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This work aimed to co-digest various wastes to assess the best combination of all mixing ratio, also at
choosing the best ratio between untreated primary sludge (UPS) singly from two sources, (South valley
University (SUPS) and Abu tesht wastewater station (AUPS) and raw chicken manure (RCM) and compar-
ing the results in either case. The co-digestions of untreated primary sludge from Abu tesht wastewater
treatment stations with different levels of raw chicken manure (0:100, 10:90, 30:70, 50:50, 90:10, and
100:0) to obtain the best mixtures. Also, co-digestion of untreated primary sludge from south valley uni-
versity with different levels of raw chicken manure at the same ratios, to obtain the best mixtures. Batch
digestion tests were applied in 2.5 L digester with a working volume of 2.0 L. The samples in triplicates
were separately loaded into the digesters locally fabricated and kept for 20 days as a retention period and
diluted with the same amount of water. Mesophilic under 35 �C was adopted for untreated primary
sludge as well as mixtures with raw chicken manure based on total solids (TS) and volatile solid (VS) pro-
portions. The average biogas yields from AUPS/RCM mixture obtained ranged from 8570 to 5600 ml, by
the following descending order, 10: 90 > 90:10 and so on >100:0, and the average biogas yields from
SUPS/RCM obtained ranged from 6330 to 5635 ml, in the order of 90: 10 > 10:90 and so on >100:0.
The results showed highest biogas yield from AUPS/RCM and SUPS/RCM mixtures with mixing ratio of
10:90 and 90:10, respectively, however, the lowest biogas production detected in separate digestion of
AUPS and SUPS. The results indicated that co-digestion between the sludge and raw chicken manure
could increase total biogas production volume, enhance sludge treatment process, and produce eco-
friendly sludge because of co-digestion process than separate processing of each feedstock.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction:

The generation of excess sludge is the main problem faced by
wastewater treatment plants (WWTP) in urban areas. Approxi-
mately 0.5–2% of treated wastewater becomes necessary to man-
age sludge at a cost of over 50% of the costs of operation of the
WWTP. Anaerobic digestion (AD) of sludge at various temperature
conditions is the most widely applied treatment procedure for
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sludge recovery (de la Rubia et al. 2002, and de la Rubia et al.
2005). Worldwide, the use of renewable energies has become an
attractive and alternative energy system due to the rising expense
of fossil fuels and the increased pollution caused by their combus-
tion (Sahito, et al. 2014). Biogas production necessitates more ara-
ble land, assets and labor than other renewable energy
technologies, such as rape methyl ester (RME) manufacturing
(Heissenhuber and Berenz, 2005). The anaerobic digestion (diges-
tion without oxygen) of organic matter produces biogas, which is
a methane-rich gas. Because the nutritive materials in the feed-
stock are not lost during the biogas generation, the biproduct of
this process is a high-quality fertilizer. Because biogas is
methane-rich (55–70%), it can be used for energy or refined to
become equivalent to Natural Gas (NG). As a result, several coun-
tries have begun to promote the use of alternative energy sources,
particularly clean energy sources such as geothermal, wind, small-
scale hydropower, solar, biomass, tidal, and wave power (Abd Allah
et al., 2021).

Clean energy is less polluting than fossil fuels and has a lower
environmental effect as a result. Anaerobic digestion produces bio-
gas, which is a renewable and clean energy source (Esposito, et al.
2012). Many types of organic matters considered as substrates for
biogas production as organic municipal waste, manure, sewage
sludge and agricultural wastes (Appels et al. 2011). The problem
of waste accumulation in the streets and water banks causes pollu-
tion and negatively affects health. On the other hand, biomass
resources i.e., organic waste, agricultural residues, agricultural
and industrial wastes, animal manure, and sewage sludge. The
use of these waste resources, especially biomass or the organic
components, leads to the achievement of some economic problems
in Egypt, such as livestock feed, fertilizers, and fuels, in addition to
improving the surrounding environment by reducing air pollution
and greenhouse gas emissions, all that can be achieved by con-
certed efforts of the Waste, Energy, Industry and Agriculture sec-
tors (Nakhla et al. 2013). According to the National Organization
for Potable Water and Sanitary Drainage (NOPWSD) and the Hold-
ing Company for Water and Wastewater (HCWW), Egypt has 303
WWTP, which process 11.85 106 m3/day of wastewater at a sludge
rate of production of 0.48 kg/m3 of treated wastewater, resulting in
5800 tons of sewage sludge produced daily (Ghazy, et al. 2009).

