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Abstract:  The  anaerobic  digestion  process  consists  of  four  phases  hydrolysis,  acidogenesis,  acetogenesis  and
methanogenesis. In the present work anaerobic digestion process of waste from anaerobic bioreactor landfill is considered
and leachate is analyzed chemically for 268 days and out of all 17 parameters, seven major chemical parameters are
studied for  two reactors R4 and R5  for different reactor conditions and their phase distribution is done by two methods
standard and transitory method.  These phase distribution also gives phase wise equation,  for  optimization of  entire
process each phase equation is essential. The accuracy of curve equations is defined by R2 value. These equations help in
formation of mathematical model using MATLAB. This model is useful for defining phase values of parameters. Further
quality and quantity of chemical parameters are also defined by these phase values.
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1 Introduction 

Anaerobic  digestion  is  the  process  occurs  in  the
absence of oxygen by which organic waste is broken
down to produce biogas. Anaerobic digestion is a series
of  processes  produced  by  bacteria  that  transform
organic  materials  into  biogas  through  four  different
stages including hydrolysis, acidogenesis, acetogenesis
and  methanogenesis.[1]  Organic  processes  are  broken
down step by step through these four stages towards the
development of methane. In the first step of hydrolysis
complex macromolecules and components are found in
organic  matter  is  converted  into  simple  sugars,  long
chain fatty acids  and amino acids,  and conversion of
these soluble micro molecules into volatile acetic acids,
fatty acids, H2 and CO2 is occurs in the second stage
called as acidogenesis.  The transformation of volatile
fatty  acids  to  more  acetic  acid,  CO2 and  H2S gas  is
formed in third stage of acetogenesis. The final stage of
methanogenesis has the potential to generate methane
by  using  CO2 and  H2S  gas;  otherwise  acetic  acid
generated  either  in  the  second  or  third  phases.
Therefore,  the Anaerobic Digestion process,  if poorly
controlled,  will  become  inefficient  and  result  in  a
reduced output of biogas, thus there is more room for
further development of the production rate of biogas.

Figure 1:-Anaerobic digestion Process
(Source: B.P. 2017)

In the anaerobic digestion process there are total four
stages  Hydrolysis,  Acetogenesis,  Acidogenesis  and
methanogenesis.  The  phase  distribution  of  each
parameter from leachate chemical analysis is done on
the  basis  of  vesilind’s  standard  values  for  phase
distribution also the another method is on the basis of
transitory  changes  in  values  of  parameter  leads  to
change in phase of anaerobic digestion.
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2 Materials and methods

2.1 Reactor configuration

Two groups of simulated Anaerobic Bioreactor Landfill
were used in this study; first group for mixed MSWs
with three Bioreactors (R1, R2, and R3) and the other
group was consist of two Bioreactors (R4 and R5) of
compostable  MSWs.  Various  combinations  of
operating  parameters  have  been  aeration  with
introduction  of  aerobic  microbial  culture,  anaerobic
sludge,  mixing  of  coarse  gravel,  soil  cover  as  a
intermediate layer and varying leachate circulation. For
study purposes, we selected the reactor R5 [2].

2.2 Reactor conditions

Bioreactor  R4,  R5-  Consist  of  Re-circulation  of
leachate  simulations and bioreactor  had aeration with
addition  of  aerobic  microbial  culture,  gravel  mixing
and  introduction  of  sludge  in  re-circulated  leachate
intermediately.
The bioreactor was constructed of acrylic plastic with a
thickness of 5 mm, an internal diameter of 0.3 m and a
height  of  1.2 m and was  fitted with three  ports.  For
leachate drainage and sampling there was first port was.
For  collecting  gas  samples  and  leachate  recirculation
other two ports are provided. A half-cut plastic ball was
held  at  the  center  of  the  bottom above  the  leachate
outlet to keep the leachate outlet from collapsing. The
waste level in each reactor was 1 m and the freeboard
was 0.1 m. 50 mm thick layer of coarse gravel was put
at the bottom of the reactor for leachate drainage. The
waste was packed in six layers with a thickness of 0.15
m and 10 mm thick layers of waste after each layer. 50
mm of soil layer was supplied at the top of the waste.
The porous pipe was placed in the center of the waste
mass to capture biogas. Every reactor was opened for
sampling and temperature measurement at a distance of
0.30  m from the  bottom of  50  mm in  diameter.  To
prevent algal production of the reactors were wrapped
in black cloth.
The reactors were kept in a closed room and run under
atmospheric  conditions.  The  temperature  variability
over  the  length of  the  experiment  (270 days)  ranged
from 22.9 ° C to 39.4 ° C with a mean temperature of
29.8 ° C. Leachate was collected in a container (vol. 13
L) at  the bottom of the reactor  and transferred to an
overhead  container  (a  submersible  pump  made  by
Futura  Industries  India,  model  -  KR  1900).  The
leachate was pumped into the reactor through the upper
layer of the soil using a PVC pipe

which is perforated. In the same day of charging, the
bioreactor R4 was coated with an acrylic film. Waste
material worked under anaerobic conditions for 270
days.  After  14  days  of  aerobic  treatment,  the
bioreactors R3 and R5 were sealed.

