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ABSTRACT 

	In the Warri, Niger Delta, human faeces are disposed of in open areas and rivers without treatment, and they contain a high concentration of nutrients, organic debris, and pathogens. In the absence of proper disposal measures, human faeces can cause environmental and health hazards (e.g., pathogen contamination, Odor). This study was carried out to examine the potential amount of biogas produced from the digestion of human faeces in Warri under anaerobic conditions using a locally manufactured digester. The biogas produced by the anaerobic digestion process was evaluated in the laboratory using a portable gas meter, and the data obtained from triple determination were statistically examined. The temperature and pressure changes as digestion progressed were documented. The outcomes of the compositional analysis were as follows: 66.93 % CH₄, 29.45 % CO₂, 0.5 % CO, 0.3 % H₂S, 2.69 % N2 and 0.1 % O₂. The analytical results show that human faeces is a viable feedstock for renewable energy production, with methane content indicating a considerable calorific value.
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1. INTRODUCTION 

“The usage of fossil fuels is a global environmental issue owing to greenhouse gas emissions” [1]. “Fossil fuels are both ecologically unfriendly and expensive. The depletion of fossil fuels necessitates a focus on the long-term economic exploitation of existing limited resources, as well as the identification of new technologies and renewable resources” [2,3]. Miah et al. [4] have pushed for “the adoption of alternative and more environmentally friendly energy sources, such as biogas”. “Biogas is a renewable energy source derived from faeces, cow dung, and other agricultural leftovers by anaerobic digestion. Energy generation from garbage would reduce environmental impact while providing a cheaper energy source. Biogas technology has advantages for generating storable energy sources and producing a stabilized residue that can be utilized as fertilizer” [5]. “It would help reduce environmental degradation by lowering the consumption of fossil fuels and greenhouse gas emissions” [6]. “It is expected to be an effective approach to address the rural energy crisis. The biogas system also helps to decrease groundwater contamination caused by untreated trash. Anaerobic treatment is the decomposition of organic waste in the absence of free oxygen, which produces methane, carbon dioxide, ammonia, and trace amounts of other gases” [7,8]. “The methane and energy content of the gas produced by anaerobic digestion are often dependent on the physical and chemical qualities of the substrate employed” [9,10]. “There is a lot of environmental pressure in many regions of the world to find alternative ways to handle human waste. A large volume of human waste is dumped into open spaces and rivers without treatment” [11]. “In the absence of proper disposal procedures, human waste can cause environmental and health issues such as pathogen contamination, Odor, and so on” [12,13]. “Several researchers discovered that human waste can be used for a variety of purposes, including biogas production, fuel combustion, biochar production, building materials, and soil conditioning” [14-16], which can help protect our fragile environment and human resources by controlling the spread of excreta-related diseases. “Human faeces have a high calorific content, which increases their potential for use as a renewable energy source. Human faeces have a significant calorific value due to fatty acids, undigested cellulosic matter, colours, vitamins, minerals, organic matter, and other components. However, in Nigeria, there is a lack of a database and reliable sources for determining human waste generation and energy-generating potential. In Ghana, 200 biogas plants produce biogas using human excreta and animal dung as feedstock” [17]. Song et al. [18] studied biogas generation at four temperatures (15, 20, 25, and 30 ◦C) utilizing human excreta, cow manure, and wheat straw as feedstock. “In addition to gas output, the digestate from the biodigester can be used to improve soil quality” [17,19]. “This type of practice would address disposal-oriented human waste management solutions while also replacing the expensive fuel option. There is currently no full-scale operation in Nigeria for producing biogas from human waste. However, few studies have been conducted to assess biogas generation from human faeces” [15,20]. This study examined the production potential of biogas from the digestion of human faeces. This is the first reported pilot-scale attempt to produce biogas from human excrement in Warri, Nigeria. It is believed that the findings will provide a strong argument for further study while also assisting in the reduction of trash in the environment.

