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1|Introduction    

Fuel and energy issues are the biggest problem facing humanity in the twenty-first century since there are 

more and more energy-consuming industries and fossil fuels, which provide the majority of the energy used 

by these companies, are running out [1]–[4]. Finding clean, affordable, and sustainable energy alternatives has 

become crucial for maintaining both environmental sustainability and global economic stability, as the 

pollution caused by these fossil fuels is a significant global issue [5], [6]. In order to reduce their dependency 

on fossil fuels and guarantee the sustainable use of these resources, industrialized and semi-industrialized 

countries are looking for alternative energy sources [7]–[9]. Furthermore, reliance on oil and gas has decreased 

as a result of rising oil and gas prices brought on by global economic expansion and rising energy use. 
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Abstract 

The purpose of this study is to determine the ideal mesophilic temperature and pH range for producing biogas from 

chicken waste. Three substrate samples poultry droppings, poultry litter, and a combination of poultry droppings and 

litter were used in the investigation, which was carried out in a laboratory-sized biogas reactor. Ten kilograms of 

substrates and ten liters of water were combined to create the slurry for each sample, which was then put into a 

different reactor with the same mesophilic temperature setting. According to the results, temperature has an impact 

on the amount of biogas produced from the substrates. The ideal mesophilic temperature range for biogas output is 

37.01–38 °C. Additionally, the ideal biogas yield is influenced by a pH range of 6.66-7.02m. In comparison to the 

yield of 1917 cm³ for poultry dropping, and 1884 cm³ for poultry litter, the optimal cumulative biogas yield of 2258 

cm³ was obtained for the co-digestion of poultry dropping and litter.  
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  Furthermore, the large amount of organic waste produced by chicken raising raises serious environmental 

challenges, such as pollution and waste management problems; therefore, it is crucial to find a way to use 

chicken waste to produce biogas. This study investigates the possibility of using anaerobic digestion to turn 

chicken manure into biogas, as a sustainable energy source and waste management technique for cities. A 

better environment, sustainable energy, high-quality fertilizer, and localized energy creation are just a few 

advantages of producing biogas. Developing creative, locally appropriate renewable energy solutions is 

essential to addressing the issues of the energy crisis and climate change, especially in developing nations [10], 

[12]. Fossil fuels must give way to renewable energy sources as a result of climate change, a major worldwide 

problem. Because of the worldwide energy crisis and environmental air pollution, building biogas plants is 

necessary for optimal usage in the search for sustainable energy solutions and efficient waste management 

techniques [13]–[16]. Biogas can be generated from a variety of organic wastes using such technology and 

knowledge.  

The effectiveness of anaerobic bio-digestion, a well-known and proven process for turning waste into useful 

products, needs to be improved, particularly in light of climate unpredictability. Anaerobic digestion has 

historically operated best in a sterile, oxygen-free environment [17], [18]. As a renewable energy source, biogas 

provides a sustainable alternative to liquefied petroleum gas and natural gas. Anaerobic digestion of a variety 

of organic wastes, including animal manures such as chicken waste, sewage sludge, food waste, and agricultural 

waste, can yield biogas [19–23]. In particular, waste from the production, processing, and consumption of 

chicken is referred to as poultry waste. This comprises mortality (dead birds and offal), litter (bedding 

materials), manure (droppings from chickens, ducks, and turkeys, among other poultry droppings), and 

processing waste (blood, feathers, and other byproducts from poultry processing) [24]. Because of its large 

volume, nutrient richness, and potential for pollution if improperly managed, poultry manure presents serious 

environmental concerns. Poultry waste can, however, be turned into a useful resource with the right handling 

and use. For chicken waste to be managed and used effectively, it must be handled, stored, and treated 

appropriately to maximize its benefits and reduce its negative effects on the environment. Because of its high 

organic matter content (rich in proteins, fats, and carbohydrates), nutrient-rich composition (rich in 

potassium, nitrogen, and phosphorus), moisture content (suitable moisture content for anaerobic digestion), 

and carbon to nitrogen ratio (which can be balanced to maximize microbial growth and biogas production), 

poultry waste is an excellent substrate for the production of biogas [24].  

