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                                                       ABSTRACT 

Fossil fuels constitute the largest energy source to automobiles, generators, agricultural 

processing equipments and household utilities. About 53% Nigerians are domiciled in the 

rural communities and 70 % of 160,000000 of the citizens engage in subsistence farming.   

These 53 % besides burning wood as their means of fuel with devastating effects on 

forest reserves, the 70 % who are subsistence farmers engage in bush burning as their 

means of soil improvement thereby destroying the soil micro organisms with resultant 

effects of soil incapability to sustain crop production. Increasing population in the rural 

setting and subsistence farm families therefore stands to aggravate accelerated use of 

fossil and wood fuels thereby compounding emission of green house gas, accelerated soil 

fertility erosion   and environmental depletion which necessitates alternative sources for 

power generation, domestic gas and soil fertility amendment alternatives.  Similarly, 

agricultural residues (from livestock, poultry, fisheries and horticultural crops that 

biodegrades within a short time after harvest with evolution of gases ) known as wastes 

are potential toxic deposits and reservoir of pollution vectors if not properly handled, 

controlled, managed and sustainably harnessed for economic purposes. Literally, the 

annual average amount of livestock residue in Nigeria was estimated at 83,037Mt capable 

of releasing CH4 to the atmosphere with the possibility of trapping heat from the 

atmosphere 23 times CO2 and N2O with heat effect of more than 250 times CO2.As 

threatening as these figures to the survival of humanity , Nigeria exhibits little or no 

commitment in taking the economic advantage accruing in the management and 

utilization of agricultural waste deposits as alternative sources of fuel for domestic 

activities and soil amendments. Four livestock source components comprising Cow (Cw), 

Horse (Hs), Poultry (Po) and Pig (Pg) wastes were evaluated empirically for their yield 
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potentials of CH4, CO2, and N2O at ambient temperature (28
O
C). Both physical and 

chemical compositions of the residues (livestock, poultry) were determined using 

standard laboratory procedures after oven drying until constant moisture at 77
O
C was 

attained. Percent by mass (Pm), molar compositions (Mc); molar ratios (Mr.), air 

requirements for oxidation (Ar), chemical formulae (Cf), energy content (Ec) and 

potential volume of methane (Pv) available for harvest were evaluated using empirical 

models. Results obtained showed 11.54%CH4, 5.32%CO2, 0.06%N2O and 1.68%N; 

11.42% CH4, 16.42% CO2, 0.14% N2O and 1.60%N; 15.51% CH4, 7.88% CO2, O.14% 

N2O and 1.64%N; 11.12% CH4, 16.62% CO2, 0.13% N2O and 1.68%N. for Cw, Hs, Po 

and Pg respectively. Similarly, Cw, Hs, Po and Pg uptakes in plants indicated the 

followings: 2.32%N, 2.5%P, 6.6%K; 2.08N, 2.5%P, and 8.03%K, 1.99%N,  2.06%P, 

6.211%K and 2.36%N, 3.93%P, 7.3%K, suggesting suitable alternative composting 

sources for soil amendment. Potential energy values were determined at 35, 179 Kj/Kg, 

36, 350 Kj/Kg, 45, 852 Kj/Kg g and 41,031 Kj/Kg for Hs, Cw, Po and Pg respectively. 

Overall result revealed that Po was best in terms of Ec and Hs, the least. Respect to CH4 

production or heating values, Cw recorded the highest mean value possibly due to the 

nature of ionic number in the chemical compounds.  

________________________________________________________________________ 

INTRODUCTION 

Agricultural activities are generally known to generate waste materials during crop 

growth and harvest. Similarly, livestock farming experiences a large volume of by-

products in terms of urines and faeces. Human activities also produce waste components. 

