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ABSTRACT 
The livestock breeding contributes to the reactive solid waste dispersal which influence the spreading of diseases, eutrophication 
etc. This lacuna attracts the researchers to find a solution for the effective solid waste management of the livestock wastes. 
Disposing the poultry litter gain more attention as the accumulation of the litter is increasing due to the enormous growth of 
poultry sector. Many researchers suggested that the biological treatments are best way to manage the poultry litter by mitigating 
its environmental impacts. Among biological treatments anaerobic digestion is a proven energy linked process to generate energy 
in terms of gaseous fuel and at the tail end which converts the waste into a non-reactive, nutrient rich organic manure. In order to 
process the poultry litter efficiently by anaerobic digestion, the main inhibiting factor Carbon –Nitrogen ratio of the PL should be 
improved. In this research the emphasis was given to improve the C/N ratio thereby enhancing the bio methane yield. Ammonia 
volatilization and air stripping pretreatment was done on the poultry litter to improve the C/N ratio and their performance was 
compared with the raw poultry litter. Samples for this study was digested in three fixed dome type batch mode reactors. The 
digester 1 is loaded with Raw Poultry Litter (RPL) digester 2 is loaded with Volatilized Poultry Litter (VPL) and digester 3 is loaded 
with Volatilized Air Stripped Poultry Litter (VASPL). The digestion was carried out at mesophilic condition of 25 – 30 0C and pH is 
maintained at near neutral range for a hydraulic retention time of 21 days. After pretreatment it is observed the C/N ratio of VPL 
and VASPL was increased 136% and 153% respectively compared to the RPL. Which influence the enhancement in the bio methane 
yield for the pretreated samples. The VPL and VASPL samples yield cumulative bio methane of 2.98 l/kg VS and 3.19 l/kg VS 
respectively. Which is 12% and 19.24% increase in comparison with RPL. This results indicate the enhancement in the bio methane 
yield by mitigating ammonia and improving the C/N ratio. 
 
KEYWORDS: Carbon – Nitrogen Ratio, Volatilization, Air Stripping.  

 

INTRODUCTION 

 

Solid organic waste is not a very specific term. Normally it is understood as organic-biodegradable waste 

with a moisture content below 85 to 90 %. In this modern world, generation of organic and industrial wastes are 

more. Poor management of the waste causes the several environmental impacts like landfill leachates, pollution 

of surface and ground water resources[1]. Many researchers suggested that the biological treatments are the best 

way to manage the solid wastes to mitigate the environmental impacts[1]. Among biological treatments, anaerobic 

digestion is an energy linked process and cost effective method. The slurry resulting out of anaerobic digestion is 
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used as an organic fertilizer for agricultural lands[1]. While taking livestock breeding into account the poultry 

farms contribute more to the environmental pollution compared to other livestock wastes. [2] In poultry farms the 

chicks are fed with high proteinaceous feeds as a consequence at tail end results in accumulation of nitrogen rich 

poultry litter.  However the concern about while disposing of poultry litter causing a non-point source pollution 

to the environment. Even though poultry litter is used as an organic fertilizer for crop lands it affects the soil 

properties because of nitrate leaching release pathogenic micro-organisms and undesirable nutrient imbalances 

[3]. Accumulation of poultry litter in the open atmosphere causes the nuisance to the environment. Manure 

production assisted with an energy production offers the best results to manage the accumulation of poultry litter. 

Poultry litter disposal is managed by the treatment techniques such as anaerobic digestion, composting and 

incineration. Among those techniques, anaerobic digestion is a proven technology to generate energy in terms of 

gaseous fuel and at the tail end which converts the waste into a non-reactive, nutrient rich organic manure. In 

order to process the poultry litter efficiently by anaerobic digestion, the main inhibiting factor Carbon –Nitrogen 

ratio of the poultry litter should be improved to enhance high biomethane yield. A number of methods available 

to increase the C/N of the feedstock in order to mitigate the ammonia nitrogen produced inside the digester. The 

C/N of the poultry litter can be increased by changing the operational parameters of the digester, ammonia 

reduction methods, and ammonia stripping process. The volatilization and air stripping are found to be a simple 

and cost effective method to increase the C/N of the feedstock. Even though the C/N ratio of the feedstock is 

increased significantly, it is essential to maintain the ammonia nitrogen concentration inside the digester in the 

range of 0.7 g/L to 2.6 g/L [4]. To control the production of ammonia nitrogen inside the digester, the feedstock 

is pretreated to strip the total ammonia nitrogen (TAN) before loading inside the digester. The objective of this 

research is to enhance the biogas yield by increasing the C/N of the feedstock. A comparative study was made 

among the biogas production of raw poultry litter, volatilized poultry litter and volatilized air stripped poultry 

litter. 

