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Abstract
The effect of adding an alkaline solution, sodium hydroxide (NaOH), in optimizing biogas and methane yield from poultry 
waste anaerobically was investigated in this work. Two digesters of 50 l capacity each were set up and labeled A and B. 
Digester A was batched with a mixture of 19 kg of PW and 19 l of water, while digester B has the same mixed volume ratio 
of poultry waste and water as in digester A but with the addition of 380 ml of 1 M NaOH. Daily gas yield was obtained 
from the two digesters for a retention period of 30 days; the temperature and pH were also recorded. The peak yield from 
digester A was recorded on day 23 to be 0.0392 m3, while digester B peak yield of 0.0522 m3 was recorded on day 18. The 
cumulative biogas yields at the end of the retention period were 0.5511 m3 and 0.6070 m3, respectively, for both digesters. 
The coefficient of correlation R2 between the gas yields of the two samples is 0.9657. The biogas obtained from the two 
setups was analyzed with digester B (poultry waste + water + 380 ml of 1 M NaOH) having an appreciable methane yield 
of 3.03% than digester A.

Keywords Cumulative · Digesters · Methane · pH · Temperature

Introduction

In recent years, the ever-increasing demands for energy as 
a result of the fast population growth, the global depletion 
of fossil fuels in conjunction with the increase in their costs 
prompted many countries to search for new and renewable 
energy sources (Xie et al. 2011; Grisel et al. 2013). Con-
stant reliance on conventional sources like coal, petroleum 
and so on, as primary and major source of energy has led 
to the ecological imbalance, climatic alterations, health 
hazards and degradation of natural resources (Aragaw and 
Andargie 2013). More than 80% of global energy consump-
tion emerges from the combustion of conventional sources 
(Goldemberg and Johansson 2004; REN-21 2014). Hence, 
renewable sources of energy are undoubtedly a potential 

option than can serve as substitute over fossil fuels and 
Rittmann (2008) encouraged such form of energy recovery 
from wastes at a large scale without affecting environment 
and human activities. Waste generation is rapidly increasing 
due to increase in population and urbanization.

Ojolo et al. (2007) raised caution that if the wastes (espe-
cially solid waste) being generated are not properly man-
aged, they will abound to a level where they will dangerously 
affect human lives. Huge amounts PW are generated each 
year in the world as a result of the rapid growth in inten-
sive and mechanized poultry breeding industries. Take for 
instance in Nigeria, about 932.5 metric tons of commercial 
poultry manure is annually produced in Nigeria (Adewumi 
et al. 2011). Anaerobic digestion (AD) of PW is considered 
the best method to minimize waste and recover bioenergy 
(Fang and Zhang 2015) but has not been fully utilized so far, 
due to the main problems associated with inhibition by accu-
mulation of ammonia and volatile fatty acids (VFA) (Fatma 
et al. 2014). The viability of producing biogas using poultry 
waste has been proven by its ability to produce a thriving 
harbor for pathogenic microorganisms that decompose the 
waste to produce biogas (Adewumi et al. 2011).

AD is a widely used method for bioconversion of wastes 
into fuel. It is regarded as the simplest technique due to its 
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very limited environmental impact (Esposito et al. 2012) 
and high energy recovery potential (Carrère 2010). Biogas 
through AD has significant advantages over other forms of 
bioenergy production and also offers a promising substitu-
tion for fossil fuels (Ofoefule et al. 2010). AD process is 
dependent on specific microbial consortium for degradation 
of biomass through four main stages namely hydrolysis, 
acidogenesis, acetogenesis and methanogenesis. Anaerobic 
digestion can be classified as liquid, semi-solid and solid or 
dry state when the total solids of substrate are less than 10%, 
0–15%, or greater than 15%, respectively (Li et al. 2011). 
The popularity of AD is increasing day by day due to its 
high degree of waste stabilization, less energy requirement, 
fewer nutrients required and methane production (Islam 
et al. 2016).