   2.3 Analysis of Reactor

Leachate  was  collected  and  stored  in  1 L  air  tight
plastic  bottle.  The  bottles  were  stored  at  -4°C  in
refrigerator.  Chemical  analysis  of  leachate  was
carried out after  every 7 days for first  60 days (on
every  Monday  analysis  was  started)  and  after  that
every 14 days up to 90 days and afterwards every 21
days to till the end of experimentation, as there was
not  too  much  variation  in  the  characteristics  of
leachate.  Leachate  analysis  was  performed  for  17
parameters  (pH,  electrical  conductivity(EC),  total
solids  (TS),  total  dissolved  solids  (TDS),  volatile
solids (VS), solids (FS), biochemical oxygen demand
for 3 days (BOD3), chemical oxygen demand (COD),
total  kejeldhal  nitrogen  (TKN),  chloride,  oxidation
reduction  potential  (ORP),  sulphate,  sodium  (Na),
calcium  (Ca),  potassium  (K),  volatile  fatty  acids
(VFA) and alkalinity. All the analysis was carried as
per standard methods.

3 Results and discussion

3.1 Standard method of phase distribution

Based  on  vesilind’s  table  the  standard  ranges  of
parameters are distributed as follows:

Landfill constituent concentration ranges as a function
of the degree of stabilization:

Table 1: Anaerobic digestion Process phase values for
parameters

(Source: Vesilind et al., 2003, pp. - 120)

3.2 Transitory phase distribution

In this method the phase distribution is done on the
basis of transitory change in the parameter values and
that forms the phases of anaerobic digestion.
After phase distribution of anaerobic digestion process
comparison between both of these parameters is done
as result of that we get the comparison of equation and
R² value for each phase that comparison
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will decide the best suitable method for phase 
distribution.

Colour code for Phase Distribution:
Blue- Phase I 
Red- Phase II 
Yellow- Phase III
Violet- Phase IV 
Green- Phase V

Results for R4 reactor Transitory phase distribution:

Figure 2:-pH Transitory phase distribution

Figure 3:- EC Transitory phase distribution

Figure 4:- TDS Transitory phase distribution

  

Figure 5:- BOD Transitory phase distribution

  

Figure 6:- COD Transitory phase distribution
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Figure 7:- VFA Transitory phase distribution

Figure 8:- Alkalinity Transitory phase distribution

Results for reactor R5 transitory phase distribution:

Figure 9:- pH transitory phase distribution

Figure 10:- EC transitory phase distribution

               

Figure 11:- TDS transitory phase distribution

              

Figure 12:- BOD transitory phase distribution
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Figure 13:- COD transitory phase distribution

Figure 14:- VFA transitory phase distribution

Figure 15:- Alkalinity transitory phase distribution

Coefficients in parameter Equations for R4 reactor by
using transitory method:

Table 2: Equation for pH

     

Table 3: Equation for EC                        

Table 4: Equation for TDS

    
Table 5: Equation for BOD

   

Table 6: Equation of COD

Table 7: Equation for VFA

Table 8: Equation for Alkalinity
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Coefficients in parameter Equations for R5 reactor by 
using transitory method:

Table 9: Equation for pH

  

Table 10: Equation for EC

  

Table 11: Equation for TDS

Table 12: Equation for BOD
    

Table 13: Equation for COD

Table 14: Equation for VFA
   

Table 15: Equation for Alkalinity

3.3 Discussion

It was observed major seven parameters from leachate
chemical analysis which is pH, EC, VFA, BOD, COD,
TDS and alkalinity.
For all these seven parameters we have  plotted graphs
for standard and transitory phase distribution graphs.
These graphs show the value of R2 which shows the
perfect curve fit.
In  standard  and  transitory  phase  distribution  graph,
nature  of  curve  remains  same  but  R2  Values  are
different  because  of  different  phase  distribution
methods.  From the  observation  transitory  method of
phase  distribution  is  best  method.  Hence  by
considering  that  method  equations  of  each  phase  is
obtained for reactor R4 and R5.

4 Conclusion

1. Obtained  phase  distribution  for  chemical
parameters  further  phase  equations  are
obtained.

2. Phase  equations  give  phase  values  of
parameters which defines quality and quantity
of chemical parameter.
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