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RESULTS AND DISCUSSIONS
It has been observed from sets of trial experiments that the pH 
value changes during the initial digestion stage, due to the change 
in the chemical composition. It has been observed during 
experiments based on the various mixed kitchen waste (cooked), the 
pH falls below neutral in the beginning due to the formation of 
organic acids and later rises above neutral because the acids are 
consumed due to the ammonia is released. Variation of pH with 
respect to the digestion for considering 12 consecutive days has 
been shown in the Table No.8 (a) and 8(b).

Table No.8 (a). pH Value Vs. Digestion Period (Mixed Kitchen 
Waste)

Chapter - 8

Days pH. Value
1 3.40
2 3.30
3 2.9
4 4.00
5 4.25
6 4.85
7 5.60
8 6.20
9 6.80
10 6.80
11 6.86
12 6.86



It has been further observed during experiments based on the 
mixed food waste, pH Value falls initially with respect to the 
digestion period and again goes up nearer to neutral point ie,7. The 
observed values have been mentioned in the Table No. 8(b).

Table No. 8(b). pH Value Vs. Digestion Period (Mixed Food waste)

Days pH. Value
1 3.20
2 3.20
3 3.20
4 3.15
5 3.10
6 2.97
7 2.06
8 4.00
9 4.15
10 4.50
11 5.20
12 5.60

The observed values as mentioned in the above Tables Nos. 8(a) and 
8(b), the variation of pH values against the various digestion period 
have been plotted in the following Fig. Nos 8(a) and 8(b).
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The above results confirmed the tests performed by Beck-Friis. et 
al., 2003.
Since organic acids are formed at a lower pH, little amount of 
methane is generated. It has also been noticed that in order to get a 
stable anaerobic digestion, the system should have pH value in the 
range of 6.7 to 7.5 with an optimum range of 6.9 to 7.2 because in 
neutral pH range, methane forming bacteria are more stable. When 
pH is decreased volatile acid concentration increases, as a result 
less amount of methane is formed due to the instability of 
methanogenic bacteria. In more extreme cases formation of 
methane may be stopped. To overcome this problem alkaline 
solution is buffered in the digester in order to maintain pH value in 
the range of 6.9 to 7.2 for all the experiments.
An anaerobic digestion process is highly dependant on the 
parameter like loading rate (Klapwiik, A., 1999) [239] temperature, 
concentration, retention time and particle size (Mondal, C, et al., 
1999) [240] solid- liquid ratio, scum removal and also on extent of 
agitation of slurry. The presence of impurities particularly toxic 
substances influences the reactions. A systematic study has been 
carried out for both semi- batch and continuous digestion of 
various mixed and individual kitchen waste to examine the effect of 
concentration, particle size, temperature of slurry mixture inside 
the digester and biogas production .The effect of each parameter on 
biogas jdeld has been discussed in detail.
In the experiments two-phase digestion techniques are being 
adopted for separating the acid and methane-forming phase. It has 
been observed that the duration of acid phase is 4 to 5 days at the 
time of beginning and the sluny fed to the adjoining digester 
immediately when the same has reached to the neutral. Thus the 
methane forming bacteria can work in the methanogen phase 
without any acidic phase effects.
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8.1 CONTINUOUS DIGESTION

8.1.1 Effect of Loading Rate and Retention Time on Methane 
Yield at Different digestion temperature

Table no.8.1.1 shows the variation of methane yield against 
different loading rate for varying retention time ranging from 3 to 12 
days, depending on digestion temperature at steady state condition.

Table N o. 8.1.1

Loading 
Rate (litre/ 
day)

Retention Time (days)
(R)

MethaneYield 
(litre/day)

Methane
Yeild(m3/kg of BOD 
added)

Digestion Temperature 
303 K •

1.0 12 6.80 0.155
0.9 10 6.09 0.154
0.8 9 5.36 0.152
0.7 8 4.62 0.150
0.6 7 3.78 0.143
0.5 5 3.02 0.137
0.4 4 2.25 0.128
0.3 3 1.58 0.120

Digestion Temperature 
308K

1.0 12 6.55 0.149
0.9 10 5.82 0.147
0.8 9 5.10 0.145
0.7 8 4.40 0.143
0.6 7 3.75 0.142
0.5 5 3.08 0.140
0.4 4 2.39 0.136
0.3 3 1.74 0.132

Digestion Temperature 
313 K

1.0 8 7.04 0.160
0.9 7 6.22 0.157
0.8 5 5.35 0.152
0.7 4 4.56 0.148
0.6 3 3.64 0.138

