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Sludge Management 
 Highly complex and costly 
 Has a cost ranging from 20% to 60% of the total 

operating costs of the wastewater treatment plant 
(although sludge represents only 1% to 2% of the 
treated wastewater) 

 Its importance was acknowledged by Agenda 21. 
 The following orientations were defined in Agenda 21 

towards the management of solid wastes: 
 Reduction in production 
 Maximum increase of reuse and recycling, 
 Promotion of environmentally wholesome treatment and disposal 

 The amount of sludge is expected to increase in 
developing countries due to the implementation of new 
wastewater treatment plants. 
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… Sludge Management 
 It has been neglected in many developing countries and 

disregarded in the design of wastewater treatment plants. 
 Poor sludge management will jeopardize the environmental 

and sanitary advantages expected in the treatment systems 
and largely reduce the benefits accomplished by the 
sewerage system. 

 The adequate final destination of ‘biosolids’ is a 
fundamental factor for the success of a sanitation system. 

 Nowadays: It is not limited to treatment and disposal. We 
need to look at sustainable sewage sludge management, 
which means “the resources in sludge are recycled, while 
pollutants are destructed or removed”. 
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This course; 
 Presents an integrated view of all sludge management 

stages, including generation, treatment and final disposal. 
 Get to know the main sludge treatment and final disposal 

technologies 
 Presents an introduction to the possible methods of using 

the biosolids in a beneficial manner. 
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Solid phase or Liquid phase? 
Although sludge is constituted by more than 95% water 
in most of its handling stages, it is only by convention 
that it is called a solid phase, only to distinguish it from 
the wastewater (liquid phase) 
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Production and wastage of sludge 
Need to quantify the following aspects: 
 Production of the sludge in the liquid phase. 
 Wastage of the sludge from the liquid phase (removal to the 

sludge processing line). 
 Wastage of the sludge from the solid phase (removal from the 

wastewater treatment plant to the sludge disposal or reuse site). 
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Sludge Production 
 Function of the wastewater treatment system. 
 All biological treatment processes generate sludge 
 Primary sludge, secondary sludge, mixed sludge, and 

chemical sludge. 
 Primary sludge: sludge generated in the primary settling tanks 

(composed of the settleable solids of the raw wastewater. 
 Secondary sludge (biological sludge): the sludge resulting 

from the biological treatment process. This sludge is the 
biomass that grows at the expense of the food (substrate) 
supplied by the incoming sewage. 

 Mixed sludge: a combination of primary & secondary sludge. 
 Chemical sludge: produced as a result of chemical  

precipitation with metallic salts or lime.  
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Sludge Wastage 
 Since sludge is produced, its wastage from the liquid 

phase is necessary. 
 Wastage can be: 

 Continuous or very frequent (e.g. activated sludge) 
 Occasional (e.g. anaerobic reactors) 
 Some treatment systems can store the sludge for all the 

operating horizon of the works (e.g. facultative ponds) 
  The biological sludge withdrawn is also called excess 

sludge, surplus sludge, waste sludge, or secondary 
sludge. 

 All biological treatment processes generate sludge 
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Solid By-products in Wastewater Treatment 
 Table 5.1 summarizes the origin & description of the 

main solid by-products generated in wastewater 
treatment. 
 Coarse solids 
 Grit 
 Scum 
 Primary sludge 
 Aerobic biological sludge – non-stabilized 
 Aerobic biological sludge – stabilized 
 Anaerobic biological sludge (stabilized) 
 Chemical sludge 
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Sludge vs. Biosolids? 
 The term ‘sludge’ has been used to designate the solid 

by-products from wastewater treatment. 
 In the biological treatment process, part of the organic 

matter is absorbed and converted into microbial 
biomass (biological or secondary sludge). This is 
principally composed of biological solids. For this 
reason it is also called “biosolid”. 

 The term ‘biosolid’ is a way of emphasizing its 
beneficial aspects, giving more value to productive 
uses.  This is to be compared to the mere final non-
productive disposal by means of landfills or 
incineration. 
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Relationships in Sludge: Solids levels, 
Concentration and Flow 
You need to be familiar with some relations in order to 
calculate the mass & volume of sludge produced, and to 
express the characteristics of the sludge: 
a) Relation between solids levels and water content 
b) Sludge density 
c) Expression of the concentration of dry solids 
d) Relation between flow, concentration and load 
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a) Relation between Solids Level & Water 
Content 
Water content (%) = 100 – Dry solids level (%) 

 For example, a 2% dry solids sludge contains 98% water;  
• in other words, in every 100 kg of sludge, 2 kg correspond 

to dry solids and 98 kg are plain water. 