The combination of these wastes results in carcinogenic emission vectors if not properly 

managed. Various scientists (Abel and Afolabi, 2007; Ajao and Anurigwe, 2002; 

Aziegbe, 2007; Sha’ Ato et al., 2006; Sridhar et al.,1985; ) estimated waste generation in 

Nigeria at .58kg/person/day with little or no consideration for the rural dwellers that 

constitute more than 53% of over 150 million population of the country. However, the 

breakdown of waste generation in Nigeria has been quantified as follows: municipal solid 

waste – 4,075 million tons, fuel wood- 38.1 million tons, agro waste- 11.24 million tons 

with sawdust at 1.8 million tons( Tewe et al .,2001, IAEE). Similarly, 2.2 million tons of 

rice is produced annually with corresponding 2.5 million tons of sweet potato while their 
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residues are left on the farm after processing, besides the million tons of perishable 

vegetable leftovers. Unfortunately these agricultural wastes are usually burnt on the farm 

in preparation for planting season as supplement materials for soil improvement. 

Likewise, the surplus agricultural wastes that find their ways into urban environments are 

deposited as landfills. With time, wastes in the landfills are covered and naturally 

compressed by the weight of the materials deposited above thereby preventing oxygen 

exposure resulting into anaerobic microbes activation (Gupta, 2010). Eventually, the gas 

gradually builds up and slowly released to the atmosphere, since most landfills in Nigeria 

are not developed to capture the gas (Gupta, 2010).Vidya (2011) in his research findings 

also reported that about 15- 30 tons of cow dung mixed with urine and 15 tons/yr of 

agricultural wastes are dumped in shallow pits of 1-3 m deep for conversion to compost.. 

However, due to the slow process of mixing and drying especially during the wet season 

with accumulation of water in the pits anaerobic activities therefore become dominant ( 

Vidya, 2011). Consequently, the pits activate GHG emission with corresponding 

development of mosquitoes, flies and pathogens. Effective waste management therefore 

becomes an urgent matter in view of estimated 229 million tons of livestock wastes in 

2001 and projected 465 million tons by 2050( FAO, 2006)  coupled with more than 11.21 

million tons of agricultural wastes which translate to 8.3 million tons of CO2  into the 

atmosphere .  Besides, burning of agricultural residues as reported by Vidya (2011) is 

capable of depriving the agricultural lands of the valuable and cost effective humus 

thereby compelling farmers to source for alternative chemical fertilizers that further 

denature the soil micro-organisms.     Conversion of all these waste products into biogas 

will definitely stabilize emission of GHG globally and particularly in Nigeria. Generally 

in Nigeria, these materials are often discarded because of the perception that they are 

unwanted. However, experiences has shown that these wastes can be transformed into 

resources for composting or soil amendments in crop production, raw materials for 

industrial operations and energy generation when adequately and sustainably harnessed. 

Tchnobanoglous et al., 2002 opined that the most effective way of ameliorating waste 

management is the reduction of the amount and the toxicity embedded. Interestingly, as 

people search for better life and higher standard of living, more products are consumed 

with resultant higher degree of waste generation. Notwithstanding, the perceived menace 
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and potentials of the wastes, certain sensitive and grey areas require resolution before 

concerted efforts are put in place for their utilization. These include information on the 

average annual quantities of wastes generated in terms of per capita rate per person per 

day and overall rate per year, crop nutrients requirements annually, the capacity of energy 

necessary to make up for the short fall on the national level and the expected 

environmental and human hazards envisaged. Chrispeels and Sadara (2003) reported that 

23 million tonnes of top soils are lost world wide from arable lands annually. 

Unfortunately, increased use of chemical fertilizers, herbicides and pesticides have been 

reported to aggravate ground water contamination, surface water pollution and acute 

poisoning of farm workers in Nigeria (Odeyemi, 2005) due to their ecotoxicity in terms 

of oncongenicity, teratogenicity, fetotoxicity, mutagenicity, carcinogenicity and 

biological refractoriness (Odeyemi, 2003, 2005). 

