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• Sewage Sludge Characteristics

• Constraints of Sludge Reclamation

• Thermal hydrolysis Pretreatment

• Pretreatment augmented Anaerobic Digestion

Overview
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• Residual, semi-solid material produced 

as a by-product during municipal or 

industrial wastewater.

• Rich source of carbon, nutrients, and 

trace elements

• Now considered as a resource rather 

than as waste since its calorific value is 

very high due to high organic load. 

• However, the sludge treatment costs are 

much higher than that of wastewater 

treatment costs and thus requires much 

more innovative and sustainable 

treatment technologies.

Sewage Sludge
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Sludge Characterization

COMPONENT % REMARKS

Water ≥ 90% Water is present in association with 
solids (91%), as free water (~ 5%), 
interstitial water (~3%), surface water 
(~0.5%) and bound water (~0.2%)

Organic content 40-50% Biodegradable matter (high volatile 
matter content); accounts for ~60% 
of the energy content in the raw 
wastewater

Inorganic content - Compounds containing Al, Si, Fe, Ca, 
Mg, Na, P

Biological Pollutants Micro-organisms and pathogens

Toxic Organic content PAHs (polycyclic aromatic 
hydrocarbons), dioxins

Toxic Inorganic content Waste from industries, corroded 
pipelines, medicines, textiles, 
cosmetics containing Zn, Ni, Ag, Cd, 
Co, Cu, Hg, Cr, Pb, As etc.

Phosphorus and Nitrogen containing 

compound 

Biomolecules such as proteins, 
peptides, sugars and fatty acids
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Sludge Reclamation Constraints

SLUDGE 

RECLAMATION 

CONSTRAINTS

LOGISTICS

HIGH 

OPERATIONAL 

COSTS

POOR QUALITY 

PRODUCT

High energy demand of membrane technologies

Energy intensive advanced oxidation processes

Expensive equipment's such as microbial fuel cells

Cost-ineffective recovery techniques

ENVIRONMENT 

AND HEALTH 

RISKS 

DEFECTIVE POLICY 

IMPLEMENTATION

Identifying suitable niche

High transportation and marketing costs

Topographical discrepancies

Commercially unsuitable

Pathogen contamination

Low nutritional value

Retroactive management

Liberal rules and regulations

Lack of government assistance for 

commercialising natural gas supplies

Emerging contaminants

Heavy metal contamination

Pathogens
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Anaerobic Digestion (AD)

Long 
Chain 
Fatty 
Acids

Glycerol
Amino 
Acids

Sugar
Alcohols

Long 
Chain 
Fatty 
Acids

Propionate

Butyrate

Valerate

Acetic 
Acid H₂ / CO₂

Biogas
CH₄

LIPIDS PROTEINS CARBOHYDRATES

HYDROLYSIS 

ACIDOGENESIS

ACETOGENESIS

METHANOGENESIS
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• Hydrolysis is a process in which breakdown of complex organic matter into simpler

organic compounds occurs.

• Pretreatment process such as thermal, helps in speeding up of the hydrolysis of

complex polymers present in sludge in the form of flocs.

• Thermal pretreatment helps in cell rupturing resulting into higher solubilization of

organic components.

Thermal Hydrolysis

Suspended EPS

Tightly bound EPS

Vicinal water

Polysaccharides

Polypeptides

Loosely bound EPS

Water of hydration

Interstitial water
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Purpose of Treatment

Pretreating at ≥100˚C for solubilization and homogenization of 
organic matter

Loosening of extracellular polysaccharides (ECPs).

Further breakdown and release of ECPs  from pre-heated sludge  
at high temperature as well as pathogen annihilation.

Bursting of cell wall thereby releasing extra polymeric substances 
providing increased surface area for bacteria for action during 
AD.

OLR, 

BIOGAS YIELD, 

HIGH VS 
DESTRUCTION,

ENHANCED 
DEWATERING,

HIGH QUALITY 
DIGESTATE

HRT, 

VISCOSITY 
REDUCTION, 

REDUCE DS UPTO 8-
12%
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• Thermal pretreatments helps in bypassing rate

limiting step

• Stimulating organic matter degradation and

enhances biogas yield.

• Pathogen removal, reduction in viscosity of

digestate, enhanced disintegration of cell flocs,

solubilization of organic matter, and sludge

dewaterability.

High Temperature Thermal Pretreatment
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• Added advantage is production of class A biosolids.

• Waste activated sludge (WAS) is comparatively more resistant to

degradation than the primary sludge, due to its complex composition

containing more quantities of protein and phosphorous.

• High-temperature & pressure conditions disrupts cell flocs resulting

into higher solubilization, release of cell components (EPS), and

methane yield.

• Applied temperature, pressure, and application time have vital effect

on degree of solubilization.

• Temperatures ranging from 100-170℃results into higher biogas yield

is obtained from solubilized fraction than from the particulate fraction.

On the contrary, the rate of biodegradation of particulate fraction

might remain constant or even decrease at temperatures ≥170-190℃.
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Effect Of High Temperature Pretreatment

On Sludge Characteristics: 

HIGH 
TEMPERARTURE 

THERMAL 
PRETREATMENT

High temperature & pressure leads to

sterilization of sludge and production of

class A biosolids. Sudden depressurization

results into bursting of cells, thus increases

solubilization. Solubilization and methane

production are dependent upon temperature

and pressure.

Floc & cell distruption- Cell permeability
and lysis are directly proportional to the
temperatures.
Carbohydrates- Charring of sugars
Proteins- enhanced protein denaturation
increasing ammonia inhibition during AD

Higher biogas yield from soluble 

fraction between 95-170 °C. Most 

suitable range for biogas production 

is 170-190℃, even from particulate 

fraction.
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Advantages of AD & TH

THERMALLY 
HYDROLYSED 

SLUDGE 

ANAEROBIC 
DIGESTION

BIOGAS 
PRODUCTION

BUFFERING 
CAPACITY

ELECTRON 
TRANSFER 

MECHANISM

ELECTRICAL 
CONDUCTIVITY

LAG 
PHASE

VFAs 
ACCUMULATION 

& INHIBITION

NUTRIENT 
RETENTION

ORGANIC 
LOADING 

RATE

MICROBIAL 
CELL 

ENRICHMEN
T

HEAVY 
METAL 

LEAKAGE

DIGESTATE
PYROLYSIS BIOCHAR AGRICULTURAL 

USE

SOIL AMENDMENT
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Sludge Applications: Turning waste into 

resources

SUSTAINABLE CITIES AND 

COMMUNITIES

BUSINESS AND MARKETING

CLEAN WATER AND 

SANITATION

RESPONSIBLE CONSUMPTION AND 

PRODUCTION

RELIABLE PERFORMANCE

AFFORDABLE CLEAN 

ENERGY

LOW CARBON FOOTPRINT AND BETTER 

ENVIRONMENT

THERMAL HYDROLYSIS 

AUGMENTED WITH 

ANAEROBIC DIGESTION

BUILDING SLUDGE-DERIVED RESOURCE 

RECOVERY SYSTEMS
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Thank You


