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ABSTRACT 

The fear of depletion of fossil fuels and their attendant ecological effects and the high cost of 

renewable energy technology in Nigeria has triggered a need to develop alternative sources of 

energy, among which is biogas production. A slurry of 1 kg mixture of agro-waste feed stocks 

(plantain peel/rice husk, PP/RH; banana peel/plantain peel, BP/PP; and banana peel/rice husk, 

BP/RH) in 1:1 ratio was co-digested in locally fabricated digesters (10 L capacity). The 

experiment was run for 50 days and assessed for proximate content, biogas generation, organic 

matter, and mineral content in the digested and undi-gested agro-waste materials. The 

proximate composition showed that while banana peel had the highest moisture (56%), rice 

husk was highest in the content of ash (64%), crude protein (6.94%), and volatile solids (20%). 

The weekly cumulative biogas generation increased from 852.6 cm3 for BP/PP sample to 1049.7 

cm3 for PP/RH sample for the 7 weeks at the experimental room temperature range of 29 oC to 

35 oC. Sample PP/RH generated the highest volume of gas (biogas, methane, and others) 

compared to BP/RH and BP/PP samples.  In each case the volume of gas production decreased 

in week 7 from 271.4 cm3 to 152.0 cm3 (for biogas), 161.4 cm3 to 97.1 cm3 (for methane), and 

110.0 cm3 to 54.9 cm3 (for other gases). The nutritional concentrations of the digested and 

undigested mixture of the waste samples after Atomic Absorption Spectrophotometer (AAS) and 

Flame Photometry showed that the digested samples had higher contents of the nutritional 

elements than the undigested samples. The mineral elements ranged from 0.554 mg/g in the 

undigested rice husk to 18.155 mg/g in the digested banana peel samples. Fermentation of 

agricultural wastes to generate biogas and sludge with agricultural value offers an al-ternative 

and efficient method of agricultural wastes and energy management in Nigeria. 
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1. INTRODUCTION 

 

Over the centuries man has searched various sources of energy in order to meet his basic energy 

requirements. These include energy from electricity, nuclear, water, wind, the sun in the forms of 

fuel wood, coal and petroleum, to mention a few. Currently fossil fuel is leading and provides the 

world source of primary energy [1]. 

 

Despite the fear of depletion of fossil fuels and their attendant ecological effects [2], the high cost 

of renewable energy technology in Nigeria has triggered a need to develop alternative sources of 

energy, among which is biogas production. The gases methane, hydrogen, and carbon monoxide 

(CO) can be combusted or oxidized with oxygen. The energy released allows biogas to be used as 

a fuel for heating purposes such as cooking. Biogas can be compressed, much like natural gas, and 

used to power motor vehicles [3]. In the UK, for example, biogas is estimated to have the potential 

to replace around 17% of vehicle fuel [3]. Biogas can also be cleaned and upgraded to natural gas 

standards when it becomes biomethane [3]. Although biogas technology is not common in Nigeria, 

various research works on the science, technology and policy aspects of biogas production has 

been carried out by various scientists in the country. Similarly, some significant research has been 

done on reactor design by some Nigerian scientists that would lead to process optimisation in the 

development of anaerobic digesters [4 – 6]. 

 

It has been estimated that Nigeria generates 20 kg of municipal solid waste per capita annually [7], 

and which has continued to increase with increasing population [8]. Biogas technology has played 

and will continue to play a role in waste management [9]. Biogas production may therefore be a 

profitable means of reducing or even eliminating the menace and nuisance of urban wastes in many 

cities in Nigeria [10]. Plantain, banana and rice constitute major food crops in Nigeria. As a result, 

large quantities of wastes are often generated from the peels and husks. Indiscriminate disposal of 

these wastes and their concomitant decomposition often produce noxious gases such as hydrogen 

sulphide, ammonia etc., which pose serious environmental hazards. Channeling these peels and 

husks into the production of biogas could serve as an efficient way for the management of the 

wastes, while the resulting biogas could serve as a source of energy for cooking and lighting for 

the populace. Biogas production and the resultant residue with enhanced plant nutrients are known 

to have the following advantages: 

 

I. Abundant and readily available resources (agricultural wastes) that find no industrial 

application can be used in biogas generation. 

