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Abstract— This work focuses on Biokinetic Modeling and Simulation 

of Biomethane Synthesis from Organic Wastes in Anaerobic Reactor 

Regime. A 30-chain reaction structure for Hydrolysis, Acidogenesis, 

Acetogenesis and Methanogenesis (HAAM) biokinetics are adequately 

developed on the basis of analytically identified chemical composites 

of cow dung for biomethane synthesis. Principles of biokinetics and 

composites disintegration are employed interactively in modelling the 

biomethane synthesis performance over digestion time, and the 

simulation of the developed biokinetic models were carried out using 

MATLAB approach. Results depict that proportional increase in 

concentration of CO2 and biomethane produced promotes decrease in 

cow dung concentration from 398.3746 g/L to 11.09 g/L within the first 

230.5 hrs (10 days) of the digestion. The drop in feed concentration 

brought about 132.4509 g/L biomethane, 174.3920 g/L CO2, and 

193.3430 g/L enzyme – substrates (PEs) co-generated compounds. The 

products formation was identified to attain platoon after 230.5 hrs 

digestion of the cow dung feed. Within 500hr (21days), 90% fractional 

conversion of the feed was recorded, with approximately 60% average 

optimal yield of the biomethane and CO2. The predictions of developed 

model shows that the model can be used to determine the effective time 

for optimal yield of biomethane in a bioreactor provided the volume of 

the biomass is known.   

 

Keywords— Biokinetics, Modelling, Biomethane Synthesis, Organic 

Wastes, Anaerobic Reactor. 

I. INTRODUCTION  

Wastes (solid, liquid or gaseous) which are identified by most 

persons as toxic materials that promote negative health effects, 

unwanted, worthless and defective materials discarded after 

primary use by man. In most cases, wastes are regarded as 

materials with relatively minor economical values. Though 

some researchers are in the opinion that such ideology is not true 

in real life sciences by proving to many the relevance of waste 

when efficiently managed or recycled (Ugi et al., 2023).  

Greenhouse gases (GHGs) cause atmospheric 

environmental pollution. They emanate from organic wastes 

which are acted upon by microorganisms of which CO2 and 

methane gas are highly potent (Lambert et al., 2026; Nathaniel 

et al., 2026). Presently wastes management has become so 

complex that the available facilities cannot cope with the 

continues increase in man’s daily demand and needs. 

Recycling is of great support to the economy, it provides a 

wide scope of job opportunities for youths as well as provides 

access to developments of new industries, that effectively 

depend on waste materials as their feedstock for production of 

re-useful materials. There are different types of waste recycling 

approaches and classes as seen in Figure 1, and each has great 

support to wealth generation. The primary recycling approach 

focuses on the reuse of waste materials for the same purpose 

which the initial material was structured for. It involves the 

selective picking and reuse of plastics, cans, and cartoons, as 

packaging materials for same purposes which they were 

designed. While the Secondary recycling approach; which deals 

with the reuse of wastes material for a purpose farther from its 

original functionality (Geissdoerfer et al., 2017; Lienig et al., 

2017). 

 
Figure 1: Classification of the Recycle (3Rs) waste management system 

 

Among the above listed recycling methods or classes as seen 

in Figure 1, the biogas production method of wastes recycling is 

an essential waste to wealth measure that stands as a reliable 

method of energy source generation. Biogas generation from 

wastes recycling is presently the faith to energy grid for 

generation of low GHG emissivity fuel, that could help the 

world attain their global mission by 2050 (Awe et al.,2018; Dai 

et al., 2016; Deng et al. 2014; Igoni et al., 2008; Marañón et al., 

2012). Biogas is a renewable gaseous form of energy source 

generatable from organic wastes - solid or liquid (Ahlamine et 

al., 2024). Biogas is a product of anaerobic digestion in a 

bioreactor, generated from the bio-digestion of organic wastes 

in the absence of air, but in the presence of microbes which feed 

on the wastes and break down their giant hydrocarbons to 
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minute and less toxic composites such as methane (CH4), 45 – 

