
SLUDGE TREATMENT AND DISPOSAL 

Sewage sludge treatment describes the processes used to manage and dispose of sewage 

sludge produced during sewage treatment. Sludge is mostly water with lesser amounts of 

solid material removed from liquid sewage. Primary sludge includes settleable solids 

removed during primary treatment in primary clarifiers. Secondary sludge separated in 

secondary clarifiers includes treated sewage sludge from secondary treatment bioreactors. 

Sludge treatment is focused on reducing sludge weight and volume to reduce disposal costs, 

and on reducing potential health risks of disposal options. Water removal is the primary 

means of weight and volume reduction, while pathogen destruction is frequently 

accomplished through heating during thermophilic digestion, composting, or incineration. 

The choice of a sludge treatment method depends on the volume of sludge generated, and 

comparison of treatment costs required for available disposal options. Air-drying and 

composting may be attractive to rural communities, while limited land availability may make 

aerobic digestion and mechanical dewatering preferable for cities, and economies of scale 

may encourage energy recovery alternatives in metropolitan areas. 

Energy may be recovered from sludge through methane gas production during anaerobic 

digestion or through incineration of dried sludge, but energy yield is often insufficient to 

evaporate sludge water content or to power blowers, pumps, or centrifuges required for 

dewatering. Coarse primary solids and secondary sewage sludge may include toxic chemicals 

removed from liquid sewage by sorption onto solid particles in clarifier sludge. Reducing 

sludge volume may increase the concentration of some of these toxic chemicals in the sludge. 

1. Thickening 

Thickening is usually the first step in sludge treatment because it is impractical to handle thin 

sludge, a slurry of solids suspended in water. Sludge from primary or secondary clarifiers 

may be stirred (often after addition of clarifying agents) to form larger, more rapidly settling 

aggregates. Primary sludge may be thickened to about 8 or 10 percent solids, while secondary 

sludge may be thickened to about 4 percent solids. Thickeners often resemble a clarifier with 

the addition of a stirring mechanism. Thickening is usually accomplished in a tank called a 

gravity thickener. A thickener can reduce the total volume of sludge to less than half the 

original volume. An alternative to gravity thickening is dissolved-air flotation. In this 

method, air bubbles carry the solids to the surface, where a layer of thickened sludge forms. 



Methods of thickening 

a) Gravity Thickening: This process involves the concentration of thin sludges to more 

dense sludge in special circular tanks designed for this purpose.  Its use is largely restricted to 

the watery excess sludge from the activated sludge process.  It may also be used to 

concentrate sludge to primary tanks or a mixture of primary and excess activated sludge prior 

to high rate digestion. 

b) Dissolved Air Floatation:  The objective of flotation-thickening is to attach a minute air 

bubble to suspended solids and cause the solids to separate from the water in an upward 

direction.  This is due to the fact that the solid particles have a specific gravity lower than 

water when the bubble is attached. 

Dissolved air flotation depends on the formation of small diameter bubbles resulting from air 

released from solution after being pressurized to 40 to 60 psi.  Since the solubility of air 

increases with pressure, substantial quantities of air can be dissolved. Sludge solids are 

floated by the air bubbles that attach themselves to and are enmeshed in the floc particles.  

The degree of adhesion depends on surface properties of the solids.  When released into the 

separation area of the thickening tank, the buoyed solids rise under hindered conditions 

analogous to those in gravity settling and can be called hindered separation or flotation.  The 

upward moving particles form a sludge blanket on the surface of the flotation thickener. 

Sludge solids are floated by the air bubbles that attach themselves to and are enmeshed in the 

floc particles.  The degree of adhesion depends on surface properties of the solids.  When 

released into the separation area of the thickening tank, the buoyed solids rise under hindered 

conditions analogous to those in gravity settling and can be called hindered separation or 

flotation.  The upward moving particles form a sludge blanket on the surface of the flotation 

thickener. 

c) Centrifugation: Centrifuges are a compact, simple, flexible, self-contained unit. They 

have the disadvantages of high capitals, maintenance and power costs and often a poor, 

solids-capture efficiency if chemicals are not used for bio sludges. Centrifugal thickening is 

acceleration of sedimentation through the use of centrifugal force. Centrifuges are commonly 

used for thickening WAS (Waste Activated Sludge). Primary sludge is normally not fed to 

centrifuge as it may contain abrasive material. In addition of being effective in thickening, 



they have additional advantage of less space requirement, less odour potential & 

housekeeping requirement. 

