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Abstract: The use of organic waste, as a basis for obtaining renewable energies, is a booming activity in 

developed areas of the European Union, and Mexico, in specific, the southeast area where Tabasco belongs, is 

the source of various substrates that can be exploited. The present objective is to determine the analytical 

characteristics of different substrates generated in the State of Tabasco, and to determine theoretically its 

potential in obtaining biogas, thermal and electrical energy. The analytical results, indicate that pork and cow 

excreta, and the water lily, have the highest SVT content, with 82.82 ± 1.33%, 81.41 ± 1.43% and 81.19 ± 

2.52% respectively. The theoretical biogas production was higher in pig substrates (20.21 m
3
 d

-1
), chicken 

(15.73 m
3
 d

-1
), dog (11.57 m

3
 d

-1
) and lamb (9.25 m

3
 d

-1
). In heat capacity, the chicken and pork substrates, 

present the highest theoretical capacity in substitution of LP gas with 5.02 and 6.45 kg d
-1

, respectively. Finally, 

the theoretical values of electricity generation were presented in the substrate chicken, pork and lamb, with 

2,156.71, 2,404.37 and 2,475.91 kW year
-1

, respectively. With the present work, demonstrates the potential of 

various substrates in energy production, both heat, as electric. 

Keywords: Methane, Renewable energy, Substrates, Total volatile solids 

 

I Introduction 
Renewable energies in Mexico contribute 15.90% of electricity generation, the hydroelectricity 

contributes 12.30% of the total, followed by geothermal with 2.20%, biomass with 0.85%, wind energy with 

0.56% and photovoltaic solar with 0.01% (SENER, 2013). With the industrial development, commercial and 

services, the generation of waste increases directly, nevertheless, the increase in the use of waste is notorious, 

from its use directly, until its transformation by thermal processes, chemical and biological. on an international 

level, the use of biomass accounts for two thirds of renewable energy in Europe and bioenergy is expected to 

play a key role, with which it is intended to supply 20% of the electricity generated by 2020, when currently it is 

8.5% (MARM, 2010). Germany in 2012, supported 66% of energy consumption with the use of biomass, with 

this occurred 50.2% of electricity (Gülzow-Prüzen 2013). In Mexico, 137.1 GWh a
-1

 is generated with the use of 

biogas, agricultural waste currently generates 1.1 GWh a
-1

, but has a generation potential of 11,485.00 GWh 

(SENER, 2016). Agricultural residues such as crop residues, manures and residues from agro-industrial 

processes, urban solid waste and special management, of urban character, water and sludge from wastewater 

treatment plants, are important sources of biomass, which does not always tend to be exploited. Proper 

management of biomass, manures, has been a problem that impacts the whole society, particularly in public 

health. Undoubtedly, the livestock sector represents an important source of biomass, but its inadequate 

management impacts the generation of greenhouse gas emissions (GHG) around the world, the Food and 

Agriculture Organization of the United Nations (FAO) reports that the livestock sector generates 7.1 giga tons of 

carbon dioxide per year, with 14.5% of GHGs being induced by human activity worldwide (Montejo, 2015). 

Data reported by FAO (2013) indicate that the livestock sector contributes 65% of GHG emissions in the 

agricultural sector, with 4.6 giga tons of CO2-eq, activities such as meat production and handling of manures, 

represent 41 and 20%, respectively, of GHG emissions. There are important data on gas emissions by species in 

the livestock sector, the large ruminants (cows, bulls and buffaloes), both in meat and milk production, emit 

60% of GHG from the sector, followed by the production of pigs, with 9% and chickens 8% (FAO, 2013). At 

the national level in 2007, the livestock sector generated 57,842 tones (INEGI, 2007). Tabasco occupies the 

seventh place in cattle production, with 1'583,656 heads approximately, both in meat and dairy production. It 

should be noted that the management of excreta represents an important point of attention. It is estimated that 

some cattle whose average weight is 500 kg, generates approximately 34 kg of excreta (Posadas et al., 2014). 

based on what Sánchez (2003) reported, Pino et al. (2012) and SIAP (2014) it can be estimated that in Tabasco 

53'844,304 kg of excreta are generated per day. The DA has been a highly-resorted technique in the production 

of biogas and digestates, with great potential of use, nevertheless, the quality of these, as well as the times and 
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efficiencies of degradation, are influenced by the type of substrate used. Montejo et al. (2015) mention that the 

potential of the substrate in biogas production, is supported by the physicochemical characteristics that they 

possess, such as moisture content, total solids (ST), total volatile solids (SVT), fixed solids (SF) and ash. 