The results of anaerobic process in waste decomposition 
are best experienced by combining various waste streams. 
Li et al. (2013) and Wang et al. (2012, 2013) reported the 
co-digestion with various agro-industrial residues with par-
ticular interest being shown in the co-digestion of poultry 
manures with straws. It was concluded that, co-digestion of 
manure with energy crops/crop residues can increase the 
biogas yield by helping to maintain an optimal pH for meth-
ane producing bacteria, decreasing free ammonia/ammo-
nium inhibition, which may occur in AD of manure alone 
and providing a better carbon to nitrogen (C/N) ratio in the 
feedstock (Xie et al. 2011). Biogas technology is viewed 
as a method not only for solving environmental problems, 
but also for contributing to energy production and resolving 
economic and social issues (Cu et al. 2012). Biogas, a flam-
mable gas, is usually a mixture of carbon dioxide  CO2 and 
methane  CH4; other gases may include hydrogen sulphide 
 H2S, hydrogen and water vapor. It burns with pale blue flame 
and has a calorific value between 25.9 and 30 J/m3 depend-
ing on the percentage of methane in the gas. The gas is often 
called by several authors by various names, such as: dung 
gas, marsh gas, gobar gas, sewage gas and swamp gas.

Some researchers have studied biogas generation from 
anaerobic digestion/co-digestion of animal and agricultural 
wastes and others on the anaerobic digestion of solid refuses 
like municipal solid wastes and water hyacinth. It has, there-
fore, been realized that to optimize the yield of biogas of any 
feedstock or substrate, co-digestion (which is the simultane-
ous digestion of a mixture of two or more substrates) and 
chemical pretreatment of substrate with alkaline solutions 
are regarded as the most effective method for breaking ester 
bonds within the lignocelluloses, limiting hemicellulose lose 
(Gaspar et al. 2007).

Sodium Hydroxide (NaOH) is one of the most popu-
lar alkaline chemicals used because of its effectiveness at 
degrading lignocellulose, low energy demand, cost effec-
tiveness and the potential to buffer the pH of the anaerobic 
digestion process (Gaspar et al. 2007). According to Ilaboya 

et al. (2010), there was considerable increase in the vol-
ume of biogas generated when the effect of addition of dif-
ferent concentration that ranges from 1, 3, and 5% weight 
of sodium hydroxide to partially decomposed waste in 
anaerobic digester was considered for seven-day retention 
period, while there is a decrease in the biogas generated 
when higher concentration of NaOH was added. This study 
was, therefore, performed to further determine and evaluate 
the effect of the addition of sodium hydroxide solution in 
anaerobic digestion of poultry waste on biogas production. 
The research was carried out from May to December, 2017 
and the location is the Federal University of Technology 
Akure, Nigeria.

Materials and methods

Materials

Materials used for the construction of the digesters are two 
black plastic kegs of 50-l capacity each (both serves as the 
main digester chamber), two tyre tubes of 380–10 cm cir-
cumference and internal diameter (used to collect the gas 
produced), Flexible rubber hose (used to connect the tyre 
tubes to the digesters), ½ inch back nuts, stop corks, ½ inch 
pipes, PVC gum (all used for both the inlet and outlet of 
the digesters), thermometer, pH meter, weighing scale and 
syringe (all used for various parameter’s measurement).

Digester design considerations

Operating volume

According to Babatola (2008), the operating volume of the 
digester is simply the volume of slurry ratio in the digester 
when you feed and mixed thoroughly a known and constant 
weight of manure with a constant volume of water into the 
digester. The total volume of the slurry is usually lesser 
than the entire volume of the digester for optimum diges-
tion operation.

The operating volume of the digester is determined on 
the basis of the chosen retention time and the daily substrate 
input quantity, the operating volume as given by Ahmadu 
et al. (2009) is expressed in Eq. 1:

where Vo is the operating volume of digester, Sd is the daily 
substrate input and, RT is the retention time, which is the 
interval of time the mixed slurry is allowed to decompose 
in the digester.

(1)Vo = Sd × RT

(

m3

day
× number of days

)

,

Author's personal copy
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Digester volume

Digester volume is the volume of the container that serves as 
the digester either ready-made or fabricated; the dimensions 
can be used to determine the volume of the digester in case 
of fabricated digester. In this case, the digester volume is the 
volume of ready-made 50-l containers acquired. Digester 
volume, which also refers to the total volume, should be 
greater than the operating volume in order to give room for 
the biogas produced and the rise of the slurry during fermen-
tation. Ahmadu et al. (2009) and Otun et al. (2015) reported 
that the operating volume of the digester must not exceed 
80% of the total volume of the digester to at least give 20% 
of the total volume for slurry rise and for biogas. The total 
volume VT is, thus, given in Eq. 2:

Digester design and construction

Two holes were bored on each of the 50-l containers; one 
was bored at the top of each container of about 1.5 cm in 
diameter. The external diameter hose of 1.5 cm was then 
connected to the container, while the hose with internal 
diameter of 0.9 cm served as the gas outlet from the digester 
to the gas collection tube. The other hole of about 4.1 cm 
diameter was bored at the tail end of each keg; the 4 cm 
sized back nut and stop cork were then placed to serve as the 
outlet through which the slurry were taken for the pH test. 
A thermometer is attached to each of the digester’s lid. All 
perforated spot were properly sealed with rubber tubes and 
adhesives to make the whole bio-digester systems airtight. 
The schematic diagram is shown in Fig. 1.

