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ABSTRACT 
Increasing population has increased the amount of waste generation leading to a crisis in the form of solid waste 
management. The presented study is based on utilization of biodegradable kitchen waste for producing biogas as a 
source of renewable energy.To facilitate the digestion of kitchen waste, biogas slurry was added to this. The produced 
output slurry was utilized for providing nutrients to plants in form of compost.Biogas was produced in digestors of 
different capacities at laboratory scale. Produced biogas was measured by water displacement method. Maximum biogas 
of 11.1 litres, was produced in digestor having 30% kitchen waste, 25% slurry and 45% water. Biogas production 
decreased with increasing share of kitchen waste in comparison to slurry and water. Minimum biogas was produced, 
where 70% kitchen waste was digested with 25% slurry and 5% water. This shows that co-digesting the kitchen waste 
with biogas slurry enhances the biogas production. Biogas production was recorded for 33 consecutive days. After that, 
the output slurry was collected and used as compost for plant growth. The best growth in case of ladyfinger plant was 
also observed from the slurry obtained from digestor having ratio of 30:25:45 (kw:slurry:water). This signifies the effect 
of co-digestion of kitchen waste with biogas slurry. This is a novel work focused on kitchen waste as well as slurry 
management through biogas production. This process technology can be further used to set-up small-scale biogas plants 
in households for efficient utilization of food waste under natural environmental conditions and efficient usage of slurry 
produced. 
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INTRODUCTION 
In our day-to-day life, energy produced by conventional as well as natural sources plays a vital role. 
Energy generation can be done by various procedures. The dependence on fossil fuels as primary energy 
source has led to global climate change, environmental degradation, and health problems.80 % of the 
world’s energy consumption still originates from combusting fossil fuels [1]. Burning of fossils 
substantially increases the greenhouse gas (GHG) concentrations that contributed for global warming and 
climate change [2]. However, the key issue is the depletion of these sources. The rate of depletion is very 
much higher than rate of formation. It takes thousands of years for a source to regenerate. So today's 
demand is to look for an alternative to these conventional resources for energy generation. Establishment 
of Resource recycling and energy saving systems for proper processing of organic solid waste in urban 
areas needs to be done. The advantages of these processes over aerobic processes are low energy 
requirement; low investment cost. In this context, biogas production from food waste (biodegradable) 
can be a very efficient alternative. Biogas consists of 60-65% methane, 30-35% carbon dioxide, 1-3% 
hydrogen sulphide, traces of water vapours etc. There have been studies on various organic wastes other 
than food wastes also. Eg- Ofoefule et al [3] studied biogas production potential of paper waste and its 
blend with cow dung in the ratio 1:1. Singh et al [4] studied production of biogas from mixture of food 
waste and cow dung (1:1) with microbial stimulants, which enhanced the production. Similarly, Kumar et 
al5 used different types of wastes for production of biogas and concluded that it not only contribute to 
renewable biogas production but also improve the effluent quality. Food waste is a desirable material to 
co-digest with dairy manure because of its high biodegradability [6,7,8,9]. 
Different ratios of Kitchen Wastes were used for comparative production of biogas by Agrahari et al [10]. 
Whereas Leta et al [11] concluded that production of biogas from leftover food waste of a student’s 
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cafeteria mixed with cow manure gives more biogas than Fruit and vegetable wastes mixed with cow 
manure. Another study by Abimbola and Olumide resulted in the fact that food waste type had significant 
effect on the substrate temperature and pH but had no significant effect on biogas production [12]. 
Food waste is an efficient source in producing biogas than other complex organic compounds. By using 
food waste there can be reduction in the daily waste generated in houses as well as generating an 
alternate source of energy. 
There are different physical as well as chemical parameters which affect the rate of biogas production 
from any waste e.g. pH, Temperature, retention period and inducers etc. e.g. Controlled pH plays a major 
role in influencing biogas production. Maintaining a pH of 7 (by addition of NaOH) and temperature of 
37°C, daily production of around 10 litres of biogas was obtained in a 20 litre reactor/digester [13]. They 
observed that addition of glycerol supports the growth of anaerobic microorganisms thus increasing the 
rate of biogas production in the form of methane and carbon dioxide by the addition of Pseudomonas 
aeruginosa. However, addition of any type of inducers is not feasible for common household biogas plants 
due to cost factor and availability. Moreover, digestion of more than one kind of substrate could establish 
positive synergism in the digester [14,15]. In addition, use of bio-slurry from biogas production reduces 
the depletion of soil nutrients by providing nutrients resulting in increased crop yield16. However the 
usage and mixing of slurry should be done only after all the bacteriological processes have been 
completed because premature mixing can lead to health risks. 
In the present study biogas production was carried out using kitchen waste and cow dung slurry, which is 
easily available. No chemicals were added and the natural environment conditions were maintained 
throughout the study. The kitchen waste used was from Boys hostel of Guru Nanak Dev Engineering 
College, Ludhiana, which produces approximately around 0.4-0.5Kg /person /day of food waste. In this 
study production of biogas was analyzed from food waste using batch reactors. The purpose of this work 
is to get an idea about the potential of food waste in terms of biogas production, its organic degradation 
and most efficient slurry production to be used as compost. 

