretreatments provided more biogas production efficiency 
than only chemical pretreatment applications. As seen in 
Figure 2b, it was determined that the highest biogas 
production efficiency in the samples was obtained on the 
20th day from the 10 min thermal MW pretreatment with 
69.69 ml biogas/g SM dissolved in water.  

In the thermal pretreatments, it was observed that the 
gel structure was broken down, the substances in the cell 
passed into the aqueous phase, and that these substances 
were broken down anaerobically, causing an increase in 
water solubility and biogas production. These findings are 
supported by findings obtained by Murto et al. (2004) and 
Crawford et al. (1982). 

Cumulative biogas production efficiencies obtained for 
65 days are given in Figure 3 as ml biogas/g SM dissolved 
in water. 
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Figure 2a. Biogas production efficiency of the 1st sample Figure 2b. Biogas production efficiency of the 2nd sample 

  
Figure 2c. Biogas production efficiency of the 3rd sample Figure 2d. Biogas production efficiency of the 4th sample 

 

  
Figure 3a. Cumulative biogas production efficiencies of the 

1st sample 

Figure 3b. Cumulative biogas production efficiencies of the 

2nd sample 

  
Figure 3c. Cumulative biogas production efficiencies of the 

3rd sample 

Figure 3d. Cumulative biogas production efficiencies of the 

4th sample 

 

The highest cumulative biogas production efficiency 

(396.34 ml biogas/g SM dissolved in water) was obtained 

from the aqueous mixture of the 2nd sample (Figure 3b), 

which was followed by the aqueous mixture of the 4th 

sample (294.02 ml biogas/g SM dissolved in water), the 

aqueous mixture of the 1st sample (202.11 ml biogas/g SM 

dissolved in water), and the aqueous mixture of the 3rd 

sample (179.28 ml biogas/g SM dissolved in water).  

During the anaerobic process, the methane percentage 

of biogas obtained from raw materials was found to range 

between 42.66 and 58.90%. In addition, pH evaluation, 

which is effective in biogas and methane production stages, 

was also performed in the study. Figure 4 shows the pH 

changes. The anaerobic process consists of three steps, 

namely hydrolysis, acid formation, and conversion to 

methane. As seen in Figure 4b, there was an acid formation 

phase on the 10th day in the aqueous phase of the 2nd sample, 
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which was added 20% H2SO4 and subjected to 10 min thermal 

MW pretreatment.  During the acid formation phase, pH 

increased and then continued with small changes until biogas 

production ended. The day of the acid formation phase 

changed in unpretreated and pretreated aqueous sludge 

samples, but the processes took place in the same way.  

Since methane-forming bacteria live in a neutral or 

slightly alkaline environment, the pH of the environment 

normally varies between 7 and 7.5 while the fermentation 

process continues stable under anaerobic conditions 

(Öztürk, 2005). Our study results were similar to the 

information provided in the literature. The examination of 

the time-dependent change in pH concentration in the 

aqueous phases obtained from sludge samples with and 

without pretreatment indicated that neutral and slightly 

alkaline values were determined. 

 

  
Figure 4a. Time-dependent pH change in untreated sludge 

samples for four different sludge samples 

Figure 4b. Time-dependent pH change in sludge samples 

under pretreatment conditions where the highest biogas per 

solid matter was obtained for four different sludge samples 

 

Table 5. Duncan test results applied to cumulative biogas production efficiencies of sewage sludge samples 

 Pretreatment MS  Pretreatment MS 

S1 

Without pretreatment 148.00 ± 1.743d 

S3 

Without pretreatment 99.75 ± 2.100e 

Chemical (20% H2SO4) 158.66 ± 2.170c Chemical (20% H2SO4) 118.10 ± 1.196d 

Thermal HP (10 min) 188.12 ± 3.356b Thermal HP (30 min) 177.95 ± 1.483a 

Thermal MW (10 min) 190.96 ± 1.182b Thermal MW (10 min) 153.58 ± 2.435b 

Chemical-Thermal HP1 202.11 ± 2.290a Chemical-Thermal HP5 148.86 ± 1.204c 

Chemical-Thermal MW2 154.71 ± 1.878cd Chemical-Thermal MW6 179.28 ± 1.478a 

S2 

Without pretreatment 188.00 ± 2.108e 

S4 

Without pretreatment 178.93 ± 1.455e 

Chemical (10% H2SO4) 284.42 ± 1.408d Chemical (15% NaOH) 238.83 ± 1.207d 

Thermal HP (30 min) 332.43 ± 0.764c Thermal HP (30 min) 282.69 ± 1.438b 

Thermal MW (10 min)  359.48 ± 1.909b Thermal MW (30 min) 264.31 ± 0.609c 

Chemical-Thermal HP3 358.60 ± 1.444b Chemical-Thermal HP7 284.74 ± 0.613b 

Chemical-Thermal MW4 396.34 ± 2.859a Chemical-Thermal MW8 294.02 ± 1.298a 
MS: Mean ± Standard deviation; S1: Sample 1; S2: Sample 2; S3: Sample 3; S4: Sample 4; 1: (20% H2SO4, 20 min); 2: (15% NaOH, 10 min),  

3: (20% NaOH, 10 min); 4: (20% H2SO4, 10 min); 5: (20% NaOH, 30 min); 6: (20% H2SO4, 30 min); 7: (20% H2SO4, 30 min);  
8: (20% H2SO4, 20 min);   a-b-c-d-e : Values with the same letters indicate that there is no significant difference at P<0.05 

 

Statistical Evaluation of Biogas Production Efficiency 

Obtained from Aqueous Phases of Treatment Sludge 

The cumulative biogas production efficiencies of the 

aqueous mixtures of the treatment sludge after 65 days 

were statistically compared.  