Additionally, for the best biogas yield, some of the operating factors like pH and temperature are crucial. 

investigated the anaerobic digestion of primary sludge and found that the pH value had an impact on the 

synthesis of Volatile Fatty Acids (VFAs) during the biogas generation process [25]. The generation of VFAs, 

especially propionic acid, was enhanced by anaerobic digestion of waste-activated sludge under alkaline 

conditions [26]. This process can also boost the production of VFAs from primary sludge [27], [28]. In order 

to produce biogas from all biowastes, it is crucial to investigate the pH parameter in the anaerobic digestion 

process. Temperature is another factor that needs to be taken into account while developing the biogas 

manufacturing process. A number of researchers are looking into the 25–55°C temperature range in biogas 

production processes [29], [30]. Vanegas and Bartlett [31] discovered that mesophilic reactors (35 ◦C) 

generated more biogas than the other two reactors for seaweed biomass when psychrophilic, mesophilic, and 

thermophilic reactors were examined for biogas generation. The production of biogas from sheep dung has 

also been investigated utilizing a range of methods at mesophilic controlled temperatures [32], [33]. 

Determining the impact of temperature and pH on the optimum production of biogas from poultry waste is 

therefore essential. 
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2|Materials and Methods 

2.1|Materials 

For this study, the following materials and equipment were used: a  laboratory scale biogas reactor, a 

thermometer, a weighing balance, a funnel, a pH meter, a polytene bag, chicken litter and droppings, a 

connecting tube, and water. 

Fig. 1. List of equipment and materials. 

 

2.2|Preliminary Trial Study 

Two substrates from distinct sources were used to consider three samples: sample A (poultry dropping), 

sample B (poultry litter), and sample C (a mixture of poultry droppings and litter). 

2.3|Sample Collection 

The Iyahamo Osagie (IO) and Benson Idahosa University poultry farms provided the poultry dropping (pure 

feces of the poultry) and poultry litter (a mixture of bedding material, manure, and feathers that result from 

intensive poultry production). 

2.3|Experimental Setup 

Separately, the litter and poultry dropping utilized in this project were pulverized into a tiny size. The 

anaerobic digestion process was conducted in a 20-liter plastic container with a self-designed plastic 

containment system; a second container was filled with water to collect gas and had rubber tubes for gas 

evacuation. The water displacement method was used to collect the biogas generated by anaerobic digestion, 

and all of the containers were sealed with airtight rubber stoppers [2], [34]. The amount of water that moved 

from the first bottle into the second as a result of the gas pressure that accumulated inside the containers was 

used to calculate the amount of biogas that was produced. The slurry was made by co-digesting the litter and 

dropping (sample C), digesting the poultry dropping separately (sample A), and digesting the poultry litter 

separately (sample B). Ten (10 kg) kilograms of ground substrates were weighed and thoroughly combined 

with ten liters of water to create a 1:1 ratio in each individual and co-digested sample. Under identical 

conditions, the mixtures of samples A-C were digested and co-digested in a separate biogas reactors. As 

advised by [18], anaerobic digestion and co-digestion were permitted for complete hydraulic retention time at 

the ideal mesophilic temperature range of 35°C to 38°C. The biogas reactors were shaken twice a day 

(morning and evening) to allow digestion to occur throughout the medium, and the bio-digester was covered 
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  with black polythene sheets Fig. 1 primarily to maintain the optimal mesophilic temperature. Also, the black 

polythene sheets will prevent light penetration that could encourage the growth of algae, and trap the heat 

that had been absorbed during the day. Throughout the digestion and co-digestion period, measurements and 

records of temperature, pH, and gas production volume were made every three days. A waterproof pH meter 

was used to monitor the slurry's pH, and a thermometer was used to assess its temperature. By placing the 

thermometer and pH meter probe into the slurry exit pipe, the temperature and pH of the slurry were 

measured and recorded. 

 

Fig. 2. Experimental setup. 

 

3|Results and Discussion 

Tables 1-3 display the findings for samples A, B, and C. 

Table 1. Results of digestion of poultry droppings sample (A). 

 

 

 

 

 

 

 

 

 

 

Days Temperature (⁰C) pH (m) Biogas Yields (cm3) 

3 Days Interval Cumulative  

3 36.33 6.01 0 0 
6 36.78 6.25 250 250 
9 36.00 6.50 252 502 
12 36.68 7.23 234 736 
15 37.01 6.66 280 1016 
18 37.12 6.86 287 1303 
21 38.00 6.88 324 1627 
24 37.45 6.82 290 1917 
∑ 295.37 53.21 1917 1917 
Ave. 36.92 6.65 239.63 239.63 
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Table 2. Results of digestion of poultry liters sample (B). 