However, in contrast to the menace of mineral fertilizers and chemicals, agricultural 

residues or wastes have the potential fuel value of replacing all the 35.3 million tonnes of 

lignite and 1.3 million tonnes of bituminous coal used in electric power generation plants 

without any appreciable negative environmental implications (Ergudenler and Isigigun, 

1994). Tchnobanoglous et al., 2002 also reported that waste to energy management was 

capable of supplying as much as 2% of the electrical consumption capacity of the United 

States of America (USA). In addition, agricultural residues are known to play a major 

role in reduction of net emissions of CO2, NOx emissions due to the relatively low sulfur 

and nitrogen contents compared to materials like lignite (Ergudenler and Isigigun, 1994). 

Reports from erudite scientists (Demirbas et al., 2006 ;  A;  Ramsay, 1985; Lewis, 1981; 

Demirbas and Balat, 2006 ;  Rene et al., 2009; Kashyap et al., 2003; Ayhan et al., 2006; 

William, 1985; Demirbas and Mustafa, 2006; Batzias et al., 2005; Isci and Demirer, 2007 

and Jain et al., 1981) did not only describe the great biogas production potentials of 

agricultural wastes but also confirmed the superiority and sustainability of agricultural 

residue-based fuel over other forms of residues. They concluded that biomas energy in 

form of wood had fuelled the world’s economy for thousands of years before the advent 

of oil, gas and uranium. Although literatures are very limited on the use of agricultural  

residues such as livestock manures for biogas production in Nigeria, however few reports 

from researchers in other countries compared the potentials of  other agricultural wastes 
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with livestock in terms of C/N ratio: vegetable wastes – 11-13; Fruit waste- 20-49; Food 

wastes – 14-16; Grass clippings – 9-25; leaves – 40-80; Shrub trimmings – 53; Poultry 

litter (broiler) – 12-15; Cattle manure – 11-30; and Horse manure – 22-50 (George, and 

Frank. 2002). Basically, the most ideal fraction was evaluated at between 20 and 25, with 

horse manure as the most proficient, although, remained the most untapped bio fuel in 

livestock residues (Batzias et al., 2005, Isci and Demirer, 2007). Conventionally, the 

annual average amount of livestock residue in Nigeria was estimated at 83,037 Mt 

without any national economic viable management policy for utilization in a similar way 

that our gases flare freely in the Delta region of the country. This project aims at 

empirically/theoretically assessing the biogas potentials of four livestock residues in 

terms of CH4  production     

MATERIALS AND METHODS 

This study was carried out at Ladoke Akintola University of Technology, Ogbomoso. 

Ogbomoso lies at latitude 8
O
76

1
N and longitude 4

O
16

1
E with altitude 341 m mean sea 

level,  annual rainfall of 1000mm and mean daily temperature of 26.7
O
C. 

Four livestock source components comprising Cow (Cw), Horse (Hs), Poultry droppings 

(Po), and Pig wastes (Pg) were evaluated for their yield potentials of CH4, CO2, and N20 

at ambient temperature. Moisture content of the livestock wastes expressed as the mass of 

moisture per unit dry material was obtained by drying in an oven at 77
O
C for 24 hours, 

thereby, completely dehydrating the samples and controlling the vaporization of volatile 

materials (Howards et al, 1985). This is expressed in equation form  

as Mc (%) =   a – b  x 100 …………….. (i) 

      b  

where Mc is the moisture content dry basis, a is the initial mass of sample and b is mass 

of sample after drying. Both proximate and ultimate compositions of the samples were 

determined using standard laboratory procedures to ensure the level of nitrogen and 

carbon concentrations obtainable for possible composting after digestion for methane 

production. Percent by mass, molar composition, molar ratio were determined based on 

the model developed by Howard et al., (1985). Appropriate chemical formula with or 

without sulphur was obtained based on the ratio of the molar mass of each sample to the 
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moles of sulphur and nitrogen where the moles were calculated on the mass of each 

element to the atomic mass of the sample.  

Energy content of samples were determined using Dulong formula 

Kj/kg =337C + 1428 (H-0/8) + 9S - - - (ii) 

where C = Carbon percent, H = Hydrogen percent, O = Oxygen percent and S = Sulphur 

percent.  