Digestion Temperature 
328K

1.0 8 6.78 0.154
0.9 7 6.02 0.152
0.8 6 5.32 0.151
0.7 5 4.50 0.146
0.6 4 3.75 0.142
0.5 3 2.90 0.132
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Fig. no. 8.1.1 shows the variation of methane yield at different 
loading rate against 1 /retention time (R) with digestion temperature 
as a parameter at steady state condition.
Assuming Y denotes the amount of methane produced in cu. 
m. per Kg of BOD added and Ya is ultimate methane produced 
in cu. m. per Kg of BOD added i.e. at infinite retention time 
which is obtained by extrapolation of the line as shown by the 
dotted line in Fig. no. 8.1.1. The plot of Y versus (1/Retention 
time) is as shown in Fig. no.8.1.1. As seen from the curve 
methane yield is having an almost linear relationship with 
reciprocal of retention time and the same can be expressed as;

Y = - mT̂  + Ya ------------ (i), where, T' is the inverse of retention

time (1/R) and m is the slope of the straight line characteristic. 
From Fig. no. 8.1.1 the average value of m and Ya are found 
to be 0.50439 and 0.1667 respectively from Fig .̂8.1.1.
Based on the average value of m and Ya, the above equation)

can also be written as Y = - (0.50439) T ' + 0.1887 

The value of Ya (ultimate methane yield) as found from Fig.
No.8.1.1 is shown in Table no 8.1.2.

Table No. 8.1.2
Temperature
(K)

Ultimate methane yield 
(m3 /kg of BOD added)

303 0. 1609
308 0. 1672
313 0. 1697
328 0. 1680

It, therefore, reveals that the microbial growth within the 
temperature range from 303 K to 328 K is rather prominent, which 
is the mesophilic range. It is also found that continuous anaerobic 
digestion gives rise to maximum yield of methane at313 K. It has 
been further observed from the Figure no.8.1.2 that volumetric 
methane production rate is the function of temperature at different 
retention times ranging 3 to 10 days for kitchen waste. The effect of
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temperatxire on methane yield will be more at short retention time 
and the same will be less at long retention time. It has also been 
observed from the graph that volumetric methane production rate 
at short retention time is higher than that at long retention time for 
the same digestion temperature at a slurry concentration of 6% 
solid by weight and particle size of 1.10 X 10'3 m.
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8.2.1.Variation of Slurry concentration with Gas Yield
Several experiments have carried out for anaerobic semi-batch
digestion using kitchen waste and the experimental data are shown 
in Figure no.8.2.1

8.2 SEMI-BATCH DIGESTION

8.2.2. Effect of concentration on Bio-digestion
Experimental data shows the effect of sluriy concentration on
production of methane also yields of biogas are shown in appendix
A, in Table A-1, A-2, A-3, A-4, A-5, and A-6. The variation of biogas 
and methane yield with slurry concentration at digestion 
temperature 303 K, and retention time 12 days using particle size 
of 1,10X10 -3 m controlling pH at 6.9 have been shown in Table no.
8.2.1 and the concentration has been plotted against gas yield in 
Figure no. 8.2.1 It has been found that there is certain limit of 
concentration of slurry to be maintained after which rate of 
production of methane and total yield of biogas would decrease. It is 
also found from the graph that total yield of gas is enhanced up to 
6% slurry concentration keeping the temperature and particle size 
constant as 303K and 1.10X10-3 m respectively.

Table No. 8.2.1

Concentration 
%SoUd 
by Wt

Biogas Yield /Unit 
Digester Vol./Unit 
Time
(m^/m^/day)

Methane Yield 
/Unit
DigesterVol/ Unit 
Time
(m3/m3/day)

3 0.185 0.111
4 0.191 0.123
5 0.623 0.410
6 0.745 0.499
7 0.250 0.142
8 0.191 0.130
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It has been also found that rate of increase of methane 
concentration in biogas produced has been found to be remarkable 
when sluriy concentration is between 5 and 6%. Further increase of 
concentration decreases methane concentration in biogas. But for 
higher concentration digester volume decreases, and, therefore, 
capital cost would be less. Therefore, optimum slurry concentration 
should be ascertained for economy of the digestion process.