 

 

 

 

 

 

 

 

 

Table 3. Results of co-digestion of poultry droppings and liters sample (C). 

  

 

 

 

 

 

 

 

 

Figs. 3 and 4 display the biogas yield results. It was noted that the three samples' biogas output began as early 

as possible. For samples A and C, biogas production began on the sixth day, whereas sample C's production 

began on the ninth. Additionally, the 21st day of digested and co-digested substrates produced the largest 

biogas yields in samples A and C, but the 24th day was the case for sample B. Previous studies have 

demonstrated that, in contrast to other substrates [2], [7], [34] animal waste undergoes early digestion because 

of the bacteria present, leading to the formation of biogas. As a result, they make excellent seeding agents for 

biogas reactors [35]. While biogas generation without microorganisms takes longer days, biogas production 

with microbes in any slurry begins virtually instantly [35], [36]. The particle sizes of the substrates were another 

element that might have improved the three samples' early biogas generation. The collected poultry feces was 

ground up and appropriately combined with water in a 1:1 ratio for this study. Particle reduction through 

crushing, grinding, and shredding is necessary because feedstock sizes directly impact its decomposition, as 

previously observed [37], [38]. Microbes have a larger surface area when feedstock sizes are reduced, which 

eventually increases the digester's efficiency [37]. Additionally, mixing speeds up the biological conversion 

process and increases the rate of AD process kinetics [39]. However, sample B took six more days to complete 

than sample A and three more days to complete than sample C since it began biogas yielding on the ninth 

day and terminated production on the thirty-first day, in contrast to samples A and C. Spilled feed, feathers, 

and certain bedding materials, like wood shavings or sawdust, that combined with the poultry droppings are 

what caused the longer days in sample B. All biodegradable organic materials can be broken down by 

anaerobic bacteria. However, the amount of biodegradable organic matter utilized determines the rate of 

digestion [40]. While certain organic materials require a longer hydraulic retention period, others can be readily 

broken down in a shorter amount of time. For example, compared to vegetables, organic matter containing 

a high lignin content will take longer to digest [41], [42]. Therefore, substrates that contain enough 

microorganisms decrease hydraulic retention time therefore improves biogas output. 

Days Temperature (⁰C) pH (m) Biogas Yields (cm3) 

3 Days Interval Cumulative  

3 36.33 5.35 0 0 
6 36.78 5.45 0 0 
9 36.00 6.38 201 201 
12 36.68 7.45 154 355 
15 37.01 6.65 220 575 
18 37.12 6.66 260 835 
21 38.00 6.67 262 1097 
24 37.45 6.68 270 1367 
27 37.86 6.67 260 1627 
30 37.85 6.67 257 1884 
∑ 371.08 64.43 1884 1884 
Ave. 37.11 6.44 188.40 188.40 

Days Temperature (⁰C) pH (m) Biogas Yields (cm3) 

3 Days Interval Cumulative  

3 36.33 6.01 0 0 
6 36.78 6.05 256 256 
9 36.00 6.55 248 504 
12 36.68 7.18 257 761 
15 37.01 6.69 263 1024 
18 37.12 6.78 293 1317 
21 38.00 7.02 345 1662 
24 37.45 6.99 299 1961 
27 37.86 6.98 297 2258 
∑ 332.23 60.65 225.8 2258 
Ave. 37.03 6.74 250.89 250.89 
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Fig. 3. Biogas yields in 3 days interval (cm3). 

 

Co-digestion of substrates can result in optimal biogas yields under the same environmental circumstances of 

mesophilic temperature, according to the results of biogas yield as shown in Fig. 3, cumulative biogas yields 

as shown in Fig. 4, and average biogas yield Fig. 5. In comparison to the yield of 1917 cm³ and 1884 cm³ for 

the digestion of poultry dropping and poultry litter, the optimal cumulative biogas yield of 2258 cm³ was 

obtained when both substrates (poultry dropping and litter) were co-digested. Due to the generation of 

ammonia and VFAs, which suppress methanogenic-forming bacteria and, consequently, biogas yield, sole 

digestion of substrates in ADs might cause unsteadiness [2]. Co-digestion of various substrates is regarded as 

a beneficial way to get around the drawbacks of substrate digestion alone. Because of the beneficial 

interactions in the acclimation media, anaerobic co-digestion increases the synthesis of methane [2], [7]. 

