A stochastic model approach
applied to BNR processing cost snce s

Schoolof Chemical Engineering, Yeungnam University,
Daedong214-1, Gyeongsan 714249, Rep. of KOREA

Phone +82 53 810 3241, Fax: +82 53 811 3262, Email: mynlee@yu.ac.kr

. = . 250,000 - xistin

Motivation Methods and Materials | o
In the biological treatment, sidestream nitrogen Objectivefunction: 2O0.000° L
removal has been demonstrated by anaerobic The resulting objective cost function to be :
ammonia oxidizing bacteria (AOB) AOB performs minimizedis expressedsfollows. {% 150,000 - /
deammonificatiorand partial nitritation (singlestep =
process) occur in the same SequencingBatch Minimize OPEX § 100000 -
Reactor (SBR)tank, helping in nitrogen removal — + 3 + 2 + = ‘
biologically This biological process is time- = Ber BEUMP Zﬁ‘/”XER SEPARATOR |7 . —
consuniing in maturing AOB bacteria and an FieaTeR BairBlower ] /
increment in processingcost. Thus, need a good _
strategy for improving nitrogen removal DecisionVariable ’ 0o 04  o0e  o0s 10
performamnce Decistonsupport system (DSS)s an Decisionvariables are recycle flow rate, air flow UNIT SOLID PROCESSING COST, $/KG

effective tool for Iimproving nitrogen removal
performance and also reliability with saving in
process energy such as an aeration energy,

rate, DO, ORP,and pH setpoint in the SBRtank,
sludgeextractionflow rate etc.
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Chart 1.Comparison of total cost of optimal design with existing

designat differentunit sludge processing cost.

electricity, pump and mixer energies, chemicals

Constraints

tal alkalinity and carbon) and, sludge Thedecisionvariablesshallmeet severalconstraints . on
m/DSSprovide scenario generator that to ensurethe feasibilityof processoperation a0 -

O Strategies, operational cost and, |
start-up time reduction. Operational cost mainly Effluentconditionsas 75
focuson the processingcostis goingon whole BNR 5 654/ o o
processand, start-up time reductionfocuseson the ' S 70
control of online sensor that manages the S+ GQO*, . 16 and, o
concentrationin the SBRtank. Althoughthere are 501 G 501 RV, § %5
many costparametersin the objectivefunction, the £
unit costfor sludgeprocessings subjectto a wide 1. Effect of ammonia on receiving water; DO 0
variation depending on the type of processing demand,toxicity. e - e
Thus,a sensitivity analysishas been performed to 2. Need to provide nitrogen removal for 1 2 3 4 5
study the impact of possiblevariationsin sludge eutrophicationcontrol. UNIT SOLID PROCESSING COST, $/KG
processingostsof the system,percentsavingsand, 3. Need to provide nitrogen removal for reuse | | | o |
Mean CellResidencdime(MCRT) applications Chart2. Percent cost savings optimal deS|_gn over existing design at

different unit sludgeprocessing cost

Reaction |

O ciciefsisle  Feeding and Mixing

Reaction |l Reaction Il

Mixing Mixing and Aeration

Major reaction Denitrification

Denitrification and Ahammox

Partial Nitritation

Organics + NG W, E
Stoichiometry

Organics + NOE W, EHCQ
+ HCQ NH.-N + NQ-E W, ENQ-N

NH-N + Q+ HCQ W
0.5NO-N+ 0.5NH-N

. Scheduling cycle

Challen ges Parameters limits volumetricreductionof abouta total energysavings
NO,” Concentration < 50 mg/L of $96,000 per year for the 836 m3h (5.3 MGD)
1.Substrateor Food(nitrite) Competition DO Conc. <1 mg/L SBRsystem o |
%ECompetition with denitrifiers (Bacteriathat reduce Substrate rafio 1 30 These benefits In cost savings would be very
' attractive and would encouragedesignengineerso

nitrates (NO,) to nitrites (NO,) or nitrogengag and NOB
for nitrite
%Nitrite half saturation constantrequired

fHalf saturation constantsnitrite (Kyg,) that

describe the transformation of organic matter in
wastewaterunderanoxicconditions

fAnammoxaffinity could be 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
%brreversible loss of activity based on
concentration& exposuretime
WNO, : NH,* ratio 1.32: 1
3.DO
%Reversiblenhibition

Table 2 Control Logic

Results from the proposed modelbased design
algorithm were comparedwith the existingdesign
of afull-scaleSBRsystem

The results showing the comparison of optimal
processingcost over the existing iIs an average
annualsavingof about $96,000. Thepercentsaving
over the existing varies from 60 percent to 80
percent

Conclusions

A modelbased design algorithm has been
proposedfor the designof SBR
A modelbaseddesignalgorithm has been applied
to afull-scaleSBRsystem

Results from the proposed modelbased design
algorithm were comparedwith the existingdesign
of afull-scaleSBRsystem

Modelbased design alone produced a reactor

move from conventional design methods towards
modelbaseddesignmethods

Asthe resultsfrom this study were encouragingan
optimization designmethodologyto determine all
relevant design parameters to  minimize
operational costshasbeendeveloped
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