II. The use of agricultural wastes in energy generation offers a major control strategy against 

environmental pollution and sanitation. 

III. Desertification of the environment through the use of fire wood as domestic source of 

energy and other forms of energy crisis can be greatly minimized. 

 

It is important to note that biogas is generated when biomass and other waste decaying and 

decomposing matter are digested by bacteria. The four key biochemical stages of anaerobic 

digestion in biogas production are hydrolysis, acidogenesis, acetogenesis, and methanogenesis [11 

– 13]. Hydrolysis of the high-molecular-weight polymeric biomass is the necessary first step in 

anaerobic digestion [11 – 13]. Through hydrolysis the complex organic molecules are broken down 

into simple sugars, amino acids, and fatty acids. Acetate and hydrogen produced in the first stages 
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can be used directly by methanogens. Other molecules, such as volatile fatty acids (VFAs) with a 

chain length greater than that of acetate must first be catabolized into compounds that can be 

directly used by methanogens [11 – 13]. The biological process of acidogenesis results in further 

breakdown of the remaining components by acidogenic (fermentative) bacteria [11 – 13]. The third 

stage of anaerobic digestion (acetogenesis), simple molecules created through the acidogenesis 

phase are further digested by acetogens to produce largely acetic acid, as well as carbon dioxide 

and hydrogen [11 – 13]. The terminal stage of anaerobic digestion is methanogenesis, whereby 

methanogens use the intermediate products of the preceding stages and convert them into methane, 

carbon dioxide, and water. These components make up the majority of the biogas emitted from the 

system. Methanogenesis is sensitive to both high and low pH and occurs between pH 6.5 and pH 

8 [14, 15]. 

 

A simplified generic chemical equation for the overall processes outlined above is as follows: 

         C12H22O11 + H2O                                              2C6H12O6                           . . . 1    

                C6H12O6                                                 3CO2 + 3CH4                        . . . 2 

 

The aim of this study is to search for an alternative source of clean energy through environmental 

protection and capacity building by waste-to-energy conversion for wealth creation. This work 

involves generation of biogas from plantain, banana and rice-husk wastes from a locally fabricated 

digester, assessment of the biogas for methane, organic matter and moisture content, and 

determination of the mineral content (K, Na, Ca, Mg, P and N) in the digested and undigested 

agro-waste materials. The concentrations of these nutrients in the digested and undigested samples 

were compared to ascertain the best sludge with the highest bio-fertilizer potential.  

 

2. MATERIALS AND METHODS 

 
2.1.SAMPLES COLLECTION AND PRE-TREATMENT 

 

Plantain and banana peels were collected in large quantities from bulk purchasing outlets in Lafia 

metropolis, Nasarawa State, Nigeria; while 2.5 kg of rice husk was obtained from a rice producing 

community in Kilema, eastern part of Lafia, and was pulverized using mortar and pestle. The 

samples were separately homogenized using an electric blender and thereafter allowed to undergo 

an initial fermentation in a plastic container (20 L capacity), and agitated with a corning agitator 

for five days.  

 

2.2.FABRICATION OF THE BIOGAS DIGESTERS (REACTORS) 

 
Three laboratory type anaerobic digesters (10 L capacity), labeled A, B and C were fabricated at 

the Federal University of Agriculture, Makurdi, Nigeria. The digester was made of cast iron (30 

cm in diameter and 60 cm high) with gas holder, slurry/sample inlet, gas outlet, and beam (Fig. 1). 

The gas produced (methane) was collected by the downward displacement of water. The operation 

of the digester was carried out at room temperature following the method of AOAC [16]. 
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Figure 1: Fabricated Biogas Digester 

 

2.3.PREPARATION OF THE FEEDSTOCK 
 

The digesters were operated using 1 kg mixture of the different feed stocks in 1:1 ratio (banana 

peels, plantain peels and rice husks). Digester A contained banana peels and rice husks; Digester 

B contained banana and plantain peels; Digester C contained rice husk powder and plantain peels. 

