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Sanitary Landfill Life Cycle

Sanitary landfills are intended as biological reactors  (bioreactors) in which microbes will break down 
complex organic waste into simpler, less toxic compounds over time.
Aerobic decomposition is the first stage followed by 4 stages of anaerobic degradation. 

Large organic molecules degraded into smaller molecules

Small organic molecules begin to dissolve and move to the liquid phase

Hydrolysis of these organic molecules

Hydrolyzed compounds undergo transformation and volatilization as CO2 and CH4

Rest of the waste remaining in solid and liquid phases



Phases of Degradation

Initial adjustment (Phase I)

Oxygen concentration is high Microbial populations grow, density increases
Aerobic biodegradation 
dominates

Transition (Phase II)

Oxygen rapidly degraded Anaerobic conditions in the layers
Nitrate, sulphates used as 
electron acceptors

Acid formation (Phase III)

Hydrolysis of the biodegradable fraction of 
the solid waste

Rapid accumulation of volatile 
fatty acids (VFAs) in the leachate

Long chain volatile 
organic acids (VOAs) 
converted to acetic 
acid, CO2 and H2

High VOA concentrations initiates H2

production by fermentative bacteria
Stimulates H2 oxidizing bacteria



Methane fermentation (Phase IV)

VFAs metabolized by the methanogens and converted to CH4 and CO2

This is the longest decomposition phase

Final maturation and stabilization (Phase V)

The rate of microbiological activity slows down as nutrients become limiting
Methane production almost completely disappears
O2 and oxidized species gradually reappears in the gas wells as O2 permeates downwardly from
the troposphere.
The residual organic matter may incrementally be converted to the gas phase





Compost also known as Farmyard manure is the oldest manure known to
mankind and is made up of solid excreta or dung of animals, urine and plant
remains which are allowed to decay with the help of soil microorganisms
capable of decomposing complex organic debris into substances that are
easily assimilated by plants.
The manorial value of farmyard manure depends on the nature of raw
materials used and the extent of decomposition by soil microorganisms.













Pit Method of Composting

In China pits have 
dimensions of 3.5m 
x2.5m x1.5m (L x B x H).



The pits are filled layer by layer and each layer
is about 15cm thick. The bottom layer consists
of green plants and aquatic weeds available
on the farm followed by silt-straw mixture and
animal excreta (layer 3). This layering is
repeated until the pit is filled. Finally a layer of
mud is made on top of the pit in such a way
that water of about 4cm depth is maintained
on the surface to create anaerobic conditions.
In a time span of 10 weeks the mud plaster is
dismantled and the contents of the pit are
turned over.
At the end of 3 months the compost is ready
for used on the farm.



In India the pit method is also practiced without any water logging in
an elevated place often protected by a shed.
The layering at the bottom is usually the urine soaked bed in the
cattle shed. The bed is made of farm materials such as vegetable
wastes, fodder remnants, green matter etc. The bed layer is sprinkled
with a slurry of cow dung and mixed with well decomposed manure
from the previous batch. This sort of layering and sprinkling with cow
dung slurry is repeated until the pit is filled.
The compost pit sits for a period of 2-3 months within which the
contents are turned over or stirred 3 times.



 The method for building the heap is as follows: 10cm layer of
material that is difficult to decompose (stalks and crop
residues). Then sprinkle with water. 10cm of material that is
easy to decompose (fruit and vegetable wastes). 2cm of
animal manure (if available).

 The heap can be rectangular in shape.
 After wetting with water the heap is mud plastered and

allowed to sit.
 Within a period of 2-3 months the heap is broken, materials

turned or stirred and again mud plastered.

Heap Method of Composting



High Temperature Composting

 The entire heap is shaped finally with mud
plaster taking care to insert bamboo or maize
stalks into the mud covered heap all the way
to the bottom of the heap.

 After 24 hrs. the bamboo poles are
withdrawn to leave behind holes for
ventilation.

 Within 4-5 days the temperature in the heap
reaches 60-700C when the holes are closed
and sealed with mud plaster.

 After a period of 2 weeks the mud plaster is
broken and the contents mixed followed by
resealing with mud plaster.

 At the end of 2 months the decomposed
compost free from pathogens is ready for
used on the farm.















































Waste Water Treatment
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Waste Water Treatment

Wastewater treatment is a process used to remove 

contaminants from wastewater or sewage and convert it into 

an effluent that can be returned to the water cycle with 

minimum impact on the environment, or directly reused
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1
• Preliminary Treatment

2
• Primary Treatment

3
• Secondary Treatment

4
• Tertiary Treatment
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Primary treatment is

the physical removal

of 20-30% of organic

materials present in

sewage in

particulate form.
branches and tires

Smaller items like 

diapers and bottles

Sand and gravel
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Primary & Advanced Treatment

Primary Treatment

Removal of a portion of the suspended solids and 

organic matter from the wastewater

Advanced Primary Treatment

Enhanced removal of suspended solids and organic 

matter from the wastewater

 Coagulation and Flocculation
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Primary Treatment