60% mass, carbon dioxide (CO2) 25 – 40% mass, and with some 

limited amounts of hydrogen sulfide (H2S), ammonia (NH3), 

water vapor, and nitrogen (Abilmazhinov et al., 2023). The 

%mass composites of biomass is a factor of the type, nature and 

concentration of the feed and enzymes, as well as the operating 

conditions and type of reactor used depending on the feedstock 

used in its production (Perry and Green, 2007; Mao, et al., 

2015). Biogas is an essential fuel that is identified to be of a low 

GHGs generation when compared to use of fossil fuels (natural 

gas, crude oil and coal). 

The quest of attaining global mission 2050; aimed at 

discovering a low green house gas (GHGs) emission fuel source, 

as substitute to fossil fuel, and the associated problems with 

waste management has driven the interest of multiple 

researchers towards resolving two world class problems (wastes 

and energy) (Yong et al., 2015). 

Many more Researchers were able to assess the biogas 

production efficiency and yield from an anaerobic system 

(Mohamed et al., 2023; Rabah, et al., 2010; Zhang et al., 2021; 

Bakraouia et al., 2020). Some researchers have developed 

mathematical models that assessed the microbial behaviors on 

the biogas formation or yield system (Abilmazhinov et al., 

2023; Ahlamine et al., 2024). Multiple biokinetic models have 

been introduced and applied for assessment of biogas 

productivity experimentally and simulatively (Pham et al., 

2018). 

Despite all the studies carried out by different researchers, 

none was able to carry out biochemical process simulation as a 

validation of their used models using process computer 

software, as well as their inability to validate the residence time 

of the biodigester. It is the purpose of this paper to bridge these 

knowledge gaps via the development of biokinetic models that 

may be used to predict feed concentration gradient, optimal 

yield, and actual residence time of the biodigester. In the context 

of this study, cow dung is used as the feed for methane formation 

in a biodigester, taking into consideration the four stages for 

biogas (methane and carbon dioxide) production - hydrolysis, 

acidogenesis, acetogenesis and methanogenesis (HAAM). 

II. MATERIALS AND METHODS 

2.1 Materials 

Fundamentally, the materials employed in the modeling and 

process simulation of biomethane production from organic 

wastes, using cow dung as feedstock are majorly: 

i. MATLAB Engineering software 

ii. Handbooks in biochemical engineering 

iii. Laptop 

2.2 Methods   

2.2.1 Kinetic Reaction Schematics Pathways Development 

for Biomass (Cow Dung) Anaerobic Digestion 

In the simulation of the cow dung, 30 chemical reaction path 

ways are being considered as the kinetics of the cow dung 

digestion in the bioreactor based on the analytical results of cow 

dung composition (Karthik et al., 2014). Hence considering the 

cow dung as the substrate with a known concentration (S) which 

is enzymatically decomposed into biogas, that is later treated to 

achieve high purity biomethane, the fundamental reactions in 

the anaerobic biodigester are hydrolysis, acidogenesis, 

acetogenesisc, and methanogenesis (Karthik et al., 2014). 

These reaction processes collectively take place in the 

reactor at different reactor operating temperature, pressure and 

enzymatic efficiency. The biomethane is produced following the 

description in Figure 2, where all the biochemical reactions take 

place starting with the hydrolysis reaction phase. 

