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ABSTRACT 

          A stainless steel horizontal digester for biogas production was 

designed, constructed and installed in the biogas laboratory of the 

Agricultural Engineering Department, Faculty of Agriculture, Mansoura 

University to investigate the effect of different digestion mixtures (mixture 

1(100% cow manure), mixture 2 (75% cow manure + 25% poultry 

droppings), mixture 3(50% cow manure + 50% poultry droppings), and 

mixture 4 (25% cow manure + 75% poultry droppings)) under different 

stirring speeds (40, 60, and 80 rpm) on biogas production as a source of 

renewable energy. Digestion temperature, stirring time and influent total 

solids were adjusted at 40 
o
C and 15 minutes / 4 hours, 10% respectively. 

The hydraulic retention time (HRT) was 45 days. During batch process 

anaerobic digestion of all digestion mixtures, daily biogas production and 

methane content were measured. The biogas calorific value were 

determined. Biochemical oxygen demand (BOD) of influent and effluent 

slurries was determined to calculate the digestion process efficiency. 

Chemical analysis for different influents and effluents was also carried out.  
Conclusively, the obtained results indicated that, biogas production of 

mixture 3 is more than other mixtures. It is advised to use stirring speed of 80 rpm 

with stirring time 15 minutes every 4 hours at total solid of 10%, digestion 

temperature 40 
o
C and 45 HRT. According to chemical analysis, the effluent slurry 

could be used as a good organic fertilizer.  

Key words: Biogas, anaerobic digestion, stirring speed, stirring time, 

temperature, cow manure, poultry droppings. 

 

INTRODUCTION 

          Animal production has recently attracted public interest, according to El-

Hadidi and Al-Turki (2007), animal and poultry wastes have been produced in 
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significant volumes on tiny spaces due to the expansion of livestock and poultry 

housings in recent years.  

         Kerssen (2015) and Gyuseong et al., (2018) added that, it is essential to find 

a technologically and economically workable way to treat large amounts of 

manure and wastewater. Anaerobic digestion (AD) is considered one of the most 

appropriate technologies in manure and wastewater treatment due to the amounts 

of biogas produced and its economic relevance in addition to the possibility to 

solve the problems of manure waste environmental pollution and utilization at the 

same time. In the same trend, Blumenstein et al., (2016), Cowley and Brorsen 

(2018) and Scarlat et al., (2018) reported that anaerobic digestion (AD) is a cost 

effective and environmentally-friendly method that can treat and recover bio-

energy from different types of organic wastes. AD of livestock wastes such as 

chicken and cow manures could bring significant environmental and economic 

benefits, including water and air pollution control, and renewable energy 

production. Gebrezgabher et al., (2010) and Yong et al., (2015) mentioned that, 

AD is a biological process for the conversion of waste materials to energy sources 

through the treatment of several organic residuals. 

           The production of biogas from manures is a cost effective option, because 

not only does it resolve an environmental problem of raise raw manure but it also 

lets the livestock farms to become self-sustaining in electrical and/or heat energy 

supply. Renewable technologies can provide electricity, cooking gas, and heating 

in locations where domestic energy infrastructures do not reach, according to De 

Oliveira et al., (2011) and Insam et al., (2014).  

          Shirzad et al., (2019) reported that, biogas is a promising renewable energy 

source that can be utilized for a variety of purposes, including transportation, 

heating, and electricity generation. Petersson, (2013) told that biogas refers to the 

mixture of gases created during the anaerobic digestion process. Biogas is mostly 

made up of methane and carbon dioxide, with minor amounts of other chemicals 

such as water, hydrogen sulfide, and ammonia.  

          If the fermentation components are excessively diluted or too concentrated, 

biogas production will be insufficient (Abbasi et al., 2012). Solid matter and 

water make up all waste products fed into a plant. Volatile and non-volatile 

substances make up solid matter (Xu et al., 2014). Volatile solids are digested 

during the anaerobic fermentation process, but non-volatiles are unaffected. It has 

been determined that the optimum solids content in the digestion of sewage 

sludge is between 8% and 10% (Khoiyangbam et al., 2011).  