The most common sewage sludge treatment process used in
most WWTPs is thickening and dewatering of sewage sludge, fol-
lowed by storage and then land application. Only at Al Gabel Asfer
WWTP, Egypt’s largest, anaerobic digestion procedure has been
used for sludge stabilization and power generation. Windrow com-
posting is another prominent sewage sludge handling process used
in WWTPs such as Cairo’s Al Berka WWTP and Alexandria’s (9 N)
plant (Nakhla, et al. 2013). Recently, there has been a greater focus
on reducing surplus sludge because it has become a growing con-
cern for wastewater treatment facilities (WWTPs) due to eco-
nomic, environmental, and regulatory factors (Mahvi, 2008).
Sludge treatment and disposal, for example, can account for up
to 60% of total operating costs in municipal wastewater treatment
plants (Baghapour, et al. 2011; Zhang and Chen, 2020). Biogas has
gotten a lot of attention because it has a lot of environmental ben-
efits over fossil fuels (Cheng, J. 2009). Biogas is safe, dependable,
inexpensive, and environmentally friendly (Santosh, et al. 2004;
Turunen et al, 2018). Cheng, (2009) reported that biogas energy
can be replicated in a year, whereas fossil fuels take millions of
years to regenerate biodegradable wastes from various sources,
on the other hand, have a low potential for biogas production
due to their low organic matter concentration or biodegradability.

In these instances, anaerobic co-digestion is shown as an effec-
tive technology that mixes numerous biodegradable organic sub-
strates capable of increasing biogas generation per kilogram of
mixture removal, both at mesophilic and thermophilic settings.
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(Kim, et al. 2004). The anaerobic process has typically been used
to digest surplus sludge in wastewater treatment plants or to treat
manure, resulting in biogas that may be utilized to generate energy
(Fantozzi and Buratti, 2009). Over the last 10–15 years, researchers
have investigated the co-digestion of various organic substrates,
and the results showed the synergic impact of both treatments,
with the biodegradability of the resulting mix were more than
the biodegradability of the separate substrates. It has been demon-
strated that anaerobic co-digestion of diverse organic wastes
improves biogas generation. The concept of co-digestion has been
researched and applied to a variety of substrates, including munic-
ipal solid waste, sewage sludge, cow dung, and energy crops
(Mata-Alvarez, et al. 2011; Facchini et al, 2021). Because of the
presence of ammonia, protein, and urea in animal feces, total
ammonia nitrogen concentrations are frequently very high
(Zeeman, et al. 1985). For anaerobic species, nitrogen is a necessary
nutrient (Strik et al., 2006), as a result, the inhibitory effects of
ammonia in anaerobic reactors are known to affect primarily the
phase of methanogenesis. (Calli, et al. 2005).

Cow, buffalo and poultry farms, are themain suppliers ofmanure
in Egypt. In Egypt’s governorates, the amount of manure produced
by various animals is assessed to be 11 million tons (El-Hinnawi,
2006). The amount of chicken droppings produced each year is
assessed to be in the order of 2.3 million tons (El-Hinnawi, 2006).
About 60% of cattle wastes are utilized as fuel by direct burning in
low-efficiency burners (lower than 10% efficiency); another 20% is
used as organic fertilizer, and the rest is wasted in handling
(Nakhla, et al. 2013). The anaerobic co-digestion of two forms of
organic wastes, raw chicken manure and raw sewage sludge from
wastewater treatment plants, is the subject of research.

Therefore, the objective of this study is to select the operational
conditions of anaerobic co-digestion process of untreated primary
sludge and chicken manure to enhance the biogas generation,
transformation of organic fraction in (UPS) into high quality fertil-
izer, amelioration of the hygiene via lowering of pathogens, com-
paring the results obtained from sludge sample of two sources.
The batch experiments were created using mesophiles to investi-
gate the anaerobic biodegradability of four different chicken man-
ure and untreated primary sludge combinations.
2. Materials and methods

2.1. Substrates’ collection

Fresh untreated primary sludge (UPS) was collected in sterilized
bag from Municipal Wastewater Treatment Plant in Abu tesht and
south valley university, Qena, Egypt. The UPS preserved in refriger-
ator under 4 OC degree until used (Zhang et al. 2011). And raw
chicken manure (RCM) was collected from village abu shosha,
Abu tesht, Qena, Egypt. All samples were collected in summer sea-
son within a period of 7 days to limit the huge differences in sub-
strate features then were analyzed for their chemical constituents.
2.2. Experimental digester and design

