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Abstract: Experimental work was carried out for the production 

of Biogas from poultry waste water. The Poultry waste was 

collected from farm near Nagercoil at Kanyakumari District. 

Batch anaerobic digester was designed for 20L capacity. The 

experiment was carried out for 36 days to monitor the 

performance. Various parameters like pH, TS, COD have checked 

for every 24hours. The Production of biogas was measured by 

water displacement method. The methane content was analyzed by 

gas chromatography test. Based on the experimental data, kinetics 

studies have done for various models like Line Weaver-Burk 

method, Eadie-Hofstee method, Hanes-Woolf method. The 

Eadie-Hofstee Method has provided better prediction than other 

method. These results thus indicate that, Eadie-Hofstee Method is 

best to identify the growth rate, substrate concentration and 

Limiting Substrate Concentration of the system. The sludge of the 

poultry wastewater and digester were characterized by SEM 

analysis. The imaging was done to determine the morphological 

structure of the sludge and to view the bacterial growth on the 

surface of the sludge. 

 
Keywords : Anaerobic Digester, Biogas, Kinetic studies Poultry 

waste.  

I. INTRODUCTION 

Anaerobic digesters convert organic waste 

(agricultural waste, garbage, animal or human manure, and 

alternative organic waste) into energy (in the shape of biogas 

or electricity) [1]. The advantages that the anaerobic 

digestion method provides square measure waste 

management, energy production, and fertilizer as by product. 

Waste management is incredibly necessary in each urban and 

rural setting. Most industrial elements of the planet have 

already got waste management systems, although they 

usually may be improved with regards to environmental 

impact [2]. Rural areas usually lack of sanitation or reliable 

waste management systems, and this is often an extremely 

valuable service for health and environmental reasons [3]. 

Anaerobic digestions will offer energy to people who don't 

have already and will manufacture clean energy as another to 

carbon-intensive energy production [4]. 

Clean energy is gaining a lot of importance as world 

energy consumption grows and humans have a lot of a 
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bearing on the world climate.  

Anaerobic digestion is a method of degradation of a 

substance within the absence of air. The method happens 

within the stomachs of animals, and also the same organic 

process found in nature are often replicated and controlled by 

engineers. 

 There are four major steps of anaerobic digestion, which is 

represented in the figure 1. 

 
Fig 1.The anaerobic digestion pathway 

 

The plant by-product is associate degree other profit that 

may add price to an anaerobic digestion system. Once a 

feedstock is consumed by the anaerobic digestion method, 

the leftover materials are often used as a soil additive to boost 

crop production. In rural settings, this plant by product is best 

used domestically or on-the-spot of the anaerobic digester 

[5].  

Biogas from anaerobic digestion usually has high 

amounts of sulfur that is what causes associate degree 

uncomfortable smell.  This is often solely terribly 

problematic if the intent is to use the biogas in a fuel cell, as a 

result of the sulfur can poison the fuel cell [6-7].  

Poultry waste has chosen as a feed to study the 

production of biogas. Experimental work has been carried out 

for the batch reactor to review the various factor influencing 

within the biogas production. Biogas production from 

digester is depending on the food to microorganism ration in 

the reactor. The survival of bacteria depends on the physical 

and chemical characteristics of the effluent present in the 

digester. [8-15]. 

The experimental data has been verified and find the 

kinetic parameter using the Line Weaver-Burk, 

Eadie-Hofstee and Hanes-Woolf method [16-17].  

II.  MATERIALS AND METHODS 

A. Raw Material Collection 

The Poultry waste was collected from farms near 

Nagercoil at Kanyakumari Dist. In this study Poultry waste 

water is taken as raw material and it’s screened by the 100 

mesh size and to remove the 

fibrous particles. It was 

quantitatively degraded to 
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biogas with co-digested with diluted poultry manure [18]. 

The collected poultry waste is show in figure 2. 

 
Fig 2.Poiltry Waste 

B. Experimental setup 

The liquid form of poultry waste is sent through the reactor 

and the system was started up as batch to achieve an active 

acidifying culture by loading the substrates. The Working 

volume of the bioreactor was maintained at 20 liters and run 

under uncontrolled pH. The experimental was shown in 

figure 3.  