 

Fig. 4. Cumulative biogas yields (cm3). 
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Fig. 5. Evaluation of average biogas yield. 

 

The examination of pH values during substrate digestion and co-digestion is displayed in Fig. 6 The solution 

was initially acidic in each of the substrate samples, which was clearly a sign that hydrolysis was occurring in 

the system [25]. The initial generation of VFAs, especially propionic acid, was boosted by anaerobic digestion 

of substrates. This process can also increase the production of VFAs from primary sludge [27], [28]. In order 

to produce biogas from all biowastes, it is crucial to investigate the pH parameter in the anaerobic digestion 

process. Ammonia, on the other hand, is free during the protein degradation process and reaches its maximum 

concentration in the reactor on the first day of sample A-C. However, as demonstrated on day 12 through 

the conclusion of the hydraulic retention period for all samples, the buffering structure created by the presence 

of these substances creates an environment where pH is maintained at levels higher than 6.5 m, guaranteeing 

appropriate acid–base environments for methanogenic bacteria to function [27], [43]. Additionally, all samples 

had pH ranges between 5.35 and 7.45 m Figs. 7 and 9, with sample B achieving the highest pH values at 7.45 

m. 

 

Fig. 6. Evaluation of pH readings (m). 
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  Any energy grid may gain from implementing the ideal circumstances found in this study, which include 

neutral pH, mesophilic temperature, and a broad range of carbon-to-nitrogen ratios, in a scale-up procedure. 

As seen in Tables 1 and 3 and Figs. 7 and 9, the results suggest that mesophilic temperature ranges between 

37.01 and 38 °C, as well as maintaining a pH level between 6.66 and 7.02 m, are ideal for generating the 

highest biogas outputs from the digestion and co-digestion of poultry dropping and litter. 

 

 

Fig. 7. Effect of pH on biogas yield for anaerobic digestion of poultry dropping. 

 

 

Fig. 8. Effect of pH on biogas yield for anaerobic digestion of poultry litters. 
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Fig. 9. Effect of pH on biogas yield for anaerobic co-digestion 

of poultry dropping and litters. 

The experiment was carried out at the same mesophilic temperature conditions, as shown in Fig. 10. It 

required 24 days for the digestion of the dropping, 30 days for the digestion of the poultry litter, and 27 days 

for the co-digestion of the dropping and poultry litter. Additionally, 36–38°C was the mesophilic temperature 

range. The temperature variation did not abruptly shift. Bacterial populations are inhibited by abrupt changes 

and swings in the process temperature. Therefore, for efficient results and stable anaerobic digestion plant 

operation to be attained, controlling the process temperature always is required [44]. In general, optimum 

mesophilic temperature brings about shorter hydraulic retention time (more production of biogas) since more 

methanogenic bacteria are working upon substrate [18]. The optimum mesophilic temperature for biogas 

yield was obtained for a mesophilic temperature range of 37.01 °C to 38 °C, as shown in Figs. 10 and 11 and 

Tables 1 and 3. 

 

 

Fig. 10. Evaluation of mesophilic temperature against days of 

digestion and co-digestion. 

 

 

0

5

10

15

20

25

30

35

40

0 3 6 9 12 15 18 21 24 27 30

T
E

M
P

E
R

A
T

U
R

E
 ⁰

C

DAYS

Sample A Sample B Sample C

0

50

100

150

200

250

300

350

400

0 3 6 9 12 15 18 21 24 27

D
et

er
m

in
ed

 V
al

u
es

Days

pH (m)

Biogas Yield (cm3)



Optimizing biogas production by anaerobic co-digestion of poultry dropping and litter… 

 

40

 

  

Fig. 11. Evaluation of mesophilic temperature against biogas yield 

for digestion and co-digestion of poultry dropping and litters. 