These feedstock formulations were mixed thoroughly in separate containers with 2.5 L of distilled 

water before transferring into the digesters. The digesters were allowed to run for 50 days during 

which the volume of gas produced (methane) was recorded daily. The entire experiment was 

repeated in duplicate for reproducibility.  

 

2.4.PROXIMATE ANALYSIS 
 

Moisture and ash contents were determined using the standard procedures of AOAC [16], while 

organic matter content was calculated by difference. Crude nitrogen was determined in both the 

digested and undigested samples by the Kjeldahl method. The nitrogen content of the sample was 

calculated using the formula: 

 

                             N = T x M x 0.014 x V1 x 100              . . . 3 

                                                        g x V2 

 

 

Where T   = titre value of HCl, M = concentration of HCl = 0.01M 

V1 = volume of water used for dilution of digest, g = weight of sample in g 

V2 = volume of the aliquot used = 20 cm3 

                KEY: 

1. DIGESTER 

2. GAS HOLDER 

3. SLURRY INLET 

4. GAS OUTLET 

5. BEAM 
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2.5.MINERAL ANALYSIS OF THE DIGESTED AND UNDIGESTED SLURRY 

 

Determinations of K, Na, Mg, Ca, and P were carried out in accordance with standard AOAC 

methods [16]. Mg and Ca were determined using Atomic Absorption Spectrophotometer (AAS 

model 969 UNICAN), while K, Na and P were determined using flame photometer (corning –

400). Calibration curves were prepared for each determination by plotting galvanometer 

deflections against concentration of the standards. The amount of each ion present per gramme of 

sample in the extract was calculated from the standard curves.  

 

3. RESULTS AND DISCUSSIONS 

 

3.1.PROXIMATE COMPOSITION OF THE AGRO-WASTE SAMPLES 

+ 

The proximate composition showed that while banana peel had the highest moisture (56%), rice 

husk was highest in the content of ash, crude protein, and volatile solids (Table 1). The higher 

crude protein content (6.94%) in the rice husk samples may be associated with nitrogenous 

chemical fertilizer application of rice farm lands. During anaerobic digestion, microorganisms act 

on organic matter component of the plants to produce biogas [17].  

 

Table 1: Percent Proximate Composition of the Solid Waste Samples 

Samples        Moisture         Ash              Crude Protein         Volatile Solid 

BP                     56                 30                        5.12                            14 

PP                     32                 58                        3.97                            10 

RH                   16                  64                        6.94                            20 

             BP = Banana Peel; PP = Plantain Peel; RH = Rice Husk; % Crude protein = % N x 6.25 

 

This indicated that the relative moisture, ash and volatile solids in a given plant materials will 

influence the amount of biogas production. High quantities of moisture and ash will result in low 

organic matter content and consequently low biogas yield, on the other hand low moisture and ash 

content will result in high organic matter content and therefore high biogas yield. Combination of 

banana/ plantain peels gave lower amount of gas probably because of the lower organic matter. 

While plantain peels/ rice husk gave the highest volume of gas. BP/RH combination could have 

yielded more gas than PP/RH combination, but high inorganic content and other possible factors 

suppressed its gas production [17]. 

 

3.2.GENERATION OF BIOGAS, METHANE AND OTHER GASES 

 

Table 2 showed that weekly cumulative biogas generation increased from 852.6 cm3 for BP/PP 

sample to 1049.7 cm3 for PP/RH sample for the 7 weeks at the experimental room temperature 

range. Generally the volumes of gas obtained were low, and increased with the period of the 

experiment. This increase may be as a result of increasing fermentation rate leading to proportional 

increase in volume as the days progressed. These results are comparable with those obtained by 

Eze [18]. Furthermore, Table 3 showed that sample PP/RH generated the highest volume of gas 
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(biogas, methane, and others) compared to BP/RH and BP/PP samples.  In each case the volume 

of gas production decreased in week 7 from 271.4 cm3 to 152.0 cm3 (for biogas), 161.4 cm3 to 97.1 

cm3 (for methane), and 110.0 cm3 to 54.9 cm3 (for other gases). This decrease in gas production 

may be due to depletion in the amount of substrate as the reaction progressed with the number of 

weeks traversed. 