 

 
Figure 2: Schematic algorithm of biomass degradation in anaerobic digester 

 

The 30 kinetic pathways for the digestion of cow dung as 

developed by (Karthik et al., 2014) are shown below using the 

structural algorithm above (Figure 2). 

a) Hydrolysis   

i. C12H22O11(Sucrose) + H2O (Water) → 2 C6H12O6 

(Dextrose) 

ii. C6H10O5(Cellulose) + H2O → C6H12O6 

iii. C5H8O4(Glutaric acid) + H2O → 2C2H5O2 + CO 

iv. C5H8O4 (Iso-Glutaric acid) + H2O → C5H10O5 

(Xylose) 

v. C5H10O5 (Xylose) →   C5H4O2    + 3H2O           

vi. C6H10O5 + H2O → 2 C2H6O + 2CO2 

vii. 2C2H6O (Ethanol) + CO2→ 2 C2H4O2 + CH4 

viii. C57H104O6 (Triolein) + 3H2O → C3H8O3 + 3 C18H34O2 

ix. C51H98O6 (Tripalmitin) + 8.4375H2O → 4C3H8O3 + 

2.4375C16H34O        

x. C37H68O5 (1-Palmitoyl-2-linoleoyl-sn-glycerol) + 

4.2875 H2O → 2.2 C3H8O3 + 0.8875 C16H34O              

xi. C6H10O5 (3-Deoxyglucosone) + H2O → 3CO2 + 3 CH4 

xii. Protein + 6 H2O → 6.5 CO2 + 6.5 CH4 + 3 NH3 + H2S      
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xiii. Keratin + 0.334 H2O → 0.045 C6H14N4O + 0.048 

C4H7NO4   + 0.047iso-  

C4H7NO4 + C4H9NO3 + 0.172C3H7NO3 + 

0.074C5H9NO4 + 0.111C5H9NO2 + 

0.25C2H5NO2 + 0.047C3H7NO2 + 

0.067C3H6NO2S + 0.074C5H11NO2 + 

0.0766C6H13NO2 + 0.046iso-C6H13NO2 + 

0.036C9H11NO2 

b) Acidogenesis   

i. C6H12O6 + 2 H2O → 2 C2H4O2 + 2 CO2 + 4 H2 

ii. C3H8O3 → C3H6O2 + H2O  

iii. C3H6NO2S + 2 H2O → C2H4O2 + NH3 + CO2    +     0.5 

H2 + H2S  

iv. C6H12O6 + 0.115 NH3→ 0.115 C5H7NO2  + 

0.744C2H4O2 + 0.5C3H6O2+ 0.4409 C4H8O2  + 0.6909 

CO2 + 1.0254 H2O 

c) Acetogenesis  

i. C2H5OH + H2O →C2H4O2 + 2 H2 

ii. CO2 + 4 H2→ C2H4O2 + 2 H2O  

iii. C3H6O2 + 2 H2O → C2H4O2 + CO2 +3H2  

iv. C4H8O2 + 2 H2O → 2 C2H4O2 +   2 H2 

v. C3H6O2 + 0.06198 NH3 +0.314336 H2O → 

0.6198C5H7NO2+ 0.9345C2H4O2+     0.660412CH4+ 

0.160688CO2 + 0.000552 H2 

vi. C18H34O2 + 0.1701NH3 + 15.356H2O 

+0.482CO2→0.1701C5H7NO2 + 9.02 C2H4O2 + 

10.0723 H2 

vii. C16H34O + 0.172667NH3 + 14H2O+ 

0.482CO2→0.172667C5H7NO2+ 7.809334 C2H4O2 + 

15.036 H2 

d) Methanogenesis   

i. C6H12O6→ 3CH4  +  3CO2  

ii. 2 C2H5OH + CO2→ 2 C2H4O2 + CH4 

iii. C2H4O2→ CH4 + CO2 

iv. CO2 + 4 H2→ CH4 + 2 H2O  

v. C2H4O2 + 0.022 NH3→ 0.022 C5H7NO2  + 0.945 CH4 

+ 0.066 H2O + 0.945CO2 

vi. 14.4976 H2 + 3.8334 CO2 + 0.0836 NH3→ 0.0836 

C5H7NO2 + 3.4151 CH4 + 7.499 H2O   

2.2.2 Development of Biokinetic Models for Anaerobic 

Digestion System  

2.2.2.1 Process Modeling Assumptions for Anaerobic Digester  

The following assumptions are being considered for 

effective modeling of the biomethane production system from 

bio-digestion process: i. Considering the system to be anaerobic; 

ii. Substrate – enzymes influence is regarded; iii.The reactor 

operates as a batch reactor; iv.The bioreactor operates adiabatic 

in nature (no heat loss or gain in the system); v.The system is 

isothermal and isobaric. 