 The water content influences the mechanical properties 
of the sludge and these influence the handling processes 
and the final disposal. The next table shows these effects 
(page 249 in your textbook) 
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Table page 249: Water content and sludge mechanical properties 

Water content Dry-solids content Mechanical properties of the 
sludge 

100% to 75% 0% to 25% Fluid sludge 

75% to 65% 25% to 35% Semi-solid cake 

65% to 40% 35% to 60% Hard solid 

40% to 15% 60% to 85% Sludge in granules 

15% to 0% 85% to 100% Sludge disintegrating into a fine 
powder 
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b) Sludge density 

Very close to water (in most of its processing) 

Stage Density 

Liquid sludge during its treatment 1.02 to 1.03 

Dewatered sludge going to final disposal 1.05 to 1.08 
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c) Expression of the concentration of dry solids 
 The concentration can be in mg/L or in %. 
 % and mg/L are related by: 

 
 
 
o Since in most of the sludge processing stages the 

specific gravity is very close to 1.0 (except for the 
dewatered sludge), the previous equation can be 
simplified to the following: 
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d) Relation between flow, concentration and load 
 Sludge flow = volume per unit time 
 Dry solids load = mass per unit time 
 We know that   Flow = Load / Concentration 
Therefore:  the % and mg/L are related by: 

 
 
 

Since the sludge density is very close to 1000 kg/m3: 
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Effect of increasing the sludge concentration on 
the sludge volume: 

 The sludge volume varies inversely with the dry 
solids concentration 
 
 
 

 The previous equation is approximate and assuming a 
sludge with a specific gravity equal to 1.0 
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Example 
A sludge with a concentration of 20,000 mg/L and a 

flow of 6 m3/d: 
a) What is the sludge concentration as %? 
b) For 1 m3 of sludge, how many kilograms of solids 

exist? 
c) What is the SS load? 
d) If the SS concentration is raised to 5.0%, compute 

the new sludge flow. 
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… example 
a) 
 
Concentration (%) = 20,000/10,000 = 2.0% of dry solids 
 
b)  1 m3 of sludge = 1000 kg of sludge 

Hence, there are 20,000 g of dry solids in 1 m3 of 
sludge 

c)  
 
 
Solids load = (6 m3/d) x (2.0) x 10 = 120 kgSS/d 
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… example 
d) 
 
 
 
New sludge flow = 6 m3/d × (2.0 / 5.0) = 2.4 m3/d 
 
The other 3.6 m3 are removed liquid from this stage. 
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Sludge Removal Intervals 
 Table 5.2 presents typical sludge removal intervals 

from the treatment units of the liquid phase (from 
where the sludge goes to the treatment stage). 

 The removal interval can be expressed as: 
Continuous, hours, days, weeks, months, years. 
For example: ‘months’ means that the sludge must be removed 

in the order of a few months from the treatment unit in the 
liquid phase to go on to the processing stage in the solid 
phase. 

 The storage period has a large influence on the sludge 
characteristics and treatment. For example, sludges 
removed in intervals of weeks, months, years, or 
decades are usually thicker and already digested. 
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Quantity of sludge generated? 
 Can be expressed in terms of mass and volume. 

 mass: g of total solids per day, dry basis. 
 volume: m3 of sludge per day, wet basis 

 Sludge production will be expressed on per capita and 
COD bases.  (table 2.1) 

 Note that the sludge mass, expressed as solids, 
represents the fraction of solids of the sludge 
generated.  The rest of the sludge consists of plain 
water. 
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Why COD? 
 In biological wastewater treatment, part of the COD 

removed is converted into biomass, which will make 
up the biological sludge.  

→ Therefore, we can estimate the excess sludge 
production  using the COD or BOD removed from 
the wastewater. 



30 

Notes on Table 2.1 
 Table 2.1 is suitable exclusively for preliminary estimates. 

 The per capita SS in table 2.1 is calculated using the 
assumption that every inhabitant contributes approximately 
100 gCOD/day (0.1 kgCOD/inhab.d) 

 The mass and volumes in table 2.1 are related to the sludge 
that is directed to the treatment or processing stage. 

 To determine the solids load and concentration through the 
sludge treatment stages, table 2.2 should be used. 
→ Table 2.2 presents typical values for the production of liquid 

sludge (to be treated) and the dewatered sludge (to be 
disposed of or reused). 
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…notes on Table 2.1 
Why do stabilisation ponds produce the smallest sludge 
volume while conventional activated sludge systems produce 
the largest sludge volume? 
 Because the sludge produced in the ponds is stored for many 

years in the bottom, undergoing digestion (conversion to water 
and gases) and thickening, which greatly reduces its volume. 