The experimental design is represented in Fig. 2. Six digesters
were used in a modest lab-scale experiment to explore the feasibil-
ity of anaerobic co-digestion of UPS from two sources and RCM.
The Laboratory-scale digesters were operated at mesophilic condi-
tions (35 ± 1 �C) with hydraulic retention times of 20 days
(Komatsu et al., 2007). Each glass has actual volume was 2.5 L
and working volume was 2.0 L. Prior to the biogas volume mea-
surement, all reactors were gently mixed by hand for around
1 min per day. Six different mixing mass ratios of 100:0, 90:10,
50:50, 30:70, 10:90, and 0:100 were tested to obtain the best com-



Fig 2. (A) The cumulative biogas production from co-digestion of AUPS/RCM. (B) The cumulative biogas production from co-digestion of SUPS/RCM.

Fig 1. (A) The biogas production from different mixing ratio of AUPS/RCM after 20 days of anaerobic digestion. Where’s R6 is the control 100% AUPS, (B) The biogas production
from different mixing ratio of SUPS/RCM after 20 days of anaerobic digestion. Where’s R6 is the control 100% SUPS.
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bination of Abu tesht untreated primary sludge (AUPS) and South
valley untreated primary sludge (SUPS) each supplemented indi-
vidually with raw chicken manure (RCM) as external carbon
sources. Separate AUPS or SUPA (100:0) and RCM (0:100) were
an aerobically digested as controls.

Every treatment was repeated three times with a control to see
how different mixed percentages affected biogas output. In the gas
collecting bottle, NaOH 3% solution was utilized to remove the gen-
erated CO2, NH3, and H2O. The methane created displaced a mea-
surable volume of NaOH solution from the gas-collecting bottle,
which was equal to the volume of methane. A measuring cylinder
linked to the gas-collecting bottle could so determine the volume
of methane produced by each reactor (You, et al. 2003; Guo,
2011). When an alkaline solution is used as the displacement liq-
uid for the biogas collected in the measuring cylinder, CO2 is
scrubbed from the biogas and only methane is collected. As a
result, the solution’s displaced volume equals the volume of
methane produced. CO2will not be absorbed when employing an
acidic solution, hence the amount of displaced gas will be indica-
tive of the total biogas created.

A blank test was carried out in parallel with the assay bottle,
using the same amount of anaerobic sludge (South valley sample
and Abu tesht wastewater station sample), water, and RCM alone
instead of the UPS/RCM mixture ratio. The total biogas produced
by each co-digestion ratio is calculated using the difference in
gas production between the two digesters and the four mixing
ratios. Table 1 summarizes the substrate co-digestion mixing ratio.
The volume of created gas was measured in this study using the
water displacement method, which assumed that the amount of
generated gas was equal to the volume of ejected water in the
water collector. Fig. 2 shows a schematic representation of the
lab-scale experimental setup.

2.3. Analytical methods

Moisture, total solids (TS), volatile solids (VS), total nitrogen,
total carbon, and the C/N ratio were all measured in untreated pri-
mary sludge and raw chicken manure.

Table 1
Treatment description for each reactor.

Treatment Description Mixing ratio (%)

R1 (RCM) 100
R2 R1: R6 10:90
R3 R1: R6 30:70
R4 R1: R6 50:50
R5 R1: R6 90:10
R6 (AUPS) or (SUPS) 100

Table 2
Substrates analysis.

Parameters (AUPS)

MC (%) 23b
TS (%) 77b
VS (%) 5.4c
VS/TS (%) 7b
TPC (CFU/ml) 3 � 105c
TOM % 5b
TC % 2.86b
TN% 0.08b
C/N ratio % 36a

The different lowercase letters within raw indicate significant differences.
AUPS: Abu tesht sludge sample TC: total carbon
SUPS: south valley university sludge sample TN: total nitrogen.
RCM: Raw chicken manure C/N ratio: carbon/nitrogen ratio.
TS: total solids. MC: moisture content.
VS: volatile solids. TPC: Total plate count.
TOM: total organic matter.
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TS and moisture content of the samples were estimated by
heating at 60 �C for 24 h then at 103 �C for 3 h, then % moisture
content was then estimated using the procedure of Chandra,
(2009):

%Moisturecontent ¼ ½ðWW WDÞWW � � 100 ð1Þ

TotalsolidsðTSÞ ¼ ½WD=WW � � 100 ð2Þ
where WW is the weight of wet sample, WD is the weight of dry
sample

The above oven dried samples applied for the measuring of (TS)
were further dried at 550 ± 5 �C temperature for 5 h in a muffle
furnace.

