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Abstract 

Dairy industries discharge wastewater which is characterized by high chemical 

oxygen demand, biological oxygen demand, nutrients, and organic and 

inorganic contents. Such wastewaters, if discharged without proper treatment, 

severely pollute receiving water bodies.  For treatment of dairy waste water, 

several physical, chemical and biological methods are available. However, 

dairy waste responds best to the biological treatment. The heavily aerated 

effluent when brought in contact with microorganisms, which oxidize its 

organic matter to carbon dioxide and water. In anaerobic processes, the 

microorganisms convert organic matter to biogas and cell biomass. Anaerobic 

digestion is a complex chemical and biochemical process, and many factors 

can affect its performance. Biogas is a renewable energy source which is 

sustainable alternative for fossil fuels. The main objective of this paper is to 

investigate Bio-gas Generation and factors affecting the Bio-gas Generation 

such as (pH, temperature, alkalinity, etc.) from dairy industry wastewater to 

optimize the biogas liberation by biological breakdown. The investigated 

results show that biogas is the cheapest renewable energy source produced 

through an engineered way from dairy industry wastewater.    

Keywords:- Anaerobic digestion, Bio-gas, Wastewater treatment, 

methanogenic micro-organisms, reactor 
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1.0 INTRODUCTION 

Ever increasing population and rapid urbanization has considerably increased the rate 

of water pollution. The declining supplies of natural resources of water have made a 

serious constraint for population, industrial growth and for a reasonable standard of 

urban living. More stringent regulatory prohibitions are imposed by the environmental 

protection agencies. To protect the environment these agencies have started more 

strict vigil along with some nongovernmental organizations. (Kiran  D. Bhuyar) 

In developing countries, there is tremendous need to develop reliable technologies for 

the treatment of industrial wastewater. Such treatment systems must have simple 

design, use of non-sophisticated equipment, high treatment efficiency, low operating 

and capital costs. In addition, compared with population growth and increase in 

urbanization, the cost and availability of land is becoming a limiting factor, and 

footmark size is increasingly becoming important in the choice of a treatment system. 

Wastewater treatment becomes costlier due to the energy required to treat and 

recycling it to reduce fresh water demand. Thus wastewater treatment becomes more 

expensive and to comply with the discharge quality standard itself. For this purpose 

the possibilities of reuse of the wastewater should be investigated. The recycling or 

reuse of water for similar works mainly depends on availability of suitable process 

technology for water purification. 

India is a large producer of milk and dairy product in the world with annual milk 

production crossing 85 million tons in the year 2002 and growing at the rate of 2.8% 

per annum. The dairy wastewater consists of high organic matters, mainly Lactose, fat 

and protein.  A suitable environment for Lactobacillus species is formed due to 

fortified nutrients in cheese whey which is useful in converting organic sources into 

methane via anaerobic process. Anaerobic treatment process is an appropriate 

technique for the bioconversion of dairy wastewater into biogas. 

 

2.0 ANAEROBIC DIGESTION  

Anaerobic digestion is a complex, natural, multi-stage process. It occurs in oxygen-

free conditions and it is an engineered methanogenic process where organic matter 

gets decomposed under a mixed consortium of different species of anaerobic 

microorganisms that transform organic matter into biogas. The process is also called 

biomethanation. There is a low specific growth rate of the methanogenic 

microorganisms due to which the start-up and operation of the anaerobic degradation 

Process can become problematic and instability occurred. (Kiran  D. Bhuyar). 

The use of anaerobic digestion as a means of treating waste products has increased in 

the last 30 years for treatment of agricultural and industrial wastes of varying types, 

with a resulting end production of biogas. Interest in the anaerobic treatment of 
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industrial dairy industry wastes is increasing day by day because the process is 

economical, ecologically sound and it has lower energy requirements. Even these are 

the few advantages among several others, when compared with aerobic treatment 

processes.   

