


Effect of Temperature and pH on the Utilization of Agro Wastes for Biogas Production

ABSTRACT
Biomass and wastes are increasingly being utilized as major energy sources not only in Nigeria, but globally. Different wastes/biomass to energy technologies have been used in the past by several researchers but anaerobic digestion seems to be the best option owing to its eco-friendliness, low cost and simplicity of its design. The work evaluated the effect of temperature and pH on the utilization of agro wastes (pig dung, goat dung, cassava peels and vegetable wastes) for biogas production using anaerobic digestion. The slurry was created in a digester by combining wastes and water in a 2:1 ratio. Under regulated environmental conditions, the anaerobic process was batched with a retention time of 21 days. On a weekly basis for three weeks, the total viable counts obtained were 8.7 × 107 CFU/mL, 2.64 × 107 CFU/mL, and 1.34 × 107 CFU/mL. As acid was created by the bacteria in the digester, the pH dropped from 7.84 to 5.53. The average amount of gas observed from the setup ranged from 1.7 cm3 to 23.3 cm3. According to the results, there was no biogas production on days 0, 1, and 2, with the lowest gas production on day 4 and the highest increased volume of production (23.3 cm3) was observed on day 21. Statistical analysis utilizing one-way ANOVA revealed a significant difference of p < 0.05 between the biogas produced and experiment duration. The study demonstrates that agricultural wastes have great promise for the cost-effective production of biogas, emphasizing the importance of utilizing this medium to improve energy output.

1. INTRODUCTION
Today’s societies demand the existence of continuous, sustainable and economic energy necessary for any economic development and growth. This demand finds its response in the use of renewable energies. Since the beginning of industrial development, human activities have contributes considerably to the increase in the concentration of Greenhouse gases (GHG) in the atmosphere [1]. The breeding sector like the animal husbandry (cattle ranch, pig manure, goat manure), and organic solid wastes are major contributors to the emission of GHG [2]. However, these environmental wastes can be converted into a form of renewable energy source, through production of biogas. Biogas is a source of renewable energy, similar to solar, wind and geothermal energy [3].  Biogas production is an excellent way to utilize organic wastes in energy production, and it is a promising renewable energy carrier because its production process combines the eradication of biological wastes with the synthesis of a versatile, low cost and environmentally friendly energy "methane" [4; 5]. As a wealth to energy technology, anaerobic digestion involves the breakdown of organic wastes through the activities of microorganisms in the absence of oxygen leading to the production of methane, carbon dioxide, as well as traces of other gases such as hydrogen, nitrogen, oxygen, ammonia and moisture [6,7,8]. Production of biogas through anaerobic digestion of animal manure and slurries as well as of a wide range of digestible organic wastes, converts these substrates into renewable energy. Furthermore, nutrients are preserved during the anaerobic digestion process, making the digestion waste appropriate as an organic fertilizer that can replace fossil energy-requiring mineral fertilizers [9]. Anaerobic digestion for full-scale biogas production has been in operation for many years [10; 11; 12], but many technological and microbiological concerns remain unanswered in order to achieve an economically viable process.
 
