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Abstract  

Sustainable technologies to reduce and eliminate biological waste into a useful form of energy is

anaerobic digestion has some drawbacks in the case of the mono

the participation in digestion (ACoD) of different wastes to improve the performance of digestion of wastes

work was divided into two stages, the first stage included anaerobic co

based on weight while the second stage was performed based on the best mixing ratios in the first stage base

Moreover, a batch reactor was utilized for co

days for each stage. The results indicated that the pure food waste and co

increased biogas production compared to sludge digestion in both stages. Furthermore, the biogas yield increased at ratios 

(1:0, 7:3) (FW > SS) compared to mono sludge (low organic content)

effect compared with mono sludge. 

 

Keywords: Biogas generation, inoculum, parameters,

 

Introduction 

The history of anaerobic digestion dates back to 2100 years by 

the anaerobic digestion of animal manure in many 

notably China and India
1
. The initial anaerobic plant was 

recorded to have been built in Bombay, India in 1850. 

Anaerobic digestion arrived in the UK in 1894 In Exeter, 

England, lamps were supplied with biogas extracted from 

treatment plants for municipal and municipal water

of this technology with the major purpose to decrease and 

stabilize solid biowaste acquired and the introduction of sludge 

systems in the midst of after 1900 in the last century. To now, 

the anaerobic system of sludge is as yet a criterion application 

for new activated sludge plants. The anaerobic co

the AD of several substrates, is a typical choice to take control 

the drawbacks of single-fermentation
3,4

. Because of the great 

advantage of biomass gas, where the use of joint digestion of the 

product of anaerobic digestion of municipal bio

is the best way to get rid of these blocks of waste

reducing the toxic component, increasing the load (MBW), 

strengthening equilibrium in nutrients, developing the 

cooperative effect of micro-microbes and thus improving the 

output of biogas in the form of net methane

different experiments have concluded that it can digest the 

additives of agricultural and domestic waste and treat

sustainable and efficient manner
3,4,10-12

. The common digestion 

of different organic substrates has an effective effect on the 

efficiency of methane production compared to single waste as in 

the mixed mixture in different ratios (1: 1.1: 2.2: 1) S

sewage sludge
13

. One of the different planning to promote the 

implementation of anaerobic fermentation is the co
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Sustainable technologies to reduce and eliminate biological waste into a useful form of energy is anaerobic therapy (ADBut 

anaerobic digestion has some drawbacks in the case of the mono-system (mono-digestion); therefore, it is preferable to use 

the participation in digestion (ACoD) of different wastes to improve the performance of digestion of wastes

work was divided into two stages, the first stage included anaerobic co-digestion of food waste and sewage at different ratios 

based on weight while the second stage was performed based on the best mixing ratios in the first stage base

Moreover, a batch reactor was utilized for co-fermentation under mesophilic temperature with hydraulic retention times 21 

days for each stage. The results indicated that the pure food waste and co-substrates with higher food waste content 

eased biogas production compared to sludge digestion in both stages. Furthermore, the biogas yield increased at ratios 

(1:0, 7:3) (FW > SS) compared to mono sludge (low organic content), also all parameters value has found have a positive 

parameters, anaerobic batch fermentation, mixing ratios. 

The history of anaerobic digestion dates back to 2100 years by 

the anaerobic digestion of animal manure in many countries, 

initial anaerobic plant was 

recorded to have been built in Bombay, India in 1850. 

Anaerobic digestion arrived in the UK in 1894 In Exeter, 

England, lamps were supplied with biogas extracted from 

municipal and municipal water
2
. The usage 

of this technology with the major purpose to decrease and 

stabilize solid biowaste acquired and the introduction of sludge 

systems in the midst of after 1900 in the last century. To now, 

udge is as yet a criterion application 

for new activated sludge plants. The anaerobic co-digestion is 

the AD of several substrates, is a typical choice to take control 

Because of the great 

where the use of joint digestion of the 

product of anaerobic digestion of municipal bio-waste (MBW) 

is the best way to get rid of these blocks of waste . Resulting in 

reducing the toxic component, increasing the load (MBW), 

ients, developing the 

microbes and thus improving the 

output of biogas in the form of net methane
5-9

. A number of 

different experiments have concluded that it can digest the 

additives of agricultural and domestic waste and treat it in a 

The common digestion 

of different organic substrates has an effective effect on the 

efficiency of methane production compared to single waste as in 

the mixed mixture in different ratios (1: 1.1: 2.2: 1) Solid waste: 