Biogas typically refers to a gas produced by the biological breakdown of organic 

matter in the absence of oxygen. Organic waste such as dead plant and animal excreta, 

and kitchen waste can be converted into a gaseous fuel called biogas. Biogas is 

produced by the anaerobic digestion or fermentation of biodegradable materials such 

as biomass, manure, sewage, municipal, green waste, plant material and crops.  As 

explained in fig.1. Biogas comprises primarily methane (CH4) and carbon dioxide 

(CO2) and may have small amounts of hydrogen sulphide and moisture. The gases 

methane, carbon monoxide and hydrogen can be oxidized with oxygen. This energy 

release allows biogas to be used as a fuel. (H.Sorathia) 

 

Figure – 1 Schematic representation of the Sustainable Cycle of anaerobic co-

digestion of animal manure and organic wastes (Sorathia Harilal S. et. al.) 

 

Young and McCarty at first proposed Anaerobic packed bed reactor as a treatment 

process. It is similar to a trickling filter, where biomass is attached on inert support 

material in bio-film form. The material can be arranged in various configurations, 

made out of different materials such as plastics, granular activated carbon, sand 

reticulated foam polymers, granite, quartz and stone can be packed in two 

configurations (loose or fixed). The reactors can be operated in up-flow or down-flow 
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feed mode. A fully packed up-flow anaerobic packed bed reactor offers exceptional 

benefits by providing a dormant inlet region for large dense biomass aggregates to 

develop, which are not prone to washout. Furthermore, the reactor also provides a 

surface to accumulate bio-mass.  Due to this retained inoculums gets increased which 

becomes advantageous in assuring a shorter start-up period. 

Decomposition of organic and inorganic matter by micro-organisms in the absence of 

oxygen is termed as anaerobic digestion. In the treatment of domestic and industrial 

wastewaters it has been used over a century. (S. Chelliapan et.al.) The anaerobic 

digestion process as shown in (Fig. 2) which involves the biological conversion, in a 

step-wise fashion, of organic material to various end products including methane 

(CH4) and carbon dioxide (CO2). Production of biogas will enhance clean 

environment through the killing of the pathogens, during anaerobic digestion and thus 

producing fertilizer very rich in NPK (Nitrogen, Phosphorus and Potassium). Biogas 

finds application in cooking, lighting, electricity generation amongst other uses. 

Biogas can be compressed, much like natural gas, and used to power motor vehicles.  

 

 

Figure 2. Reaction sequence for the anaerobic digestion of complex macromolecules 

with COD percentage (Chaudhary Binod Kumar) 
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2.1 ANAEROBIC DIGESTION THEORY  

Many microorganisms affect anaerobic digestion, including acetic acid-forming 

bacteria (acetogens) and methane-forming bacteria (methanogens). In converting the 

biomass to biogas these organisms promote a number of chemical processes.  There 

are four key biological and chemical stages of anaerobic digestion as explained in fig 

3.   

 

Figure 3: Flow Diagram of Biogas Process (Dioha I. J.et.al.) 

 

2.1.1.  Hydrolysis  

In most cases, biomass is made up of large organic polymers. For the bacteria in 

anaerobic digesters to access the energy potential of the material, smaller constituent 

parts must be formed by breaking down into chains. These constituent parts, such as 

sugars, are readily available to other bacteria. Hydrolysis is defined as the process of 

breaking these chains and dissolving the smaller molecules into solution. Therefore, 

hydrolysis of these high-molecular-weight polymeric components is the necessary 

first step in anaerobic digestion. Simple sugars, amino acids, and fatty acids are 

formed by complex organic molecules through hydrolysis. 

 

2.1.2  Acidogenesis  

The biological process of acidogenesis again breakdown of the remaining components 

by acidogenic such as fermentative bacteria. Here, VFAs are created, along with 
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ammonia, carbon dioxide, and hydrogen sulfide, as well as other byproducts. 

 

2.1.3.  Acetogenesis  

 The third stage of anaerobic digestion is acetogenesis. Here, simple molecules 

created in the process of acidogenesis phase are further digested by acetogens to 

produce largely acetic acid, as well as carbon dioxide and hydrogen.   