 

4|Conclusion 

According to the study's findings, poultry dropping and litter could be a good substrate for the production of 

biogas, but a better inoculum is required. By using this substrate to produce biogas, disposal issues may be 

resolved and a new, plentiful supply of sustainable energy could be created. Significant variations in pH and 

temperature between the experimental runs were revealed by the data. The best biogas yield from the digestion 

and co-digestion of poultry waste is determined by the ideal mesophilic temperature. For the best biogas yield, 

mesophilic temperatures between 37.01 and 38 °C and pH ranges between.66 and 7.02 m have the biggest 

effects. Therefore, it appears that the two most important factors influencing the formation of biogas from 

poultry dropping and litter are temperature and pH. Furthermore, it took 24 days for the digestion of the 

droppings, 30 days for the digestion of the poultry litter, and 27 days for the co-digestion of the droppings 

and poultry litter. 

Author Contributions 

The conceptual framework was created by Eniola Dorcas Olaoluwa, who also gathered the study's materials. 

Additionally, she produced the data through substrate digestion and co-digestion. The generated data utilized 

in this study was verified and authorized by Maryann Ogoamaka Ezugwu. She oversaw the research project 

and assessed the consistency of the findings. The experimental test, analysis, and discussion of the produced 

results were all overseen and directed by Ejiroghene Kelly Orhorhoro. 

Funding 

This research received no external funding. 

Data Availability 

The data supporting the findings of this study are available from the corresponding author upon reasonable 

request. 

References 

[1]  Orhorhoro, E., Igbagbon, E. J., & Erokare, T. E. (2024). Performance evaluation of a developed miniature 

steam boiler using different samples of wood waste as fuel for steam generation. Journal of advanced 

0

50

100

150

200

250

300

350

400

0 0 250 252 234 280 287 324 290

B
io

ga
s 

yi
el

d
 (

cm
3
)

Temperature (⁰C)

Sample A Sample B Sample C



 Oloaluwa et al.| J. Environ. Eng. Energy. 2(1) (2025) 31-43 

 

41

 

  
industrial technology and application, 5(1), 26–36. 

https://penerbit.uthm.edu.my/ojs/index.php/jaita/article/view/17455 

[2]  Orhorhoro, E. K., & Oghoghorie, O. (2024). Enhancing biogas yield through anaerobic co-digestion of 

animal manure and seaweed. Progress in energy and environment, 1–22. 

https://doi.org/10.37934/progee.28.1.122 

[3]  Orhorhoro, K., Igbagbon, E. J., & Erhinyodavwe, O. (2024). Design analysis of a miniature steam boiler for 

generation of steam: miniature steam boiler for generation of steam. NIPES-journal of science and technology 

research, 6(3). https://journals.nipes.org/index.php/njstr/article/view/993 

[4]  Rahman, M. A., Shahazi, R., Nova, S. N. B., Uddin, M. R., Hossain, M. S., & Yousuf, A. (2023). Biogas 

production from anaerobic co-digestion using kitchen waste and poultry manure as substrate—part 1: 

substrate ratio and effect of temperature. Biomass conversion and biorefinery, 13(8), 6635–6645. 

https://doi.org/10.1007/s13399-021-01604-9 

[5]  Orhorhoro, E. K., Ebunilo, P. O., & Sadjere, G. E. (2018). Effect of organic loading rate (olr) on biogas yield 

using a single and three-stages continuous anaerobic digestion reactors. International journal of engineering 

research in africa, 39, 147–155. https://api.semanticscholar.org/CorpusID:139880205 

[6]  Rajendran, K., Aslanzadeh, S., & Taherzadeh, M. J. (2012). Household biogas digesters—a review. Energies, 

5(8), 2911–2942. https://doi.org/10.3390/en5082911 

[7]  Oghoghorie, O., Erhinyodavwe, O., & Orhorhoro, E. K. (2024). Anaerobic co-digestion of cow manure and 

food waste: an investigation of biogas yield from feedstock percentage variation, 60, e24d1453. 

https://www.researchgate.net/profile/Ejiroghene-Orhorhoro/publication/384068594_Anaerobic_co-

digestion_of_Cow_Manure_and_Food_Waste_An_investigation_of_biogas_yield_from_feedstock_perce

ntage_variation/links/66e89c7101cba963bf24981b/Anaerobic-co-digestion- 

[8]  Gürsan, C., & de Gooyert, V. (2021). The systemic impact of a transition fuel: does natural gas help or 

hinder the energy transition? Renewable and sustainable energy reviews, 138, 110552. 