. One of the different planning to promote the 

implementation of anaerobic fermentation is the co-fermentation 

of sewage sludge (SS) with other bio

bio-fermentation organic material and supplies a feedstoc

a best C/N ratio
14,15

. AD as a mono substrate may suffering 

different damping involving piling up of VFA

the previous study, the researchers found the best nutrition ratios 

of fun / s with a fixed vaccine that could contribute to the

enhancement of biogas production i
 

Estimated the rendering of anaerobic digesters utilizing a 

mixture of apple waste and swine manure. This admixture 

improved the biogas product by approximately 18% and 49% at 

mesopHilic temperatures, compared to the utilize of swine 

manure only
18

. The more appealing way seems to be the 

anaerobic co-digestion of sludge with food waste (FW) or with 

another kind of biodegradable waste generated. The advantage 

of the sludge and biowastes co-

biogas product, higher loading of biodegradable organic matter, 

improvement equilibrium of nutrients, etc

from sludge between 0.25-0.4 m3/K. But Co

sewage with FW can improve the biogas yield

0.6 m3/Kg
20,21

.  In the former study have been pointed, rice 

straw was mixed with  SS (sewage sludge) under co

fermentation at various proportions (2:1, 0:1, 1:2 and 0:3, 

1:4%), rice (organic waste) to (SS) based on weight, results 

indicated that the (SS) with rice improved the ratio (C/N) and 

then rose biogas yield at mixing ratios (4:1,2:1)

these outcomes expose the high possibility of co

FW with SS to promote biogas production compared than (SS) 

alone
23

. The impact of the substrate to inoculum ratio ((S/I 

ratio)) on an anaerobic system in a batch mode of the organic 

food waste (OFW) is very influential in order to get optimal 
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anaerobic therapy (ADBut 

digestion); therefore, it is preferable to use 

the participation in digestion (ACoD) of different wastes to improve the performance of digestion of wastes. In this study, the 

digestion of food waste and sewage at different ratios 

based on weight while the second stage was performed based on the best mixing ratios in the first stage based on volume. 

fermentation under mesophilic temperature with hydraulic retention times 21 

substrates with higher food waste content 

eased biogas production compared to sludge digestion in both stages. Furthermore, the biogas yield increased at ratios 

also all parameters value has found have a positive 

 

of sewage sludge (SS) with other bio-wastes as it increments 

fermentation organic material and supplies a feedstock with 

. AD as a mono substrate may suffering 

different damping involving piling up of VFA
16

. According to 

the previous study, the researchers found the best nutrition ratios 

of fun / s with a fixed vaccine that could contribute to the 

it was (1: 0, 1: 1, 2: 1)
17

. 

Estimated the rendering of anaerobic digesters utilizing a 

mixture of apple waste and swine manure. This admixture 

improved the biogas product by approximately 18% and 49% at 

temperatures, compared to the utilize of swine 

more appealing way seems to be the 

digestion of sludge with food waste (FW) or with 

another kind of biodegradable waste generated. The advantage 

-fermentation include better 

biogas product, higher loading of biodegradable organic matter, 

improvement equilibrium of nutrients, etc
19

. Biogas production 

0.4 m3/K. But Co-fermentation of 

sewage with FW can improve the biogas yield between 0.4 and 

In the former study have been pointed, rice 

straw was mixed with  SS (sewage sludge) under co-

fermentation at various proportions (2:1, 0:1, 1:2 and 0:3, 

1:4%), rice (organic waste) to (SS) based on weight, results 

ed that the (SS) with rice improved the ratio (C/N) and 

then rose biogas yield at mixing ratios (4:1,2:1)
22

. Generally, 

these outcomes expose the high possibility of co-fermentation 

FW with SS to promote biogas production compared than (SS) 

pact of the substrate to inoculum ratio ((S/I 

ratio)) on an anaerobic system in a batch mode of the organic 

food waste (OFW) is very influential in order to get optimal 
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treatment
24-26

. The purpose of this study is the investigated the 

optimal ratio mixture of food waste and sludge and feed size of 

inoculum size and nutrients. 
 