 

1.1. Anaerobic Digestion: 

The AD is a natural process carried out by an action of various groups of bacteria for a prolonged period of 

time in anaerobic condition[5][6]. The production of biogas from the organic matter involves four stages namely 

hydrolysis, acidogenesis, acetogenesis and Methanogenesis. The bacteria like Clostridium, Proteus vulgaris, 

Vibrio, Bacillus, Peptococcus, Bacteriodes converts protein into amino acids [7]. In acedogenesis stage, 

Lactobacillus, Escherichia, Bacillus, Staphylococcus, Pseudomonas, Sarcina, Desulfovibrio, Selenomonas, 

Streptococcus,Veollonella, Desulfobacter, Desulforomonas convert amino acids to volatile fatty acids, NH3, and 

acetate[7]. Syntrophomonas wolfei, Syntrophomonas wolinii which can survive in acidic conditions will convert 

volatile fatty acids to acetate. At last stage the activity of microbial population like Methanosaeta, Methanosarcina 

will convert the acetate into methane and thereby produce biomethane out of poultry litter along with carbon 

dioxide and traces of few gases[8]. 

 

MATERIALS AND METHODS 

 

2.1 Digester design: 

By considering the weight of the digester and corrosive properties of the gas produced, PET cans were chosen 

as digester material. The experimental setup consists of three polyethylene terephthalate cans which are fabricated 

the fixed dome batch mode type digester.  This digester is designed such that it accommodates the organic load 

and the accumulated biogas in a leak-proof manner. The diameter and height of the digester are 510 mm and 

265mm respectively. The volume of the digester is kept 20 liters, with an H/D ratio of 1.92.  

 
 

Fig. 1: Block  diagram of Gas scrubbing setup 
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To avoid the scum formation during the digestion process stirring is made manually so as to enable effective 

gas capture. The gas generated in the digester is scrubbed for CO2 by passing the gas through a container filled 

with water. The gas is bubbled inside the water column so as to dissolve the CO2 present in the biogas. The gas 

after scrubbing CO2 is passed through a unit filled with steel wool to deposit H2S.The resulting high moisture gas 

is passed through silica gel to remove moisture contained in the gas.  

 

2.2 Ammonia volatilization: 

During anaerobic dumping, most of the protein and uric acid in the wastes are converted to nitrogen and 

ammonia[9]. The cleaned poultry litter was anaerobically packed in a container for a period of 60 days. After 60 

days, the poultry litter was indirectly heated at 800 C in a water bath for 24hours at aerated condition[9]. While 

heating the poultry litter the container is jolted constantly to expel the produced ammonia so as to provide effective 

volatilization to take place.  

 

2.3 Air stripping: 

Air stripping is a cost-effective method for the removal of ammonia from nitrogen-rich products like poultry 

litter[10]. The air stripping was performed on the volatilized poultry litter to remove the free ammonia present in 

the feedstock. The air stripping was carried out at a high pH value in neutral range continuously for about 7 hours 

at 55° C to 60° C. the pH value of the slurry was increased to 12 by adding strong alkali like 1N NaOH.  This 

concentration is very negligible to take into account, moreover during air stripping the air is blown inside the 

slurry, the carbon dioxide present in the atmospheric air reacts with the water and form a weak acid which will 

neutralize the sodium hydroxide into the water thereby bringing down the pH level. After the stripping process, 

the pH level reduced to 7.6 before loading. So there will be traces of sodium in the substrate which is believed not 

to have a mix up in the biogas generated or the concentration of the sodium ion will be very negligible.  

 

1.4 Feedstock preparation and characterization: 

Raw poultry litter is collected from the brooder house. Feathers and other impurities present in the collected 

poultry litter was removed. The dried litter cakes were hydrolyzed with the water in the mixing ratio of 1:3. During 

hydrolysis, the first stage, bacteria transform the particulate organic substrate into liquefied monomers and 

polymers i.e. proteins, carbohydrates and fats are transformed to amino acids, monosaccharides, and fatty acids 

respectively.  

Batch 1 is loaded with raw poultry litter, batch 2 is loaded with volatilized air poultry litter. Batch 3 is loaded 

with volatilized air stripped poultry litter. After loading the digester the shut-off valve is closed to provide 

anaerobic ambiance inside the digester.  On daily basis, the slurry is collected from the digesters to measure to 

perform proximate analysis to estimate total solids, volatile solids, organic carbon, moisture content, ash content 

and TKN. pH of the slurry was measured by using digital pH meter for its acidity or alkalinity.  

The Temperature of the collected slurry was measured to ensure the mesophilic temperature range. The 

volatile solids (VS), organic carbon, moisture content, ash content and total solids (TS) present in the feedstock 

was estimated by following the standard methods[11]. The carbon and nitrogen content in the poultry litter 

supplies the energy and required nutrition content for the bacterial growth.  The gas generated was passed through 

the positive displacement wet-type gas flow meter for measuring the daily biogas production. In order to calculate 

the carbon-nitrogen ratio of the feedstock the total kjeldhal nitrogen (TKN) was measured using standard kjeldhal 

procedure[12]. 