https://doi.org/10.1016/j.rser.2020.110552 

[9]  Orhorhoro, E.K., Erameh, A.A., & Lindsay, E. E. (2019). A comprehensive review on anaerobic digestion 

plant. operation. Nigerian j eng sci res, 2(1), 13–28. https://nijesr.iuokada.edu.ng/wp-

content/uploads/2021/10/4.-NIJESR-21-A-Comparative-Analysis-between-Artificial-Neural-Network-

and-Response-Surface-Methodology-in-Predicting-Tool-Wear-Rate-in-a-Turning-Operation.pdf 

[10]  Ramos-Suárez, J. L., Arroyo, N. C., & González-Fernández, C. (2015). The role of anaerobic digestion in 

algal biorefineries: clean energy production, organic waste treatment, and nutrient loop closure. In Algae 

and environmental sustainability (pp. 53–76). Springer. https://doi.org/10.1007/978-81-322-2641-3_5 

[11]  Orhorhoro, E. K., Lindsay, E. E., & Oyejide, J. O. (2022). Analysis and evaluation of a Three-Stage anaerobic 

digestion plant for management of biodegradable municipal solid waste. International journal of engineering 

research in africa, 60, 75–87. https://doi.org/10.4028/p-a24obb 

[12]  Adeyinka, A., Taiye, A., Busayo, O., Ademola, A., & Bolarinwa, F. (2018). Design, construction and 

performance evaluation of electric steam boiler. International journal of latest technology in engineering, 

management & applied science, 7(9), 93–100. https://www.researchgate.net/profile/Adeyinka-

Adegbola/publication/360258846_Design_Construction_and_Performance_Evaluation_of_Electric_Stea

m_Boiler/links/626bd3080df856128f86806f/Design-Construction-and-Performance-Evaluation-of-

Electric-Steam-Boiler.pdf 

[13]  Achinas, S., Achinas, V., & Euverink, G. J. W. (2017). A technological overview of biogas production 

from biowaste. Engineering, 3(3), 299–307. https://doi.org/10.1016/J.ENG.2017.03.002 

[14]  Azam, A., Rafiq, M., Shafique, M., & Yuan, J. (2021). Renewable electricity generation and economic 

growth nexus in developing countries: An ARDL approach. Economic research-ekonomska istraživanja, 34(1), 

2423–2446. https://doi.org/10.1080/1331677X.2020.1865180 

[15]  Ebunilo, P.O., Aliu, S.A., & Orhorhoro, E. . (2015). Comparative analysis of biogas yield from different 

composition of domestic wastes from Benin City, Nigeria. Journal of advanced & applied science jaas, 4(5), 

169–177. 

https://www.researchgate.net/publication/330452736_Comparative_Analysis_of_Biogas_Yield_From_Di

fferent_Composition_of_Domestic_Wastes_From_Benin_City_Nigeria 



Optimizing biogas production by anaerobic co-digestion of poultry dropping and litter… 

 

42

 

  [16]  Barragán-Escandón, A., Olmedo Ruiz, J. M., Curillo Tigre, J. D., & Zalamea-León, E. F. (2020). Assessment 

of power generation using biogas from landfills in an equatorial tropical context. Sustainability, 12(7), 2669. 

https://doi.org/10.3390/su12072669 

[17]  Hedrick, D. B., Guckert, J. B., & White, D. C. (1991). The effects of oxygen and chloroform on microbial 

activities in a high-solids, high-productivity anaerobic biomass reactor. Biomass & bioenergy, 1, 207–212. 

https://api.semanticscholar.org/CorpusID:84228508 

[18]  Ebunilo, P. O., Orhorhoro, E. K., Oboh, V., & Onochie, P. U. (2016). Effect of temperature on biogas 

yields using south-south nigeria as a case study. International journal of technology enhancements and 

emerging engineering research, 4(3), 50–54. https://www.researchgate.net 

[19]  Carlini, M., Monarca, D., Castellucci, S., Mennuni, A., Casini, L., & Selli, S. (2021). Beer spent grains 

biomass for biogas production: Characterization and anaerobic digestion-oriented pre-treatments. Energy 

reports, 7, 921–929. https://doi.org/10.1016/j.egyr.2021.07.049 

[20]  Orhorhoro, E. K., Ebunilo, P. O., & Sadjere, E. G. (2017). Development of a predictive model for biogas 

yield using artificial neural networks (ANNs) approach. American journal of energy and power engineering, 