Materials and methods 

The review went for assessing biogas potential of food waste 

under co-digestion with sewage sludge. The sewage sludge tests 

together with the microbial inoculum were given by the waste-

water treatment plant of (Seventh sewage plant of Chengdu, 

China), while food waste was collected from the company in 

Sichuan, China (Bowen biotechnology com., LT). The 

substrates were collected two times, at each stage, fresh 

materials were collected. 
 

Pretreatment: The underlying material was homogenized in a 

blender for 20 seconds to expel greater portions, for example, 

bread scraps, rice grains, maize globules and so on. A size 

lessening and the subsequent augmentation of the accessible 

particular surface account for an enhanced organic digestion of 

the substrate
27

. 

 

Batch reactor setup: The size of each reactor was 1liter 

(1000mL). These anaerobic tanks were created of high-density 

glass. Batch tanks (reactors) consisted of tanks the transport the 

extracted gas to a glass bottle containing water (the gas 

collector) via a tube (P.V.C). Thus, the volume of gas was 

calculated by the displaced liquid. These reactors were sealed 

with a rubber seal containing two holes. A glass tube was 

installed in the first hole for the purpose of taking the samples to 

be examined and the other opening is for the purpose of passing 

the gas into the water flask. These reactors were placed in the 

water bath at 37°C and left fermented for 21 days of hydraulic 

retention. Biogas collected in the head container were measured 

using a daily water harvesting technique at 7 pm also 

handshaking of the reactors were performed twice a day during 

the three stages in order of mass transfer of nutrients, 

metabolites, and microorganisms within the anaerobic 

reactors
28

. 

 

In the first and second stages, biogas tests were completed for 

every single substrate and also for the blended substrates to 

detect the ideal ratio of FW mixing with sludge for anaerobic 

digestion (FW: SS). The biogas scale was performed using 

water displacement. The mixing ratio between the substrate and 

the inoculum (1:2) was 300: 600 depending on the weight at the 

first stage, while the ratio was (1:1) 300:300 in the second stage 

depending on volume (Table-1, 2). 

 

Analytical methods: Liquid stage description was undertaken 

before and after anaerobic fermentation
29 

through the analytical 

of pH, total solids (TS), volatile solids (VS), EC according to 

standard methods
30

. The pH was set utilizing pH meter (Jenway 

3510 PH meter), while electronic conductivity was determined 

by using (DDS-307A device). The volume of gas was measured 

by water displacement
31

. The oil ratio was measured by the 

weight method with solvents. 

Table-1: Different ratios from FW, SS with fixed inoculum for 

the first stage depending on the weight. 

FW: SS Ratio/g Inoculum 

1:0 300:0 600 

0:1 0:300 600 

3:7 90:210 600 

7:3 210:90 600 

4:1 240:60 600 

1:4 60:240 600 

1:1 150:150 600 

 

Table-2: Different ratios from FW, SS with fixed inoculum for 

the second stage depending on the volume. 

FW: SS Ratio/l Inoculum 

1:0 300:0 300 

0:1 0:300 300 

3:7 90:210 300 

7:3 210:90 300 

1:1 240:60 300 

Raito: FW: SS 

 

Results and discussion 

Analysis of biofuel outputting: The readings of biogas yield 

was presented within 21 days of hydraulic retention (HR) as 

described in Figures-1,2 for the first and second stages. The 

percentage of mixing was between food and sewage, with the 

constancy of the percentage of inoculating as mentioned in 

(Tables-1, 2). Each ratio started to generate biogas from the total 

first day as stated (Tables-3, 4), the results pointed out that the 

food waste produced the maximum biogas, while the sludge 

produced the lower. Where the value of the production of gas 

from waste food "FW" and sludge “SS” was (3306.5 ml, 391 

ml) respectively during 21-day co-digestion for 1
st
 stage and 

(0:1"2628.66ml, 461.33ml) for 2
nd 

stage. 