       The temperature of anaerobic digestion is a critical operational parameter that 

influences the metabolic activity of microorganisms and the efficiency of 

anaerobic digestion (Liu et al., 2018; Zhao et al., 2018; Feng et al., 2019 and 
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Wang et al., 2019). In modest biogas plants, the most successful working 

temperature of the slurry was stated to be 20 - 45°C (Ortega et al., 2008). 

Anaerobic fermentation has a pH range of 6.8 to 8.0, and efficient digestion 

occurs at a pH similar to neutral (Zhai et al., 2015). For optimum degradation a 

(C/N) ratio of 20 - 30 is often recommended Nitrogen present in the feedstock has 

two benefits; the first one is providing an essential element for synthesis of amino 

acids, proteins and nucleic acids, while the second one is converted it to ammonia 

which, as a strong base, neutralizes the volatile acids produced by fermentative 

bacteria, and thus helps maintain neutral pH conditions essential for cell growth 

Steffen et al., (2000). 

           Digestion material must be stirred to distribute the substrates and maintain 

a consistent level of microorganisms and heat, it helps to drive out gas bubbles 

and avoid the formation of floating or settling layers by enhancing the contact 

between bacteria and their food. Agitation in the digester can be done 

mechanically or manually, and it can be situated vertically or horizontally. 

Agitation is also used to break up the floating scum layer that can form in 

feedstock containing high amounts of other elements, such as wood chips, which 

can be present in some types of manure, such as chicken manure, Bensmann et 

al., (2013); Tian et al., (2015) and Mao et al., (2015). 

         Therefore, this research work was aimed to investigate the effect of various 

digestion mixtures under different stirring speeds on biogas production. 

 

MATERIALS AND METHODS 

 

        A stainless steel horizontal digesters for biogas production (Figures 1 and 2) 

were designed, constructed and installed in the biogas laboratory of the 

Agricultural Engineering Department, Faculty of Agriculture, Mansoura 

University. Each digester having a gross dimensions of 800 mm length 250 mm 

diameter and 1 mm thickness with a total volume of 0.039 m
3
. To reduce heat 

losses from the digesters, glass wool is utilized to insulate the curved surface area 

of the digesters with a thickness of 10 mm.   

       A mechanical stirrer, consisting of a steel shaft with a length of 1000 mm and 

12 mm diameter, was installed in the digester. The shaft has four blades, each 

with 150 mm length, 40 mm width and 20 mm thickness. The stirrers are operated 

via electric motor (550 W). The mixing speed was adjusted using an electric 

inverter to give different rotational speed for stirring shaft. Stirring is essential for 

keeping the contents of the digester homogeneous and for maintaining as uniform 

a temperature distribution inside the digester. 
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Figure (1): Schematic diagram for the biogas experimental unit. 

 

 

 
Figure (2): Elevation, plan and side view of the biogas experimental unit. 

 

         A heating water tank with dimensions of 380 mm width, 400 mm length, 

and 300 mm height makes up the heating system. To reduce heat losses, the water 

tank was insulated with 10 mm thick glass wool insulation. To reduce water 

evaporation, bio-balls were placed on the water's surface. To keep the temperature 

at a specified level, an electrical heater (1 kW) was used, which was regulated by 

an electrical digital thermostat (model EWPC 902/T/R/P and 220V / 100A). The 

heating system was employed to keep the digested slurry at the proper 

temperature. Using an immersed heat exchanger, the fermented slurry was heated 
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with hot water to maintain the appropriate temperature level. The heat exchanger, 

which was composed of stainless steel tubing with 12.5 mm diameter and 2000 

mm length, was installed at the bottom of the digester. 

        Fresh cow manure was collected from animal farm in Kafr El Zayat, 

Gharbiya Governorate, while fresh poultry droppings was obtained from Layers 

chicken farm in Diarb Negm, El Sharqyia Governorate, Egypt. 

        The biogas units were fed with liquid slurry having a total volume 0.030 m
3
 

and a total solids was 10%. The following equation was assigned for appreciation 

amount of water according to (LO et al., 1981):   

  ……… (1) 

Where: 

Y = The amount of water required for dilution, (kg). 

X = The amount of manure added (raw material), (kg). 

TSman = The total solids of manure (raw material), %. 