Collection and mixing of poultry waste and sodium 
hydroxide (NaOH) pellet

The PW and the NaOH pellets used were both collected from 
the agricultural research farm and the Chemistry laboratory 
of the Federal University of Technology Akure, Nigeria, 
respectively. 40 g of NaOH pellets was dissolved in 1 l of 
water to make a 1 M of NaOH solution.

The PW at the point of collection was semisolid, 19 kg of 
the waste was mixed with 19 kg of water to make up to 38 kg 
of feedstock for the control digester A with pH reading of 
5.9. Another 19 kg of the waste was also mixed with 19 kg 
of water but with an addition of 380 ml of 1 M NaOH for the 
experiment digester B with pH reading of 7.6.

Loading of the digesters

The two mixed feedstocks were batch loaded into the 50-l 
capacity control and experiment digesters labeled A and B, 
respectively. The digesters were manually agitated every 

(2)VT = V0 × 1.25.

morning and evening to prevent formation of scum and lay-
ers that could inhibit the bacteria activities in the digesters 
thereby halting further gas production.

Analysis of the waste

The feedstocks were analyzed for temperature, pH, mois-
ture content, ash, fat, crude fiber, crude protein, nitrogen, 
carbon content, carbohydrate and C:N ratio. The moisture 
content (MC), total solid and volatile solid were determined 
in accordance with the method provided in section 2540 E 
of American Public Health Association—Standard Methods 
(APHA 2005).

Readings of temperature and volume of gas produced 
were taken twice daily both in the morning and evening. 
Temperature readings were taken with thermometer attached 
to the digesters, digital pH meter (Hanna Instruments) was 
used to measure the pH once daily. The volume of gas pro-
duced was calculated by weighing the tyre tubes with a 
digital weighing balance (HR-60, 0.1 mg readability). The 
initial mass of the tubes was measured to be 1.2 kg; then, the 
volume of gas produced daily was determined using Eq. 3:

The average density of biogas used is 1.15 kg/m3 as 
recorded by Jungbluth et  al. (2007) and Peter (2009). 
The physico-chemical properties of the samples, daily 
and cumulative biogas and methane yield, laboratory and 
microbial analysis were the parameters used to evaluate 
the effect of adding NaOH to the PW. The analysis and 

(3)

Volume of biogas produced daily =

Mass of biogas produced

Average density of biogas
.

Fig. 1  Experimental set-up (digesters and accessories). 1-Digester 
tank, 2-gas outlet, 3-hose, 4-gas tube, 5-gas tube stand, 6-digester 
stand, 7-slurry outlet (all dimensions are in millimeters)

Author's personal copy
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comparison of the composition and quality of biogas pro-
duced from the two set-ups were also determined in the 
laboratory using gas chromatography analyzer (Shimadzu 
model gc-17a).

Results and discussion

Physicochemical properties of the waste

The waste collected was analyzed using the recommended 
methods of waste and manure analysis A3769 to determine 
some of its constituents. The physicochemical properties 
of the two samples are shown in Table 1. The volatile solid 
VS which is the biodegradable constituent of the total solid 
TS is about 81.26% of the total solid of the feedstock for 
digester A and 76.73% of the total solid of the feedstock 
for digester B. The total solid is the combination of both 
the organic and inorganic composition of the feedstock; 
the VS largely determine the amount of biogas that was to 
be produced by the decomposition of the feedstock. The 
pH is also noted to be higher in feedstock of digester B due 
to the effect of NaOH than that of digester A.

Biogas yield

Figures 2 and 3 show the plots of the daily biogas yield 
and the cumulative yield of the two digesters, respectively, 
production of biogas started on day 3 of the retention period 
in digester A and increase repeatedly till the peak yield was 
attained and decrease thereafter while in digester B, it started 
on day 2 of the retention period and increase gradually till 
the peak yield was recorded and also decrease gradually. The 
reduction in the daily gas yield is due to the fact that micro-
organisms responsible for biogas production have consumed 
a large amount of the substrates and, hence, subsequent drop 
in their activities.