 
Fig 3.Experimental Setup 

 

Experiment was carried out at atmospheric condition. After 

5 days biogas yield has started from the reactor. The 

flowchart for biogas production is shown in the figure 4. 

 
Fig 4. Flowchart of Biogas production 

The biogas was collected and measured by the water 

displacement method. In this method the Volume of gas is 

stored is equal to Volume of water outlet. The Schematic 

diagram of experimental setup is shown in the figure 4. 

III. RESULT AND DISCUSSION  

The digester performance for Poultry waste was 

investigated based on the results obtained from the 

experiments The Experiment was carried out at ambient 

temperature. 

A. Biogas Production 

The daily biogas production during the study period is 

shown in figure 5. It is measured using water displacement 

method. It was observed that biogas production was actually 

less at starting and the end of reaction. This is predicted 

because biogas production rate in batch condition is directly 

proportional to the specific growth of microorganisms. 

During the first 5 days of observation, there was less biogas 

production and mainly due to the lag of microbial growth. 

From day 6 to 20, the biogas production was substantially 

increased. Maximum amount of biogas collected on day 10 

and measured as 135ml. Average of 42.06% of methane was  

present in the biogas This result implies that all the operation 

is most likely in balanced and stable operation. 

 
Fig 5. Daily Biogas Production 

B. Change of pH 

The pH was observed during the digester operation under 

stable condition. pH was varied from 7.2 to 5.2 during the 

operation . This is may be the formation of high volatile fatty 

acid (VFA)in the process. At the day one pH Value is 7.2 

similarly the pH Value is decrease day by day. At 36
th

 day the 

pH Value is 5.2. The Graphical representation of pH values is 

shown in the figure 6. 

 

 
Fig. 6. Variation of pH during the digestion 
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C. Total Solids (TS) in Bio Reactor  

Figure 7 shows the Time (days) Vs TS profile of the reactor 

during the experiment. The total solid content was reduced 

appreciably in the digestion process. This shows that 

microbes has used maximum amount of substrate for the 

production of biogas.   

 
Fig 7. Variation of Total Solids during the digestion 

D. COD Degradation  

Figure 8 shows the Time (days) Vs COD profile of the 

bioreactor content during the experiment. COD and biogas 

production is directly proportional. The organic content in the 

reactor decrease with respect to time due to substrate 

utilization of microbes and simultaneous biogas production. 

 
Fig 8. Reduction of COD during the digestion 

E. Biogas yield fraction 

The Yield fraction of Biogas Production is during the study 

period is shown in figure 7. Highest biogas yield fraction was 

measured on the day 36. Totally we have taken 36 days for 

their study period. The day by day biogas yield fraction of 36 

days observation is as shown in the table. This result implies 

that all the operation is most likely in balanced and stable 

operation. 

 
Fig 9. Biogas yield fraction during the digestion 

IV. EVALUATION OF KINETIC PARAMETERS 

The evaluation of kinetic parameters basically involves the 

application of the transformation of Michaelis - Menten 

Equation (M.M.E). The transformations involve the 

rearrangement of M.M.E by using the best known three 

methods. 

 The Line weaver - Burk method 

 The Eadie - Hofstee Method and 

 The Hanes – Woolf Method. 

All the above methods help us to evaluate the Kinetic 

parameters 

A. The Line weaver- Burk Method  

This Method is also called Double reciprocal method and it is 

simple. 

  
      

     
                (1) 

Where, 

r     = Specific growth rate 

rmax = Maximum Substrate Concentration. 

Km=Limiting Substrate concentration. 

CS= Substrate Concentration. 

Writing the reciprocal for it as 
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The above equation is in the form of y=mx+c So that we Plot 

the graph of 1/r Vs 1/CS 

The data has been collected form experiments and plot the 

graph between growth rate (1/r) and Substrate concentration 

(1/CS). But the graph is not Fitted the Line Weaver-Burk 

Method. The graphical representation of Line-weaver burk 

method is as shown in figure 10. 