TSdig = The total solids of influent (digestion material), (10%). 

         The following indicators were taken into consideration in order to evaluate 

the effect of study factors on biogas production.  

        Studying factors: different digestion mixtures (mixture 1(100% cow 

manure), mixture 2 (75% cow manure + 25% poultry droppings), mixture 3(50% 

cow manure + 50% poultry droppings), and mixture 4 (25% cow manure + 75% 

poultry droppings) under different stirring speeds (40, 60, and 80 rpm). Digestion 

temperature, stirring time and influent total solids were adjusted at 40 
o
C and 15 

minutes / 4 hours, 10% respectively. The hydraulic retention time was 45 days.  
 

Biogas yield and calorific value: 

         At room temperature and atmospheric pressure, the daily biogas production 

was volumetrically quantified using a Ritter gas meter., room temperature and 

ambient room pressure were measured daily to recalculate the volume of daily 

biogas production under standard conditions (STP) as mentioned by (Gosch et 

al., 1983) using the following equation: 

, m
3
……….. (2) 

Where: 

Vtr = Volume of dry gas under standard conditions,                              m
3
. 

Vf = Volume of wet gas at pressure P2 and ambient temperature T,       m
3
. 

P1 = Air pressure at temperature T,                                                     millibar. 

P2 = Pressure of wet gas at gas temperature T,                                   millibar. 

P3 = Saturation steam pressure of water at temperature T,                 millibar. 

T = Temperature of wet gas in,   
O
C. 
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         The calorific value and density of biogas under standard conditions were 

considered to be 50 MJ/kg (36 MJ/m
3
) and 0.72 kg/m

3
, respectively according to 

Mitzlaff, (1988). The calorific value of the produced biogas at standard condition 

(STP) was calculated according equation (3):  

                   Hu = 36 CG × CH4 % ……………… (3). 

Where:  

Hu = Calorific value of biogas at standard conditions,                              MJ.  

CG = Cumulative biogas production under standard conditions,               m
3
.  

CH4% = Methane proportion in biogas,                                                 Percent. 

 36 = The calorific value of methane at standard conditions,                 MJ/m
3
. 

          Methane content (%) of the produced biogas was measured by biogas 

Analyzer Model (GAS 5000). 

            To obtained the Total solids (TS) of samples of raw material (cow manure 

and poultry droppings), influent and effluent were oven-dried at 105 °C for about 

24 hr to constant weigh according to (APHA, 1989). Percentage of total solids 

was calculated as follows: 

                           ................... (4). 

Where: 

 WD = The weight of sample after drying,                                     g.  

  WW = The weight of sample before drying,                                 g. 

   Volatile solids (VS) was calculated by using the following equation as 

mentioned by APHA (1989). Digital Muffle Furnace was used to ignite raw 

material (the dried samples) at 600 
o
C for two hours.  

                           VS = 100 – ash (%) ……….. (5). 

          Ash percentage can be defined as the residual solid produced from burning 

raw material (cow manure or poultry dropping) influent and effluent inside the 

Muffle Furnace. 

           Total nitrogen and organic carbon in the organic wastes (influent) and the 

anaerobically digested (effluent) were measured in the laboratory of Soil and Water 

Science department, Faculty of Technology and Development, Zagazig University. 

           Biochemical oxygen demand (BOD) of the influent and effluent was 

measured in the laboratory of Dakahlia Drinking Water and Sanitation Company. 

The following equation was used to determine the efficiency of digestion process 

according to Abd El-Magid (2003): 

                            ………….. (6). 

Where: 

DPE = Digestion Process Efficiency,                               %.  
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BODIn = BOD influent,                                                    mg/l.  

BODEf =BOD effluent,                                                      mg/l. 

           Excel spreadsheet was used to calculate the total solids contents, ash 

contents, the volatile solids and organic carbon. It was used also throughout the 

experimental work to calculate some measurements such as biogas production, 

influent raw material (cow manure and poultry droppings), digested slurry 

(effluent) characteristics and biogas compositions at different treatments. 

        A SPSS statistical analysis program was used to test the significant 

differences between the treatments. 
 