2.2.2.2 Determination of Anaerobic digestion Rate of Reaction  

Considering the nature of the biokinetic reaction schematics 

to be consecutive reactions for cow dung digestion to biogas, via 

cow dung substrate (S) reaction with enzymes (EA) in the 

digester to yield enzyme-substrate compounds (ES) which will 

furtherly digest into product gas (P), following the reaction 

schematics (2.1): 

 

EA+ S                [𝐸𝑆] ES              P  + EA𝐸𝐴   (2.1)  

 

Now considering the methane generative kinetics of the 

system, at hydrolysis state of an anaerobic digester, as a function 

of the first principle of chemical material balance for a batch 

system, and under the influence of enzymes (EA) as (Perry & 

Green, 2007; Nopharatana et al., 2007): 

{

𝑅𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛

𝑜𝑓 𝑏𝑖𝑜𝑟𝑒𝑎𝑐𝑡𝑜𝑟
𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒𝑠

𝑖𝑛 𝑡ℎ𝑒 𝑢𝑛𝑖𝑡 𝑣𝑜𝑙𝑢𝑚𝑒

}

= {
𝑅𝑎𝑡𝑒 𝑜𝑓 𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝑖𝑛 𝑡ℎ𝑒 𝑏𝑖𝑜𝑟𝑒𝑎𝑐𝑡𝑜𝑟 
𝑢𝑛𝑖𝑡 𝑣𝑜𝑙𝑢𝑚𝑒

}     (2.2𝑎) 

Written as a function of microbial growth rate (𝜇) and the 

microbial cell density (X), gives: 

(−𝑟𝐴) =
𝑑𝐶𝐴

𝑑𝑡
= 𝜇𝑋 =

𝑌𝑑𝑆

𝑑𝑡
             (2.2𝑏) 

Fetching out of the developed biochemical kinetics of cow 

dung digestion, the biomethane generative reactions of the 

digester are mainly the M1 – M8 reaction chains seen below, the 

biomethane production modeling is subject to these reactions: 

Hydrolysis   

2C2H6O + CO2  → 2 C2H4O2 + CH4 [M1] 

C6H10O5 + H2O → 3CO2 + 3CH4    [M2] 

Acetogenesis   

C3H6O2 +  0.06198 NH3 + 0.314336 H2O → 0.6198 C5H7NO2 + 

0.9345 C2H4O2 + 0.660412 CH4 + 0.160688 CO2 + 0.000552 H2

       [M3] 

Methanogenesis   

C6H12O6→ 3CH4 + 3CO2           [M4] 

2 C2H5OH + CO2 →   2C2H4O2 + CH4    [M5] 

C2H4O2→ CH4  +  CO2          [M6] 

CO2 + 4 H2→  CH4   +   2 H2O          [M7] 

C2H4O2 + 0.022 NH3→ 0.022 C5H7NO2 + 0.945 CH4 + 0.066 

H2O + 0.945CO2 

14.4976 H2 + 3.8334 CO2 + 0.0836 NH3 → 0.0836 C5H7NO2 + 

3.4151 CH4 + 7.499 H2O [M8] 

So, the rate law of the reactions with consideration of the 

equilibrium operations of the system as defined by Michaelis-

Menton, is developed as (Wordu et al., 2026): 

−
𝑑𝐶𝐴

𝑑𝑡
= −𝐾1𝐶𝑆

𝑥𝐶𝐵
𝑦𝐶𝐸 + 𝐾2𝐶𝐸𝑆

= 𝐾3𝐶𝐸𝑆
         (2.3) 

