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Definition and objectives of Stabilisation 

 Raw sludge is rich in pathogenic organisms, easily 

putrescible and rapidly developing unpleasant smell. 

 Stabilisation processes were developed with the 

purpose of stabilising the biodegradable fraction of 

organic matter in the sludge 

 The main advantages of the stabilisation process are: 

 → reducing the risk of putrefaction 

 → reduce the concentration of pathogens 

 → Sludge digestion significantly reduces the population of 

organisms, favouring the agricultural use of the sludge. 
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Stabilisation Processes 

Biological Thermal 

Specific bacteria 

promote the 

stabilisation of the 

biodegradable fraction 

of the organic matter. 

It is the most widely 

used 

sludge stabilisation 

using chemical 

oxidation of the 

organic matter 

Heat stabilises the 

volatile fraction of 

sludge in 

hermetically sealed 

containers 
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Anaerobic digestion is the main sludge stabilisation 

process used worldwide 



6 



7 



8 



9 

Definition of Digestion 

 The word digestion in wastewater treatment is applied 

to the stabilisation of the organic matter through the 

action of bacteria in contact with the sludge, in 

conditions that are favourable for their growth and 

reproduction. 

 Digestion processes may be anaerobic or aerobic. 

 Anaerobic digestion is the main sludge stabilisation 

process used worldwide 
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Definition of Anaerobic Digestion 

 It is a digestion process that is characterised by the 

stabilisation of organic matter in an oxygen-free 

environment. 
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Definition of Anaerobic Digestion 

Anaerobic digestion is a multi-stage biochemical process, 

capable of stabilising different types of organic matter. The 

process occurs in three stages: 

 Enzymes break down complex organic compounds, such 

as cellulose, proteins and lipids, into soluble compounds, 

such as fatty acids, alcohol, carbon dioxide and ammonia. 

 Microorganisms convert the first-stage products into 

acetic and propionic acid, hydrogen, carbon dioxide, 

besides other low-molecular weight organic acids. 

 Two groups of methane-forming organisms take action: 

one group produces methane from carbon dioxide and 

hydrogen, while a second group converts the acetates into 

methane and bicarbonates. 
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Main requisites for sludge digestion 

Normally, the presence of macro- and micronutrients is 

sufficient for ensuring the development of the anaerobic 

digestion process.   The following requisites need to be 

observed: 

 Preliminary treatment:  

 Solids concentration 

 Inhibiting substances 

 Metals 
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Main requisites for sludge digestion 
Preliminary 

treatment 

• The sludge coming from the primary sedimentation tank contains 

plastics, sand, and other inert material. 

• Such materials may cause obstruction and breakage of pipes, 

damage to pump rotors and to digesters mixing devices 

• The accumulation of sand and other materials within the digester will 

end up by reducing the digester net volume and, as consequence, its 

efficiency. 

Solids 

concentration 

• Desirable solids concentration:  4% to 8% .  

• Solids concentration lower than 2.5% may have negative effect on the 

digestion process. 

• Higher solids concentrations can be used, as long as the feeding and 

mixing units are able to handle the solids increase. 

Inhibiting 

substances 

• Anaerobic bacteria are sensitive to several substances 

• The main inhibiting agents are hydrocarbons, organochlorinated 

compounds, non-biodegradable anionic detergent, oxidising agents 

and inorganic cations. 

Metals • Metals like copper, zinc, mercury, cadmium, chromium, nickel and 

lead. 

• Excluding cadmium and mercury, the other metals are considered 

micronutrients if present in adequate concentrations. 

• The destruction of organic matter during anaerobic digestion causes 

the metal concentration in the digested sludge to become greater than 

in the raw sludge (on a dry solids basis). 
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Process Description 

 Sludge is biologically stabilised under anaerobic 

conditions and converted into methane (CH4) and 

carbon dioxide (CO2). 

 The process is accomplished in closed biological 

reactors known as anaerobic sludge digesters.  

 Digester tanks are fed with sludge either continuously 

or in batches.  

 The sludge is kept inside the tank for a certain period of 

time previously determined during the design phase. 

 The sludge and the solids have the same detention time 

in the digester. 
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…Process Description 

 The organic fraction of the sludge is basically made up 

of polysaccharides, proteins, and fat.  

 Inside the sludge digesters, colonies of anaerobic 

microorganisms convert the organic matter into cellular 

mass, methane, carbon dioxide and other micro-

constituents.  

 A reducing environment prevails inside the digesters. 

 The optimum pH for anaerobic process is 7.0. 