2. experimental details 

2.1	Sample Collection 
Fresh human faeces were gathered from a public toilet in Igbudu market, Warri, Delta State, Nigeria. A hand trowel was used to gather human feces into a clean plastic container. The human excrement found at the Igbudu market was later measured to be 4.5 kilograms.
2.2	Digester Set-Up and data Collection
As stated in various publications, the optimization of biogas generation in a digester necessitates an airtight or anaerobic environment, which is critical [15, 20, 21]. Mild steels and thick-walled cylinders were chosen to allow for welding, durability, strength, and mechanical support as shown in Figure 1. Carbide welding (with a brazing rod) is more effective than electrode welding. The digester's pressure was tested by pumping air into it before being lowered into a basin of soapy water. When water and air were added, there were no leaks in the digester's joints or body, but at the introduction, when soapy or foamy water was added, the air bubbles revealed leaks in the joints. Thread tapes and coffin gum were also utilized to tighten and seal any points of leaking. As a result of repairing the leaks, the anaerobic condition for biogas production was attained. After setting up the anaerobic digestion experiment, a period of time was needed for biogas production and subsequent composition analysis. Due to the need to collect sufficient biogas for analysis, a time gap was maintained between successive measurements. 
Valves regulated gas flow from digester to either airbag or syringe. During digestion, the valve opened for biogas collection in the airbag, later analyzed for methane, carbon dioxide, carbon monoxide, hydrogen sulphide, and oxygen composition. For analysis, the flow line was closed from digester to airbag and opened from airbag to syringe. The biogas composition was analyzed using a gas analyzer. 
The percentage of methane (% CH4) was calculated by dividing the amount of methane with the total amount multiply by 100. Ignoring other unidentified gases in the biogas composition. The standard Percentages of the chemical gases in Biogas are listed in Table 1. 
2.3	Slurry formation 
After weighing the human feces, water was added in the needed amount to maintain a moderate water content level and make a proper slurry for biogas production. The water and human faeces were mixed in a plastic container in a 1:2 ratio before being put in the digester. The prepared slurry was put into the digester through the inlet after being weighed at approximately 6.55 kg. The slurry injected into the digester was sealed for 15 days without opening the link to the gas collection unit, allowing it to create pressure and produce gas. The digester's anaerobic fermentation produced biogas, which was then transferred to the gas holder and properly analyzed for its composition.

[image: ]
Fig. 1. Set-up of anaerobic digester
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Table 1: Component chemical gases in Biogas with their standard Percentages (%) [22,23].
	S/N
	Compounds
	Symbol
	Percentage (%)

	1
	Methane
	CH4
	40–75

	2
	Carbon dioxide
	CO2
	25–40

	3
	Nitrogen
	N2
	0.5–2.5

	4
	Oxygen
	O2
	0.1–1

	5
	Hydrogen Sulphide
	H2S
	0.1–0.5

	6
	Carbon monoxide
	CO
	0.1–0.5

	7
	Hydrogen
	H2
	1–3

	8
	Ammonia
	NH3
	< 0.05



3. results and discussion

3.1	 The composition of the biogas was examined.
The following compositions of the biogas produced are shown in Table 2 below:

Table 2: Results of the compositions of the biogas produced from human faeces used
	S/N
	Retention Time (min)
	Response
	Amount
(mg)
	Amount
(%)
	Compound

	1
	3.010
	685.358
	62.06
	66.93
	CH4

	2
	4.563
	249.119
	27.31
	29.45
	CO2

	3
	4.600
	128.274
	0.2885
	0.3
	H2S

	4
	5.937
	0.462
	0.0962
	0.1
	O2

	5
	7.007
	3.274
	2.491
	2.69
	N2

	6
	7.025
	72.271
	0.481
	0.5
	CO



3.1.1	Carbon Dioxide 
The compositional analysis of the biogas produced from human faece revealed that carbon dioxide was 29.45 % (Table 2), which is lower than the 30-40 % range previously reported by Perera [24]. The presence of carbon dioxide at this percentage suggests that biogas is a common byproduct of anaerobic digestion. It adds nothing to the energy value of the gas and must be removed or lowered to improve methane purity. To make this gas sample acceptable for high-efficiency use (for instance, compressed natural gas [CNG] engines), carbon dioxide must be removed using methods such as water scrubbing, pressure swing adsorption, or chemical absorption.