 
MATERIAL AND METHODS 
Substrate Preparation 
This study involved the anaerobic co-digestion of biogas slurry and food waste keeping quantity of biogas 
slurry constant in all digesters with varying compositions of food waste and water. Each of the digesters 
was charged once throughout the experimental period (33 days) with different mixture proportions of 
substrates. 
Experimental set up 
This study is mainly focused on biogas production, usage of slurry as compost to compare the plant 
growth; and as a result the experiments were conducted in a batch mode using a series of 5 plastic 
containers used as laboratory scale anaerobic digesters. The total volume of each digester was 7500 ml 
with a working volume of 6000 ml and remaining space for gas holding. The digesters were equipped 
with tightly sealed accessories. Comparison of plant growth was done in 7 flower pots. Number 2 to 6 
were filled with soil mixed with digested biogas slurry obtained from biogas experiment(composition 
given in Table 1), Number 7 flowerpot was filled with ordinary soil without any additional source of 
nutrient whereas Number 1 was filled with urea added soil mass. 1.5l of digested slurry from each 
digester was thoroughly mixed with soil mass and placed in flowerpots on a layer of sand and gravel. 

Type of seed used = Ladyfinger(non-hybrid) 
Number of seeds sown in each flowerpot = 4 
Watering frequency = 24 hours 