4(6), 71–77. https://www.academia.edu/download/93741366/9250814.pdf 

[21]  Ingabire, H., Ntambara, B., & Mazimpaka, E. (2023). Characterization and analysis of fish waste as 

feedstock for biogas production. International journal of low-carbon technologies, 18, 212–217. 

https://doi.org/10.1093/ijlct/ctac135 

[22]  Orhorhoro, E. K., & Oyejide, J. O. (2020). Modelling of biogas yield from anaerobic co-digestion of food 

waste and animal manure using artificial neural networks. Applications of modelling and simulation, 4, 81–

88. http://arqiipubl.com/ojs/index.php/AMS_Journal/article/view/118 

[23]  Franqueto, R., da Silva, J. D., & Konig, M. (2020). Effect of temperature variation on codigestion of 

animal waste and agricultural residue for biogas production. BioEnergy research, 13(2), 630–642. 

https://doi.org/10.1007/s12155-019-10049-y 

[24]  Ravindran, B., Mupambwa, H. A., Silwana, S., & Mnkeni, P. N. S. (2017). Assessment of nutrient quality, 

heavy metals and phytotoxic properties of chicken manure on selected commercial vegetable crops. 

Heliyon, 3(12). https://www.cell.com/heliyon/fulltext/S2405-8440(17)31401-9 

[25]  Li, X., Peng, Y., Zhao, Y., Zhang, L., & Han, B. (2017). Volatile fatty acid accumulation by alkaline control 

strategy in anaerobic fermentation of primary sludge. Environmental engineering science, 34(10), 703–710. 

https://doi.org/10.1089/ees.2016.0399 

[26]  Bi, S., Hong, X., Yang, H., Yu, X., Fang, S., Bai, Y., … others. (2020). Effect of hydraulic retention time on 

anaerobic co-digestion of cattle manure and food waste. Renewable energy, 150, 213–220. 

https://doi.org/10.1016/j.renene.2019.12.091 

[27]  Feng, L., Chen, Y., & Zheng, X. (2009). Enhancement of waste activated sludge protein conversion and 

volatile fatty acids accumulation during waste activated sludge anaerobic fermentation by carbohydrate 

substrate addition: the effect of pH. Environmental science & technology, 43(12), 4373–4380. 

https://doi.org/10.1021/es8037142 

[28]  Feng, L., Chen, Y., Yuan, H., Yan, Y., & Gu, G. (2008). Kinetic analysis of waste activated sludge hydrolysis 

and short-chain fatty acids accumulation under alkaline conditions. Journal of biotechnology, 136, S106. 

https://doi.org/10.1016/s1001-0742(08)62312-8 

[29]  Wang, S., Ma, F., Ma, W., Wang, P., Zhao, G., & Lu, X. (2019). Influence of temperature on biogas 

production efficiency and microbial community in a two-phase anaerobic digestion system. Water, 11(1), 

133. https://doi.org/10.3390/w11010133 

[30]  Deepanraj, B., Sivasubramanian, V., & Jayaraj, S. (2015). Kinetic study on the effect of temperature on 

biogas production using a lab scale batch reactor. Ecotoxicology and environmental safety, 121, 100–104. 

https://doi.org/10.1016/j.ecoenv.2015.04.051 

[31]  Vanegas, C., & Bartlett, J. (2013). Anaerobic digestion of laminaria digitata: the effect of temperature on 

biogas production and composition. Waste and biomass valorization, 4, 509–515. 

https://doi.org/10.1007/s12649-012-9181-z 

[32]  Alma’atah, B. M., Alzoubi, A. I., & Alkhamis, T. M. (2021). Biogas production from sheep manure by a 

simulated underground burial system heated with cascade-controlled solar water heated system, as an 



 Oloaluwa et al.| J. Environ. Eng. Energy. 2(1) (2025) 31-43 

 

43

 

  
indicator of biomass potential contribution to power mix in Jordan. Journal of environmental protection, 

12(2), 125–140. https://doi.org/10.4236/jep.2021.122009 

[33]  Thakur, H., Dhar, A., & Powar, S. (2022). Biogas production from anaerobic co-digestion of sewage 

sludge and food waste in continuously stirred tank reactor. Results in engineering, 16, 100617. 