 Digestion may successfully occur in pH 6-8.  

 In practice, pH is kept nearly neutral due to buffering 

capacities of bicarbonates, sulphides, and ammonia. 
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Types of microorganisms in the process: 

Inside the digester tank, three groups of mutually 

dependent microorganisms coexist: 

 hydrolytic acidogenic organisms 

 acetogenic organisms 

 methanogenic organisms 

 

Other microorganisms exist, such as: 

 The sulphate-reducing bacteria:  responsible for the reduction 

of sulphate (SO4
2−) to sulphide,  

 Denitrifying bacteria:  reduce nitrate (NO3
−) to gaseous 

nitrogen (N2). 
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Other considerations to maintain the process 

in a good condition: 

 The optimum pH for anaerobic process is 7.0. 

 Digestion may successfully occur in pH range of 6-8.  

 In practice, pH is kept nearly neutral due to buffering 

capacities of bicarbonates, sulphides, and ammonia. 

 The nutritional balance within the digester is vital to 

control the bacterial growth, and consequently the 

organic matter stabilisation rate. 

 The main nutrients are: nitrogen, sulphur, and phosphorous. 

 The major micronutrients are: iron, cobalt, nickel, 

molybdenum and selenium. 
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Example of the importance of balance between the 

medium and the different groups of organisms 

The following effects of organic overloading in an 

anaerobic digester may be listed: 
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Reaction Kinetics 

 The methanogenic organisms are the most sensitive and 

the slowest in growth rate. 

 Therefore, they determine the reaction time required for the 

anaerobic digestion process to be accomplished (Table 4.4) 

 

 The solids retention time within the digester (θc) must 

be enough to ensure the maintenance of the 

microorganisms which have a slow growth rate, such as 

the methanogenic organisms, thus avoiding their wash-

out from the system. 
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Other characteristics related to θc:  
 For detention times shorter than a critical value, the 

process efficiency is suddenly reduced due to 

methanogenic organisms washout. 

 Anaerobic digester efficiency does not increase 

indefinitely as detention time increases. After an 

optimum time is reached, the gains in efficiency are 

limited, not justifying further investments. 

 In practice, anaerobic digesters are designed taking into 

consideration a detention time higher than optimum to 

compensate occasional operational problems such as 

fluctuation of the sludge volume production rate, 

inefficiency of the sludge mixing system, variation of 

ambient temperature, and silting due to accumulation of 

inert material inside the tank. 
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Typical Range of Detention time: 
 18 to 25 days (see table 4.5) 

 Note: Until the 1970s, the anaerobic digesters were 

designed for 25–30 day detention time to 

counterbalance possible volume losses due to sand 

accumulation, high water content of the raw sludge and 

deficiency of the mixing system. 
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Digesters 
 Digesters are closed biological reactors made of 

concrete or steel. 

 Sludge is mixed and heated (usually with the biogas 

produced ) 

 Digesters can have cylindrical or egg shapes. 

 Traditional anaerobic digester designs used 8-40 m 

diameter cylinders with 1:3 conical bottom slopes. 

 Recently, egg-shaped digesters have been preferred 

both by designers and operators for the following:  

 as foam and sand control are more easily accomplished due 

its high-sloped sidewalls. 

 Mixing requirements are not so demanding  when compared 

with cylinder-shaped sludge digesters (Fig. 4.2) 

 



27 

Digesters 
 Heat loss through the walls of the anaerobic digester 

can be considerable, especially in cold climates. 

 Occasionally, half-buried sludge digesters are found, 

although this is not an advisable practice, since the soil, 

when wet, is a poor heat insulator. 
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Design of Anaerobic Digesters 
 Most cylinder-shaped digesters have less than 25 m 

diameter. 

 Traditional design has a height-to-diameter ratio 

ranging from 1:2 to 1:3, and up to 33% bottom slopes. 

 Nowadays, anaerobic digesters are also being designed 

with a 1:1 height:diameter ratio and a small or even 

zero floor slope. 

 Typical design parameters are listed in table 4.5 (next 

slide) 

 Sizing is based on providing sufficient residence time in 

well-mixed reactors to allow significant destruction of 

volatile suspended solids (VSS) to occur. 
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…Design of Anaerobic Digesters 

The required volume for the sludge digesters is given by: 
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Secondary Digester 
 Medium and large plants usually have two sludge 

digesters in series (primary and secondary). 

 The so-called secondary digester has the purpose of 

storage and solids-liquid separation (Fig. 4.4).  They do 

not remove volatile solids. 