Energy content was evaluated using equation (iii) as kj/kg (ash-free dry basis) = 

kj/kg (as discarded)   100   

   100 - % ash - % mc  ……………….. (iii)   

 

where mc is percent moisture content, assuming the ash content is = 5.0% (Howard et al., 

1985). The samples’ moisture contents were converted to hydrogen and oxygen following 

the computation model of Howard et al., (1985). The chemical formulae of the samples 

were determined based on the conversion trend with and without sulphur. Air 

requirements for complete oxidation of one tonne of each sample were calculated using 

equation (iv) based on the chemical compounds estimated.  

CaHbOcNd + 4a+b-2c-3d O2                    aC02 + b-3d H2O  +dNH3  -    (ii) 

4                2 

where a, b, c and d are coefficients of C.H.O. and N.  

The overall anaerobic conversion of organic wastes occurring in three phases such as 

liquefaction, bacterial conversion into lower molecular weight intermediate compounds 

and bacterial conversion of the intermediate compounds into end products like CO2 and 

CH4 was expressed by equation (v) as  

CaHbOcNd          nCwHxOyNz + mCH4 + sCO2 + rH2O + (d-nz) NH3 …..  (v) 

where s = a – nw – m; r = c – ny – 2s with the assumption of complete conversion to CO2 

and CH4 (Howard et al, 1985). Potential volume of methane gas expected from the 

anaerobic digestion of a tonne of samples based on equation vi) was determined using  as  

Ca HbOc Nd + 4a-b-2c+3d H2O      4a+b-2c-3d CH4 + a-b+2c+3d C02 + dNH3… (vi) 

8 8   8 

where a, b, c and d are co-efficients assuming 0.7167kgm-
3
 and 0.85 as the density  of 

methane and actual volume of gas for production respectively.  
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RESULTS AND DISCUSSIONS 

Table 1:                      Composition of some livestock residues 

Livestock     Dry mass used for analysis     C        H       O        N       S             MC 

                                  (kg)                               (%)    (%)    (%)    (%)    (%)         (%)  

Horse                         0.05                           0.99   0.103  .062    0.03    0.037   13.87 

Cow                           0.05                           1.12   0.098  0.056  0.03   0.0194  17.03 

Poultry                      0.05                            1.12   0.130  0.070  0.04   0.030    35.25 

Pig                            0.05                            1.12    0.112  0.06   0.04   0.044     4.98 

Total dry mass (kg) = 0.20                        4.35    .443   1.310  0.14    0.13       100 

 

Table 1 shows the chemical composition of the selected livestock samples. The degree of 

variation in composition is very minimal possibly showing residues of similar soil 

amendments potentials. However, C/N ratio shows 33:1, 37:1, 28:1 and 28:1 for Hs, Cw, 

Po and Pg respectively confirming the superiority of Po and Pg over other livestock 

residues in terms of carbon to nitrogen ration, although, in contrast to the report of Batzia 

et al., (2005),  Isci and Dermirer (2007). Similarly, Hs recorded the least carbon 

concentration and next to the lowest H
+
 (Table 1), while Po with the highest moisture 

content dry basis, produced the highest H
+
, showing the greatest possibility of aerobic 

digestion of methane, the highest potential for fertilizer in terms of percent nitrogen and 

next in evolution of sulphur to Pg.  

Table 2: composition of the cumulative components of some residues 

Component                                             Mass (kg)                   Percent by mass (%) 

 Moisture                                                 69.13                                     -  

   C                                                            4.35                                     5.9       

   H                                                           0.443                                   11.0 

   O                                                          1.310                                     83.0 

   N                                                            0.14                                      0.19 

   S                                                            0.13                                       0.18 

 

Table 2 presents the mass and percent by mass components of the combined livestock 

residues when mixed together. Oxygen exhibited the highest percent by mass which 
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possibly suggests the presence of stoichiometric amount of oxygen required for 

combustion of the residues. 

 

Table 3:          Molar compositions of the different components. 