The cumulative biogas yield at the 30th day of the reten-
tion period in digester A is 0.5511 m3, while that of digester 
B at the 30th day of the retention period is 0.6070 m3. Aver-
age biogas yield of digester with PW only labeled digester A 
was 0.0184 m3/day while that of digester with poultry waste 
and NaOH labeled digester B was 0.0202 m3/day.

The peak yield of digester A with PW only was recorded 
on the 23rd day of the retention period to be 0.0392 m3, 
while that of digester with PW and NaOH was recorded 
on the 18th day of the retention period to be 0.0522 m3. It 
was observed that the rate of digestion in relation to biogas 

Table 1  Physico-chemical properties of the samples

Parameter Poultry waste Wet poultry waste with 
NaOH solution

Parameter Poultry waste Wet poultry waste 
with NaOH solution

Moisture (%) 71.7 72.32 Carbohydrate 9.63 8.63
Ash (%) 4.6 4.8 C/N ratio 8.3 8.69
Fat (%) 2.92 2.91 pH 5.9 7.6
Fiber (%) 1.03 0.96 Volatile solid (mg/%TS) 22.98 21.24
Crude protein (%) 10.12 10.38 Phosphorus 1.01 1.12
Nitrogen (%) 1.87 1.83 Calcium 0.97 0.94
Total solid (%) 28.28 27.68 Potassium 0.8 0.77
Temperature 30 32 Magnesium 0.33 0.31
Carbon 15.52 15.9 Sodium 0.20 0.26

Fig. 2  Volume of biogas pro-
duced daily in both digesters A 
and B
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yield was more rapid in digester B than in A. Also, the 
biogas yield of digester A at the 30th day of retention period 
was recorded to be 0.012 m3, while that of digester B was 
0.0035 m3; it, thus, shows that if the retention period was to 
be extended beyond the 30 days, more biogas would still be 
produced in digester A than in digester B at the extension 
period.

Figure 4 shows the linear relationship between the biogas 
yields from decomposition of both the PW and PW and 
NaOH solution, a correlation coefficient R2 of 0.9657 was 
recorded as shown by the plot.

Figures 5 and 6 relate the temperature and the pH condi-
tion of the experiment. The pH of the PW in digester A was 
acidic at the beginning of the digestion due to the activi-
ties of the acidogenesis bacteria, then it gradually increases 
towards alkalinity; this increase was, therefore, responsible 
for a steady rate of gas production in the digester. The acido-
genesis bacteria were displaced as the pH increase by meth-
anogenesis bacteria to produce methane. The average pH 
during the retention period was 5.9, the lowest and highest 

pH recorded were 4.9 and 7.0 which is within the pH range 
required for biogas production as reported by Garba and 
Sambo (1995) and Aremu and Agarry (2013). The pH in 
digester B on the first day of digestion was 7.4 and it fluctu-
ated between 6.1 and 7.6. The pH was maintained in this 
range due to the effect of the NaOH added to the substrate in 
the digester. The average pH was 6.9 as against the average 
pH of 5.9 in digester A; the average pH of 6.9 in digester B 
was within the pH range for optimum biogas production and 
this consequently was responsible for the high biogas yield 
of the digester and also the rapid rate of decomposition that 
made the gas yield to peak on the 18th day of the retention 
period as against the 23rd-day peak yield as recorded for 
digester A.

The addition of 380 ml of 1 M NaOH to the poultry waste 
in digester B had great influence on the rate of digestion of 
the substrate, retention period, the pH and temperature, this 
was also established by the research done by Ilaboya et al. 
(2010) that addition of NaOH to partially decomposed waste 
yield a significant increase in the volume of gas produced. 

Fig. 3  Cumulative biogas yield 
of both digesters
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Ilaboya et al. (2010) also reported that for various concentra-
tion of NaOH solution added to waste, there is a significant 
increase in the cumulative volume of biogas yield of such 
waste over the decomposed waste without NaOH.

After the complete retention of the wastes of both digest-
ers for 30 days, the nutrient composition and the chemi-
cal properties of the digestates produced from the resulting 
anaerobic digestion (through acidogenesis and methanogen-
esis) are analyzed and presented in Table 2. Also, the micro-
bial analysis of the digestate was carried out and presented 
in Table 3.

