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m 1. Introduction
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I Efficient tools to discover groups of control strategies |

Facilitating the interpretation of the complex interactions amongst multiple
criteria

Identifying the main features of a specific control or a group of control
strategies
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m 2. Plant layout, control strategies and

evaluation criteria
* A20 plant sized using Metcalf & Eddy design guidelines
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* The influent profile has been generated using
phenomenological models including daily, weekly and
seasonal variation

e The EAWAG ASM3 bio P and the double exponential

velocity function of Takacs are the main process models
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m 2. Plant layout, control strategies and

evaluation criteria
controller Measured Manipulated Control Initial value
Variable Variable algorlthm
DO conroller SO in AER k a (airflow) 2gm-3
SNH controller ~ SNH in AER DO setpoint Cascaded PI 2gm3
SNO controller SNO in ANOX Qintr PI l1gm3
SNO controller SNO in ANOX Qcarb PI 1gm3
TSS controller  TSS in AER Qwaste cascaded PI IfT>15C
2500 g m-3
IfT<15C
3500 g m3
SPO controller ~ SPO in AER Qmetal PI 2gm3
OUR controller  OUR in AER DO setpoint Cascaded 1850 g m-3d-1
ON/OFF
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m 2. Plant layout, control strategies and

evaluation criteria
» Effluent quality index (EQI)

1 . (PUTSS + I:)LJBOD + I:)LJCOD +

EQl=——]
£.1000 ) PUy, +PU, +PU,)Qt

» Operational cost index (OCI)

OCI = SP +AE+PE+ME+CHEM
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evaluation criteria

DO
controller

NO;" controller NO;" controller PO,% controller
(Qintr_recycle) (Qcarbon) (Qmetal)

OUR NH,* NH,* NH,*
controller controller controller controller

TSS TSS TSS
controller controller controller controller controller controller
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evaluation criteria

What happens when the evaluation procedure is upagraded with
addditional 24 criteria? i.e. technical, environmental, legal......

2. Plant layout, control strategies and

2. Plant layout, control strategies and
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m 3. Multivariate analysis

» Cluster analysis (CA) : determine groups
of control strategies with similar behaviour

» Principal component analysis (PCA):
find hidden casual and complex
relationships amongst data

e Discriminant analysis (DA) : identifies
the most discriminant variables with the
groups of controller identified by CA
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3. Multivariate analysis : CA
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3. Multivariate analysis : CA
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Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)

Total Phosphate (SPO4)

Total Phosphorus concentration (TP)
Chemical Oxygen Demand (COD)
Biochemical Oxygen Demand (BOD5)
Total Suspended Solids (TSS)
ISVERINONE AL (=)
Sludge Production (Psludge)
Aeration Energy (AE)

Pumping Energy (PE)

Metal Salt Addition (MS)

External Carbon Source (CS)
Mixing Energy (ME)

(o]e]]

Nviolation (L = 18 g m-3)
CODviolation (L = 100 g m-3)
SNHviolation g m-3)
TSSviolation (L =30 g m-3)
BOD5violation (L = 20 g m-3)
Pviolation (L =2 g m-3)

N deficiency bulking

DO deficiency bulking

Low FMbulkin
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. Multivariate analysis : PCA

4 PRINCIPAL COMPONENT
ARE EXTRACTED EXPLAINING

94 %6 OF THE TOTAL
VARIABILITY

FIRST PC CORRELATES correlates effluent nitrogen
negatively with external carbon source, aeration energy and
sludge production

SECOND PC HIGHLIGHTS that only with the addition of
metal low concentrations of P can be achieved

THIRD PC IS ASSOCIATED with high effluent ammonia
values
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3. Multivariate analysis : PCA
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m 3. Multivariate analysis : DA

DISCRIMINANT ANALYSIS

CLUSTER 1: CONTROL STRATEGIES WITHOUT
CHEMICAL ADDITION
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m 4. Conclusions

» Control improve the overall performance of WWTP. Some
of the presented controllers improve effluent quality, reduce
operation costs or increase technical reliability

» There are complex interactions between the different
criteria used to evaluate the presented controllers

» Multi-criteria/Multi-variable techniques are straightforward
when characterizing control strategies
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m 4. Conclusions

» Cluster analysis rendered five groups of control strategies
and identified similar patterns in the controls strategies with
and without chemical addition and/or TSS controller

* Principal component analysis reduced the complex
evaluation matrix (24 criteria) to 4 variables. PCA also
identified their main synergies and trade-offs.

» Discriminant analysis identified that only a small set of
criteria create big differences between the groups created
by CA
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