Components                       Mass                       kg/mol                     Moles 

                                             (kg) 

 C                                         4.35                         12.01                         0.36 

 H                                         8.12                         1.01                           8.04 

 O                                        61.45                        16.0                           3.84 

 N                                        0.14                          14.01                         0.01 

 S                                         0.13                          32.06                        0.004 

 

Table 4:                                       Mole ratios of the different components. 

Element                                         Sulfur                                        Nitrogen 

 C                                                  90.0                                             36.0 

 H                                                 2010                                             804 

 O                                                  960                                              384 

 N                                                  2.5                                               1.0 

 S                                                  1.0                                                0.4 

 

 Tables 3 and 4 show the molar compositions and molar ratios of the residues under 

combined formulation with the chemical formulae with or without sulphur as 

C90H2010O960S 1.0 and C36H804 O384 N 1.0. Similarly, Table 5 reflects the percent by mass of 

the individual livestock residue showing Po as the highest in C, H, O, N and Pg the 

highest in S concentrations respectively. Both the molar compositions and the molar 

ratios of each livestock residues are shown in Tables 6 and 7.  

 

Table 5:       Percent by mass of the different elements in the livestock waste 

Waste C H O N S 

 mass 

(kg) 

% by 

mass 

mass 

(kg) 

% by 

mass 

mass 

(kg) 

% by 

mass 

mass 

(kg) 

% by 

mass 

mass 

(kg) 

% by 

mass 

Horse 0.99 22.75 0.13     23.3     0.062 25.0 0.03 21.4 0.037    28.46    

Cow 1.12 25.75 0.098 22.1 0.056 22.6 0.03 21.4 0.019 14.62 

Poultry 1.12 25.75 0.130 29.3 0.070 28.2 0.04 28.6 0.030 23.08 

Pig 1.12 25.75 0.112 25.3 0.060 24.2 0.04 28.6 0.044 33.85 

Total 4.35 100 0.47 100 0.248 100 0.14 100 0.13 100 
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Table 6:       Molar compositions of the elements in livestock wastes. 

Waste    C     Kg/mol  mole   H   Kg/mol   mole     O Kg/mol  mole          N   Kg/mol  mol     S   Kg/mol  mole   

Horse    0.99  12.01    0.08    0.103   1.01   0.103      0.062 16.0  0.0040    0.03 14.01 0.0021   0.037  32.06 0.0012 

Cow      1.12   12.01    0.09    0.098   1.01    0.098    0.056 16.0 0.0035      0.03 14.01 0.0021   0.019 32.06 0.0006 

Poultry  1.12   12.01    0.09   0.130   1.01     0.130    0.070 16.0 0.0044  0.04 14.01 0.0029  0.030 32.06 0.009 

Pig        1.12    12.01   0.09    0.112   1.01     0.112    0.060 16.0 0.0038     0.04 14.01 0.0029   0.044 32.06 0.0014 

 

Table 7: Molar ratios of the elements in livestock residues without sulfur 

Residue 

                       C      MR 

 

H        MR 

 

O       MR 

 

    N    MR 

 

  S    MR 

Horse          0.08    38.1 

Cow            0.09   42.9 

Poultry       0.09    31.0 

Pig             0.09    31.0 

  0.103    49.05  

  0.098    46.7 

  0.130    44.8 

  0.112S  38.6 

 0.004    1.9 

 0.0035  1.7 

 0.044   15.2 

 0.0038  1.3 

0.0021  1.0 

0.0021  1.0 

0.0029  1.0 

0.0029  1.0 

 

0.012    0 

0.006    0 

0.009    0 

0.0014  0 

 

 

Table 8: Chemical Formulae 

 

Horse  - C38.1H49.0O1.91N 

Cow  - C42.9H46.7O1.7N 

Poultry -              C31H44.8O15.2N 

Pig  - C31H38.6O1.3N 

Table 9: Air requirements to oxidize completely 1 tonne of combined Horse, Cow, 

Pig and Poultry waste with chemical equation C36H804O384N1.0 

Mass of air        Vol. of air       Oxygen                 Mass of methane      Vol. 

required            required           required                                  

  kg/t                     m3/t                 kg/t                              kg/t                     m3/t 

3327.9                2573.78           770.29                        47.6                   66.4 

Table 10:  Air requirements to oxidize completely 1 tonne of livestock  

Residues and methane production. 