2. Digestion 

Many sludges are treated using a variety of digestion techniques, the purpose of which is to 

reduce the amount of organic matter and the number of disease-causing microorganisms 

present in the solids. The most common treatment options include anaerobic digestion, 

aerobic digestion, and composting. Sludge digestion offers significant cost advantages by 

reducing sludge quantity by nearly 50% and providing biogas as a valuable energy source. 

a) Anaerobic digestion 

Anaerobic digestion is a bacterial process that is carried out in the absence of oxygen. The 

process can either be thermophilic digestion, in which sludge is fermented in tanks at a 

temperature of 55 °C, or mesophilic, at a temperature of around 36 °C. Though allowing 

shorter retention time (and thus smaller tanks), thermophilic digestion is more expensive in 

terms of energy consumption for heating the sludge. 

Mesophilic anaerobic digestion (MAD) is also a common method for treating sludge 

produced at sewage treatment plants. The sludge is fed into large tanks and held for a 

minimum of 12 days to allow the digestion process to perform the four stages necessary to 

digest the sludge. These are hydrolysis, acidogenesis, acetogenesis, and methanogenesis. In 

this process the complex proteins and sugars are broken down to form more simple 

compounds such as water, carbon dioxide, and methane. 

Anaerobic digestion generates biogas with a high proportion of methane that may be used to 

both heat the tank and run engines or microturbines for other on-site processes. Methane 

generation is a key advantage of the anaerobic process. Its key disadvantage is the long time 

required for the process (up to 30 days) and the high capital cost. 

b) Aerobic digestion 

Aerobic digestion is a bacterial process occurring in the presence of oxygen resembling a 

continuation of the activated sludge process. Under aerobic conditions, bacteria rapidly 

consume organic matter and convert it into carbon dioxide. Once there is a lack of organic 

matter, bacteria die and are used as food by other bacteria. This stage of the process is known 

as endogenous respiration. Solids reduction occurs in this phase. Because the aerobic 



digestion occurs much faster than anaerobic digestion, the capital costs of aerobic digestion 

are lower. However, the operating costs are characteristically much greater for aerobic 

digestion because of energy used by the blowers, pumps and motors needed to add oxygen to 

the process. 

Aerobic digestion can also be achieved by using diffuser systems or jet aerators to oxidize the 

sludge. Fine bubble diffusers are typically the more cost-efficient diffusion method, however, 

plugging is typically a problem due to sediment settling into the smaller air holes. Coarse 

bubble diffusers are more commonly used in activated sludge tanks or in the flocculation 

stages. A key component for selecting diffuser type is to ensure it will produce the required 

oxygen transfer rate. 

3. Dewatering 

Water content of sludge may be reduced by centrifugation, filtration, and/or evaporation to 

reduce transportation costs of disposal, or to improve suitability for composting. 

Centrifugation may be a preliminary step to reduce sludge volume for subsequent filtration or 

evaporation. Filtration may occur through underdrains in a sand drying bed or as a separate 

mechanical process in a belt filter press. Filtrate and centrate are typically returned to the 

sewage treatment process. After dewatering sludge may be handled as a solid containing 50 

to 75 percent water. Dewatered sludges with higher moisture content are usually handled as 

liquids. 

Sludge Drying Beds 

Sludge drying bed (SDB) is the most widely used method for sludge dewatering. Sludge 

drying involves natural ways of drying to mechanical ways of removing water content. SDB 

is generally used for small and medium sized communities. Drying beds are typically 

composed of four layers consisting of gravel and sand. The first layer is coarse gravel that is 

15 to 20 centimeters thick. Followed by fine gravel that is 10 centimeters thick. The third 

layer is sand that can be between 10 and 15 centimeters and serves as the filter between the 

sludge and gravel. Sludge dries up and water percolates to the first layer that is collected at 

the drainage pipe that is beneath all layers. 

 

 



Advantages 

 Easy to operate. 

 No electrical energy required. 

 Organic content can be used as fertiliser.  

Disadvantages 

 Requires stabilised sludge to prevent nuisance and odours. 

 Technology is land intensive. 

 Climatic fluctuation may cause disturbance. 

 Clogging of sand bed. 

 Only applicable during dry seasons. 

 

 

4. Sludge Disposal 

Incineration 

Incineration of sludge is less common because of air emissions concerns and the 

supplemental fuel (typically natural gas or fuel oil) required to burn the low calorific value 

sludge and vaporize residual water. Stepped multiple hearth incinerators with high residence 

time and fluidized bed incinerators are the most common systems used to combust 

wastewater sludge.  
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