Accordingly, the variance homogeneity test was 

applied to the biogas production efficiencies per gram of 

solid material formed as a result of anaerobic 

decomposition in the treatment sludge samples with and 

without pretreatment. Since the level of significance was 

p>0.05 in the results of the variance homogeneity test, 

variance analysis was applied afterward. Then, Duncan's 

multiple comparison test was administered because the 

results of the analysis of variance were found to be 

significant (P<0.001) (Table 5). 

The Duncan's multiple comparison test results 

indicated that there was no difference between the biogas 

production efficiencies obtained from the 10 min thermal 

HP and 10 min thermal MW pretreatments in the 1st 

sample, between 10 min thermal MW and 20% NaOH+10 

min thermal HP pretreatments in the 2nd sample, between 

30 min thermal HP and 20% H2SO4+30 min thermal MW 

in the 3rd sample, and between 30 min thermal HP and 20% 

H2SO4+30 min thermal HP pretreatments in the 4th sample 

at P<0.05 significance level. 

There are similar studies showing that the biogas 

production efficiencies obtained from different raw 

materials are compatible with the Duncan test results 

(Adelekan and Bamgboye, 2009; Abimbola and Olumide, 

2014; Adeniran et al., 2014; Mustafa et al., 2018; Opurum 

et al., 2019). 

 

Modeling 

Maximum exponential increase and Gompertz models 

were employed for the cumulative amounts of biogas 

forming after 65 days by applying pretreatments to sewage 

sludge samples. The maximum exponential increase curve 

of cumulative biogas amounts is given in Figure 5, and the 

representation of the curve formed by subjecting the data 

to Gompertz models is given in Figure 6. The range values 

obtained as a result of applying cumulative biogas amounts 

to the models are given in Table 6. 
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Figure 5a. Maximum exponential increase curve applied to 

the cumulative biogas in the aqueous phase of the 1st 

sample 

Figure 5b. Maximum exponential increase curve applied to 

the cumulative biogas in the aqueous phase of the 2nd 

sample 

  
Figure 5c. Maximum exponential increase curve applied to 

the cumulative biogas in the aqueous phase of the 3rd 

sample 

Figure 5d. Maximum exponential increase curve applied to 

the cumulative biogas in the aqueous phase of the 4th 

sample 

 

 

  
Figure 6a. Gompertz curve applied to the cumulative biogas 

in the aqueous phase of the 1st sample 

Figure 6b. Gompertz curve applied to the cumulative 

biogas  in the aqueous phase of the 2nd sample 

  
Figure 6c. Gompertz curve applied to the cumulative biogas 

in the aqueous phase of the 3rd sample 

Figure 6d. Gompertz curve applied to the cumulative 

biogas in the aqueous phase of the 4th sample 
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Table 6. Models where cumulative biogas amounts were applied and R2 value ranges from the graphs 

Models Sample 1 (R2) Sample 2 (R2) Sample 3 (R2) Sample 4 (R2) 

Maximum Exponential Increase 0.9633-0.9865 0.9620-0.9957 0.9717-0.9894 0.9747-0.9913 

Gompertz 0.9950-0.9984 0.9915-0.9987 0.9892-0.9997 0.9822-0.9944 

 

When the R2 (correlation coefficient) values in the graphs 

emerging in the maximum exponential increase and 

Gompertz models applied concerning cumulative biogas were 

compared, it can be said that the cumulative biogas curve in 

the four samples was more compatible with the Gompertz 

model. The equations describing the graphics created in 

previous studies were found consistent with the modified 

Gompertz model (Öz Eldem and Öztürk, 2006; Genç, 2010; 

Zorlugenç and Evliya, 2011; Patil et al., 2012, Yılmaz et al., 

2018, Bayrakdar, 2020; Özarslan et al., 2021). 

 

Conclusions 
 

As a result of this study, in which the effect of 

pretreatments applied to sewage sludge samples on biogas 

production potential was investigated, it was found that 

pretreatments (chemical, thermal HP, thermal MW, 

chemical-thermal HP, and chemical-thermal MW) applied 

to four different sewage sludge samples increased the 

solubility in water. The increase in water solubility was 

between 62.07 and 81.29% compared to the unpretreated 

sample. 

When the biogas production efficiency of the samples 

with the highest water solubility was examined, it was 

determined that the pretreatment application increased the 

efficiency. Of all the samples, the highest biogas 

production amount (667.51 ml) and the highest biogas 

production efficiency (396.34 ml biogas/g SM dissolved in 

water) were found in the pre-biogas-unit aqueous phase of 

the sewage sludge of Tokat WTP. 

The statistical results showed that pretreatment had a 

significant effect on biogas production efficiency. The 

comparison of R2 results obtained by applying the 

cumulative biogas amounts forming at the end of 65 days 

to the maximum exponential increase and Gompertz 

models indicated that the Gompertz model was more 

compatible. 

In conclusion, it is thought that the electrical energy 

generated by using the biogas produced by pretreating the 

sewage sludge in anaerobic digesters will provide a 

significant saving in operating costs. 
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