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Abstract — This article aims to optimize the nitrogen removal of a sequencing batch reactor (SBR) through the use of
the activated sludge model and iterative dynamic programming (IDP). Using a minimum batch time and a maximum
nitrogen removal for minimum energy consumption, a performance index is developed on the basis of minimum area
criteria for SBR optimization. Choosing area as the performance index makes the optimization problem simpler and a
proper weighting in the performance index makes it possible to solve minimum time and energy problem of SBR simul-
taneously. The optimized results show that the optimal set-point of dissolved oxygen affects both the total batch time and
total energy cost. For two different influent loadings, IDP-based SBR optimizations suggest each supervisory control of
batch scheduling and set-point trajectory of dissolved oxygen (DO) concentration, and can save 20% of the total energy
cost, while meeting the treatment requirements of COD and nitrogen. Moreover, it shows that the re-optimization of IDP
within a batch can solve the modelling error problem due to the influent loading changes, or the process faults.

Key words: Activated sludge model (ASM), Dissolved Oxygen (DO) Control, Iterative Dynamic Programming (IDP),
Model-based Optimization, Nitrogen Removal, Sequencing Batch Reactor (SBR), Wastewater Treatment Process
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Fig. 1. Basic operation of a sequencing batch reactor [2].
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Table 1. Kinetics for carbon and nitrogen removal[18]

Components
P i Kinetics
rocess COD Dissolved Ammonium Nitrate Het'erotroph A1.1t0tr0ph
oxygen biomass  biomass
. . 1 Y, -1 . ~ S S
Aerobic heterotrophic growth — YTH g—H —iyg 1 n H(KSTSS) K()H—is Xy
. . 1 . Y-l ~ ( Sg S Sy
Anoxic heterotrophic growth — — —i 1 ( S )( 0 )X +( NO X
phic e Y, B 336Y, M+ 8¢ \K S Ko+ Sy &1
. . Y, -457 . 1 1 ~ Snu So
Aerobic autotrophic growth v, —iyp— \TH Y_H 1 n H(KNH+ Sm) (KOA " S) Xy
Decay of heterotrophs 1-f, U -1 byX,,
Decay of heterotrophs 1-f, —iyp—fpiyp -1 bsX,
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Fig. 2. Basic scheme of iterative dynamic programming (IDP).
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Table 2. Initial conditions and systems of SBR optimization

Operational conditions Values
Reactor volume 12.51
Total batch reaction time 12h
Aerobic reaction time 8h
Anoxic reaction time 4h

Initial conditions

COD concentration 150 mg/l
Ammonium concentration 40 mg N/
Nitrate concentration 0
Dissolved oxygen concentration 3 mg/l
Heterotrophic microorganism concentration 400 mg/l
Autotrophic microorganism concentration 40 mg/l
40 : : : - — —- 3810
5 : § § S RENRE NH
= A i : N
ta- 0 N M Ry
©® 20 . e : N 3
c s T : I S
2 : -~ e, . : Y
€ 10}, ATl — v ]
=z L : i\ A
3.4&.” : ot ] n!
D k ek | - St e . i
u} 2 4 B 8 10 12

Time (h)

Fig. 5. Typical concentration profiles associated with the cyclic oper-
ation of the SBR at steady state.
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o
T
)
ox f
Ru)

L

5-2. Performance index0il O{IL{X| 2H &0| Qi H<
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73%- SBRe] & Alo] BAIE HAa 3 AIRE ARl Sidsitt 5,
R=0%1 7%l 3= a1 7hdst #4815 aaiict. AlEold =
e P=16, u® =15, 10=2 AR 4= 307 sl Aok
Z3E 0.5 <up, < 3(mg/))E 78It 271 #14] A =K(initial control
policyy> u®@=1.5, (O=2% A3 vkE 311 2082 A3t

A 8ISt Qi 05, RS 02% 2788t Fig. 65 B0l 4 &
T T AR 3 mg/liE DA A= 2 & Al
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(a) optimal trajectory of DO at aerobic phase, (b) nutrient con-
centration profiles [23].
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