Co-digestion is the simultaneous digestion of more than one form of waste in the same unit with the aim of biogas production. Co-digestion of different materials may enhance the anaerobic digestion process due to better carbon and nutrient balance [13]. According to [14], co-digestion of more than one substrate in the same unit can establish positive synergism in biogas production and the added nutrients for microbial enrichment and growth. Furthermore, this method is currently growing to incorporate energy and nutrient recovery and the manufacture of value-added compounds via mixed culture biotechnologies [15; 16; 17]. 
Rapid digestion and efficient biogas production occur within limited ranges of temperature, pH, moisture, and are influenced by the composition of the raw material [18]. Optimum gas production occurs in two temperature ranges; mesophilic bacteria thrive in temperature around 35 oC, while thermophilic bacteria thrive well in the 49 oC to 60 oC range [3]. Figure 2 shows that gas production decreases when the bacteria are subjected to temperatures outside of these ranges. While thermophilic bacteria produce somewhat more gas, often the gas is not worth the energy needed to raise the digester temperature from 35 oC to 49 oC [16]. Bacteria also thrive in a slurry with a pH around 6.8 to 7.2 and the pH of raw materials poured into the digester depends on the type of organic material [19]. Consequently, if the incoming slurry has a pH in this range, digestion should proceed smoothly. Under normal conditions, the digestion process balances excess acidity or alkalinity on its own [20; 21]. An adult pig produces around 5 kg of manure every day, comprising 90 % water and 7 % volatile solids, which can produce 4.8 cubic feet of biogas daily [22]. It is not advisable to use pig dung alone because it has high nitrogen content and low amounts of carbon, and also very alkaline. In other words, it can inhibit the growth of methane-producing bacteria [5; 8; 23;]. Methanogens prefer acidic conditions. However, one can improve pig manure biogas production by mixing it with goat dung or agro wastes as biomass. Hence, this study evaluated the effect of temperature and pH on the effectiveness of co-digestion of agricultural wastes for biogas production. 

2. MATERIALS AND METHODS
2.1 Study Area

The research was conducted at the Microbiology Laboratory of Chukwuemeka Odumegwu Ojukwu University, Uli Campus, Anambra State, Nigeria. Uli is located in Southeastern part of Nigerian rainforest, with a tropical environment and mean daily temperature of 28 to 40 oC during the majority of the year. The annual rainfall ranges from 210 to 2350 mm, with distinct wet and dry seasons in each district. Between July and August, the area has the greatest food supplies.
2.2 Sample Collection

Fresh pig and goat dungs were obtained from Vester Farms Eziama, Uli while the vegetable wastes were obtained from the school market in Umuoma Village, Uli. The samples were collected using a sterile polyethylene bag. Following collection, the vegetable wastes were chopped into smaller pieces and air-dried for two weeks. Cassava peels and vegetable debris (consisting of carrot, cabbage, pumpkin leaves and water leaf) were blended in a 2:1 ratio. The idea called for combining materials with high-caloric contents. The vegetable wastes were pulverized with a grinder, while the fresh pig and goat dung were mixed individually with water. The combination of pig and goat dungs acted as an inoculum since it contained the necessary microbes for the anaerobic digestion of organic wastes. 

Based on the experimental design, 1 kg of each of the waste samples were weighed, then placed in 9 litres of water, and emptied into the digester. It was outfitted with a pH probe and a thermometer to measure pH and temperature. Following that, the digesters were placed in a remote location to produce biogas for a 21-day digestion period. 
2.3 Fabrication and description of the digester for biogas production 

A portable 25 kg slurry capacity digester was fabricated using dispenser gallon, rubber strip and a hose pipe tube with a diameter of 0.8 cm.  A hole was made in the cap, and the valves were inserted. The hose pipe tube was then installed to conceal the valves' exit. A rubber strip was used to tighten the tube. The digesters were supplied by opening the digester covers, and the remainder was evacuated by the digester's outlet device at the bottom. A manufactured biogas burner was used to test the flammability of the gas in the digester.  Biogas production was measured by the water displacement method.
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Figure 1: Block diagram of the bio-digester [A] and portable bio-digester [B]
Source: Prakash (2016)

2.4 Experimental design

A modified approach of [24] was used for the experiment. Biogas was produced in a batch technique, with the slurry added once in the digester for the duration of the process. The fermenter was fed 1 kg of Pig dung, 1 kg of Goat dung, 1 kg of vegetable wastes and 1 kg of cassava peels mixed with water in a 2:1 water-to-waste ratio in this combined wastes experiment. Feeding, gas collection, and residue-draining arrangements have been designed for the digester. The slurry fermented anaerobically for 21 days at a mesophilic temperature of 26 – 35 oC. 