 

2.1.4.  Methanogenesis 

Acetate and hydrogen produced in the first stages can be used directly by 

methanogens. Methanogens uses the compounds that can be formed by catabolisation 

of acetate greater than the chain length of volatile fatty acids molecules.    

Methanogenesis is the last stage of biological process of anaerobic digestion. Here, 

methanogens use the intermediate products of the preceding stages and convert them 

into methane, carbon dioxide, and water. These components made up the majority of 

the biogas emitted from the system. Methanogenesis is sensitive to both high and low 

pHs and occurs between pH 6.5 and pH 8.   

The compounds with a low molecular weight are decomposed by the methane 

producing bacteria. For example, in order to form methane and carbon dioxide, the 

methane producing bacteria utilizes hydrogen, carbon dioxide and acetic acid. The 

bacteria exist under natural conditions under water, in ruminant stomachs and in 

marshes, where anaerobic conditions are present. Environmental variations severely 

affect microorganisms as they are obligatory anaerobic microorganisms. The 

methanogenic bacteria are included in the archeabacter genus. In the methane 

producing process there are three types of methanogenic bacterias involved as given 

below,  

• Methanosarcina genus (spherically shaped)  

• Methanothrix bacteria (long and tubular)  

• Bacteria that catabolise furfural and sulfates (short and curved rods)  

Various products, by-products and intermediates products that are formed in the 

digestion process of an anaerobic production of methane are explained by the 

following equations. The acids produced are processed by methanogenic bacteria to 

generate methane, which is described in the following equations. 

CH3COOH   →      CH4        +      CO2  

 Acetic acid            methane         carbon dioxide  

  2CH3CH2OH     +   CO2           →          CH4   +     2CH3COOH  
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 Ethanol            Carbon dioxide         Methane       Acetic acid  

  CO2          +             4H2    →            CH4         +    2H2O  

 Carbon dioxide      Hydrogen           Methane          Water 

 

3.0 FACTORS AFFECTING BIOGAS PRODUCTION  

Several factors affect biogas production, and in turn bacterial activity. Biogas 

production depends on various parameters that affect the yields of the gas from 

different substrates.  These factors include feed stock properties (accessibility of the 

substrate), total suspended solid (TSS), volatile solids (VS), temperature, pH, 

hydraulic retention time (HRT), solid retention time (SRT), organic loading rate 

(OLR) of the digester, concentration of slurry, the C/N ratio that controls the pH value 

of the slurry. The regulation of these factors majorly leads to maintaining a suitable 

balance between volatile acids accumulation and methanogenic bacteria in a digester.   

 

3.1 Carbon to Nitrogen ratio  

Major nutrients for the growth of species and optimum nutrient removal are carbon 

(C) and nitrogen (N). For effective anaerobic digestion carbon to nitrogen ratio should 

be maintained between the range 20-30.(Perera K.U.C) Lower C: N ratio causes 

ammonia accumulation in the digester and inhibits micro-organism activities. Higher 

C: N ratio causes lower gas production. To maintain the optimum C: N ratio of the 

influent feed, different types of material are mixed together.  

The microbial populations involved in anaerobic digestion require sufficient nutrients 

to increase in well defined proportion. If the C/N ratio is too high, the process is 

limited by N availability and the resulted acidification retards methanogenesis 

activity, and if it is too low, ammonia may be found in quantities large enough to be 

toxic to the bacterial population. In addition to carbon and nitrogen in the digestion 

system, microorganisms also need micronutrients (trace minerals) and phosphorus for 

their growth. 