 On the other hand, in the conventional activated sludge process, 
sludge is not digested in the aeration tank, because its residence 
time (sludge age) is too low to accomplish this. 
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Sludge Treatment Stages 

The incorporation of each of these stages in the sludge-
processing flowsheet depends on: 
 The characteristics of the sludge produced (i.e. the treatment 

system used for the liquid phase). 
 The final disposal methods. 
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Sludge Treatment Stages, with process variants 
within each stage 
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Typical 
Treatment and 
Disposal 
Flowsheets 
 
various combinations 
of unit operations and 
processes 
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Sludge Thickening 
It is a physical process of concentrating the sludge, with 

the aim of reducing its water content and, as a result, its 
volume, facilitating the subsequent sludge treatment 
stages. 
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Main Processes in Sludge Thickening 
The main processes used for sludge thickening are: 

 Gravity thickeners 
 Dissolved air flotation 
 Centrifuges 
 Belt presses 
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A.    Gravity Thickeners 
 Similar to settling tanks. 
 Tank is circular with central feeding (next slide) 
 The thickened sludge exists from the bottom to the next 

stage (normally digestion). 
 The supernatant exits from the sides to be returned to 

the head of the works 
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B.    Dissolved Air Flotation 
 Air is introduced in a solution maintained at high 

pressure. Under such conditions, the air remains 
dissolved. 

 When there is a depressurisation , the dissolved air is 
released in the form of small bubbles, with an upward 
movement, hence carrying the sludge particles to the 
surface, from where they are skimmed off. 

 Thickening by flotation has a good applicability for: 
 activated sludge, which does not thicken well in gravity 

thickeners (see table 5.5) 
 WWTPs with biological phosphorous removal, in which the 

sludge needs to remain in aerobic conditions in order not to 
release the phosphorous back into the liquid mass. 
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Sludge Stabilisation 
 A process with the objective of stabilising (digesting) 

the biodegradable fraction of the organic matter, thus 
decreasing the risk of putrefaction, as well as reducing 
the concentration of pathogens. 

 This removal also brings about a reduction in the solids 
mass in the sludge.  
 (due to the decrease in the load of total solids; i.e. reduction of 

volatile suspended solids) 
 The process attenuates the inconveniences associated 

with the generation of bad odours during processing 
and disposing of sludge. 
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Sludge Conditioning 
 Conditioning is a sludge preparation process aiming at 

increasing its dewatering capability and improving the 
capture of solids in the sludge dewatering systems. 

 The conditioning can be accomplished using chemical 
products (coagulants, polymers) or physical processes; the 
most common of the latter is the heating of the sludge. 

 The chemical products are applied to the sludge upstream 
of the dewatering unit, favouring the aggregation of the 
solids particles and the formation of flocs. 

 The conditioning can also be employed upstream of the 
mechanised thickening  units. 
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Sludge Characteristics at Each Treatment Stage 
 Thickening, dewatering: increase in the concentration 

of total solids; reduction in sludge volume. 
 Digestion: decrease in the load of total solids (reduction 

of volatile suspended solids) 
 These changes in characteristics can be tracked using 

table 2.2. 
 Table 2.2 presents the solids load and concentration 

through the sludge treatment stages 
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Solids in Sludge 
Sludge consists of 
solids and water 
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 The ratio of volatile to total solids (VS/TS) gives a 
good indication of the organic fraction in the sludge 
solids, as well as its level of digestion. 

 VS/TS ratio for undigested sludges ranges from 0.75 
to 0.80 

 VS/TS ratio for digested sludges ranges from 0.60 to 
0.65 

 Table 2.3 presents typical ranges of VS/TS for sludges 
from different wastewater treatment processes. 
 
 
 

… Solids in Sludge 

The expressions dry solids, total solids, and suspended 
solids are used interchangeably, since most of the total 
solids in the sludge are suspended solids.  
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Density & Specific Gravity of the Sludge 
 Sludge consists of water and solids 
 Solids can be either volatile or fixed 
 The specific gravity of each component is: 

 SG of water is 1.0 
 SG of FS is approximately 2.5 
 SG of VS is approximately 1.0 
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…Density & Specific Gravity of the Sludge 
 The density of sludge (water plus solids) depends 

upon the relative distribution among those three 
components (water, FS, VS).  The specific gravity of 
the sludge can be estimated as follows: 
 
 
 
 

 Table 2.3 uses equations 2.1 and 2.2 in the calculation of 
specific gravity of solids and sludge. 