The volatile solids (VS) were then determined as follows (Chan-
dra, R. 2009):

VolatilesolidsðVSÞ ¼ ½ðWD �WAÞ=WD� � 100 ð3Þ
where WD is the weight of oven dried sample, WA is the weight of
ash left after igniting the sample in muffle furnace.

The %age volatile solid loss was calculated from the following
equation:

VSloss ¼ ð1� VSout=VSinÞ � 100ðCIA;2013Þ ð4Þ
where VS out and VS in are the %ages of VS at the finish and initial of
digestion periods. Biogas samples were collected using a water dis-
placement method (You, et al. 2003; Guo, 2011). The volume of
alkaline solution displaced from the measure bottle and collected
in a graduated cylinder was used to track daily biogas generation
(Figs. 1, 2). Because the CO2 in the biogas was dissolved in the alka-
line solution, it had no impact on the volumetric methane readings
(Esposito, et al. 2012). Total plate count, total and fecal coliform
were estimated following Saad et al, (2021a).

2.4. Statistical analysis

Data means in triplicate were analyzed by ANOVA at probability
level of 5%. The significant differences between means were com-
pared by LSD using SPSS version 19.

3. Results

The features of the substrates are summarized in Table 2. Vari-
ous species of bacteria participate in the hydrolysis, acid genera-
tion, and methane synthesis processes in anaerobic digestion of
organic materials. Methanogenesis is regarded to be the most
important of these three stages. Microorganisms convert particu-
late organic matter, such as proteins, polysaccharides, and lipids
(SUPS) (RCM)

22.036b 83.11 %a
77.96b 90.86 %a
66.683a 9.14 %b
85.5a 0.1c
34 � 107b 67 � 106a
– 86.3a
– 50.1a
– 2.36a
– 21b



Table 3
Aerobic and anaerobic bacteria count on nutrient agar media at 35 �C for 24hr and 48 hr.

Treatment AUPS/ RCM aerobic AUPS/RCM anaerobic SUPS/RCM aerobic SUPS/RCM anaerobic

First Last First Last First Last First Last

R1 26 � 106* 3 � 105* 30 � 104* 2.6 � 106 39 � 107* 19 � 106* 2 � 105 39 � 107*

R2 120 � 106* 3 � 105 28 � 104* 50 � 106* 11 � 107* 4 � 106* 3 � 105 11 � 107*

R3 157 � 106* �1 � 105 15 � 104* 11 � 106* 5 � 107 88 � 106* 19 � 105* 5 � 107

R4 143 � 106* 4 � 105* 8 � 104 4.5 � 106 7 � 107* 16 � 106* 3 � 105* 7 � 107*

R5 7 � 106 4 � 105* 10 � 104 4.7 � 106 3 � 107 13 � 106* 1 � 105 4 � 107

R6 4 � 106 �1 � 105 22 � 104* 4 � 106 2 � 107 19 � 106* 16 � 105* 3 � 107

*Indicate significant differences between values at p � 0.05.
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to soluble form in the 1st stage, hydrolysis. An acetogenic bacteria
convert the hydrolysis products to carbon, acetic acid, dioxide and
hydrogen. Finally, other types of microbes such as Methanospiril-
ium hungatei, Methanothrix soehngenii and Methanobrevibacter
arboriphilus create methane from these acid former end products.
(Zehnder, et al. 1980). The current study uses a batch technique
to look at the impact of co-digestion between different AUPS or
SUPS and RCM combinations on biogas production. The biogas pro-
duced is depicted in (Fig. 1A, B) (see Table 3).