https://doi.org/10.1016/j.rineng.2022.100617 

[34]  Miah, M.R., Rahman, A.K.M.L., Akanda, M.R., Pulak, A., & Rouf, M. A. (2019). Production of biogas from 

poultry litter mixed with the co-substrate cow dung. Journal of taibah university for science, 10(4), 497–504. 

https://doi.org/10.1016/j.jtusci.2015.07.007 

[35]  Ebunilo, P. O., Ukwuaba, S. I., Owunna, I. B., Sadgere, E. G., & Orhorhoro, E. K. (2016). Evaluation of 

cow dung and talinum triangulare as a seeding agent for the production of biogas from domestic wastes 

in Warri metropolis. International journal of scientific and engineering research, 7(3), 633–641. 

https://www.ijser.org/paper/Evaluation-of-cow-dung-and-talinum-triangulare-as-a-seeding-agent-for-

the-production-of-biogas-from-domestic-wastes-in-warri-metropolis.html 

[36]  Frauke, P. C. Müller, Gerd-Christian, M. and Wolfgang, B. (2017). Effects of biogas substrate 

recirculation on methane yield and efficiency of a liquid-manure-based biogas plant. Energies, 10(325), 1–

11. https://doi.org/10.3390/en10030325 

[37]  Orhorhoro, E. K., Ebunilo, P. O. B., & Sadjere, E. G. (2017). design of bio-waste grinding machine for 

anaerobic digestion (AD) system. European journal of advances in engineering and technology, 4(7), 560–568. 

https://www.researchgate.net/profile/Ejiroghene-Orhorhoro/publication/335224804_design_of_bio-

waste_grinding_machine_for_anaerobic_digestion_ad_system/links/5d588dad45851545af4c19c3/Design-

of-bio-waste-grinding-machine-for-anaerobic-digestion-ad-system.pdf 

[38]  Shahriari, H., Warith, M., Hamoda, M., & Kennedy, K. (2013). Evaluation of single vs. staged mesophilic 

anaerobic digestion of kitchen waste with and without microwave pretreatment. Journal of environmental 

management, 125, 74–84. https://doi.org/10.1016/j.jenvman.2013.03.042 

[39]  Paramaguru, G., Kannan, M., Lawrence, P., & Thamilselvan, D. (2017). Effect of total solids on biogas 

production through anaerobic digestion of food waste. Desalination and water treatment, 63, 63–68. 

https://doi.org/10.5004/dwt.2017.20167 

[40]  Ebunilo, P. O., Aliu, S. A., & Orhorhoro, E. K. (2015). Performance study of a biogas pilot plant using 

domestic wastes from benin metropolis. International journal of thermal & environmental engineering, 10(2), 

135–141.  10.5383/ijtee.10.02.007 

[41]  Ebunilo, P. O., Orhorhoro, E. K., & Adegbayi, O. A. (2016). 

https://www.academia.edu/download/57736152/Investigation-of-the-purification-of-biogas-from-

domestic-wastes-using-local-materials-in-nigeria.pdf. International journal of scientific & engineering 

research, 7(2), 505–515. https://www.academia.edu/download/57736152/Investigation-of-the-purification-

of-biogas-from-domestic-wastes-using-local-materials-in-nigeria.pdf 

[42]  Kondusamy, D., & Kalamdhad, A. S. (2014). Pre-treatment and anaerobic digestion of food waste for 

high rate methane production--A review. Journal of environmental chemical engineering, 2(3), 1821–1830. 

https://doi.org/10.1016/j.jece.2014.07.024 

[43]  Orhorhoro, E.K., & Erameh, A. A. (2021). Performance evaluation of the effect of temperature and ph on 

biogas yields from anaerobic co- digestion of food waste and pig dung. proceedings of igbinedion 

university first annual research day and conference (pp. 50–59). https://nijesr.iuokada.edu.ng/wp-

content/uploads/2021/10/nijesr-42-pp.50-59-2021.pdf 

[44]  Osita, O.O., & Lawan, U. G. (2014). The optimum mesophilic temperature of batch process biogas 

production from animal-based wastes. Research journal of applied sciences, engineering and technology, 8(16), 

1772–1776. DOI:10.19026/rjaset.8.1163 

 

 

 