 

Characteristics of substrates before fermentation: All the 

ratios in all stages were stable as shown in Tables-5,6 which 

suggests a good possibility for biological digestion, also the pH 

ratio is stable where it ranged from (6 - 6.3) for food waste, 

(7.9) for SS for all materials and is a reasonable rate of digestion 

stability, as well as the rate of connectivity stable, where it 

amounted to approximately (5.2-5.1 ) mS/cm for food waste and 
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(890µS/cm) for sludge, which is a characteristic of Chinese food 

and sewage, respectively, in addition to the proportion of oil 

amounted to (11-5)%, a natural proportion compared to waste 

food for many countries. The volatile solids of the food waste 

were high and were considered to be an appropriate proportion 

compared to the percentage of the other ratios. 

 

 
Figure-1: Through the above diagram showing the 1

st
 stage of production of biogas during 21 days of fermentation of the common 

and individual materials. 

 

 
Figure-2: Through the above diagram showing the 2

nd
 stage of production of biogas during 21 days of fermentation of the common 

and individual materials. 
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Table-3: It shows the values of biogas production in the 1
st
 

stage from different ratios during 21 days from hydraulic 

retention time. 

FW: SS Inoculum Biogas generation /ml 

1:0 300 g 3306.5 

0:1 300 g 391 

1:1 300 g 2394.83 

3:7 300 g 1623.83 

7:3 300 g 2765 

4:1 300 g 2525 

1:4 300 g 647.03 

 
Table-4: It shows the values of biogas production inthe 2

nd
 

stage from different ratios during 21 days from hydraulic 

retention time. 

FW: SS Inoculum Biogas generation /ml 

1:0 300 g 2628.66 

0:1 300 g 461.33 

1:1 300 g 1502.66 

3:7 300 g 1170.33 

7:3 300 g 1977 

 
Table-5: Characterized by substrates for the first stage. 

Parameters FW SS 

pH 6.2 7.8 

TS 11% 0.57 

VS 9% 22 

EC 5.22 Ms/cm - 

Oil content 10% - 

Table-6: Characterized by substrates for the second stage. 

Parameters 
 FW:SS   

1:0 0:1 1:1 3:7 7:3 

pH 6.2 7.8 6.1 6 6.1 

TS 12.44 1.37 5.80 4.27 6.19 

VS 11.52 0.893 5.36 3.69 6.51 

Conductivity and oil content for food waste and septic were measured 

separately and not mixed, 5.21mS/cm, 5 % respectively. 
 

Characteristics of substrates after fermentation: After 

fermentation for the results show that the ratio of the volatile 

solids is stable except in the ratio contained high sludge because 

the percentage of the Sludge is greater than the food ratio, so 

there is instability in the reduction of volatile solids, because of 

the biodiversity present in the fermented mixture shown in 

(Tables-7, 8). Also, the TS, for food waste alone is high because 

the concentration of solids in the FW alone is greater than that 

of the common mixture
32

. The results for PH also indicated that 

the digestion goes well when the pH rates from 6.1 to 6.5 in all 

stages, though the better pH rate is between 6.8 and 7.2
33

. The 

analysis of the conductivity was guided in setting the "salt 

content" in the substrates. The fixed value for the conductivity 

ratio is 1, the outcomes of the conductivity (P < 1) ranged from 

(3.43mS/c), (1.36mS) for the food waste and to the sludge 

respectively in first stage, while (3.51, 1.31) for “FW, SS” in 

second stage respectively, reason is attributed high EC index in 

ratio (1:0) waste due to the hypothesis that the profiles of 

substrates in the production of biogas listed of the food rich in 

"metals" added to the waste of food, but it did not adversely 

affect the interaction. 