For all reactors, the cumulative gas production is shown to grow
with time in Fig. 2 A, B. The cumulative biogas yield in R2 digestion
mixing ratio was 8570 ml which higher than that of R5 mixing
ratio of 5600 ml that higher than R1 mixing ratio of 3365 ml and
also higher than R3 mixing ratio of 3305 ml higher than R4 mixing
ratio, 2655 ml higher than R6 mixing ratio, this result indicates
that the biogas products of anaerobic digestion of Abu tesht sludge
sample the 10 /90 of UPS/ RCM higher than the other mixing ratio,
also 90/10 higher the other mixing ratio. The results indicate that
Fig. 3. (A) Daily biogas production from different AUPS/RCM co-digestion mixing ratio.
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to enhance biogas production from UPS through the co-digestion
with RCM it is important to use 10/90, or 90/10 UPS/RCM mixing
ratio. The cumulative biogas yield of R5 digestion mixing ratio
was was 6330 ml which higher than that of R2 mixing ratio of
5635 ml that higher than R1 mixing ratio of 3365 ml and also
higher than R3 mixing ratio of 2735 ml higher than R6 mixing ratio
of 1040 ml higher than R4 mixing ratio, This result indicates that
the biogas product of anaerobic digestion of south valley university
sludge sample of the 90 /10 UPS/ RCM higher than the other mixing
ratio, also 10/90 higher the other mixing ratio. The results
indicated that to accelerate biogas yield from UPS through the
co-digestion with RCM it is important to use 10/90, or 90/10
UPS/RCM mixing ratio.

In all treatments the initial biogas, the produced gas increased
sharply within the 1st days of digestion and then decreased gradu-
ally after wards (Fig. 3 A, B). The biogas production initiated from
the 1st day. Daily biogas production rates from UPS/RCM reactors
of Abu Tesht sludge sample are also represented in (Fig. 3A). A peak
(B) Daily biogas production from different SUPS/RCM co-digestion mixing ratio.



Fig 4. (A) Initial and final pH of AUPS/RCM samples, (B) Initial and final pH of SUPS/
RCM sample.
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biogas rate of manufacture of 2760 ml /day was observed after the
12th day from UPS/RCM of Abu tesht sludge sample showed in
(Fig. 3 A). Additional peaks were observed. The co-digestion mixing
ratio used in these trials showed different components with differ-
ent concentrations and rate of biodegradability. Also, Daily biogas
production rates from UPS/RCM reactors of south valley sludge
sample are also shown in (Fig. 3B). A peak biogas manufacture rate
of 1100 ml /day was noticed after the 4th, 11th, and 15th day from
UPS/RCM of south valley sludge sample from UPS/RCM co-
digestion mixing ratio of 10/90, 90/10, and 0/100 showed in
(Fig. 3B). Additional peaks were observed. The co– digestion mix-
ing ratio used in these trials revealed various components with
various level and rate of biodegradability (see Fig. 4).

The degree of sanitization of UPS/RCM waste builds on the
digestion type and nature of UPS/RCM substrate, as well as, anaer-
obic co-digestion of UPS/RCM in a biogas plant considered a serious
treatment technique for the lowering of indicators as well as,
pathogens. In bio slurry samples, the average load of total col-
iforms and fecal coliforms was lower than in bio waste samples
(Table 4). There was a statistically significant link between anaer-
obic digestion of biogas plants and a lower in total coliforms (P
0.001) and fecal coliforms (P < 0.001) (P = 0.002) (Table 4).

The amount of volatile solid % was reduced from 83% to 75 %
and 58% to 53% in case of 10/90 and 90/10% AUPS with RCM where
Table 4
Total and fecal coliform for all samples on M-endo agar media at 44 �C for 24hr and M-fc

Treatment Abu tesht sludge sample (AUPS/RCM)

Initial total
coliform
CFU/100 ml

Final total
coliform

Initial fecal
coliform
CFU/100 ml

Final fecal
coliform
CFU/100 ml

R1 185 � 104* �1 138 � 104* �1
R2 34 � 104* 1 66 � 102* 1
R3 22 � 104* 58* 9 � 102* 30*
R4 210 � 104* �1 202 � 102* �1
R5 49 � 104* 13* 9 � 102 13*
R6 3 � 104* �1 2 � 102* �1

*Indicate significant differences between values at p � 0.05.

2974
as volatile solid % was reduced from 84.7% to 80 % and 78.7% to 75
% in case of 10/90% and 90/10% SUPS with RCM. It revealed that the
reduction in volatile solid % leads to increase in biogas production.
Highest reduction in volatile solid % was observed in AUPS samples
that directly related to biogas production. This was shown in Fig. 5.