 

RESULTS AND DISCUSSIONS 

 

The digestion was carried out for the hydraulic retention time of 21 days at mesophilic conditions and the 

readings were noted on daily basis. The pH, temperature, proximate analysis were (moisture, total solids (TS %), 

volatile solids (VS %) carbon (C %) and ash% were measured on daily basis. The carbon nitrogen ratio of the 

feedstocks is calculated analytically. 
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Fig. 1: Degradation of volatile solids 

 

The degradation of volatile solids of three batches of the sample for the retention time of 21 days was shown 

in Fig. 1. The biogas production depends on the degradation of volatile solids present in the feedstock. During 

acedogenesis stage survival of acid forming bacteria due to the consumption of volatile solids which converts 

volatile fatty acids to acetates. From the observation of the degradation of volatile solids, degradation shows the 

digestion take place. Total Volatile solid degradation of RPL, VPL, and VASPL is 33%, 33.77%, and 34.02% 

respectively for a retention time of 21 days 

 

 
 

Fig. 2: Effect of pH 

 

In Fig. 2 the pH value of the VASPL is high because of adding sodium hydroxide to the feedstock in order to 

raise the pH value up to 11 to perform air stripping. After air stripping was performed, the value of pH of the 

slurry was reduced to 8. The pH of the RPL and VPL was 7.7 and 7.9. The pH is nearly maintained at a neutral 

range for all the three digesters. 

The biogas production of raw poultry litter yields a cumulative biogas yield of 34.39 l /kg VS for the retention 

time of 21 days. This digester yields a peak production of 2.66 l/kg VS on the 12th day of the digestion. The biogas 

yield on daily basis was plotted in Fig. 3 It is inferred that biogas production of raw poultry litter has a sharp 

decline in the daily biogas production after the 16th day of the digestion process due to the ammonia produced 

inside the digester inhibits the digestion process. Initially, the carbon-nitrogen ratio of feedstock is about 6.44:1 

which is very much lower than the optimum value, which affects the biogas production. 
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The volatilized poultry litter yields a cumulative biogas production of 39.20 l/kg of VS for a hydraulic 

retention time 21 days at the mesophilic condition. Peak production of 2.98 l/kg of VS yields at 12th day. The 

consistent biogas yield was from the 12th to 16th day. The increase in the biogas production may be due to the 

availability of sufficient carbon for the anaerobic bacteria to utilize as an energy source. In this digester, the C/N 

ratio of the poultry litter is enhanced by the volatilization process, result in enhanced 12% of biogas yield. At the 

start of the anaerobic digestion process, the carbon-nitrogen ratio of feedstock is about 15.18:1. The C/N ratio of 

the volatilized poultry litter is increased which results in enhanced biogas production.  

The volatilized air stripped poultry litter yields a cumulative biogas production of 46.29 l/kg of VS for a 

hydraulic retention time 21 days at the mesophilic condition. This digester yields peak production of 3.19 l/kg of 

VS which is 19.24% increase in comparison with RPL at 10th day. The consistent biogas yield was from the 10 th 

to 15th day. In this digester, the C/N ratio of the poultry litter is 16.29:1 which enhanced biogas yield.  

 

 
 

Fig. 3: Overall biogas production 

 

From Fig. 3 interprets that the comparison between the biogas production of RPL, VPL, VASPL. The VPL 

graph lies between the RPL and VASPL. The C/N ratio of VPL and VASPL was increased 136% and 153% 

respectively compared to the RPL. Which influence the enhancement in the bio methane yield for the pretreated 

samples. The VPL and VASPL samples yield cumulative bio methane of 2.98 l/kg VS and 3.19 l/kg VS 

respectively. The biogas yield and the anaerobic digestion process gets enhanced, when the C/N of the feedstock 

approaches to the optimum value which is 25.30:1 

 

Conclusion: 

From the observations, the digestion of volatilized poultry litter and volatilized air stripped poultry litter has 

the maximum biogas yield when compared to other raw poultry litter. An increase in biogas production of 12% 

and 19.24% from volatilized poultry litter and volatilized air stripped poultry litter when compared to the raw 

poultry litter was observed. The increase in the bio gas yield was because of improved C/N ratio of the feed stock 

by volatilization and air stripping process. The carbon nitrogen ratio of the feed stocks were 6.44:1, 15.18:1, 

16.29:1 respectively The anaerobic digestion of poultry litter after ammonia reduction by volatilization process 

and ammonia stripping method of air stripping with same volatilized poultry litter is found to be a cost effective 

method to increase the carbon nitrogen ratio of the feedstock and also to reduce the ammonia nitrogen 

concentration significantly. The ammonia reduction methods of the poultry litter with any other processes also 

increases the carbon nitrogen ratio of the feedstock to a certain extent and also increases the biogas yield 

significantly. The study discloses that, the biogas yield from poultry litter can be improved in better way by 

ammonia reduction method and ammonia stripping process. 
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