Materials Used 
Five 7.5 litre capacity containers, Solid tape, M-seal, Plastic cap (to seal container), Pipe (for gas output), 
water filled container (for gas collection), Gas burner with nozzle, pH indicator. Seven flowerpots, Digital 
vernier caliper, Graph paper, inch tape. 
Instrumentation used 
Hot air Oven, Portable gas analyzer, Muffle furnace for proximate analysis, Digital vernier caliper. 
Analytical Method 
The substrate as well as final digestate was analyzed for proximate composition and different parameters 
like pH, Total Solids (TS), Volatile Solids (VS), Ash, Total Organic Carbon (TOC), and Volatile Fatty Acids 
(VFA) were analyzed through standard methods of AOAC (2000). Biogas production was measured by 
water displacement method. For comparison of plant growth by different digested slurries Root length, 
Shoot length, Area of biggest leaf, Percentage germination, Stem diameter, Number of leaves were 
observed. 
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RESULTS AND DISCUSSION 
The proximate composition of the feedstock as well the digestate was analyzed and biogas production 
was measured every 4th day for a period of 33 days through water displacement method. Table 3 and 
Table 4 shows the data related to proximate composition of initial feedstock and the digested material 
after the period of 33 days. 
The drop in pH is because of inducement of acidic content. This inducement starts from acidogenesis 
phase till the very end until all of the substrate has been digested. Maximum pH in initial and final stage 
was observed in Digester E.In digester A, the value of pH is more than that of B and C. This was because of 
the fact that Digester A had very less amount of water. So while taking the samples for proximate analysis, 
sample was squeezed leading to the inducement of water content available in processed food waste, thus 
neutralizing some pH. 
VFA reduction potential is a very important factor in analyzing the efficiency of biogas production. It 
represents the reduction potential of acids. VFA contains approx. fifty to sixty percent of acetic acid, 
twelve to eighteen percent of butyric acid and eighteen to twenty percent of propanoic acid. These acids 
are formed in fermentation process and then utilized by methanogensto break down carbon from their 
structure to form methane. The Volatile fatty acid content if present in high content can lead to choking of 
digester early in the anaerobic digestion. The highest VFA removal efficiency was observed in Digester D 
followed by E AND B (Table 4). 
Table 5 and 6 values of TS and VS indicate that the solids concentration of substrate has been used by 
anaerobic microorganisms, methanogens to produce biogas. These values decrease as processundergo 
disintegration of solids. Total solids concentration is also useful in calculating percentage degradation of 
substrate. In this case percentage degradation for digesters from A to E was 55.71%, 60.42%, 60.26%, 
58.56% and 61.10% respectively. Maximum percentage degradation of substrate was observed in 
Digester E. Maximum VS reduction potential was also observed in Digester E itself. 
The Table 7 shows increase in values of moisture content because most of the solids were processed 
during process of biogas formation. So final sample of 5 gram contain more water than sample of 
substrate taken at very start of experiment. Due to digestion of substrate in to sludge and water, the 
water content subsequently increases after whole processing of waste has been completed. 
TOC represent biodegradable organic material. Above table/graph shows decrease in values of TOC 
content because most of the carbon content that was available for synthesis apart from complex carbon 
content was converted into acids first and then to gaseous form interlinking with hydrogen or released 
oxygen from cell structures forming either CH4 (Methane) or CO2 (carbon dioxide). 
The organic carbon consumption for the digesters from A to E was 58.43%, 53.76%, 50.32%, 56.05%, 
61.47% respectively (Table 8).Maximum Organic carbon consumption was observed in Digester E 
followed by A and D. 
The total gas production thus can be stated as approximately 6.4litres, 5.9litres, 7.9litres, 13.7litres; 12.6 
litres in digester number A, B, C, D, E respectively. Gas production is less first up to 7-8 days because of 
the acidogenesis and acetogenesis phase. During 7th to 11th day maximum biogas, production was 
recorded that continued up to 17th day and then started decreasing drastically due to lack of substrate. 
Stem length represent the growth while root length represent the ability of a plant to get nutrients out of 
soil. Stem length of flowerpot 2 and flowerpot 6, 7 was observed to be 20.2, 14.9, 14.8(cm)respectively, 
While root length of these three were 10.7, 16.3, 16.5 (cm) respectively. As we can see the stem length of 
plant in flowerpot 2 is more than that of flowerpot 6 and 7,While on the other hand, the root length of 
flowerpot 2 is very much less than that of flowerpot 6 and 7. This is because of the fact that, slurry that 
was used in flowerpot 2 had a fair amount of moisture content as compared to slurry of flowerpot 6. 
Xylem is responsible for transportation of water to the plants while Phloem carries nutrients that are 
transported with water itself. Xylem must have had it in an easier way to carry water and thus nutrients 
with the help of phloem to plant in flowerpot 2. So the root length was not extended to that much as 
requirements of the plant for its growth must have been fulfilled easily. While in flowerpot 6, the 
moisture content was low, that might have led to the increased length of roots in search for nutrients. 
Longest stem length observed in Flowerpot number 2. Longest root length observed in Flowerpot 
number 1 with urea. Maximum overall plant length was observed in Flowerpot number 1 with urea. Area 
of leaf represent Biomass. Maximum leaf area covered in plants of different flower pots was in Flowerpot 
number 6. This is because flowerpot 6 had the slurry of digester A, that had 70% of the food waste and 
thus its slurry being rich in nutrients as compared to others. 
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Table 1: Feedstock ratio and Naming of digesters 
Name of digester Food Waste(%) Cow dung slurry(%) Water(%) 