Primary treatment consists of following processes/units

 Sedimentation - Primary Settling Tanks

Coagulation - Secondary Settling Tank

 Flocculation  (for smaller suspended solids)
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Aluminium

sulphate (alum) 

After mixing the particles 

interact forming large 

aggregated masses a 

process called flocculation







Secondary Treatment

Secondary treatment

Removal of biodegradable organic matter [insoluble or suspension 

state}and suspended solids

Disinfection is also typically included in the definition of conventional 

secondary treatment 

Secondary Treatment with Nutrient Removal 

Removal of biodegradable organics, suspended solids, and nutrients 

(nitrogen phosphorus, or both nitrogen and phosphorus) 



Secondary Treatment

Secondary Treatment Process for Wastewater Applications

 Aeration Systems

 Biological Treatment Systems

 Sludge and Bio solids Processing Systems

Secondary treatment consists of following processes

 Activated Sludge Process

Oxidation Ponds and lagoons

 Trickling Filter 
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Due to vigorous aeration the colloidal and

finely suspended matter of sewage

aggregates which are called floccules.

Aerobic microorganisms also becomes

trapped within the flocs. Mixing keeps

biological flocs suspended and ensures

contact between waste water and

microrganisms. The flocs are permitted to settle

down in secondary settling tank.

















Anaerobic Digesters

 The sludge from aerobic sewage treatment

together with the materials settled down in

primary treatment are further treated in

anaerobic digesters through the process of

anaerobic digestion.

 These digesters are used only for processing of

settled sewage sludge and the treatment of

very high BOD industrial effluents.

 Anaerobic digesters are large fermentation

tanks designed to operate anaerobically with

continuous supply of untreated sludge and

removal of final stabilized sludge product.

 The tanks have provisions for mechanical

mixing, heating, gas collection, sludge

addition and removal of final stabilized sludge.



Anaerobic digestion involves the following 3 steps

1. Fermentation- The fermentation of sludge components to form organic 

acids from organic polymers is done by a number of bacteria such as 

Bacteroides, Clostridium, Lactobacillus etc. The organic acids formed are 

butyrate, propionate, lactate, succinate, acetate along with ethanol and 

H2 and CO2.

2. Acetogenic reactions- The products produced during fermentation are 

utilized as substrate by several acetogenic bacteria like Syntrophomonas, 

Syntrophobacter and Acetobacterium. The products produced as a result 

of acetogenic reactions are acetate, H2 and CO2.

3. Methanogenesis- The products produced during acetogenesis are utilized 

as substrate by methanogenic bacteria. Acetate is used to  produced CH4

+CO2 by Methanosarcina. H2 and HCO3
- are used to produce methane by 

several bacteria like Methanobacterium, Methanococcus.

The final product of anaerobic digestion is a mixture of gases (70% methane. 

30% CO2), microbial biomass and nonbiodegradable residues (heavy metals, 

polychlorinated biphenyls, etc.)



Tertiary Treatment

 Removal of residual suspended solids (after secondary 
treatment),usually by granular medium filtration or micro screens

 Disinfection is also typically a part of tertiary treatment. Nutrient 
removal is often included in this definition 

Tertiary treatment consists of following processes and units

Membrane Filtration and Separation

 Dechlorination and Disinfection Systems

 Reverse Osmosis (RO) Systems

 Ion Exchange

 Activated Carbon Adsorption

 Physical/Chemical Treatment 



 Tertiary treatment is aimed to remove non-biodegradable organic 

materials, heavy metals and minerals

 The salts of nitrogen and phosphorous must be removed because they 

cause eutrophication.

 By using activated carbon the organic pollutants can be removed.

 By adding lime phosphorus can be precipitated as calcium phosphate.

 Disinfection is done by chlorination.

Chlorine is added to water either from a concentrated solution of sodium 

hypochlorite or calcium hypochlorite or as a gas from pressurized tanks.

Cl2 + H2O                                        HOCl + HCl

HOCl +NH3 NH2Cl + H2O

HOCl [O] + HCl



Septic Tank





The pipe connections are

generally made via a T pipe

which allows liquid entry and

egress without disturbing any

crust on the surface.

Today the design of the tank

usually incorporates 2

chambers (each of which is

equipped with a manhole

cover) which are separated

by means of a dividing wall

which has openings about

midway between the floor

and roof of the tank



The waste water

usually remains in

the septic tank for

just 24-72 h, after

which it is

channeled out to a

drain field. This drain

field or leach field is

composed of small

perforated pipes

that are embedded

in gravel below the

surface of the soil.









In general it is rare for a septic

tank system to require

emptying more than once a

year and by careful

management many users can

reduce emptying to every 3 to

5 years. When emptying a

tank, only a small residue of

sludge should be left in the

tank. Anaerobic

decomposition is rapidly re-

started when the tank re-fills