8.2.3 Effect of Particle Size on gas Yield

Several experiments have been performed in order to obtain the 
particle size (d p m e a n )  as 1.80 xlO-3, 1.50 x 10-3, 1.10 x lO'^.and 7.5 
xlO '* m. for a constant temperature and concentration 303 K and 
6% solid by wt. respectively. The biogas yield and methane jdeld for 
different particle size for constant temperature and concentration 
are tabulated as given in the Appendix -A in Table A-7, A-8, A-9, 
and A-10. The variation of biogas yield with retention time for 
different sized particle are shown in the figure no. 8.2.3. It has been 
observed that for a constant retention time biogas yield generally 
increased as particle size decreased, when temperature and 
concentration remain unchanged. The total cumulative biogas yield 
with different particle size is tabulated as given in Table no.8.2.3 
and total cumulative biogas yield against particle size has been 
plotted in figure no. 8.2.3.
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Table 8.2.3

Particle
Size
(metre)

Biogas 
Yield/Unit 
Digester 
Vol./Unit Time 
(m3 /  m3/day)

Methane 
Digester 
Time
( m 3 /m 3 /d a y )

Yield/Unit 
Vol./Unit

Methane
Yield

1.80 X 10-3 0.083 0.053 63.40
1.50 X 10-3 0.289 0.189 65.39
1.10 X 10-3 0.752 0.509 67.69
7.50 X 10-4 0.801 0.572 71.41

It has been observed that there is a great role of particle size on 
production of methane, and it is found that gas production 
increased considerably for smaller particle size containing higher 
percentage of methane. Total yield of biogas increased considerably 
for smaller particle size at the same temperature and it is found to 
be more than double for particle size 1.10 xlO-3 m to that for 
particle size 1.50 xlO-3 m at 303 K as might be predicted from the 
figure 8.2.3.1. After analysis the generated biogas showed that it 
contain methane 67% to 70% and the rest is carbon dioxide. 
Methane, therefore, decreased considerably with the increase of 
particle size as might be observed from the above stated figures for 
same concentration of slurry of 6% solid by weight. There is a 
dropping in biogas and methane production beyond the particle size 
of 1.10 xlO-3 m, which reflects that larger particles offer hindrance 
to bacterial growth £ind as a result causing resistance to bacterial 
growth.
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Figure No. 8.2.3.1 Variation of gas 3deld with particle size

164



Biogas yield with the variation of temperatures several experiments 
have been carried out at eight different temperatures ranging from 
293 K to 328 K and the variation of biogas jdeld with the 
temperature have been tabulated as shown in the Appendix-A as 
Table A-11, A-12, A-13, A-14, A-15, A-16, A-17 and A-18.Generated 
biogas with retention time for different temperatures at constant 
particle size, concentration and retention time are shown in the 
figure: 8.2.4. It has been observed that the temperature of digestion 
has predominant effect on production of biogas. Figures 8.2.4 show 
that yield of biogas and production of methane gradually increased 
with increase of slurry concentration of 6% solid by weight and 
particle size 1.10 xlO-3 metre. The total gas yield as well as methane 
production at 313 K are approximately 9.5 times to those at 293 K 
at the same slurry concentration of 6% solid by weight and particle 
size of 1.10 xlO-3 m. for retention time of 12 days as may be 
observed from the figure 8.2.4

The experimental values of yield of biogas, methane and carbon 
dioxide and also maximum methane yield in 12 days retention 
period at temperature 293K, 298 K, 303 K, 308 K, 311 K, 318 K, 
323 K and 328 K have been tabulated as given in Table 8.2.4, and 
the variation of yield of biogas, methane and carbon dioxide with 
different temperatures are shown in the figure 8.2.4 for slurry 
concentration of 6% solid by wt. and particle size 1.10 xlO-3 m. It 
has been observed from Figure 8.2.4, that total gas yield as well as 
methane production increased to a maximum value at temperature 
311 K for constant concentration, retention time and particle size. 
But further increase of temperature has led to gradual decrease in 
gas }deld showing that there is decay in bacterial growth beyond the 
temperature 311 K. It has also been observed from table 8.2.4 that

8.2.4 Effect o f Temperature on Biogas Yield
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the total metheine yield is maximum at digestion temperature of 311 
K, which is about 85% of the ultimate methane yield. It, therefore, 
reveals that microbial growth due to methanogenic bacteria is 
greatly favored up to temperature of 311 K being maximum at 311 
K for 6% sluriy concentration and particle size of 1.10 XIO’̂  m.

Table No. 8.2.4

Temp.
(K)

Biogas 
Yield/Unit 
Digester Vol. 
/Unit Time 
(m3/m3/day)

CH4Yield/
Unit
Digester
Vol/Unit
Time
(m^/m^/
day)

Methan 
e Yield 
(%)

COaYield/
Unit
Digester
Vol/Unit
Time
(m3 /  m3/day

CO2
Yield
{%)

293 0.184 0.112 60.87 0.07 38.04

298 0.192 0.116 60.42 0.075 39.06

303 0.740 0.470 63.51 0.265 35.81

308 1.60 1.02 63.75 0.56 35.0

311 1.72 1.12 65.11 0.58 33.72

318 1.65 1.10 66.67 0.53 32.12

323 1.05 0.65 61.90 0.40 38.09

328 0.95 0.55 57.89 0.38 40.0
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