 

3.2 Temperature 

Temperature for fermentation will greatly affect biogas production. A fairly wide 

range of temperature produces methane under different prevailing conditions.  The 

process of anaerobic fermentation and methane forming bacteria works best in the 

temperature between 29°C to 41°C or between 49°C to 60°C and pressure of about 

1.1 to 1.2 bars absolute. This is due to fact that two different types of bacteria 

multiply best in these two different ranges, but the high temperature bacteria are much 
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more sensitive to ambient influences. The rate of gas production increases with the 

increase in temperature but the percentage of methane reduces. It is found that 

temperature between 32°C-35°C are most efficient for stable and continuous 

production of methane. Biogas produced outside this range will have a higher 

percentage of carbon dioxide and other gases than within this range. The production 

of biogas is fastest during summer and it decreases at lower temperature during 

winter. If the temperature are lower than 20°C the rate of gas production falls sharply 

and it almost ceases at about 10°C. Also methanogenic micro-organisms are very 

sensitive to temperature changes, a sudden change exceeding 30°C will affect 

production, and therefore one must ensure relative stability of temperature. Thus, in 

cold climates, it is necessary to heat the digester to about 35°C. 

 

3.3 pH Value or Hydrogen Ion Concentration  

pH value indicates the degree of acidity or alkalinity of a solution. The pH value is 

represented as the logarithm of the reciprocal of the hydrogen ion concentration in gm 

equivalent per litre of solution. pH value in the range 0-7 represents acidic solution 

and in the range 7-14 indicates the alkaline solution. The micro-organisms require a 

neutral or mildly alkaline environment – a too acidic or too alkaline environment will 

be harmful. Ideal pH value is between 7.0–8.0 but can go up or down by a further 0.5. 

In the initial stages of acid forming stage of digestion, the pH value may be around 

6.0 or less, however during methane formation stage the pH value higher than 7.0 is 

maintained since methane formers are sensitive to acidity.  

Methane producing archaea or methanogens are known to be strongly affected by pH 

As such, the methanogenic activity will be severely affected once the optimum pH 

range is not met. McCarty reported that an optimum pH range of anaerobic treatment 

is about7.0 to 7.2, but it can proceed quite well with a pH varying from about 6.6 to 

7.6. 

The organic materials differ with regard to their chemical composition. Sometimes 

that composition cannot be suitable for the optimum bacterial growth and the biogas 

production. For example, lactose which is the main component of whey solids 

promotes the growth of acid forming bacteria under anaerobic conditions. These 

bacteria break down lactose into short chain fatty acids such as acetic, propionic, 

butyric and other acids and cause a rapid decrease of medium pH. This low pH has 

negative effect on methane-producing bacteria and causes low biogas yields. 

 

3.4 Hydraulic retention time, in (days), HRT 

Hydraulic retention time also known as hydraulic residence time is a measure of the 

average length of time that a soluble compound remains in a constructed bioreactor. 
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Hydraulic retention time is the volume of the aeration tank divided by the influent 

flow rate 

H R T [d] =   =        

where HRT is hydraulic retention time (d) and usually expressed in hours (or 

sometimes days), the V is the volume of aeration tank or reactor volume (m3), and Q 

is the influent flow rate (m3/d). 

Hydraulic retention time is important to reactor operation and design. Hydraulic 

retention time is defined as the particular time for which the substrate and particular 

constituents targeted for removal will remain  in contact with the biomass within the 

reactor. Generally HRT is a good operational parameter that is easy to control. It is 

important to control the HRT for preventing cell washout of slow-growing 

methanogenic microorganisms (Abdelgadir et.al 2014).   

 

3.5 Organic loading rate 

The volumetric Organic Loading Rate (OLR) is related to the retention time through 

the active biomass concentration in the bioreactor and is used to characterize the 

loading on anaerobic treatment systems. (A. O. Adebayo)   

In anaerobic wastewater treatment, the organic loading rate plays an important role. 

The chemical oxygen demand (COD) is generally used to measure the content of 

organic matter in wastewater thus the OLR for biological systems is stated in terms of 

COD per reactor volume per unit time (i.e., kg COD/m3.day). (Meisam Tabatabaei, 

et.al. 2011, Awad Abdelgadir 2014). By changing the influent concentration and by 

changing the flow rate the OLR can be varied. Thus, implies changing the HRT and 

by changing the flow rate, under these conditions OLR can be expressed in the 

following form: 

OLR =  

where OLR is organic loading rate (kg COD/m3⋅d), Q is flow rate (m3/d), 

COD is chemical oxygen demand (kg COD/m3), and V is reactor volume (m3). 