Romero et al. (1997) report that the excreta of horse has values of humidity of 25%, pH of 7 and a potassium 

content of 2.5% for the case of excreta of lamb, the values are 20%, 7.2 and 30%, respectively. Karki et al. 

(2005) report SVT content of 74.89% on dry basis, in excreta of lamb. Álvarez and Lidén (2009) obtained 

biogas with a concentration of 49.90% of methane, using a mixture with 12.60% SVT, in excreta of lamb. 

Sarabia et al. (2015) reports ST and SVT (dry basis) content of 87.49 and 82.12 %, respectively, in excreta of 

lamb. Zhang et al. (2014) report values of 29.96 ± 0.26% ST and 20.89 ± 0.23% SVT, in pig excreta. Chen et al. 

(2015) report the use of pig excreta in AD, with a ST content of 20 to 35% and a production of 2.40 L d-1 of 

biogas, reaching a degradation rate of up to 55.60%. Montejo et al. (2015) reported a content of 35.16 ± 2.24% 

ST and 20.42 ± 5.77% SVT, in pig excreta. García (2009) reports, that excreta of cattle have 83.37% of SVT. 

Plant materials have also been used, such as water lily or hyacinth, with values of 33.30% ST and 82.85% SVT 

(Patil et al., 2014), like the vegetable remains, with values of 19.85 and 92.27%, respectively (Prema et al., 

1992). There is little information about substrate of domestic animals such as cats, dogs, pigeons and others. 

Thus, the present work has as general objective, to determine the theoretical potential of biogas production of 

various organic substrates generated in the state of Tabasco. 

 

II Method 
II.1 Substrates and analytical characteristics 

Eight substrates were considered based on availability and ease of production, which were excreta of 

cow, lamb, horse, pigs, chicken and dog, as well as vegetable residues of kitchen and aquatic lily. All the 

substrates were determined their analytical content, by means of gravimetric tests (loss of weight by variation of 

temperature), such as the determination of moisture, subjecting samples at 103 ° C for 24 h, based on NMX-

016-AA-1984 (SEDUE, 1984a), total volatile solids, subjecting pre-dried samples to a muffle oven at 550 ° C, 

based on the NMX-034-AA-2001 (SEDUE, 2001) and ashes, by subjecting dry and pre-calcined samples, at 

total calcination at 800 ° C, based on NMX-018-AA-1984 (SEDUE, 1984b). All determinations were performed 

in quintuplicate. 

 

II.2 Statistical analysis 

One-factor analysis of variance was performed, to find significant differences of the substrates 

evaluated, considering its average SVT and Ash content. Likewise, the Tukey multiple test was applied to 

determine differences between each substrate. For that, the STATGRAPHICS® Centurion XV program was 

used. 

 

II.3 Theoretical production of methane (CH4) 

To calculate the theoretical volume values of CH4 and biogas, we used the methodology of Sánchez 

(2003) and Montejo et al. (2015), considering the content of SVT, of a base of 100 kg per month for each 

substrate, a temperature of 32 °C and a hydraulic retention time (TRH) of 30 days. 

 

 

 

 
 

Where: 

VCH4 = Volume of methane generated (m
3 
d

-1
). 

BO = methane production factor (m3 CH4 kg
-1

 SVT). 

SVT = Total volatile solids content (kg). 

K = decomposition of the volatile solids in time (dimensionless). 

U = Growth of methane production with the change of temperature per day. 

TRH = Hydraulic Retention Time (days). 

e = Constant of Euler. 

T° = Average ambient temperature (32 °C). 