From Table 2, concentration of nitrogen N and phospho-
rous P decreased after digestion from 1.87 to 1.79% and 
1.01 to 0.9%, respectively, for poultry waste only and also 
from 1.83 to 1.76% and 1.12 to 1.0%, respectively, for mix-
ture of poultry waste and NaOH. Potassium K concentra-
tion increased after digestion from 0.8 to 1% for poultry 
waste and from 0.77 to 0.9% for mixture of poultry waste 
and NaOH. These results agree with Rajendra et al. (2008) 

Fig. 5  Daily temperature of 
digesters A and B
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Table 2  Nutrient composition and chemical properties of the diges-
tates

Parameter Digestate of sample A Digestate 
of sample 
B

Moisture content (%) 82.6 86.1
pH 5.0 6.1
Temperature (°C) 29 30
Ash (%) 2.6 2.4
Total solid (%) 17.2 13.82
Volatile solid (% TS) 58.1 52.3
Nitrogen 1.79 1.76
Carbon 9.09 8.52
Phosphorous 0.9 1.0
Potassium 1.0 0.9
Sodium 0.15 0.20
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as the fertilizing value of the slurries is determined by the 
presence of nitrogen, phosphorous and potassium (N P K) 
nutrients that are present in the slurries. Though undigested 
poultry manure has slightly higher values of these nutrients 
(Adelekan et al. 2010), this observation was also supported 
by the findings of Deluca and Deluca (1997). Meanwhile, 
the digestate of digester B showed slightly lower values of 
these nutrients than the values of the digestates of digester 
A.

In totality, the nutrients composition of the two digestates 
of digester A and B in this experiment are in agreement with 
the ranges of nutrients such as N P K of well-digested slurry 
tested in various used as reported by Khandeiwal and Mahdi 
(1986) to be in the ranges of 1.5–2% for nitrogen, 1% phos-
phorous and 1% potassium; and Warnars and Oppenoorth 

(2014) to be in the ranges of 1.4–1.8%, 1.0–2.0% and 
0.8–1.2% for N, P and K, respectively. From Table 3, the 
digestate of sample B was observed to have higher bacte-
ria and fungi to that of sample A due to the almost neutral 
pH of the digestate which give the microorganisms thriving 
environment.

Gas chromatography analysis of biogas generated

The biogas produced from both digesters A and B were 
collected and taken to the laboratory for analysis. A Shi-
madzu model gc-17a gas chromatograph mass spectroscopy 
instrument with capillary column (HP5MS) and acquisi-
tion parameters full scan with scan range of 45–300 amu 
at inlet source and line temperature of 280 °C was used for 
the analysis. Table 4 shows the result of the gas chroma-
tography with the percentages of the major constituents of 
the biogas produced from both set-ups. Figure 7 depicts the 
difference in percentage composition of the biogas obtained. 
The biogas produced from the decomposition of mixture of 
poultry waste with NaOH yielded 3.03% and 1.77% of both 
methane and carbon(IV)oxide more than the one produced 
from the decomposition of poultry waste alone.

Conclusion

Anaerobic digestion technique as alternative source of 
energy by treating organic and decomposable waste thereby 
making it reusable has seen more development over the 
years. It has been ascertained by several studies that PW is a 
viable waste that can be anaerobically decomposed properly 
to generate biogas that can be used domestically. The effec-
tiveness and viability of generating biogas through anaero-
bic digestion of poultry waste has been demonstrated. Apart 
from co-digestion of PW with other decomposable wastes 

Table 3  Microbial analysis of the digestates

Parameter PW digestate PW + NaOH 
digestate

Total bacteria count (cfu/ml) 1.3 × 103 2.1 × 103

Total coliform (cfu/ml) 1.7 × 101 1.9 × 101

Escherichia coli (cfu/ml) 9.2 × 102 1.2 × 103

Fungi (cfu/g) 2.6 × 102 3.3 × 102

Total viable count (cfu/g) 5.8 × 103 7.4 × 103

Table 4  Analysis of biogas constituents

Gas composition PW digester A PW + NaOH 
digester B

CH4 (%) 59.67 62.70
CO2 (%) 28.69 30.46
H2O (%) 3.26 3.89
H2S (%) 1.42 1.21

Fig. 7  Percentage composition 
of biogas constituents
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to improve its biogas yield, addition of chemical additives 
could also increase and improve the biogas yield of PW. 
Addition of NaOH in a controlled percentage increased the 
biogas yield of PW, rate of digestion of the waste and has 
no consequential effect on the usage of the resulting efflu-
ent. A significant increase of 3.03% methane has been seen 
between PW + 380 ml of 1 M NaOH solution and PW only 
in this work.
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