RESULTS AND DISCUSSIONS 
 

Under the experimental conditions (15 minutes every 4 hr stirring time, 40 
o
C digestion temperature, 10% total solids of influent slurry and 45 day HRT), the 

results illustrated in Fig. (3) showed that at 40 rpm stirring speed, the cumulative 

biogas production was 148.1, 318.38, 565.19 and 285.95 liters for mixtures 1, 2, 3 

and 4, respectively. This means that the produced biogas from mixture 3 was 

281.6, 77.5 and 97.65 % higher than that produced from mixtures 1, 2 and 4 

respectively. Also, it is noticed that, the greatest daily biogas production of 

different mixtures was 17.88, 30.71, 41.79 and 33.29 liters for mixtures 1, 2, 3 

and 4 respectively. These values were reached on fifteenth day.  

         

 
Figure (3): Cumulative biogas production of different mixtures at stirring speed (40 rpm). 

 

       Figure (4) showed that at 60 rpm stirring speed, the cumulative biogas 

production was 186.6, 407.18, 596.92 and 348.57 liters for mixtures 1, 2, 3 and 4, 

respectively. This means that the produced biogas from mixture 3 was 219.89, 

46.59 and 71.24 % higher than that produced from mixtures 1, 2 and 4 

respectively. The results indicated also that, the highest daily produced biogas was 
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25.22, 43.35, 44.3 and 31.27 liters for mixtures 1, 2, 3 and 4 respectively. These 

value was reached on fifteenth day. 

  

 
Fig. (4): Cumulative biogas production of different mixtures at stirring speed (60 rpm). 

 

        At 80 rpm stirring speed, the results in Fig. (5) Showed that the cumulative 

biogas production obtained was 227.83, 512.5, 623.63 and 401.96 liters for 

mixtures (1), (2), (3) and (4), respectively. This means that biogas produced from 

mixture (3) was 173.7, 21.68 and 55.14 % higher than that produced from 

mixtures (1), (2) and (4) respectively. The highest daily biogas produced was 

26.29, 46.52, 45.3 and 34.82 liters for mixtures 1, 2, 3 and 4 respectively. These 

value was reached on fourteenth and fifteenth days.  The statistical analysis 

showed high significant differences at 1% level among different mixtures and 

stirring speeds in biogas production.  
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Fig. (5): Cumulative biogas production of different mixtures at stirring speed (80 rpm). 

Methane content of the produced biogas: 

         The results tabulated in Table (1) show the average methane content of the 

produced biogas from different mixtures under the three studied stirring speeds. It 

can be seen that the concentration of methane in the biogas was 74.18, 75.15 and 

74.28 percent for mixture (1), 72.4, 71.85 and 73.61 percent for mixture (2), 

76.54, 75.49 and 78.25 percent for mixture (3) and 73.18, 74.32 and 76.48 percent 

for mixture (4) at 40, 60 and 80 rpm stirring speed respectively. It can be seen that 

methane concentration of each studied mixture increased by increasing the stirring 

speed while the variation of accumulative biogas production and also the methane 

concentration in the biogas of different mixtures may be due to the differences in 

the composition of the mixtures. 

 

Table (1): Methane content of the produced biogas  

Mixture Stirring speeds, rpm Mean,  

% 40 60 80 

1 74.18 75.15 74.28 74.53 

2 72.4 71.85 73.61 72.62 

3 76.54 75.49 78.25 76.76 

4 73.18 74.32 76.48 74.66 

 

Calorific value of biogas production (MJ): 

       Under the studied experimental conditions, Fig. (6) Presents the calorific 

value of biogas production in all experiments. The calorific value in the generated 

biogas was calculated using equation (3) as recommended by Mizlaff (1988). The 

results indicated that, at 40 rpm stirring speed, the calorific value of the produced 
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biogas was 3.96, 8.30, 15.57 and 7.53 MJ for mixture (1), mixture (2), mixture (3) 

and mixture (4), respectively, while it was 5.05, 10.53, 16.03 and 9.33 MJ at 60 

rpm for mixture (1), mixture (2), mixture (3) and mixture (4), respectively. The 

results also showed that, at 80 rpm stirring speed, the calorific value of biogas 

generation was 6.09, 13.58, 17.57 and 11.07 MJ for mixture (1), mixture (2), 

mixture (3) and mixture (4), respectively. The results revealed that, the calorific 

value of biogas production of mixture (3) are always higher than calorific value of 

biogas production for other digestion mixtures at all treatments. The above 

mentioned results may be due to the differences in the composition of the studied 

mixtures.  