At equilibrium: 

𝐾1𝐶𝑆
𝑥𝐶𝐵

𝑦𝐶𝐸 = 𝐾2𝐶𝐸𝑆
                            (2.4) 

Where; 

𝐶𝐸 = 𝐶𝐸𝑂
− 𝐶𝐸𝑆

                                  (2.5) 

Therefore, the enzymes – substrate concentration CES which 

is the continual bioreaction chain of the biomass degradation to 

CO2 and biomethane as seen at the defined reaction schematics 

of the studied system above, is modeled as (Miebi et al., 2023): 

𝐶𝐸𝐴𝑆 =
𝐾1𝐶𝑆

𝑥𝐶𝐵
𝑦𝐶𝐸𝑂

𝐾2 + 𝐾1𝐶𝑆
𝑥𝐶𝐵

𝑦                      (2.6) 

=
𝐶𝑆

𝑥𝐶𝐵
𝑦𝐶𝐸𝑂

𝐾𝑒𝑞 + 𝐶𝑆
𝑥𝐶𝐵

𝑦 = 𝐾3𝐶𝐸𝑆
                (2.7) 

∴     𝜇 = 𝑟𝑚𝑎𝑥

𝐶𝑆
𝑥𝐶𝐵

𝑦

𝐾𝑒𝑞 + 𝐶𝑆
𝑥𝐶𝐵

𝑦                 (2.8) 

Linearizing equation (3.17) to suit experimental derivatives: 

𝐾3 

𝐾2 

𝐾1 
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1

𝜇
=

𝐾𝑒𝑞 + 𝐶𝑆
𝑥𝐶𝐵

𝑦

𝑟𝑚𝑎𝑥𝐶𝑆
𝑥𝐶𝐵

𝑦                           (2.9) 

Therefore: 
1

𝜇
=

𝐾𝑒𝑞

𝑟𝑚𝑎𝑥

(
1

𝐶𝑆
𝑥𝐶𝐵

𝑦) +
1

𝑟𝑚𝑎𝑥

              (2.10) 

Which takes the form;  

𝑦 = 𝑚𝑥 + 𝐶                      (2.11) 

Where: 

Keq ꞊ Substrate dissociation constant (hr-1) 

Now, substituting equation (2.8) into equation (2.2) which is 

the rate of biomass dissociation into biomethane, expressed as: 

(−𝑟𝐴) = [
𝑟𝑚𝑎𝑥𝐶𝑆

𝑥𝐶𝐵
𝑦

𝐾𝑒𝑞 + 𝐶𝑆
𝑥𝐶𝐵

𝑦] 𝑋 = [
𝑟𝑚𝑎𝑥𝑆𝑥𝐶𝐵

𝑦

𝐾𝑒𝑞 + 𝑆𝑥𝐶𝐵
𝑦] 𝑋        (2.12) 

Also, the substrate concentrating is expressed as: 

𝑆 = 𝐶𝑆𝑂. 𝑒−𝑘1𝑡                 (2.13) 

Where; 

𝑋 = microbial cells density 

𝑟𝑚𝑎𝑥 =  𝜇𝑚𝑎𝑥 =Specific growth rate (hr-1) 

𝑆 = 𝐶𝑆 =  Substrate concentration (g/L) 

𝑆𝑜 = 𝐶𝑆𝑂 =  Substrate initial concentration (g/L) 

2.2.2.3 Residence Time and Biomethane Volume Modeling   

Considering the residence time derived from the first 

principle  

𝑡𝑅 = − ∫
1

(𝑟𝐴)
𝑑𝑆

𝑆

𝑆,𝑜

            (2.14) 

=
1

𝑋
∫

𝐾𝑒𝑞 + 𝑆𝑥𝐶𝐵
𝑦

𝑟𝑚𝑎𝑥𝑆𝑥𝐶𝐵
𝑦 𝑑𝑆

𝑆

𝑆,𝑜

               (2.15) 