 

Total methane production for the period under study showed that PP/RH generated the highest 

volume of methane compared with BP/RH and BP/PP (Table 3). Ilori et al. [19] investigated 

production of biogas from co-digestion of banana and plantain peels using a 10 L laboratory scale 

anaerobic digester. The highest volume of biogas was obtained when the banana and plantain peels 

were in equal proportions as feedstock. 

 

Table 2: Weekly and Cumulative Biogas Generation (cm3) at 29 to 35 oC 

                                         Weekly                                                               Cumulative 

No. of                             SAMPLES                                                           SAMPLES                                

 Weeks            BP/PP         BP/RH        PP/RH                      BP/PP         BP/RH        PP/RH               

1                       29.9             31.3            39.7                          29.9              31.3           39.7 

2                       55.2             60.0            71.0                          85.1              91.3          110.7 

3                       98.7           105.1          118.4                        183.8            196.4          229.1 

4                     144.8           155.9          170.6                        328.6            352.3          399.7 

5                     191.3           209.2          226.6                        519.9            561.5          626.3 

6                     227.3           250.3          271.4                        747.1            811.8          897.7 

7                     105.5           113.1          152.0                        852.6            924.9        1049.7 

BP = Banana Peel; PP = Plantain Peel; RH = Rice Husk 

 

 

Table 3: Weekly Production of Biogas, Methane and other Gases (cm3) 

 No. of                 Vol. of Biogas                          Vol. of Methane                           Vol. of Other gases                                                           

 Wks            BP/PP    BP/RH  PP/RH        BP/PP   BP/RH     PP/RH                 BP/PP    BP/RH   PP/RH                     

1                  29.9        31.3        39.7            19.2         20.5        24.3                       10.7      10.8      15.4 

2                  52.2        60.0        71.0            29.8         36.3        42.0                       22.4      23.7      29.0 

3                  98.7        105.1      118.4          50.0         55.4        60.6                       48.7      49.7      57.8   

4                 144.8       155.9      170.6         70.7         77.1         83.9                       74.1      78.8      86.7 

5                 191.3       209.2      226.6         112.0       121.8       134.0                     79.3       87.4     92.6  

6                 227.3       250.3      271.4         139.1       156.5       161.4                     88.2       93.8     110.0 

7                 105.5       113.1      152.0          62.2         66.7         97.1                      43.3       46.4     54.9 

BP/PP = Banana Peel/Plantain Peel; BP/RH = Banana Peel/Rice Husk; PP/RH=Plantain Peel/Rice Husk 

 

Seeding of co-digested pig waste and cassava with wood ash was reported to result into significant 

increase in biogas production compared with unseeded mixture of pig waste and cassava peels 

[20]. Odeyemi [21] compared Eupatorium odoratum, water lettuce, water hyacinth and cow dung 

as potential substrates for biogas production. Eupatorium odoratum gave the highest yield of 
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biogas, while cow dung was the poorest substrate. He concluded that E. odoratum was a cheap 

source of biogas in Nigeria because of its luxuriant and ubiquitous growth. Optimization of biogas 

yield through co-digestion of organic wastes using rice husks has been reported by several 

researchers. For instance, Eze [18] reported that the addition of poultry droppings to rice husk at 

an average temperature of 29.4°C resulted to cumulative biogas yield of 39.70 l/g.TS up from 