 
Fig 10. Plot of the Line Weaver – burk kinetic equation 

for anaerobic digestion 

B. The Eadie-Hofstee Method 

Multiplying the reciprocal of the M.M.E by rmax and 

rearranging, we get 

   
   

  
                      (4) 

Where, 

rmax=Maximum growth rate 

r    =Specific Growth rate 

CS= Substrate Concentration 
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Km= Limiting Substrate concentration 

Rearranging the above equation we get Specific growth rate 

The data has collected from experiments and plot the graph 

between r Vs r/CS to get the Slope and the intercept. The 

graphical representation of Eadies-Hofstee method is as 

shown in fig. Among these values the limiting substrate 

concentration (Km) and Maximum growth rate (rmax) is to be 

calculated. Eadie-Hofstee Plots is representing the large 

errors since both Coordinate Contain r, but there is less bios 

on the points at low Substrate Concentration (Cs). 

 

Fig 11. Plot of the Eadie - Hofstee kinetic equation for 

anaerobic digestion 

In this method the limiting substrate concentration 

(Km=-388.82) and the maximum growth rate 

(rmax=0.00016583) has been calculated. The Experimental 

data is fitted in this method because the limiting substrata 

concentration is in negative form. This method is a modified 

form of Michaels-Menton’s Equation. 

C. The Hanes-Woolf Method 

Consider the Michaels-Mentons equation (M.M.E), 

  
      

     
                              (5) 

Where, 

r = Specific Growth rate 

rmax=Maximum Growth rate 

Km=Limiting Substrate Concentration 

CS=Substrate Concentration. 

Take the double reciprocal and multiply throughout 

by CS in the above equation. Such that the above equation can 

be written as 
  

 
 

  

    
 

  

    
                         (6) 

The data has collected from the experiments and plot the 

graph between CS/r Vs CS, The experimental values are taken 

and it is tabulated 

 
Fig 12. Plot of the Hanes-Woolf kinetic equation for 

anaerobic digestion 

In this method the limiting substrata concentration (Km) 

and the maximum growth rate (rmax) has calculated. Our 

Experimental data is fitted these model. So that the Kinetic 

parameters is easily calculated is as shown in the figure 12. 

D. Evaluation of Kinetic Parameters 

In this study, three method such as Line weaver-burk 

method; Eadies-Hofstee method and Hanees-Wolf Method 

are evaluated by comparing the predicted and experimental 

results. As is shown, the predicted results using the 

Eadies-Hofstee Method and Hanees-Wolf method showed a 

good agreement with the experimental results. By using the 

Kinetic Equation easily identified the growth rate, substrate 

concentration; Limiting Substrate concentration can be 

calculated. Among these methods Easies-Hofstee Method got 

good results compared to Hanees-Wolf method. The 

Limiting Substrate concentration and maximum growth rate 

for this method is as shown in the table 1.  

 

Table 1. Limiting Substrate concentration and maximum 

growth rate 

S.NO Methods 
Limiting Substrate 
concentration (km) 

(g/m3) 

Maximum growth 

rate(rmax) (g/m3d) 

1 
EADIES-HOFS
TEE 

388.82 0.00016583 

V. SCANNING ELECTRON MICROSCOPE 

IMAGING  

The characterization of poultry waste sludge and the treated 

sludge was imaged using Scanning Electron microscope 

model Vega3 Tescan with a view field of 267 μm before and 

280 μm after, width of 13.30mm and range of 50 μm. The 

imaging was done to determine the morphological structure 

of the sludge and to view the bacterial growth on the surface 

of the sludge. 

 

Figure 4.6: (a)SEM image of poultry waste sludge, (b) 

SEM image of sludge after 36days. 

VI. CONCLUSION  

This study investigated the effectiveness of Poultry waste for 

biogas production and presented the performance 

characteristics of the anaerobic digestion in batch operation. 

Under these conditions, in batch process the COD reduced 

from 6000 mg/l to 1500mg/l and 12.4 lit of biogas has 

produced from 20L of Poultry wastewater. The Kinetic 

Parameter of Line-weaver Burk Method, Eadie-Hofstee 

Method and Hanes-Woolf 

Method was studied. During the 

study period Line-weaver Burk 
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method was not fit the experimental data and the other two 

methods are fitted the experimental data. Along these 

parameters the maximum growth rate is easily calculated. On 

Comparing the Eadie-Hofstee Method and Hanees-Woolf 

Method, The Eadie-Hofstee Method has provided better 

prediction than Hanees-Woolf Method with higher 

correlation value and generally lower deviation. The 

microbial growth rate of methanogenesis bacteria is to be 

estimated by the SEM analysis.  
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