=
1

𝑋𝑟𝑚𝑎𝑥𝐶𝐵
𝑦 ∫

𝐾𝑒𝑞 + 𝑆𝑥𝐶𝐵
𝑦

𝑆𝑥
𝑑𝑆

𝑆

𝑆,𝑜

                     (2.16) 

Let: 

𝑢 = 𝐾𝑒𝑞 + 𝑆𝑥𝐶𝐵
𝑦;     ∴

𝑑𝑢

𝑑𝑆
= 𝑥𝑆𝑥−1𝐶𝐵

𝑦           (2.17𝑎) 

𝑣 = 𝑆𝑥;       ∴
𝑑𝑣

𝑑𝑆
= 𝑥𝑆𝑥−1                          (2.17 𝑏) 

Applying quotient rule: 
𝑑𝑅

𝑑𝑆
= {𝑣

𝑑𝑢

𝑑𝑆
− 𝑢

𝑑𝑣

𝑑𝑆
}

1

𝑣2
                  (2.18) 

=
𝑆𝑥𝑥𝑆𝑥−1𝐶𝐵

𝑦 − 𝑥𝑆𝑥−1𝐾𝑒𝑞 − 𝑥𝑆𝑥−1𝑆𝑥𝐶𝐵
𝑦

𝑆2𝑥
              (2.19) 

=
−𝑥𝑆𝑥−1𝐾𝑒𝑞

𝑆2𝑥
                (2.20) 

Therefore: 

𝑑𝑆 = −
𝑆2𝑥

𝑥𝑆𝑥−1𝐾𝑒𝑞

𝑑𝑅                     (2.21) 

∴    𝑡𝐵𝑖𝑜 = −
1

𝑋𝑟𝑚𝑎𝑥𝐶𝐵
𝑦 (

𝑆2𝑥

𝑥𝑆𝑥−1𝐾𝑒𝑞

) ∫ 𝑅𝑑𝑅
𝑆

𝑆,𝑜

            (2.22) 

Now using the data above, the developed methanogenesis 

kinetic models are being accessed dynamically using MATLAB 

Simulink, and the results obtained from the simulation as seen 

in Table 1. 

III. DISCUSSION  

1. Feed – Products Concentration of Biomethane Product from 

Cow Dung 

Figure 3 presents the relationship between cow dung 

methanogenesis composites concentration, in relation to the 

concentration of carbon dioxide and biomethane formed in the 

system over a period of 1000 hrs (42 days) actual time, which is 

the time considered by other reservoirs as the experimental time 

for cow dung digestion.  

 
TABLE 1: Kinetic model simulation results for cow dung digestion system 

ART 

(hr) 

MRT 

(hr) 

CDC 

(g/L) 

SEC 

(g/L) 

CH4 

Conc. 

(g/L) 

CO2 

Conc. 

(g/L) 

CH4 

Yield 

(%) 

0 0.00 398.38 0.00 0.00 0.00 0 

100 28.48 59.61 234.1 51.25 138.50 0.13 

200 63.09 11.39 193.3 132.45 174.39 0.33 

300 108.35 0.09 106.4 218.05 193.49 0.55 

400 174.04 0.01 61.01 237.33 196.04 0.60 

500 369.23 0.01 50.66 237.21 196.04 0.60 
600 369.23 9.34 e-4 49.21 237.21 196.04 0.60 

700 369.23 3.07 e-4 49.21 237.21 196.04 0.60 

800 369.23 1.57 e-4 49.21 237.21 196.04 0.60 
900 369.23 1.57 e-5 49.21 237.21 196.04 0.60 

1000 369.23 5.01 e-5 49.21 237.21 196.04 0.60 

 

 
Figure 3: Concentration gradients of Feed – Product composites of cowdung 

digeston 

 