 
Fig. (6): Calorific value of different mixtures under different stirring speeds. 

 

Digestion process efficiency: 

        The digestion process efficiency of different digested mixtures was 

calculated using equation (6) as mentioned by Abd El-Magid (2003) and the 

obtained data illustrated in Fig. (7). The results showed that, the digestion process 

efficiency was 71.7, 66.5, 71.9 and 68.2 % at 40 rpm stirring speed for mixture 

(1), mixture (2), mixture (3) and mixture (4), respectively, while it was 72.6, 69.6, 

72.9 and 70.8 % at 60 rpm stirring speed for mixture (1), mixture (2), mixture (3) 

and mixture (4), respectively. The results showed also that at 80 rpm stirring 

speed, the digestion process efficiency was 74.2, 70.0, 74.3 and 71.1 % for 

mixture (1), mixture (2), mixture (3) and mixture (4), respectively. The results 

revealed that, the digestion process efficiency of mixture 3 are always higher than 

calorific value of biogas production for other digestion mixtures at all treatments. 

These results are in line with that obtained by El-Hadidi and Al-Turki (2007).  
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Fig. (7): Digestion process efficiency of different mixtures under different stirring speeds. 

 

Effluent slurry characteristics:  

           Chemical analysis of influent and effluent slurries of different mixtures 

were tabulated in Tables 2 and 3 respectively. It can be said that, the effluent 

slurry of different digested mixtures considered as a good fertilizer and soil 

conditioner. These results are in line with that obtained by EL-Hadidi and Seufert 

(1997); Odlare et al., (2008) and Albuquerque et al., (2012a, b).  It is evident from 

Tables (2, 3) that the percentage of nitrogen, phosphorus, and potassium for the 

effluent slurry of mixture (3) were 19.4, 57.5, and 21.7 % higher than the influent 

slurry for the same mixture.  

 

Table (2): Chemical analysis of influent slurry of different mixtures. 

Mixture Constituent 

N, % P, % K, % C/N pH 

1 2.43 1.89 3.48 20.04 6.40 

2 2.26 0.88 3.30 17.48 6.46 

3 2.79 0.40 3.45 17.01 6.65 

4 2.15 0.70 3.37 24.13 6.60 

 

 

 Table (3): Chemical analysis of different digested mixtures (effluent slurry). 

 

Mixture 

Stirring speed, 

rpm 

Constituent 

N, % P, % K, % C/N pH 

 

1 

40 2.49 2.06 3.58 18.91 7.15 

60 2.52 2.12 3.85 18.21 7.20 

80 2.61 2.25 3.90 16.81 7.25 
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2 

40 2.42 0.91 3.40 15.99 7.20 

60 2.50 0.95 3.59 14.81 7.25 

80 2.61 1.27 3.72 13.76 7.45 

 

3 

40 2.88 0.45 3.66 16.20 7.72 

60 3.01 0.51 3.91 14.85 7.75 

80 3.33 0.63 4.20 12.69 7.80 

 

4 

40 2.24 0.90 3.65 22.09 7.70 

60 2.35 0.96 3.74 20.20 7.90 

80 2.41 1.21 4.01 18.88 8.00 

 

 

 

CONCLUSION 

1- Biogas production was higher in the digestion mixture 3 (50 % cow manure + 

50 % poultry droppings) than in the other digestion mixtures. 

2- According to chemical analysis, the produced effluent slurry might be used as a 

good organic fertilizer with good concentration of plant nutrients (N, P and K).  

