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In the biological treatment, sidestream nitrogen
removal has been demonstrated by anaerobic
ammonia oxidizing bacteria (AOB). AOB performs
deammonificationandpartial nitritation (singlestep
process) occur in the same SequencingBatch
Reactor (SBR)tank, helping in nitrogen removal
biologically. This biological process is time-
consuming in maturing AOB bacteria and an
increment in processingcost. Thus,need a good
strategy for improving nitrogen removal
performance. Decisionsupport system(DSS)is an
effective tool for improving nitrogen removal
performance and also reliability with saving in
process energy such as an aeration energy,
electricity, pump and mixer energies, chemicals
(supplementalalkalinity and carbon) and, sludge
production. DSSprovide scenario generator that
based on two strategies, operational cost and,
start-up time reduction. Operational cost mainly
focuson the processingcost is goingon whole BNR
processand,start-up time reductionfocuseson the
control of online sensor that manages the
concentrationin the SBRtank. Although there are
manycostparametersin the objectivefunction, the
unit cost for sludgeprocessingis subjectto a wide
variation depending on the type of processing.
Thus,a sensitivityanalysishas been performed to
study the impact of possiblevariations in sludge
processingcostsof the system,percentsavingsand,
MeanCellResidenceTime(MCRT).

Motivation
Objectivefunction:
The resulting objective cost function to be
minimizedisexpressedasfollows:

MinimizeOPEX:

E = EAER+ 3.EPUMP+ 2.EMIXER+ ESEPARATOR

+ EHEATER+ EAirBlower

DecisionVariable:
Decisionvariablesare recycle flow rate, air flow
rate, DO, ORP,and pH set-point in the SBRtank,
sludgeextractionflow rate etc.

Constraints:
Thedecisionvariablesshallmeet severalconstraints
to ensurethe feasibilityof processoperation:

Effluentconditionsas-

�5 �G���5�.�+�/ �+�6, 
�5�0�* �G���5(�0�*, �.�+�/ �+�6) and, 

�5�0�1 �G�����5(�0�1, �.�+�/ �+�6)

1. Effect of ammonia on receiving water; DO
demand,toxicity.

2. Need to provide nitrogen removal for
eutrophicationcontrol.

3. Need to provide nitrogen removal for reuse
applications.

Methods and Materials

A model-based design algorithm has been
proposedfor the designof SBR.
A model-baseddesignalgorithm has been applied
to a full-scaleSBRsystem.
Results from the proposed model-based design
algorithm were comparedwith the existingdesign
of a full-scaleSBRsystem.
Model-based design alone, produced a reactor
volumetricreductionof abouta total energysavings
of $96,000 per year for the 836 m3/h (5.3 MGD)
SBRsystem.
These benefits in cost savings would be very
attractiveandwould encouragedesignengineersto
move from conventionaldesignmethods towards
model-baseddesignmethods.
Asthe resultsfrom this studywere encouraging,an
optimization designmethodologyto determine all
relevant design parameters to minimize
operationalcostshasbeendeveloped.

Conclusions

Results from the proposed model-based design
algorithm were comparedwith the existingdesign
of a full-scaleSBRsystem.
The results showing the comparison of optimal
processingcost over the existing is an average
annualsavingof about $96,000. Thepercentsaving
over the existing varies from 60 percent to 80
percent.

Results

Table 1. Scheduling cycle

Chart 1.Comparison of total cost of optimal design with existing 
design at different unit sludge processing cost.

Challenges
1.Substrateor Food(nitrite) Competition

�‰Competition with denitrifiers (Bacteriathat reduce

nitrates(NO3
-) to nitrites (NO2

-) or nitrogengas) and NOB
for nitrite

�‰Nitrite half saturationconstantrequired

�ƒHalf saturation constantsnitrite (KNO2) that

describe the transformation of organic matter in
wastewaterunderanoxicconditions.

�ƒAnammoxaffinity couldbe in the samerange
as that of denitrifiers (Anammox bacteria

convertingtheir substratesat very low concentrationsin
other words, they have a very high affinity to their
substrates).

2.Toxicityof Nitrite

�‰Irreversible loss of activity based on
concentration& exposuretime

�‰NO2
- : NH4

+ ratio 1.32 : 1
3.DO

�‰Reversibleinhibition

Parameters limits
NO2

- Concentration < 50 mg/L

DO Conc. < 1 mg/L

Substrate ratio 1.32

Reaction I Reaction II Reaction III

Operating step Feeding and Mixing Mixing Mixing and Aeration

Major reaction Denitrification Denitrification and Anammox Partial Nitritation

Stoichiometry
Organics + NOx-�E���W���E2

+ HCO3
-

Organics + NOx-�E���W���E2 + HCO3
-

NH3-N + NO2-�E���W���E2 + NO3-N

NH3-N + O2 + HCO3
-�W��

0.5NO2-N + 0.5NH3-N

Table 2. Control Logic
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Chart 2. Percent cost savings optimal design over existing design at 
different unit sludge processing cost
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