2.5 Measurement of biogas produced
Biogas was measured using Gas Chromatography-Flame Ionization Detector (AOAC, 1995). The GC used in this study was produced from Buck Scientific (M910, USA) equipped with FID detector and capillary column (Elite-5, 30m*0.25mm*0.25μm). The workstation was Total Chrom Navigator used for data processing. The temperature for column chamber, inlet chamber and detector were 150 oC, 200 oC and 250 oC, respectively. High purity nitrogen was used for carrier gas in this study, and the flow rate for nitrogen was 2.0 mL/min. The split ratio of gas sample in inlet chamber was 20:1, which is used to control the amount of biogas flew into column, and prevent the unconventional peak, such as flat peak, trailing peak. The flow rate was 450 mL/min for air produced by automatic air source (BCHP, SPB-300, China) and 45mL/min for hydrogen produced by hydrogen gas.
The % of each gas produced = concentration of each gas produced (ppm) x 100
                                                    Total concentration of the gas produced (ppm)

2.6 Isolation and identification of microorganisms present in the slurry

2.6.1 Sample collection

The procedure described in [25] was adopted. The substrates charged inside the digesters were collected separately using a sterile beaker through the digester arm. 

2.6.2 Bacteriological examination 

Total viable counts (TVC) for the slurry was performed to determine the microbial load of the samples using the modified Miles and Misra method described by [2]. This was done three times during the digestion: at the charging point (day 1), at the peak of output (day 14), and at the end of the retention period (day 21). After 24 hours of incubation at 37 oC, visible colonies were counted and total bacterial counts were determined.
2.6.3 Determination of pH and Temperature

The pH of the slurry was determined using the modified method as described by [26]. The slurry pH was determined electrometrically using a digital pH meter whereas temperature was evaluated by a handheld thermometer at a 2-day interval. 


3. RESULTS AND DISCUSSION 
 3.1 Bacteriological analysis

Table 1 shows the result of the total viable count recorded at weekly intervals for three weeks during the digestion period. 
	Digestion period
	TVC (cfu/mL) 

	Week 1
Charging point
	   8.7 × 107


	Week 2
Flammability and 
production peak point
	
  26.4 × 107

	
Week 3
Production end period
	
   13.4 × 107


Table 1: Total viable count (TVC) during biogas production








It was observed that the plate count was at the lowest during the first week (8.7 x107 cfu/mL) while the highest plate count was observed at the second week (2.64 x 107 cfu/mL). There was, however, a decline in the viable count during the third week, this may be an indicator of the death phase for the microbes. This result conforms with the findings of [23], who recorded that microbial load was low during the charging period, increased towards the peak of production, and reduced towards the end of the retention period. The decrease in count towards the peak could be as result of the decrease observed in the pH of the slurry.

3.2 pH and temperature results

The pH of the slurries was recorded on a 2-day intervals starting from day 0 as presented in Figure 1 and result showed a decline in pH as digestion progressed.  



			Figure 2: Temperature and pH profile of the slurry during digestion
This decrease may be as a result of acids (mostly amino and fatty acids) production by the anaerobic microorganisms in the digesters. This is in agreement with the work of [20], who studied the pH variation in an anaerobic digestion process for 21-days, and [27] in their study on co-digestion of food waste with cow dung by anaerobic digestion for biogas production. From the work of [28], the low pH of the digester has an inhibiting effect on the microorganisms that are part of the digestive process, particularly the methanogenic bacteria. The results obtained from this study further conforms with the research of [29], where the pH has an effect on the activity of the bacteria that are responsible for converting organic matter into biogas. Similarly, [20] reported that
An increase in temperature from a minimum range of 15 to maximum of 26.2 oC was recorded at the pH of 5.33 – 7.84. It was observed that on day 0, the temperature was at 15 oC, then 24.5 oC on day 2, with a gradual increase recorded from day 4 until stability was observed as the experiment progressed with an observable increase in the volume of biogas produced (Figure 2). This shows that mesophilic temperature of 20 oC to 45oC favours biogas production. Ukpaka et al. [21] opined that  	
3.3 Production of biogas
The anaerobic process of biogas production was batched with a retention period of 21 days and the cumulative biogas production in this study is shown in Figure 3.  