 

Discussion: The increase in cumulative gas production in the 

ratios (1: 0, 4: 1.1: 1, 7: 3), (1: 0, 1: 1, 7: 3) as shown in Figures-

3 and 4 in the first and second stages respectively. Because the 

increase in food waste in the reactor leads to the production of 

higher gas compared to the high proportion of the feed because, 

infact, the decomposition of high-SS is a step restricting the rate 

of anaerobic bio-degradation
23,33

. In high rate anaerobic co-

fermentation of food waste, the optimum "C/N" ratio for biogas 

production with no reverse impact on the implementation was 

found to be in the good range, so the high rate of macro and 

micro-nutrients in sewage sludge can cause a deficiency of the 

ratio C/N which are low of sewage sludge
34,35

. But the volume 

of gas in the first cycle is higher than the second cycle, due to 

the percentage of the substrate: Inoculate(S:I) in the first cycle, 

the ratio of the substrate to the inoculate was (2:1) while in the 

second cycle it was (1:1). The enhancing of the biogas 

production in the first stage due to the inoculate was higher than 

substrate
28

. 

 

In the first stage, as for the ratios of (4:1, 7:3, 1:1) gas 

production was almost not bad during the whole fermentation. 
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At the end of fermentation, these ratios produced (2525ml, 

2765ml, 2394.83ml), respectively except (1:4 and 3:7) where 

the quantities were given below the quantities above where the 

results were (647.03ml, 1623.83ml) respectively, and the reason 

is attributed to that the acid phase of the fermentation mixture in 

statuses of (1:4 and 3:7), the yield of biogas produced reduces in 

the whole stage. When the percentage of SS is greater than the 

proportion of food waste, it also leads to an increase in bacteria 

and “C/N”
36

. Because of the higher ratio of SS (1:4, 3:7) led to a 

lower rate of biogas, the result explains the reality that the 

hydrolysis of SS is the rate-shorten stage on the anaerobic bio-

fermentation
37

. 

 

Therefore, the proportion of domestic food waste "FW" within 

the co-fermentation, can affect the generation of biogas 

significantly, that is, the high proportion of "FW", can lead to 

more generation of biogas during fermentation. This is perhaps 

due to kitchen waste "KW" includes additional organic material 

which could be possessed usefulness of by microbe readily. In 

the same time, the higher rate of sludge to food waste SS< FW 

can be caused in the late or inhibition of the gas production.   

The promotion of biogas has been observed with the stability of 

the ratio of "carbon to nitrogen" in the joint digestion of organic 

substrates with low nitrogen content, oil lead to increase the 

high production of biogas volume also decreasing  problems 

joined with the gathering of "VFAs". The ratio of volatile solids 

at (1:4) is lower because the content of the SS is greater than the 

FW compared to the other ratios, where the value of volatile 

solids is 94% compared to (1:0, 3:7: 7:3, 4:1, 1:4) and (0:1 

99.15%, 99.4%,  99.4%, 99.2%, and 99.7%) respectively. 

 

In the second stage, the mixing rate was at this stage the FW and 

the SS with the stability of the inoculum and depending on the 

volume where the ratio of mixing between the substrates and the 

inoculum “1:1” as mentioned previously in Table-2. In the wake 

of considering the rate of biogas, it was watched that FW + SS 

at a proportion of (7:3) gives the most elevated gas creation 

(1977ml) for the mixture. Biogas generation from FW alone in 

the proportion 1:0 was (2628.6ml). The ability to get rid of 

"VS" was (7.86% during the ratio 1:0) and (4.83% with 7:3). By 

monitoring the gas production on a daily basis, it was noticed 

that the gas production started a little on the first day, except for 

(3:7), where the gas production was large, reaching (286ml) due 

to last time, the "pH" value was somewhat higher, which was 

not suitable for the outgrowth and efficiency of "anaerobic 

microorganism" but after 4 days it turns into positive through 

some activity in anaerobic microbial. 

 

Gas production in the ratio of pure food waste was the highest 

value, with (24% and 34%) of the whole process for the first 

and second stages, respectively as shown in Figures-5,6; 

compared to the other mixing percentages (3:7, 0:1, 1:4) due to 

sludge alone or larger than the food waste in the case of joint 

digestion this procedure leads to a higher fat content in the 

substrates that contain large proportions of sludge and lead to 

inhibition
38

. As for the percentage of food waste alone "1: 0" 

gave the highest gas production during fermentation during 21 

days, compared with the results. 

 

This mentions that co-fermentation more than one substrates 

indigestion is not an ensure to achieve higher biogas output than 

the single food waste. Other proof the ratio of solids and volatile 

solids were large and stable compared to other g-mixing ratios. 