3.1.2	Carbon Monoxide 
Carbon monoxide is a poisonous gas that poses serious health concerns even at low levels. Its presence in the gas sample suggests that incomplete combustion or reduction reactions occurred during the biogas generation process. It does not contribute to the biogas's energy value. The carbon monoxide percentage of the biogas was 0.5 % (Table 2). This figure is slightly greater than 0.1 %, as previously reported by Usoro [21].
3.1.3	Oxygen 
Biogas does not typically contain oxygen since anaerobic activities take place in oxygen-free settings.  Its presence indicates contamination from sampling or storage.  A modest amount of oxygen can help the combustion process, but it may also raise the risk of explosions in enclosed systems.  The presence of oxygen could imply a leak or mixing with ambient air during collection, storage, or transportation [20]. The oxygen concentration in the biogas produced was found to be 0.1 %, which is within the standard percentage range (Table 2).
3.1.4	Methane 
The fundamental reason for studying biogas composition is to determine its energy efficiency. Methane, the primary energy component, dictates the calorific value and energy yield of biogas. A higher methane concentration results in more energy output, which is critical when constructing efficient biogas-powered equipment such as generators and burners [25]. The biogas produced from the examined human faece contains 66.93 % methane (Table 2). This number is within the 50-70 % range previously reported by del Rosario Rodero et al. [23]. The biogas's methane content of 66.93 % makes it useful for energy generation in applications such as cooking, electricity generation, and heating.
3.1.5	Hydrogen Sulphide 
Hydrogen sulphide is extremely poisonous and corrosive. Even at low doses, it is detrimental to both human health and equipment. Its corrosive nature causes damage to gas cylinders and other infrastructure. Desulfurization procedures, such as utilizing iron oxide filters or activated carbon, are necessary to remove hydrogen sulphide due to its toxicity and unpleasant Odor. Removing hydrogen sulphide improves gas safety and energy output [22]. The biogas produced in this investigation contained 0.3 % hydrogen sulphide, which is within the 0.1–0.5 % range permitted (Table 1).
3.1.6	Nitrogen Gas
The high nitrogen content of human faeces is caused by protein content, unprocessed dietary protein, nucleic acids containing nitrogen (present due to the large mass of bacteria present in human faeces), secreted mucus containing sloughed intestinal mucosal cells, and undigested protein [26]. The biogas produced in this investigation contained 2.69 % nitrogen gas, which is slightly above the 0.5–2.5 % range permitted (Table 1).
3.2 	 Measurement of biogas Production temperature and pressure values per day
[bookmark: _Toc150888656]Several factors influence the effectiveness of anaerobic digestion, with temperature and pressure management being especially important for ensuring stable operations. Slight temperature changes may not significantly affect the conversion to acetic acid, but they can influence the conversion of acetate to methane [27]. According to Grimberg et al. [28], ambient temperature and pressure have a significant impact on anaerobic microbial systems, influencing substrate solubility, ionization equilibrium, and metabolic activity. Higher temperatures promote the growth of hydrogen-producing and spore-forming bacteria while also influencing the activity of hydrogenotrophic methanogens during anaerobic digestion. The appropriate temperature range for mesophilic digestion is typically 35-37 ℃, while 55 ℃ is good for thermophilic digestion [29]. As indicated in Table 3, day 1 showed 20 0C at room temperature because it was the day the system was loaded.  On day 2, the temperature increased significantly to 40 0C while the pressure increased to 1.5 bars. On day 3, the temperature declined due to a weather change, but the pressure remained constant. Day 4 to Day 5 showed a sharp increment in temperature, which led to a pressure increase to 2 bars. Days 6 to 7 and days 16 to 17 have the highest peaks, indicating high temperature, which led to the maximum pressure obtained in the digester. Day 18 recorded an increase in temperature and a sudden depreciation of pressure as a result of the formation of methane gas. The temperature began to vary from day 19 to 21 while the pressure remained constant. Hence, it connotes the formation of biogas and less decomposition of organic matter. Aguko, K.P. et al. [30] gave a similar report on their work when monitoring a flexible bio-digester structure. Biogas production is highest at low pressure, with an optimal pressure of 4-5 KPa. Pressure is a crucial element in the methanogenesis reaction; excessive pressure inhibits methane production. To create methane, methanogenic bacteria exert hydrostatic pressure on digested organic waste [31]. Organic waste and substrates are utilized to generate methane and maintain pressure. Substrates convert into methane under high pressure (9 KPa), but the yield is too low. Pressure has increased, and microbial activity has decreased; the use of carbonate and carbon sources indicates a methanogenic reaction. Biogas output in a vertical reactor is reduced with increasing pressure. Organic slurry develops in the upper layer, producing biogas under low pressure in a vertical reactor [32]. According to the procedure, the lower-layer organic slurry produced a low amount of biogas due to methanogenic bacteria dwelling in the lower phase, as shown in Figure 2.