Residue           Mass of          Vol of       Oxygen          Mass of        Vol. of  

                         Air reqd.       Air reqd.    required       methane     methane 

                            kg/t              m
3
/t              kg/t              kg/t              m

3
/t 

Horse             12,713.6         9,834.14     2943.19        706.74          986.10 

Cow               12,553.74       9,710.5       2906.19        719.9            1,004.5 

Poultry           14,000            10,830        3,240            410.5            572.7 

Pig                 12,755.5         9,866.6       2952.9          705.2            983.9 
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Table 11:                    Energy content (Heating value) of the livestock wastes 

Residue                                           Energy content 

                                                                kj/kg 

Horse                                               35,179.2 

Cow                                                 36.350.7 

Poultry                                             45,852.0 

Pig                                                   41,031.05 

 

The values were not consistent as Cw gave the highest for C, Hs, for H
+
, Po for O and Hs 

for S. This trend is however expected in view of the different nutrient dynamics typical of 

the rations specific to different livestock. However, based on the molar ratio without 

sulphur, the chemical formulae evaluated for Hs, Cw, Po and Pg were Hs =C 38.1 H 49.0 O 

1.91 N; Cw =C 42.9 H 44. 8 O 15.2 N;  Po= C 31 H 44.8 O 15.2 N 

and Pg = C 31 H 38.6 O 1.3 N respectively with Hs exhibiting the highest H
+
 followed by 

Cw and Pg the least (Table 8). The theoretical air requirement to completely oxidize one 

tonne of both combined livestock residues and individual residues are shown in Tables 9 

and 10 with the assumption of percent oxygen in the air as 23.13%, density of air as 

1.2928kgm
-3

 , density of methane as 0.7167kgm
-3

 and the actual value due to synthesis of 

cell tissue as 0.85 (Howard et al, 1985). Although, the theoretical cumulative energy 

values generated by the individual residues was 55.6 percent greater than the combined. 

However, the theoretical air requirements to completely oxidize one tonne of the 

individual residues were correspondingly 15.6% higher than the combined. Similarly, the 

theoretical volume of methane expected under the combined formulation was 66.4 m
3
t
-1

  

compared with 3,547.2 m
3
t
-1

 observed in the cumulative addition of individual residues.  

Generally, the mass of air required for the production of methane was highest under Pg 

and lowest under Hs. Correspondingly, the theoretical volume of methane produced was 

highest under Cw with the lowest mean volume of air while the highest energy value was 

obtained under Po at 45,852.0kj/kg (Table 11). However, it is interesting to observe that 

ionic number of carbon and oxygen in the chemical formula of the residues played a 

significant role in potential volume of methane obtainable for production. Cw with 

chemical formula C42.9 H 44. 8 O 15.2 N exhibiting   the highest ionic number of carbon and 
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oxygen recorded the highest volume of methane. Overall result suggests that Cw was 

more preferable for methane production among the livestock residues investigated, 

although, in terms of energy value, Po appeared the best. 

CONCLUSION: 

Livestock, Poultry and Crop wastes keep increasing on daily basis which suggests a 

positive correlation of increasing livestock, poultry and crop farming.  Increased 

agricultural activities in livestock, poultry and crop husbandries encourage aggravated 

accumulation of leacheates, effluents and solid wastes with intimidating toxic build-up if 

not properly managed and harnessed for economic development. 

However, climate effect and the attendant issues that seem to defile solution in addition 

to embarrassingly dwindling natural resources like fossil fuels, surface and underground 

water, survival locally, nationally and internationally emanating from exponential trend 

of population increase becomes an hyper risk.  Human nature may drift to become 

carnivores in an attempt to contend for the ever decreasing resources except   efforts are 

shifted from the conventional natural resources to minimally untapped areas like 

livestock, poultry and crops wastes. 
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