 

The BO factors were taken from several authors, as shown in Table 1. 
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Table 1. CH4 yields, on various substrates 
Substrates BO (m3 CH4 kg-1 SVT) Author 

Cow 0.20 Sánchez (2003) 
Lamb 0.22 Alvareza y Lidén (2009) 

Horse 0.23 Wartell et al. (2012) 

Pigs 0.45 Sánchez (2003) 
Chicken 0.39 Sánchez (2003) 

Dog* 0.45 - 

Vegetable waste 0.55 
Prema et al. (1992); Callaghan 
et al. (2002) 

Water lily 0.18 Patil et al. (2014) 

* Note: found no BO value, was taken the same of pigs, due to its omnivorous quality. 

 

To determine the proportion of CO2 that constitutes biogas in a generic way, the theoretical 

composition of the biogas is considered, 60% CH4 and 40% CO2, for this the following equations were used 

(Sánchez, 2003): 

 

 

 
II.4 Gas Substitution calculations L.P. 

 

In the case of the use of biogas, 1 kg of methane is equivalent to 55 MJ (38 MJ m
-3

) while 1 kg of LP 

gas is 50 MJ (Sánchez, 2003). Thus, based on the above equivalence, the calorific potential of biogas production 

was determined, based on the methodology reported by Sánchez (2003): 

 

   

 

   

II.5 Theoretical production of electrical energy 

The production of electrical energy, was based on the methodology reported by Akbulut (2012), which 

is described below. 

 

 
Where: 

Eel: Electric power (kW) 

MOwed: Fresh organic matter 

MOdry: Organic dry matter 

MOvolatile: Volatile matter 

Relationshipbiogas: 300 m
3
 t

-1 
organic material 

5.5: total energy factor (kWh m
-3

) 

ɳel: Electricity efficiency value (40%) 

t: Effective hours of the motor-generator per year 

 

For that, an annual production rate was considered, considering 100 kg of substrates per month (1.2 t 

year
-1

), as well as an average 8 h day
-1

 use of an electrical generation equipment. 

 

III Results and Discussion 
In Table 2, the analytical results of each substrate are shown (Figure 1). 

 

Table 2. Mean values of each analytical component, per substrate 
Substrates Wed (%) ST (%) SVT* (%) SF* (%) Ashes* (%) 

http://www.sciencedirect.com/science/article/pii/S0961953408002110#aff1


Evaluation of the potential of biogas generation, of different organic waste, generated in Tabasco 

DOI: 10.9790/2402-110402108113                                     www.iosrjournals.org                                   111 | Page 

Cow 89.78±1.21 10.22±1.21 81.19±2.52 6.47±2.42 12.34±1.08 

Lamb 90.15±1.15 9.85±1.15 76.96±3.17 11.67±1.88 11.37±1.77 

Horse 60.97±1.33 39.03±1.33 66.99±3.06 8.06±3.65 24.95±1.36 

Pigs 79.60±0.21 20.40±0.22 73.07±2.49 12.54±0.93 14.39±1.897 

Chicken 87.99±0.32 12.01±0.32 81.41±1.43 7.99±0.69 10.60±1.05 

Dog 64.22±1.07 35.78±1.07 66.76±0.90 7.35±0.54 25.89±0.46 

Vegetable waste 64.81±1.86 35.19±1.86 82.82±1.33 5.12±4.89 12.06±5.37 

Water lily 41.51±22.14 58.49±22.15 51.31±10.76 12.02±4.77 36.68±14.74 

* Note: dry base 

 

 
Figure 1. Submission of samples to thermal-gravimetric analytical tests 

 

The moisture content obtained in horse excreta is like that reported by Romero et al. (1997), although it 

differs in the same parameter with excreta of lamb, being higher than what is obtained in the present. The SVT 

content in sheep excreta, is slightly lower than that reported by Karki et al. (2005) and Sarabia et al. (2015), the 

ST content, is like that reported by Chen et al. (2015). SVT values in cattle excreta are like those reported by 

García (2009). The content of ST and SVT in aquatic lily, is smaller and similar, respectively, as reported by 

Patil et al. (2014). The ST and SVT are lower than those reported by Prema et al. (1992). 