[bookmark: _Toc150887003]Fig. 2. Variation of temperature and pressure per day
Table 3. Daily Biogas Production values of temperature and pressure per day.

	Days
	Temperature 0C
	Pressure (Bar)

	Day1
	20
	0

	Day2
	40
	1

	Day3
	20
	1.5

	Day4
	25
	1.6

	Day5
	30
	2

	Day6
	50
	2.5

	Day7
	60
	2.8

	Day8
	40
	2.9

	Day9
	35
	3

	Day10
	45
	3.1

	Day11
	25
	3.3

	Day12
	30
	3.5

	Day13
	32
	3.6

	Day14
	23
	3.6

	Day15
	40
	3.8

	Day16
	41
	4

	Day17
	60
	4.6

	Day18
	50
	4

	Day19
	43
	4.5

	Day20
	41
	4

	Day21
	30
	4



3.3 	Comparative Study
Table 4 compares biogas output from human and other reported agricultural waste. Human and agro-industrial waste comprise carbs, protein, and fat, which are processed anaerobically. During the reaction, complex molecules are transformed into tiny molecules, resulting in the production of volatile fatty acids. Anaerobic digestion is dependent on protein degradation and ammonia production, as well as temperature and pH. The factors involved in methane production include easy decomposition of fat molecules and high biogas generation, enhancement of microorganisms, nutritional balancing, stability, and efficiency. Human waste has a higher carbon and nitrogen concentration, which increases biogas production [33]. Lignocellulose is transformed into lignin and hemicellulose, and a modest amount of feed is utilized to make methane by enzymatic degradation. Microorganisms and white-rod fungi decompose agro-industrial waste [34,35]. White-rod fungi and bacteria can be destroyed by larger amounts of organic waste. Table 4 lists the biogas chemicals created by several authors [21,26,36–38].












Table 4 lists of biogas chemicals prepared by several authors	

	Human/agro-waste
	Biogas compounds produced

	
	CH4 (%)
	CO2 (%)
	H2S (%)
	O2 (%)
	N2 (%)
	CO (%)
	Ref.

	Rice straw 
	57
	-
	-
	-
	-
	-
	[36] 

	Sorghum straw 
	61
	-
	-
	-
	-
	-
	[37] 

	Fresh cow dung
	65.86
	27.15
	2.1
	2.09
	-
	2.74
	[21]

	Plantain-faecal 
	48.9
	1.5
	6.0
	3.6
	6.7
	-
	[26]

	Siam-faecal 
	14.7
	7.8
	2.0
	3.0
	13.0
	-
	[26]

	Sewage
	54.8
	39.4
	-
	-
	-
	-
	[38]

	Pig waste
	58.7
	35.0
	-
	-
	-
	-
	[38]

	Poultry waste
	56.6
	36.5
	-
	-
	-
	-
	[38]

	Homemade food waste
	51.7
	41.1
	-
	-
	-
	-
	[38]

	Human faeces
	66.93
	29.45
	0.5
	0.1
	2.69
	0.3
	This study


	

4. Conclusion

The research found that the biogas potential from human waste can offer energy recovery and alternative sanitation solutions, thereby addressing urban sanitation issues. The present research offers proof of the energy recovery potential of human waste (human feces) within the study framework. Nonetheless, additional investigation into community acceptance and the cultural effects of using fecal products may be necessary. Future studies need to prioritize technological viability, sanitation solutions, and local sanitation infrastructures to link this advanced waste treatment option to urban settings. Additionally, since the study's outcomes were derived from a controlled setting, it is recommended to conduct a pilot study in a real-world environment to enhance the results for specific study locations. Utilizing human waste as a valuable resource could help tackle sanitation challenges and offer environmental advantages via biogas generation
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