3- It is recommended to use stirring speed of 80 rpm with digestion mixture (50% 

cow manure + 50% poultry droppings) at digestion temperature 40 oC , stirring 

time 15 minute / 4 hours and total solids 10 % in order to get the greatest biogas 

production with high methane content and calorific value. 
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 تأثٍر سرعة التقلٍب وهخالٍط الهضن الوختلفة على إنتاج الغاز الحٍىي
 

 عصام حسنً الحنفً  -ٌاسر هختار الحدٌدي    - سراء جوال شرابً إ

 يصش -عبيعخ انضلبصٚك  –كهٛخ انزكُٕنٕعٛب ٔانزًُٛخ  -لسى االساضٗ ٔانًٛبِ

 يصش - عبيعخ انًُصٕسح –كهٛخ انضساعخ  –لسى انُٓذسخ انضساعٛخ 

            

عبيعخ  –كهٛخ انضساعخ  –لسى انُٓذسخ انضساعٛخ  -رى إعشاء ْزا انجحش ثًعًم انغبص انحٕٖٛ 

انًُصٕسح ثٓذف دساسخ رأصٛش سشعخ انزمهٛت ٔيخبنٛظ انٓضى انًخزهفخ عهٙ اَزبط انغبص 

 :ثُست يخزهفخ شًهذٔصسق انذٔاعٍ  ٔرنك ثخهظ سٔس االثمبس  ،انحٕٛ٘

(.% سٔس اثمبس100) 1انًخهٕط  -  

% صسق دٔاعٍ(25+  اثمبس % سٔس75) 2انًخهٕط  -  

% صسق دٔاعٍ(50س + % سٔس اثمب50) 3انًخهٕط  -  

% صسق دٔاعٍ(75س + % سٔس اثمب25) 4انًخهٕط  -  

ثإسزخذاو صالس سشعبد يخزهفخ نهًخبنٛظ يٕضٕع انذساسخ عخ انزمهٛت سشرى أٚضب إخزجبس رأصٛش 

أفمٙ يٍ انصهت يخًش ثإسزخذاو نفخ / دلٛمخ( ، ٔرنك  80، 60، 40) نعًٕد انزمهٛت انًٛكبَٛكٗ 

 15) صيٍ رمهٛت دسعخ يئٕٚخ ، 40 عُذزخًشرى ضجظ دسعخ حشاسح انغٛش لبثم نهصذأ، كًب 

 زغبسة.ٕٚيب نغًٛع ان 45ٍ يكٕس صي عُذيبدح صهجخ  %  10ٔ ( سبعبد  4دلٛمخ / 
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 انمًٛخ انحشاسٚخكزنك رى حسبة ، رسغٛم انغبص انٕٛيٙ انُبرظ ٔيحزٕاِ يٍ انًٛضبٌلٛبط ٔرى 

نهًحبنٛم انًزخًشح كًب رى اعشاء انزحهٛم انكًٛٛبئٙ كفبءح عًهٛخ انٓضى، نهغبص انُبرظ ٔحسبة 

لجم ٔثعذ عًهٛخ انٓضى انالْٕائٗ. 
 

  : النتائج الوتحصل علٍها هاٌلً وضحت أ

 حٕٛ٘هغبص انأعطٗ أعهٗ اَزبط ن% صسق دٔاعٍ( 50+  % سٔس اثمبس50)  3انًخهٕط  - 1

 خش٘.يمبسَخ ثبنًخبنٛظ انضالس األ َٔسجخ انًٛضبٌ ٔانمًٛخ انحشاسٚخ نهغبص انُبرظ

 نفخ/انذلٛمخ( أفضم رأصٛش إلَزبط انغبصانحٕٖٛ. 80أعطذ سشعخ انزمهٛت ) -2

َّ ًٚكٍ إسزخذاو انًحهٕل انُبرظ ٔكزنك انشٔاست أظٓشد َزبئظ انزحهٛم انكًٛٛبئٙ ا - 3

 انًزخًشح انُبرغخ يٍ عًٛع انزغبسة انًخزهفخ كسًبد عضٕ٘ عٛذ.

سبعبد  4دلٛمخ /  15نفّ / دلٛمخ يع صيٍ رمهٛت  80ثإسزخذاو سشعخ رمهٛت  ٕٚصٗ: لتىصٍةا

 .ٕٚيب   45% ٔصيٍ يكٕس  10يئٕٚخ َٔسجخ يٕاد صهجخ كهٛخ دسعخ  40عُذ دسعخ حشاسح 