18.37 l/g.TS, gas yield obtained from rice husk alone at the same conditions and within 18 days 

retention period was high. Sahota and Rajinder [22] also reported that the addition of rice husk 

soaked in water at 20% level in a cattle dung digester increased biogas production. Uzodinma et 

al. [23] reported that blends of rice husk with brewer’s spent grain and cassava waste water with 

carbonated soft drink sludge increased biogas yield of between 240 to 250 m3  respectively, while 

also reducing significantly the time taken for gas flammability to set in. Similarly, when rice husk 

was co-digested with cow dung in a ratio of 1:1 and 1:4 there was an observed increase in biogas 

yield different from that of the rice husk alone. This increased biogas yield was attributed to the 

cow dung, with the rice husk contributing nothing to the biogas production [24]. Methanogenesis 

is the final stage of the biogas process. In this stage, methane and carbon dioxide (biogas) are 

formed by various methane-producing microorganisms called methanogens. The most important 

substrates for these organisms are hydrogen gas, carbon dioxide, and acetate, which are formed 

during anaerobic oxidation [25]. But other substrates such as methyl amines, some alcohols, and 

formates can also be used for the production of methane [25]. Just like in other stages of the biogas 

process, not just one, but several different types of microorganisms are active in this stage. The 

methane-producing group that usually dominates in a biogas process is the so-called acetotrophic 

methanogens, which use acetate as substrate. In their metabolism, acetate is cleaved into two parts. 

One of the carbons is used to form methane and the other to form carbon dioxide. Thus, 

acetotrophic methane producers are sometimes also called acetate-splitting methanogens. Acetate 

is the source of about 70% of the biogas produced in a digestion tank [26]. 

 

3.3.BIO-FERTILIZER POTENTIAL OF UNDIGESTED/DIGESTED MANURE 

 

Table 4 provided the nutritional concentrations of the digested and undigested mixture of the 

waste samples after AAS and Flame Photometry.  

 

Table 4: Nutritional Concentration of the waste samples (mg/g) 

                                               Undigested                                                             Digested 
Samples      K          Na        Mg        Ca          N            P            K        Na          Mg          Ca        N      P                                                          

BP           0.89       1.21     1.59      1.92       1.61       0.58        9.56    13.66     16.44      18.16     1.97   1.59     

 

PP            1.21      1.66      1.26      1.51      1.25        0.11      15.62    14.55      14.63      13.22    1.97  2.66 

 

RH           0.65       0.55     1.25      1.10      1.16         0.61      3.25       3.14      12.61      14.62    1.05  3.11  

  BP = Banana Peel; PP = Plantain Peel; RH = Rice Husk 

 

The results showed that the digested samples have higher contents of the nutritional elements than 

the undigested samples. The mineral elements ranged from 0.554 mg/g in the undigested rice husk 

to 18.155 mg/g in the digested banana peel samples. The importance of K, Na, Mg, Ca, N, and P 

to plants cannot be over emphasized as they are relevant for photosynthesis and metabolism, root 
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formation, growth, flowering, and seed formation [27, 28]. A comparison of the concentrations of 

these nutrients in the digested and undigested samples can be an indicator to ascertain the best 

sludge with the highest bio-fertilizer potential. This shows that although these are considered to be 

waste samples, they still contain appreciable nutritional values. And further explains why these 

agro-wastes find usefulness in animal feed formulations. Digester manure is the product of biogas 

fermentation consisting of sludge and effluent. The sludge contains most of the primary nutrient 

elements and organic matters. The nutrients are elements contained in the digested manure and are 

different depending on the substrate [29]. All microorganisms require very dilute salt concentration 

to function. The salts contain essential building blocks such as sodium, potassium, magnesium etc, 

for the microorganisms. These substances are available in many substrates and do not need to be 

added to the biogas process separately. However, high salt concentrations will inhibit the 

microorganisms in the biogas process. Salts (and sugars) generally have a preservative effect; they 

inhibit bacterial growth by causing the cell to dehydrate and lose both form and function [29]. 

 

4. CONCLUSIONS 

 
It could be concluded from the foregoing that: 

 
I. Fermentation of agricultural wastes to generate biogas and sludge with agricultural value 

offers an alternative and efficient method of controlling agricultural wastes decomposition 

in the environment.  

II. Enhanced food production can be achieved by using established slurry from biogas 

generation as fertilizer instead of dependency on the chemical fertilizer. 

III. Amongst the three agricultural wastes tested for biogas potentiality, combination of 

plantain peel/rice husk showed optimum biogas generation. 
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