 Secondary digesters usually do not have mixing or 

heating systems, except when designed to replace the 

primary digester during maintenance periods. 

 In primary digesters, solids are converted to gases and 

water during digestion process, which reduces the 

solids load. 
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Volatile acids/alkalinity ratio 
 It is a very good indicator of the quality of the digestion 

process. (table 4.7) 

 

Table 4.7. Volatile acids and alkalinity ratio 

 

 

Volatile acids / alkalinity 

ratio 

Indication 

<0.3 Digester is working well 

0.3 – 0.5  Deficiencies in the digestion process, calling for 

immediate attention. 

>0.8 Digestion has become acid and process 

collapse is imminent 
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Control of Anaerobic Sludge Digesters 
To insure a good performance by taking the following 

considerations: 

 Suitable frequency of feeding 

 Detention time higher than the methanogenic organisms 

growth rate; 

 Good operational conditions of the mixing system, 

assuring homogeneity inside the digester tank. 
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Instability Symptoms of digestion process 

 increase of the volatile acids concentration (table 4.7) 

 reduction of pH and alkalinity 

 reduction of methane production 

 increase of CO2 concentration in biogas 
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Collapse of the process: Sequence of Events 

Notes: 1) The collapse process is not immediate, taking 

some days to get accomplished. 

2) A fast methanogenic process inhibition suggests the 

presence of highly concentrated toxic substances 
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Monitoring of the Anaerobic Digester 
Sampling must be performed fortnightly to ensure the 

following: 

 Neutral pH (7 – 7.2 range) 

 Alkalinity at 4,000 – 5,000 mg/L as CaCO3 

 Volatile acids concentration below 200 mg/L 

(expressed as acetic acid) 

 Monitor the volatile acids / alkalinity ratio 

 Collect data on biogas production and composition. 

 Knowledge of volatile acids composition through 

chromatography: 

 Unstable  operation if the concentration of long-chain volatile 

acids (e.g. butyric acid) increase compared to short-chain 

volatile acids (e.g. acetic acid). 
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Required Temperature for Digestion 
 The temperature inside anaerobic digesters should 

be kept near 35 oC. 

 

Notes: 

 Most anaerobic digestion systems are designed to operate in the 

mesophilic temperature range, between 30 and 38 oC. 

 Other systmes are designed for operation in the thermophilic 

temperature range of 50 to 57 oC. 
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Providing Heat for sludge digestion 
The heating requirements of digesters consist of the 

amount needed to: 

1) Raise the incoming sludge to digestion tank temp. 

2) Compensate for the heat losses through walls, floor, 

and roof of the digester. 

3) Make up the losses that might occur in the piping 

between the source of heat and the tank. 

 

The sludge in digestion tanks is heated by pumping the 

sludge through external heat exchangers and back into 

the tank.   
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Common types of Heat Exchangers 
The sludge in digestion tanks is heated by pumping the 

sludge through external heat exchangers and back into 

the tank.  Several types exist (next two slides): 

 Tube-in-tube heat exchanger 

 Spiral plate heat exchangers 

 Water bath 
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Spiral type heat exchanger 
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Water bath type heat exchanger 
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Biogas 

Composition Major components:  CH4, CO2  . 

Others (small conc.):  Nitrogen, Oxygen, and hydrogen sulphide 

Production 

rate 

0.8 m3/kg volatile solids destroyed 

(equivalent to approximately 25 L/inhabitant.day) 

Heating 

power** 

23,380 kJ/m3 (6.5kW/m3)  (for a 70% methane biogas*) 

* The higher the methane concentration in the biogas, the higher its heating value and the lower 

its density 

** Natural gas has a heating power of 37,300 kJ/m3 
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…Biogas 
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Safety concerns in dealing with biogas: 
 Explosion may happen when a proper combination of 

biogas and air occurs in the presence of a heat source 

(such as a spark) 

 Therefore, it is highly advisable to prevent biogas-air 

mixture situations while designing the gas piping. 

 The LEL and UEL are shown below: 
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Characteristics of biogas components (in terms of 

safety aspects): 

Methane  

(CH4) 

Carbon Dioxide 

(CO2) 

Hydrogen Sulfide 

(H2S) 

Odor Odourless Odourless Rotten-egg smell 

Inflamable? Inflamable Non-inflamable Inflamable 

LEL - UEL 5% - 15% NA 4.3% to 43.5% 

Color Colourless Colourless Colourless 

Relative 

density* 

 

0.55 1.53 1.19 

* The density of air is 1.2 