 

If the loading rate in anaerobic digestion is too high for the system conditions, the 

methanogenesis pathways become inhibited, which can result in the accumulation of 

volatile fatty acids in the reactor. The presence of Volatile fatty acids decreases the 

pH in the reactor. It leads to reactor souring, or failure. Therefore, it is very important 

that the design organic loading rate be conservative. 
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Fixed film, expanded and fluidized bed reactors can withstand higher organic loading 

rate and the systems can be rapidly restored to normal in the case of a failure because 

of shock load.  

 

3.6 Alkalinity  

An important parameter in anaerobic digestion systems is alkalinity, which is a 

measure of the chemical buffering capacity of the aqueous solution. It is essential to 

provide enough buffering capacity in the reactor contents to neutralize possible 

accumulation of volatile fatty acids in the reactor and to maintain pH (6.7 to 7.4) for 

stable operation. 

 Alkalinity is the ability of the digestion medium to absorb protons or capability in 

neutralizing the excess acidic or basic conditions. Alkalinity is defined as the capacity 

of water to neutralize acid (Rajeshwari et al., 2000). In anaerobic digestion, the 

normal percentage of carbon dioxide in the gas phase is 25– 45 %. Bicarbonate 

alkalinity of at least 500 – 900 mg/L CaCO3 is required for a pH greater than 6.5. The 

addition of alkaline materials when proper carbonate buffering is not present in the 

wastewater helps to maintain the pH in the recommended range for anaerobic 

digestion. Lime, sodium hydroxide, and ammonia are three of the least expensive 

chemicals available for the addition of alkalinity. Calcium carbonate is used as a 

buffer substance in digestion process and also used to indicate the alkalinity of the 

medium. 

 

4.0 PERFORMANCE STUDY 

B. Asha, (2014), describes that the COD removal efficiency was highly influenced by 

the pH conditions of the wastewater. The greatest efficiency of substrate removal of 

83.75% with an alkaline influent pH of 7.52 to 8.30. Therefore, the author observes 

that the operation with an alkaline influent gives maximum levels of purifying 

efficiency for highest organic content of dairy wastewater. 

J. Lebrator et.al., (1990) had studied the processing of wastewater  from  a cheese  

factory  in a semicontinuous anaerobic digester. The experimental set-up consisted of 

six thermostatically-controlled digesters in a bath at 350C, and magnetically stirred at 

100 rpm. The best feeding for the culture medium was 0.633 gl-t day-t. The minimum 

hydraulic retention time was nine days. The efficiency of treatment varied between 90 

and 78 %.  The composition of biogas was of high quality, with 67 % of methane, and 

no trace of H2S. He observed that this type of waste from a cheese factory is 

digestible. It has no large particles in suspension  therefore it has good conditions for 

fluid transport in a plant. Due to this its pretreatment is unnecessary. The minimum 

HRT is nine days. The biogas composition is of high quality with 67 % of methane, 
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and no trace of H2S.The efficiency in digestion is high, 78 % for a minimum HRT, 

reaching 90 % for higher HRTs. 

G. Srinivasan et.al [2009] have carried out experiments on Anaerobic Diphasic Fixed 

Film Fixed Bed (FFFB) digester using synthetic wastewater in order to reduce the 

COD of dairy wastewater and for the production of biogas. The author reported 

maximum yield  of  bio-gas  at 0.330 m3 of gas / kg COD removed  for maximum 

COD removal of 70.40 % at a flow rate of 0.006 m3/day for an overall Organic 

loading rate of 1.265 Kg COD/m3. 

Monali Gotmare et.al., 2011, has studied a Upflow Anaerobic Sludge Blanket reactor 

treating dairy wastewater. And found that reactor achieved COD removal efficiency 

as87.06%, BOD removal efficiency as 94.50%, and TSS removal efficiency as 

56.54%. The average gas production was observed to be 179.35 m3/day and methane 

gas conversion was observed to be 125.55 m3/day, respectively. 