Figure 3: Volume of biogas produced against time 
From the result, it was observed that there was a delay in biogas production from day 0 ─ 3, until a gradual production was observed on the fourth day. This delay in gas production according to the findings of [30] and [31] can be attributed to the fact that animals consume fibrous materials and as a result, microorganisms take longer time in the digestion of fibrous materials. Furthermore, the absence of biogas production during the early stages of digestion could be attributed to numerous carbon sources in the wastes utilized as slurry for digestion, and as one carbon source is depleted due to the switch to anaerobic digestion, microbial cells redirect their energy source for growth to a new carbon supply [32].
Table 2: Percentage composition of biogas produced from agro wastes 
	Parameters
	Composition ppm
	% Composition

	Carbon monoxide 
	1.3570
	8.862

	Oxygen
	1.1846
	7.736

	Sulphur
	0.7671
	5.010

	Methanol
	2.9525
	18.282

	Acetic acid
	0.2587
	1.689

	Methane
	6.2687
	40.938

	Phenol
	2.5240
	16.483

	Total
	15.3126
	100



It was also observed that biogas production was lower and slow throughout the first week of the investigation, as the microbes are in the lag phase of their growth, where acclimatization or cell adaptations occur. This also implies that the rate of biogas production dependent on the proliferation of methanogens. This report corresponds with that of [3; 33], where a gradual production of biogas was recorded in the first week. As observed from the result, there was a progressive increase in biogas production in the second week which continued through the third week. This progressive increase in biogas production is an indication that the methanogens present in the slurry are in an exponential phase of growth and therefore very active. The same result was recorded by [25; 34], but in contrast with the findings of [35] and [15], which reported a decreased in biogas production in the third week. The researchers reported that the differences observed may be due to the different breeds of cows found in the different locations. Also climatic factors, the nature or quality of feed or pasture that the cows were exposed to, are factors that could contribute to the differences in the rate of biogas production [36]. The total volume of biogas produced after the 21-day digestion period is shown in Table 3 with methane yield at 28.7 %. This agrees with the work of [37] where the slurry yielded the optimum percentage of 67.2% and 53.9% in methane gas on the 26th day. Previous studies [18; 21; 38] has also shown that the co-digestion between cow dung and food wastes has resulted in a greater amount of methane gas production.
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Figure 4: Components of biogas produced at various retention time in days 
At the end of the 21-day batching and retention period, the produced biogas was subjected to analysis to determine the components present with the corresponding volumes. The result of this analysis is presented in Figure 4 and Table 3. It shows that the produced biogas is composed of gases and organic acids such as carbon monoxide, oxygen, methane, methanol, acetic acid, and phenol. The results corroborate the findings of [39; 40], which reported that biogas produced from cow dungs and agricultural wastes at the 21-day batch period were composed of acetic acid, phenol, methane and oxygen. Results from the statistical tool (ANOVA single factor) showed there was a significant difference of p < 0.05 between the biogas produced and the duration of the experiment.
Table 3: Composition of biogas produced
	Component
	Retention 
	         % Volume

	Methane
	    35.203
	            28.7

	Oxygen
	    5.370
	            4.4

	Methanol
	    14.436
	            11.8

	CO
	    0.466
	            0.4

	Acetic acid
	    25.033 
	            20.4

	Phenol
	    42.100
	            34.3











5. CONCLUSION
This study demonstrated that agro wastes hold tremendous potential for cost-effective biogas production. It is also important to note that biogas can help to potentially reduce climate change as it is environmentally friendly. Environmental and agricultural wastes should be harnessed and utilized for energy generation instead of depositing them at landfills or open dumpsites, where they would invariably constitute a nuisance to the environment. Following digestion, the slurry can be recovered as organic manure for sustainable agriculture and renewable energy. Connecting this important source of renewable energy with organic and value addition will not only be useful to meet multi-purpose energy needs of different households, but also provide organic manure, quality organic food, good human and soil health, and clean environment in Nigeria. However, there is an urgent need to create more awareness, skill development and bold policy initiatives with rewards and award systems to undertake biogas production among researchers, private sectors and different stakeholders in the country.
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