A 70 25 5 

B 60 25 15 
C 50 25 25 
D 40 25 35 
E 30 25 45 

 
Table 2: Flowerpots arrangement to study effect of slurry on plant growth 

Additional nutrient source Flowerpot number 
Urea 1 

Digested slurry from Digester A 2 
Digested slurry from Digester B 3 
Digested slurry from Digester C 4 
Digested slurry from Digester D 5 
Digested slurry from Digester E 6 

Blank 7 

 
Table 3: pH of mixed feedstock's (Kitchen waste+ slurry+ water) at the time of set-up and at end of 

experiment 
Digester No. Initial pH Final pH 

A 5.57 4.12 
B 5.29 4.23 
C 5.37 4.26 
D 6.05 4.17 

E 6.54 4.37 

 
Table 4: VFA reduction potential of mixed feedstocks (Kitchen waste+ slurry+ water) at the time of 

set-up and at end of experiment 
Digester 
number 

VFA reduction potential 
(%) 

A 79.67 
B 61.63 
C 64.30 
D 78.80 
E 72.39 

 
Table 5: TS of mixed feedstock (Kitchen waste+ slurry+ water) at the time of set-up and at 

end of experiment 
Digester 
number 

Initial TS 
(%) 

Final TS 
(%) 

A 32.02 14.18 

B 30.42 12.04 

C 24.46 9.72 

D 14.36 7.14 
E 11.26 4.38 

Table 6: VS reduction potential of mixed feedstock (Kitchen waste+ slurry+ water) 
Digester  VS reduction potential (%) 

A 58.42 
B 53.85 
C 50.23 
D 56.01 
E 61.21 
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Table 7: Initial and final moisture content of mixed feedstock (Kitchen waste+ slurry+ water) at 
the time of set-up and at end of experiment 

Digester number Initial moisture content (%) Final moisture content (%) 

A 67.98 85.82 

B 70.00 87.96 

C 75.54 90.28 

D 85.64 92.86 

E 88.74 95.62 

 
Table 8: Initial and final TOC of mixed feedstock (Kitchen waste+ slurry+ water) at the time of set-

up and at end of experiment 
Digester number Initial TOC(g) per 5g Final TOC(g)  per 5g 

A .830 .345 

B .638 .295 

C .463 .230 

D .355 .156 

E .257 .099 

 
Table 9: Production of biogas by co-digestion of kitchen waste with cow dung slurry 

Name of digester Vol of biogas produced in ml Vol of biogas produced in litres 
A 4290 4.3 
B 4450 4.4 
C 6430 6.4 
D 12210 12.2 
E 11175 11.2 

 
Table 10: Area of biggest leaf 

Flowerpot number Area of Biggest Leaf (cm square) 

1 29.68 
2 73.04 
3 112.00 
4 98.98 
5 108.64 

6 132.98 

7 83.72 

 

 
Figure 1: Biogas production data over a period of 35 days 
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Figure 2: Comparative parameters for Plant growth 

 
CONCLUSION 
This study was focused on producing biogas from kitchen waste at normal environmental conditions. The 
effect of different parameters was studied on the biogas production. The results concluded into the fact 
that Both the digesters with composition FW-30% + CDS-25% + Water-45% and FW-40% + CDS-25% + 
Water-35% showed efficient gas production with approx. 50 and 55 percent of methane composition 
respectively15. 
Maximum gas production in whole experiment was observed in Digester with composition FW-40% + 
CDS-25% + Water-35%. Whereas the digesters with other compositions showed a comparatively less 
methane content and gas production. Reason being the increased acidity on early stages that might have 
led to the death of methanogens very early in whole process. On the  other hand,The best digested slurry 
as compost was observed to be of the digester number 2.That means digested slurry of FW-30% + CDS-
25% + Water-45% made the most optimum compost in comparison to all others followed by the one with 
urea.That further means compost from the above stated composition turned out to be a better compost 
material than urea. 
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