Therefore, the results in both phases show that (1:0) which 

recorded the highest gas percentage, but the volume of gas in 

the first cycle is greater than the second here shows that the 

effect of the amount of inoculum can raise or reduce the 

production of biogas
39

. However, this stage was characterized 

by the stability of its characteristics such as the PH, totally solid, 

volatile solid, the proportion of salts and oil content as well as 

the quantities of gas in recent days has been stable. By 

fermentation, during the first week, we found that the common 

mixing of "sewage and food waste "in proportions (1:0, 7:3,1:1) 

had the highest gas volume of (1955.6ml, 1663.6ml, and 

1159.6ml)  respectively while (0:1, 3:7) was the least. The 

SS+FW with the inoculate “I+FW” also contributed to the 

stability of the biogas generation in the fermented reaction. The 

increase in the inoculum to the substrates has a positive effect 

on the increase of biogas, which was observed in the first stage 

compared to the second stage
40-42

. Thus, when the ratio of 

substrates is less than the vaccine will be caused negatively 

affect the efficiency of the process and lead to the accumulation 

of fats and salts and increase the rates of microorganisms with 

nutrient depletion and then discourages the system
43

.

 

Table-7: Characterized by the substrates after fermentation for 1
st
 stage. 

Parameters 
FW: SS 

1:0 0:1 1:1 3:7 7:3 1:4 4:1 

pH 6.2 7.9 6.2 6.2 6.2 6.1 6.1 

TS 5.466 0 .0608 3.138 2.453 4.162 1.907 1.907 

VS 99.15 99.71 99.46 99.42 98.22 94.80 99.21 

EC Ms/cm 3.51 1.31 2.57 2.30 2.37 2.27 4.09 
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Table-8: Characterized by the substrates after fermentation for 2
nd 

stage. 

Parameters 
FW: SS 

1:0 0:1 1:1 3:7 7:3 

pH 6.2 7.9 6.2 6.2 6.2 

TS 5.466 0.0608 3.138 2.453 4.162 

VS 7.86 0.40 2.91 2.44 4.83 

EC Ms/cm 3.43 1.31 2.57 2.30 2.37 

 

 
Figure-3: Total biogas production in 1

st
 stage with inoculum ratio 600g. 

 

 
Figure-4: Total biogas production in 2

nd 
stage with inoculum ratio 300ml. 
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Figure-5: Shows the ratio of the volume of gas to each mixing ratio of organic substrates during the 21 day fermentation period of 

the first stage. 

 

 
Figure-6: Shows the ratio of the volume of gas to each mixing ratio of organic substrates during the 21 day fermentation period of 

the second stage. 

 

Abbreviations: AD: Anaerobic digestion, SS: Sewage sludge, 

FW: SS: Food waste: Sewage sludge, ESS: Excesses sewage 

sludge, KW: Kitchen waste, OW: Organic waste, ACoD: 

Anaerobic co-digestion, DS: Domestic sludge, S/I: Substrate/ 

Inoculum, WAS: Waste activated sludge, C/N: Carbon/nitrogen, 

OFW: Organic food waste, MBW: municipal bio waste. 
 

Conclusion 

The mixing of substrates with suitable proportions of various 

organic wastes has led to an increase in the production of 

biogas. The outcomes in both stages showed that the co-

digestion of pure food and other mixing ratios with a high 

amount of food waste especially in ratios  (1:0, 7:3) enhanced 

biogas production compared to sludge digestion. Due to the 

sludge contains high concentrations of microbial, fats, with low 

organic content, could cause the lack of nutrients in the 

digestion medium, the C/N ratio, and inhibition of biogas 

generation. The addition of a high amount of food waste led 

increased C/N, nutrients, and organic content. Due to food waste 

have the composition of 78% carbohydrates, 6.5% protein, and 

low lipid ratios. Thus, the co-fermentation of SS with FW in the 

case of a higher FW than SS is an attractive choice. It can be 
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useful in promoting biogas production. The volume of gas in the 

first stage is greater than the second here shows that the effect of 

the amount of inoculum can raise or reduce the production of 

biogas. 
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