T. Ramesh et al [2012] has studied the treatability of Dairy Waste Water in  Fixed 

Film and Fixed Bed Anaerobic Reactor and found that COD reduction is a maximum 

of 80.88% for a varying influent COD from 1500 to 4700 mg/lit. for the OLR of 

0.004 kg COD/ m2/day and HLR of 0.003 m3/m2.day.  The maximum gas conversion 

ratio is 0.265 m3 of biogas per kg of COD removed.  

T. Ramesh et al [2007] also studied the Fixed Bed Fixed Film anaerobic reactor to 

treat Dairy wastewater and found that maximum COD removal efficiency of 80.88% 

and 0.318 m3 of gas production per Kg COD removed.  He proved that Fixed Bed 

Fixed Film anaerobic reactor can be used for removing COD up to 80% and the rest 

can be removed in the down stream aerobic systems more effectively and 

economically 

Deshpande D.P. et. al. [2012], reported that the Upflow anaerobic packed bed 

bioreactor with an internal diameter of 20cm and a height of 45 cm using seashell as a 

packing material for dairy wastewater treatment. The author shown that with the help 

of UAPB dairy industry effluent is very good raw material for production of  methane  

gas, commercially known as BIO-GAS, which can be used as a fuel and can replace 

the other conventional energy sources. The author also demonstrates that COD value 

decreases from 71526 mg/lit to 42200mg/lit as the time increases from first day to the 

56th day of the experiment.  

U. B. Deshannavar et. al. [2012], have used laboratory scale upflow anaerobic fixed-

bed reactor for the treatment of dairy effluent. The author used the anaerobic filter 

with polypropylene pall rings as packing media for the treatment of dairy effluent at 

the lower HRT of 12 hours. The author observed the COD removal efficiency of 87% 

at OLR of 5.4 kg COD/m3/d. The biogas production rate was 9.8 l/d. The biogas with 

high methane content (77%) produced due to the conversion of organics can be an 

alternative source of energy for the dairy industry itself. 
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M.S. Sivakumar et.al. (2012), studied the effect of organic loading rate on dairy 

wastewater using anaerobic bio-film reactor.  In this investigation, author reveals that 

the biogas production and % of COD removal efficiency of dairy wastewater using a 

novel bio-film anaerobic bio reactor for handling the high organic load was 

successfully achieved with high performance.  The diluted high strength dairy waste 

water at a maximum COD removal efficiency of 84% with an OLR of 0.0726 kg 

COD m3/d was found to be very efficient. At influent COD 4500mg/L with OLR of 

0.0623kg COD/m3/d the maximum yield of biogas production was achieved. 

 Thenmozhi, (2013) studied the Performance of hybrid upflow anaerobic sludge 

blanket reactor for the treatment of dairy waste water. The HUASB reactor was 

loaded with different organic loading rates 2.5g/L/day, 3.0 g/l/day and 3.5 g/L/day. 

Author observed that the HUASB Reactor is suitable to treat the dairy waste water. 

The performance of the reactor was improved by operating temperature, pH of waste 

water, microbial population, and the magnetic stirrer for continuous stirring reactor. 

The performance of the reactor depends on the OLR, the HRT and seed sludge. The 

maximum COD removal is 88%. He observed the maximum gas yield is slightly 

better and equal to 750ml in   HUASB than UASB. 

 

5.0 CONCLUSION 

(i) Anaerobic treatment is a proven way and efficient method to produce biogas 

(methane) that can be used for the production of renewable heat and power and 

compost like output. 

(ii) Anaerobic treatment efficiency has a deep effect by several parameters such as 

temperature, pH, Organic loading rate, Sludge retention time, Hydraulic retention 

time, upflow velocity, and size distribution. Therefore anaerobic treatment needs 

especial kind of setting, because anaerobic processes successfulness depends on 

bacteria living and growth inside the reactor. 

(iii) The investigated results show that biogas is the cheapest non-conventional energy 

source produced through an engineered way from dairy industry wastewater.  
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