 

The analysis of variance of one factor, shows that there are significant differences (P = 0.0001) 

between the substrates evaluated, are highlighted as better substrates, the excreta of pork and cow, like water lily 

and plant residues, which makes them potentially usable in anaerobic digestion processes. The excreta of lamb, 

are the ones that lower SVT content, presented in this research (Figure 2). 

 

 
Figure 2. Analysis of variance of SVT content, with standard error. 

 

As for ash content, the analysis of variance of a factor, shows that there are significant statistical 

differences (P = 0.0001) among the evaluated substrates. Highlighted substrates, excreta of lamb, of dogs and 

chickens, with the highest ash content (Figure 3). 
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Figure 3. Analysis of variance of the ash content, with standard error. 

III.2 Theoretical calculation of methane generation 

The theoretical methane production for each of the substrates is shown in Table 3. 

 

Table 3. Theoretical production of CH4 for each substrate. 

  Acuatic Lily  Vegetable Chicken Horse Cow Dog Pig Lamb 

ST (kg) 10.22 9.85 39.03 20.39 12.01 35.78 35.19 58.49 

SVT (kg) 8.30 7.58 26.14 14.90 9.78 23.89 29.14 30.01 

BO (m3 kg-1 SVT) 0.185 0.55 0.39 0.23 0.20 0.45 0.45 0.22 

U 0.287 0.287 0.287 0.287 0.287 0.287 0.287 0.287 

K 0.602 0.601 0.613 0.604 0.602 0.610 0.619 0.621 

VCH4 (m
3) 2.42 2.21 9.44 4.56 1.81 6.94 12.13 5.55 

 

In the above table, it can be noticed that the highest production of CH4 is present in the chicken, horse, 

dogs, pigs and sheep substrates. It is important to note that the substrates with the highest production of CH4 

have a higher content of dry mass, and in turn, of SVT, considering the basic amount of calculation (100 kg). 

 

In Table 4, the theoretical production of biogas is shown, determining by difference the CO2 content. 

 

Table 4. Production of theoretical biogas daily. 
Volumen (m3) Acuatic Lily Vegetable Chicken Horse Cow Dog Pig Lamb 

VCH4 2.42 2.21 9.44 4.56 1.81 6.94 12.13 5.55 

VCO2 1.61 1.47 6.29 3.04 1.21 4.63 8.09 3.70 

Biogas 4.03 3.68 15.73 7.59 3.02 11.57 20.21 9.25 

 

In Table 5, the capacity of replacement of LP gas by biogas is shown, considering its daily production 

and calorific value. 

 

Table 5. Replacement of LP gas by biogas. 
  Acuatic Lily  Vegetable Chicken Horse Cow Dog Pig Lamb 

VCH4 2.42 2.21 9.44 4.56 1.81 6.94 12.13 5.55 

MJ/d 91.79 83.82 358.53 173.14 68.85 263.90 460.88 210.88 

MJ/d*(0.7) 64.26 58.67 250.97 121.20 48.19 184.73 322.61 147.61 

kg/d Gas LP 1.29 1.17 5.02 2.42 0.96 3.69 6.45 2.95 

 

It is noteworthy that most of the substrates reach a theoretical substitution greater than 1 kg of daily LP 

gas, except the cow substrate being the smallest and the excreta of pig the one of greater substitution. Table 6 

shows the theoretical quantities of electricity production on an annual basis, with the use of biogas generated 

from the daily base amount considered in the beginning. 

 

Table 6. Production of electrical energy by substrate 
 Production of electricity Acuatic Lily  Vegetable Chicken Horse Cow Dog Pig Lamb 

kW yearly 684.86 625.32 2,156.71 1,229.40 806.47 1,970.94 2,404.37 2,475.91 

 

The substrates with greater capacity of production of electrical energy are chicken, pigs and sheep, this is due to 

the analytical characteristics of each substrate, the amount of ST and SVT of each. 
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IV Conclusion 
Theoretically demonstrates the potential and feasibility of using organic waste generated in the state of 

Tabasco, representing an option of renewable energy production, especially in rural or sub-urban areas, where it 

is easily counted with the substrates raised in the present. 
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