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Anaerobic Processes

• BOD removal in the 
absence of oxygen

• Series of bioconversion 
steps, each carried out by 
different microorganisms

• Results in methane 
production



Anaerobic Processes

• Anaerobic microorganisms, especially methanogenic archaea grow slowly
• So, need higher SRT than aerobic processes

• Anaerobic microorganisms also settle poorly
• So, secondary clarification not effective



Anaerobic Membrane Bioreactors

• Combination of membrane filtration with anaerobic bioreactor, so no need for 
secondary clarification

• Membrane retains biomass in the bioreactor, resulting in a high SRT



Anaerobic Membrane Bioreactors

Advantages:  
• Energy-neutral or energy-positive
• Less sludge produced



Anaerobic Membrane Bioreactors

Disadvantages:  
• Membrane fouling
• Dissolved methane in effluent
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Solids Treatment/Sludge Stabilization

• Two main flows for solids treatment/sludge stabilization:
o Primary sludge
o Waste activated sludge

• Represent 1-2% of total Q coming into the WWTP
o Cost to treat:  50% of total capital costs at WWTP
o Operations problems:  >50%

“As the solids go, so goes the plant.”



Solids Treatment/Sludge Stabilization

• Why is solids treatment needed?
o Reduce pathogens (especially in primary sludge)
o Reduce BOD (poses a pollution problem if directly released)

• Regulations
o In the US, 503 (CFR) Biosolids Rules à govern the level of treatment 

needed, when and how much ”biosolids” can be land applied etc.
• Two main possible products:

o Class A biosolids
o Class B biosolids



Class A Biosolids

• Can be used as fertilizer on farms, vegetable gardens, and can be sold to 
home gardeners as compost or fertilizer

• Must "contain no detectible levels of pathogens"



Class B Biosolids

• Allowed to have detectable pathogens
• Use for land application as fertilizer with restrictions

o May not be applied to home lawns and gardens
o Restrictions for the harvesting of crops and turf
o Restriction for the grazing of animals



India Regulations



Aerobic Digestion

• In digesters, usually SRT=HRT
• Sludge is aerated for 2-4 weeks until oxygen demand or %VSS is low enough
• Common for small WWTP
• Simple design, but high energy cost



Anaerobic Processes

• BOD removal in the 
absence of oxygen

• Series of bioconversion 
steps, each carried out by 
different microorganisms

• Results in methane 
production



Anaerobic Digestion

• Need to heat to 35 C to ensure that 
methanogens grow at a reasonable 
rate

• Gas is collected and burned to heat 
the digester; excess can be used to 
supply energy elsewhere in the WWTP 
or export

• SRT = HRT = 30 days à big tanks
• Mixing via gas recirculation + external 

pumping



Anaerobic Digestion
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Anaerobic Digestion

• Process is difficult to keep running properly; need right balance between 
fermenters and methanogens

• Since sludge must be heated, important to reduce volume
o Common to use gravity belt thickeners; work well due to addition of 

polymers
• Final disposal:

o Mostly to land; this is a shift away from disposal in ocean (banned), and 
landfills

o Controversy due to the presence of toxins in biosolids, e.g. metals, 
organics (PCB, PAH, dioxins)



10-min break



Improving methane yields from AD
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Co-digestion with fats, oils and grease (FOG)

On a per gram basis, more methane 
can be produced from lipids than 
carbohydrates and proteins

clear that wastewaters with high lipids content are not
effectively treated yet by HR-AnWT. Nevertheless, waste
lipids are ideal substrates for methane production, since
theoretically their degradation produces more biogas with
higher methane content, when compared with proteins or
carbohydrates (Table 1).

The energy value of lipids makes them an ideal
co-substrate to increase the economical feasibility of any
AD plant based on co-digestion concepts. The net
energy production increases significantly if a fraction of
waste lipids is mixed in the feedstock. This has already
been noticed by managers of AD plants, who are even
willing to pay for lipids. However, without a proper
feeding strategy, addition of waste lipids to an AD plant
is risky, if accumulation of long-chain fatty acids (LCFA)
is not prevented. Understanding anaerobic degradation
of lipids has therefore an immediate economical impact
on AD plants.

The existing gap in HR-AnWT for complex was-
tewaters with lipids and the importance of lipids as
co-substrates in AD plants make this issue of global
interest in the environmental technology field. In this
minireview, the classical problems of lipids degradation
in anaerobic processes are discussed and new concepts
to avoid inhibition by lipids and to enhance degradation
are presented. Reactors operation, feeding strategies
and prospects of technological developments for waste-
water treatment are discussed. Finally, some hints on
anaerobic bacteria and microbial communities that
degrade LCFA are presented.