 Table 2.4 presents sludge density values from other 
references. 
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Solids Capture 
 Processes like thickening and dewatering involve 

separation of solids from the liquid.  
 Part of these solids remain in the supernatant and 

outflows. (should be returned to the head works to be 
mixed with the plant influent)  

 The percentage of solids captured in a sludge 
treatment process is known as solids capture (or solids 
recovery). These are the solids that will be sent to the 
subsequent stages of the processing. 
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…Solids Capture example 
 A sludge treatment process for which: 

 SS load = 100 kgSS/d 
 Solids capture efficiency is 90% 

 
→ 90 kgSS/d will flow with the sludge towards the next 

treatment stages 
→ 10 kgSS/d will be incorporated to the drained liquid and 

be sent back to the head of the wastewater treatment plant 
 
Table 2.5 presents typical values of solids capture 
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Calculation of the Sludge Production 
A. Primary sludge production 
B. Secondary sludge production 
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A.   Primary Sludge Production 
 The amount of primary sludge produced depends on 

the SS removal efficiency (solids capture) in the 
primary clarifier. 
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B.   Secondary (biological) Sludge Production 
 Consists of the following fractions: 

 Biological solids: biological solids produced in the system as 
a result of the organic matter removal. 

 Inert solids from raw sewage: non-biodegradable solids, 
accumulated in the system. 

 Secondary sludge production is estimated considering 
kinetic and stoichiometric coefficients of the particular 
biological wastewater treatment process being used. 

 Approximate figures for sludge productions can be 
derived from tables 2.1 and 2.2. 
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….B.   Secondary (biological) Sludge Production 
 In the estimation of the amount of biological sludge to 

be treated, the amount lost with the final effluent 
should be deducted from the total amount produced. 
 In other words, the load of solids to be treated is equal to the 

load of solids produced minus the load of solids escaping 
with the final effluent. 
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Mass Balance in Sludge Treatment 
 Supernatant, percolated and drained liquids from the 

various sludge treatment stages contain suspended solids 
since the solids capture efficiency is not 100%. 

 These solids represent organic matter and must return to 
the sludge treatment plant instead of being discharged to 
the receiving water body. 

 This increases the influent solids load to the treatment 
stages in the liquid and solids lines. 

 To include the return of these solids in the computation of 
influent and effluent loads, an iterative approach should be 
used.  

 Three iterations should be enough (i.e. the loads from the 
fourth iteration are very close to those in the third. 
 



95 



96 



97 



98 


	Sludge Management EENV 5000 
	Sludge Management
	… Sludge Management
	This course;
	Slide Number 5
	Solid phase or Liquid phase?
	Production and wastage of sludge
	Sludge Production
	Sludge Wastage
	Slide Number 10
	Slide Number 11
	Solid By-products in Wastewater Treatment
	Sludge vs. Biosolids?
	Relationships in Sludge: Solids levels, Concentration and Flow
	a) Relation between Solids Level & Water Content
	Table page 249: Water content and sludge mechanical properties
	b) Sludge density
	c) Expression of the concentration of dry solids
	d) Relation between flow, concentration and load
	Effect of increasing the sludge concentration on the sludge volume:
	Example
	… example
	… example
	Sludge Removal Intervals
	Slide Number 25
	Slide Number 26
	Quantity of sludge generated?
	Slide Number 28
	Why COD?
	Notes on Table 2.1
	…notes on Table 2.1
	Sludge Treatment Stages
	Sludge Treatment Stages, with process variants within each stage
	Typical Treatment and Disposal Flowsheets��various combinations of unit operations and processes
	Sludge Thickening
	Main Processes in Sludge Thickening
	Slide Number 37
	Slide Number 38
	A.    Gravity Thickeners
	Slide Number 40
	B.    Dissolved Air Flotation
	Sludge Stabilisation
	Sludge Conditioning
	Sludge Characteristics at Each Treatment Stage
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Solids in Sludge
	… Solids in Sludge
	Density & Specific Gravity of the Sludge
	…Density & Specific Gravity of the Sludge
	Slide Number 60
	Slide Number 61
	Solids Capture
	…Solids Capture example
	Slide Number 64
	Calculation of the Sludge Production
	A.   Primary Sludge Production
	B.   Secondary (biological) Sludge Production
	….B.   Secondary (biological) Sludge Production
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Mass Balance in Sludge Treatment
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98

