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1. Summary

At this stage of the project, as specified in the WP5 Plan, the LBE aim is to test a sub-optimal control in order to minimize the total cycle time of a sequencing batch reactor (SBR) with carbon and nitrogen removal (wastewater 2 : WW2). This control method has to be easy to implement, reliable and robust.

A SBR treating carbon and nitrogen is a multi-step process : filling, reaction, settling and withdraw. The control studied in the sequel consists in beginning by a given phase, detecting the “end of this phase” and to switch immediately to the next phase.

In a first step, only the time periods of the reaction phases are minimized while the settling time period is fixed. The minimization of this last time period will be studied within the WP1.

2. Method

In our case, the wastewater used is WW2. It comes from a dairy industry and mostly contains organic carbon and nitrogen. This wastewater is purified using two distinct phases : anoxic and aerobic (in this order). Since the involved reactions are not inhibited by the substrates nor by any product (Cf. the EOLI Model 2), the best way to fill in the process is to use the maximal possible flow rate ( [1]).

The on line measurements are the pH and the Dissolved Oxygen (DO) in the medium (the redox can also be used but in our case the signal is too noisy to be used as such). Some specific shapes of these measurement signals are used to detect the end of the reaction phases ( [2] and [3]).
In fact, during the reaction phases, significant information can be extracted from the dissolved oxygen and pH curves. Using these curves, it is possible to detect when one substrate is completely degraded (Cf. figure 1). The first point in this figure (at around 1h30) corresponds to the end of denitrifcation in the anoxic phase. The second point (the first one in the aerobic phase at time 4h) corresponds to the end of the COD consumption. The third one corresponds to the end of the nitritation while the last one corresponds to the end of the nitratation.

In order to detect on line these critical points, the on-line measurements of pH and DO are filtered using MATLAB functions [4].
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Figure 1: The critical points in the pH, DO and Redox curves. 1st Anoxic phase : from 0 to 2h; 1st Aerobic phase : from 2h to 11h. 2nd Anoxic phase : from 11h to 13h and 2nd aerobic phase from 13h to 22h. Settling and withdraw from 22h to 24h.

3. Results and Discussion

This control strategy was applied continuously during three weeks. In table 1, the experimental plan is given. This optimal control strategy was started on February the 2nd and was stopped on February the 19th. During first cycles, it was tested with the standard conditions. Then, the influent volume and the Air flow rate were changed to test the reliability and the robustness of this method. During the last week, standard conditions were maintained to validate the control in the long term. 

Table 1 : Experimental plan

	Cycle
	Influent volume

( l )
	Air flow rate

(l/min)

	02-02-2004
	25
	30

	05-02-2004
	30
	53

	09-02-2004
	25
	30

	10-02-2004
	27
	30

	13-02-2004
	24
	53


Figure 2 presents the on line measurements of DO, pH and Redox. Some comparisons of time periods with and without the control are given in table 2. The first cycle and the last one are not controlled and the (phase durations were fixed). In any case, the initial concentration of COD is about 700 mg/l. The reaction is considered to be finished if the concentration becomes less then 50 mg/l.

Table 2 : comparison between the phase durations and the concentrations at the end of each reaction.
	Cycle
	Anoxic phase
	Aerobic phase

	
	Duration 
	Nox
	Duration
	CODs
	NTK
	NO2
	N03

	24-01-2004
	2 h
	0
	9 h
	42.37
	0
	0
	37,18

	05-02-2004
	32’
	0
	5h21’
	43.60
	0
	0
	31.70

	09-02-2004
	25’
	0
	5h23’
	32.00
	0
	12,76
	14.80

	10-02-2004
	31’
	0
	5h42’
	27.29
	0
	18.45
	15.32

	13-02-2004
	22’
	0
	4h08’
	31.45
	0
	24.34
	17.72

	25-02-2004
	2 h
	0
	9 h
	24.59
	1,8
	23.21
	10.12
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Figure 2: pH, DO and Redox curves with sub-optimal control. (first week)

I: Filling, II: anoxic, III: aerobic, IV: settling.

The first series of cycles worked perfectly. With the detection of the critical points, the total cycle time was reduced from 11 hours to less than 7 hours. In the outlet, the COD was consumed and the nitrogen converted into nitrates. The change of the initial conditions makes the reactions more faster or slower. The switching instants depend on the end of the reaction which is easily detected with the above mentioned bending points.

With this control strategy, it is clear that by decreasing the total cycle time the loading rate is increased (in other words, a greater volume of wastewater is treated per day). For long time application, this overload degrades the performance of the purification. In particular, as can be seen in table 2, the nitrification activity was degraded in the second and the third week. Some nitrate were detected even with a longer the aerobic phase was. In fact, because of the overloads, the Heterotrophic cells grow rapidly and the ratio between Heterotrophic cells and Autotrophic cells increase (which is equivalent to a washout of nitrifying organisms).

Figure 3 presents the on line measurements after the nitrification activity has decreased : the point corresponding to the end of nitratation cannot be detected anymore.
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Figure 3: DO, pH and Redox curves after 20 days of optimisation.

4. Conclusion 

Certainly, the SBR optimisation is necessary to reduce the reaction time. In the short term, the above presented method is a reliable and robust method and its effectiveness was proven to optimize the SBR. However, it should be used with care since the reduction of the cycle duration is equivalent to an increase of the loading rate. For a long time period, the overload can be problematic and the purification rate can significantly be affected. To avoid these problems, it is necessary to acclimate the sludge by increasing the loading rate step by step. At the same time, one has to check if the reactor is sufficiently aerated to avoid any competition between the heterotrophic and the autotrophic cells and to preserve the biological depollution activities. 
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