The role and drawbacks of LCFA in the anaerobic
degradation of lipids

Lipids are LCFA bonded to glycerol, alcohols or other
groups by an ester or ether linkage. Fats and oils are a
subgroup of lipids that have the alcohol groups esterified
with fatty acids, predominantly in the form of triglycerides
(glycerol backbone with three LCFA). Fats contain satu-
rated LCFA, and oils are normally composed of unsatur-
ated fatty acids, which confer lower melting point.

Fats and oils are common contaminants of domestic
sewage and industrial effluents from dairy industries
(Perle et al., 1995), slaughterhouses (Sayed et al., 1988),
livestock farms (Broughton et al., 1998), wool scouring

facilities (Becker et al., 1999) and edible oil-processing
facilities (Beccari et al., 1996; Becker et al., 1999).

In general, hydrolysis of fats and oils to glycerol and
LCFA proceeds rapidly in AD processes, resulting in the
accumulation of LCFA in the wastewater (Hanaki et al.,
1981; Angelidaki and Ahring, 1992). Over 90% of the
chemical oxygen demand (COD) present in lipids is con-
served, after hydrolysis, in the LCFA (Hanaki et al., 1981).
The estimated biomass/substrate yield for the conversion
of fat is 0.038 g VSS (g COD)-1, whereas for proteins and
carbohydrates values of 0.2 and 0.35 g VSS (g COD)-1,
respectively, are reported (Pavlostathis and Giraldo-
Gomez, 1991).

At neutral pH, LCFA are ionized and so it is appropriate
to refer to them according to their carboxilate form: for
instance, oleate and palmitate instead of oleic and palmitic
acids. The concentration of lipids and LCFA in domestic
and industrial wastewater is quite diverse. Wool scouring
and olive mill processes can generate effluents with lipids
concentrations in the range of 5–25 g l-1 (Beccari et al.,
1998; Becker et al., 1999). Lower values were detected in
a sunflower oil mill wastewater, with LCFA concentrations
ranging from 0.2 to 1.3 g l-1 (Saatci et al., 2003). Total lipids
in a dairy wastewater were reported to vary from 0.9 to
2.0 g l-1 (Kim et al., 2004a). In domestic sewage, lipids
represent generally 20–25% of the total organic matter,
with concentrations ranging from 40 to 100 mg l-1 (Quéme-
neur and Marty, 1994). Slaughterhouses can produce efflu-
ents with a total fat matter between 0.35 and 0.52 g l-1

(Sayed et al., 1988).
Table 2 presents the LCFA composition of lipid-

containing raw materials and wastewaters. It is very likely
that the major constituents in raw materials are also
present in the wastewaters generated during their pro-
cessing. It is clear that palmitic acid and oleic acid are
the most abundant saturated and unsaturated LCFA
respectively.

Research on the application of anaerobic technology
to treat wastewaters containing lipids/LCFA has been
emerging in the past 25 years. As discussed below, two
main problems specifically related to the treatment of
these effluents were identified and characterized: (i)
sludge flotation and biomass washout due to the adsorp-
tion of lipids/LCFA onto the biomass, and (ii) inhibition of
acetogenic bacteria and methanogenic archaea by LCFA.

Table 1. Potential biogas production from different classes of substrates.

Component Methanogenic reaction
Biogas
(lg-1)

CH4

(%)

Lipids C50H90O6 + 24.5H2O ! 34.75CH4 + 15.25CO2 1.425 69.5
Carbohydrates C6H10O5 + H2O ! 3CH4 + 3CO2 0.830 50.0
Proteins C16H24O5N4 + 14.5H2O ! 8.25CH4 + 3.75CO2 + 4NH4

+ + 4HCO3
- 0.921 68.8

Waste lipids to energy 539

© 2009 Society for Applied Microbiology and Blackwell Publishing Ltd, Microbial Biotechnology, 2, 538–550



What happens when lipids load to AD is increased?
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Batch co-digestion assays characterized by lag-phase
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Palmitic acid accumulated in co-digestion assays
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Methanogens are not completely inhibited by LCFAs
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Instead, methane production is limited by palmitic acid conversion



Distinct microbial communities in co-digestion assays
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Distinct methanogens in co-digestion assays
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LCFA conversion requires specialized microorganisms
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