The anaerobic co-digestion of two forms of organic wastes, raw
chicken manure and raw sewage sludge from wastewater treat-
ment plants. In this investigation, the output of effect of start pH
of digester on biogas yield is summarized in Table 4. The optimum
pH 7.0 gave the best biogas products. As found in Table 4, pH is a
serious factor for keeping functional anaerobic pH is a serious fac-
tor for keeping anaerobic digestion. A typical pH is in the range of
6.5–7.6. The aggregation of volatile fatty acids causes a drop in pH
during fermentation, resulting in a reduction in biogas volume
(Table 5, 6A, 6B and 7).
4. Discussion

The accumulation of agricultural and industrial wastes
adversely in streets and deranges affects the health and environ-
ment (Saad et al, 2021b). These wastes are valuable biomass
resources i.e., organic waste, agricultural residues, agricultural
and industrial wastes, animal manure, and sewage sludge. The
use of these waste resources, especially biomass or the organic
components, leads to the achievement of some economic problems
in Egypt, such as livestock feed, fertilizers, and fuels, in addition to
improving the surrounding environment by reducing air pollution
and greenhouse gas emissions, all that can be achieved by con-
certed efforts of the Waste, Energy, Industry and Agriculture sec-
tors (Nakhla et al. 2013).

Anaerobic digestion is a microbial process in which organic
waste and biomass are converted into biogas (Magrí et al., 2017).
During wastewater treatment, organic matter (sludge) is obtained,
which is expensive for WWTP and depends on the efficiency of the
plant. Therefore, there are cost-effective alternative methods that
aim to reduce digestion time and maximize biogas production
(Martínez et al., 2017). Initial treatment of solids (Ruffino et al.,
2016; Divyalakshmi et al., 2017). Pyrolysis is an initial treatment
to destroy or dissolve solid organic matter and precipitate it easily
accessible to anaerobic microorganisms and depends on COD in
organic matter, temperature, and pH (Perea-Elvira et al., 2006;
Nazari et al., 2017).

Other methods used to dissolve complex organic matter such as
ultrasonic cavitation, high-pressure homogenization, ozone, and
hydrolysis thermal treatment are the most widely used (Tyagi
and Lo, 2011; Chozzi et al. 2014; Fernandez Polanco and Tatsumi,
2016). It leads to an increase in the biodegradation of sludge,
which increases the organic load in the digestive system (Pilli
et al., 2015). The disadvantage of the method is the increased
agar media at 44 �C for 48 hr.

South valley university sludge sample (SUPS/RCM)

Initial total
coliform
CFU/100 ml

Final total
coliform
CFU/100 ml

Initial fecal
coliform
CFU/100 ml

Final fecal
coliform
CFU/100 ml

120 � 104* �100 45 � 104 �100
163 � 104* �100 51 � 104* �100
176 � 104* �100 176 � 104* 3 � 102*

178 � 104 200* 110 � 104* 8 � 102*

188 � 104* 85 � 102* 63 � 104* 8 � 102

205 � 104* 10 � 103* 200 � 104* 9 � 102*



Fig. 5. Volatile solid loss per co-digestion mixing ratio.
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energy consumption of wastewater treatment plants (Fernandez
Polanco and Tatsumi, 2016).

In the case of pyrolysis as an initial treatment for sludge, steam
is injected into the reactors during short periods, so this process
has times that do not need to use steam. But during short working
periods, the demand for steam in the plant increases. Therefore,
the solution to the problem is to store steam at a pressure higher
than the pressure required for heat treatment; however, this pro-
cess is expensive, as the steam has a specific volume, therefore,
the steam can be stored in the form of saturated water under pres-
sure and when the pressure is reduced, steam is generated, which
is transferred to the reactors under optimal conditions from pres-
sure, temperature and time. Thus, energy consumption is reduced.

In co-digestion, biogas production increases by 2.5–4 times
compared to digesting sludge in sewage plants (Shen et al.,
2015). Many wastewater treatment plants have become energy
producers (Nghiem et al. 2017, Shen et al. 2015, Macintosh et al.,
2019). The raw materials (sludge from organic matter and waste)
Table 5
Initial and final pH of co-digestion mixing ratio.

Treatment AUPS/ RCM

pH (Initial) pH (Fi

R1 6.6 4.7*
R2 6.5 6.1
R3 6.5 5.7*
R4 6.8* 5.7
R5 7.5 6.5*
R6 7.8* 6.3

*Indicate significant differences between values at p � 0.05.

Table 6A
Total and volatile solids for AUPS/RCM samples.