The results depict a proportional increase in the 

concentration of the carbon dioxide and biomethane formed in 

the biogester with decrease in the cow dung concentration from 

398.3746 g/L to 11.39 g/L. The concentration of the 

methanogenesis compounds depletes fast within the first 230.5 

hrs of the digestion to 11.3922 g/L, in which 132.4509 g/L 

biomethane (33.25% methane yield), 174.3920 g/L carbon 

dioxide are formed, with 193.3430 g/L enzyme – substrates 

(PEs) compounds (Sac, Sdc, etc.). Thereafter, the cow dung 

digestion system attains platoon leaving the PE-compounds still 

generating (though in minute amounts) more CH4 and CO2, 

which kept the concentration of the biomethane production 

system progressing till 500hrs of digestion was attained, 

yielding overall methane concentration of 237.3340 g/L and 

196.0345 g/L for CO2. The PE compounds attain platoon at 

61.0046 g/L concentration within 500hrs of cow dung digestion 

in the bioreactor. The result also shows a maximum biomethane 

yield of approximately 60%, which is attained within the 400hr 

to 500hr simulative (actual) time of cow dung digestion in the 
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bioreactor. This is in agreement with the aspen plus simulation 

result of the cow dung digestion system. 

Enzymes – Substrate Compounds Concentration of Cow Dung 

in a Biodigester  

The Enzymes – Substrate (PE) concentration, which is 

regarded in this work as the intermediate products generated 

from the Hydrolysis, Acetogenesis and Methanogenesis 

processes, involved in the cow dung digestion system, which are 

known to be promotive of the quality and quantity (yield) of 

biomethane formed, plays implicit paths in the performance of 

the digestion system. As depicted in Figure 4, the PEs 

concentrations change with increase in the active digestion time.  

 

 
Figure 4: Relationship of the Enzyme-Substrate concentration with digestion 

time 

 

The PEs compounds are first formed to attain a 

concentration range of 51.25 g/L for CH4 and 138.50 g/L for 

CO2 within the first 100 hrs of the cow dung digestion process. 

Thereafter, the cow dung starts depleting to increase the yield of 

the methane and CO2 formed from 132.4509 g/L to 218.0536 

g/L for CH4 and 174.3920 g/L to 193.4905 g/L for CO2 

respectively between 200 and 300 hrs period of the cow dung 

digestion. This PEs depletion promotes the yield of the 

biomethane produced from 33% to 55% as shown in Table 1. 

2. Comparative analysis between Actual and Residence time on Cow 

Dung digestion 

 

 
Figure 5: Developed model residence time and actual digestion Time 

 

Figure 5 shows the relationship of the actual residence time 

with the developed model residence time. Increase in time  

proportionally, depletes the concentration of the cow dung in the 

biodigester. The simulation of the developed model shows that 

for a cow dung digestion system with a feed concentration of 

398.3746 g/L, the residence time for optimal digestion is about 

500 hrs (21 days) as seen in Table 1 (approx 60% yield). This 

shows that the remaining hours of the feed in the digester are 

not neccesary for methane formation.  

IV. CONCLUSION 

The biokinetic model and simulation of biomethane taking 

into consideration the hydrolysis, acidogenesis, acetogenesis 

and methanogenesis (HAAM) reaction schematics were 

adequately developed on the bases of the analytically identified 

chemical composites of cow dung. The model was carried out 

using MATLAB Simulation programming tool. Predictions of 

the model showed a proportional increase in the concentration 

of the carbon dioxide and biomethane formed in the biogester, 

with decrease in the cow dung concentration. Also, the model 

result shows a maximum biomethane yield of approximately 

60%, which is attained within the 400hr to 500hr simulative 

(actual) time of the cow dung digestion in the bioreactor.The 

biokinetic model developed in this study, and its validation 

using process simulation tool which is in agreement with the 

actual data, can be used to determine the effective time for 

optimal yield of biomethane in a bioreactor provided the volume 

of the biomass is known.   
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