AUPS/RCM
Treatments (%)

TS (Initial) % VS(Initial)% M

0/100 R1 19.6a 83.66a 80
10/90 R2 16.7b 83a 83
30/70 R3 5.7c 80ab 94
50/50 R4 1.19d 67.8c 98
90/10 R5 1.05d 58d 98
100/0 R6 0.899e 55d 99

The different lowercase letters within raw indicate significant differences.
The different lowercase letters within column indicate significant differences.
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are converted into biogas then gas engines produce an excess of
20% energy. CO2 and other gases reduce the biogas quality of its
applications. Therefore, the gas must be treated before applications
such as transportation fuels or natural gas network injection. Sec-
ondary gases are removed by physical or chemical washing and
membrane separation. The choice of purification technology
depends on the composition and quality of the gas and the avail-
able resources. The amount of chicken droppings produced each
year is assessed to be in the order of 2.3 million tons (El-
Hinnawi, 2006). About 60% of cattle wastes are utilized as fuel by
direct burning in low-efficiency burners (lower than 10% effi-
ciency); another 20% is used as organic fertilizer, and the rest is
wasted in handling (Nakhla, et al. 2013). The anaerobic co-
digestion of two forms of organic wastes, raw chicken manure
and raw sewage sludge from wastewater treatment plants. In this
investigation, the output of effect of start pH of digester on biogas
yield is summarized in Table 4. The optimum pH 7.0 gave the best
biogas products. This finding is in concur with (Sambo, et al. 1995;
SUPS/RCM

nal) pH (Initial) pH (Final)

6.7 6.6
6.7 5.9
6.8 5.7
6.9* 5.6*
6.9 6.6*
6.2* 5.9

C (Initial)% TS (Final) % VS (Final)% MC% (Final)%

b 21.6a 80.9a 78c
b 18.2b 75.7b 81.7b
ab 18.5b 50.5 cd 81.4b
.8a 17bc 48 cd 82.9b
a 2.4c 53.9c 97.6a
.1a 1.2c 29.8d 98.9a



Table 6B
Total and volatile solids for SUPS/RCM samples.

SUPS/RCM Treatments
(%)

TS (Initial) VS (Initial) MC% (Initial) TS (Final) VS (Final) MC% (Final)

0/100 R1 40a 85.6a 59.9c 21.6a 83.9a 78c
10/90 R2 21b 84.7a 79b 18b 80ab 81bc
30/70 R3 13.9c 82.9ab 86ab 14b 72.5bc 85.9b
50/50 R4 8d 81.3ab 92a 5.3c 74.8b 94.6a
90/10 R5 2.9e 78.7b 97a 4.5c 75b 95.4a
100/0 R6 0.8f 72c 0.99d 2.9d 69c 97a

The different lowercase letters within column indicate significant differences.

Table 7
Volatile solid loss per co-digestion mixing ratio.

Treatment (%) (VS % loss) AUPS/RCM (VS % loss) SUPS/RCM

0/100 R1 3.3e 1.985e
10/90 R2 8.8d 5.5c
30/70 R3 36.88b 12.5a
50/50 R4 29.2c 7.995b
90/10 R5 7.7d 4.7c
100/0 R6 45.82a 4.16667d

The different lowercase letters within column indicate significant differences.

I. mahmoud, M. Hassan, S. Mostafa Aboelenin et al. Saudi Journal of Biological Sciences 29 (2022) 2969–2977
Okeh, et al. 2014). As found in Table 4 pH is a serious factor for
keeping functional anaerobic pH is a serious factor for keeping
anaerobic digestion. A typical pH is in the range of 6.5–7.6
(Parkin and Owen, 1986). The aggregation of volatile fatty acids
causes a drop in pH during fermentation, resulting in a reduction
in biogas volume (see Tables 5, 6A, 6B and 7).

5. Conclusion

The usefulness of UPS Co-digestion for biogas production was
explored, and the role of anaerobic digestion in batch operations
were provided. The reactors using 10/90 % and 90/10 % UPS had
the greatest results for UPS biodegradation and methane genera-
tion. Some factors, such as substrate type, concentration, pH, tem-
perature, stirring, and bacteria seeding, can influence biogas
generation. To boost biogas generation, bacteria were seeded into
the setups, and digestion was carried out at a mesophilic temper-
ature. The UPS sludge is anaerobically degradable and produces lit-
tle biogas, however co-digestion with RCM increased the rate of
biogas production.
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