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Methodology 

The Work Package 1, WP1, is dedicated to the process experiments. It will be the guiding line of the project since there will be process experiments from the beginning of the project until its end. The discontinuous processes known as sequencing batch reactors, SBRs, will be utilized because of their flexibility over conventional continuous processes.  SBRs present the following advantages : They are time-oriented, where flow, mixing, aeration and the reactor volume, are variables according to more or less predetermined periodical operational strategy. Thus the system presents a great flexibility allowing varying the operation duration to improve the removal of contaminants. They allow the selection of micro-organisms capable to tolerate toxic compounds as well as variable environments (oxic, anoxic) that favour the nutrient removal, because of the environmental pressures applied to the microbial consortium. The total volume of the discontinuous reactor could be inferior compared to that of a continuous one.

In the first year laboratory-scale pilot reactors will be used. At the start of the project, process experiments will be performed to provide experimental data for parameter identification of the dynamical models of the SBRs. These will follow an experimental protocol defined in WP2 in order to optimize the information content of the data for parameter identification while accounting for the different process constraints. Then the experiments will be carried out to test the different results of the project, i.e. hardware sensors, software sensors, control laws, Fault Diagnosis and Isolation (FDI), supervision system. The processes will be instrumented with: O2, NH3, concentration, T, pH, OUR, and other off line measurements (e.g.: NO2- and NO3-, COD, microbiological counts and activities) in order to study more accurately the behaviour of the biomasses. However, the general idea is to design a system with the minimal number of sensors. Finally, validation of the integration of all the project results will be performed in order to test the global performance of the complete monitoring and control system in a real situation. This will be done for the three cases in a field scale pilot plant.

Standard conditions

This is considered as the nominal process. One experiment is dedicated to this. Table 1 showed the standard conditions for each partner.

Table 1 Standard Conditions

	
	UNAM

Control Strategy 1

(Acclimation/

deacclimation)
	UNAM

Control Strategy 2


	UU

Reactor 1
	UU

Reactor 2
	LBE
	POLIMI

	Filling/Reaction

Ratio, %
	6.7

acclimation/

deacclimation
	Aprox 100


	4.5 (or 2.3)
	4.5
	1
	4.5

	Cin [mg COD/l]

C(t=0) 
	  375 (350)+·

  214 (50 to 200) +
+as 4CP
	  375 (350)+·

  214 (200) +
+as 4CP
	3,000

  
	1500 - 2000
	5,000

   700
	    400

	Type of compounds
	Synthetic wastewater. 4-chlorophenol
	Synthetic wastewater. 4-chlorophenol
	Synthetic dairy 

Raw WW
	Output from an anaerobic lagoon
	Diluted whey
	Synthetic urban sewage 

	X(t=0)  [mg/l]
	2,000
	2,000
	3000 - 4500
	3000 - 4500
	>5,000
	  3,000

	Volume loading rate, gCOD/L-d
	2.25
	2.25
	0.6
	0.6
	> 1.0
	0.32

	Mass loading rate, gCOD/gVSS-d
	1.12
	1.12
	0.2
	0.2
	0.2
	0.1

	Total N-TKN, mg/L
	NA
	NA
	100
	150
	350
	65

	NH4+ [mg/l]
	      NA
	      NA
	  
	aprox150
	 Aprox 0
	60

	COD/N-NTK
	
	
	30
	10 -17
	14.2
	6.2

	O2       [l/min.]
	      1.5
	      1.5
	
	
	
	

	pH   
	      7
	      7
	      7
	7
	      7
	      7

	T      [°C]
	    20
	    20
	20
	20
	    20
	    22

	V(t=0)  [l]
	      3
	      3
	   11
	11.5
	  170
	    16

	V(t=tfin) [l]
	      7
	      7
	   15
	15
	  200
	    20

	Total cycle time [h]: 
	     4
	     4
	      12 or 24
	12
	
     24
	
      6

	SRT [days]
	    20 measured
	    20 measured
	    20 measured
	20
	    20 measured
	    20


NA: not applicable 

Table 2 presents the duration of the cycle phases established for each partner involved in the project.

Table 2. Cycle phases

	
	UNAM
	UNAM
	UU
	UU
	LBE
	POLIMI

	Fill
	12 min
	variable
	30 min


	30 min


	10 min
	13 min

	anaerobic
	0
	0
	
	
	3 h 40 min
	2 h 17 min

	aerobic
	178 min
	variable
	10.5 h (or 22.5 h)
	10.5 h
	18 h
	2.5 h

	settling
	30 min
	30 min
	40 min
	40 min
	2 h
	37 min

	draw
	6 min
	6 min
	20 min
	20 min
	10 min
	23 min

	iddle 
	14 min
	15 min
	0
	0
	0
	1 min

	Total time
	4 h
	variable
	
	
	24 h
	6 h


An experiment plan was decided in the kick off meeting held at Narbonne in November 2002. It will de necessary to carried out at least 20 experiments. These experiments are organized in order to obtain data with respect to:

-
different Carbon/Nitrogen ratios 


[= 6 experiments]

-
acute toxicant (smaller size, same sludge) 

[= 3 experiments]

-
different O2/Carbon ratios



[= 2 experiments]

-
different C/X ratios (including overload condition)
[= 4 experiments]

-
standard conditions




[= 1 experiment]


Total
16 experiments + 4 replicates

For the case of LBE and UNAM the experiments related to the acute toxicant are going to be substituted for particular needs. LBE will study the settleability of the sludge, while UNAM is going to study the acclimation and deacclimation process. In particular at UNAM next experiments were done:

Experiment 1. Acclimation/Deacclimation

1.1. Acclimation/Deacclimation: New inoculum, 9 experiments. Strategy: FTC

1.1.1 Acclimation of the microorganism to degrade 50 mg4CP/L: 6 experiments 



1.1.2Deaclimation with periods of starvation (8,12 and 24 h): 3 experiments


1.2. Acclimation/Deacclimation: New inoculum, 16 experiments. Strategy: FTC.

1.2.1 Acclimation of the microorganism to degrade 100 mg4CP/L (6 experiments)



1.2.2 Deacclimation with periods of starvation (12, 24 and 36 h)

1.2.2.1 Acclimation of the microorganism to degrade 200 mg4CP/L (4 experiments). Inoculum: sludge acclimated previously



1.2.2.2 Deacclimation with periods of starvation (12, 24 and 36 h)

Activities 

For all the partners the first months were dedicated to design, implement and start-up the pilot reactors. In more detail is described the activities developed by each partner in this work package.

During the first year of experimentation the main objectives for POLIMI was the design and the construction of a laboratory scale Sequencing Batch Reactor, in order to perform the first experiments defined by the EOLI protocol and specified in the general meeting that has been held in Mexico City in May 2003. The SBR was instrumented to measure on-line: temperature, DO, air flow rate, redox potential and pH. With reference to the objectives listed above, POLIMI has built an appropriately instrumented laboratory SBR which was started from a sludge inocolum drawn from a full scale SBR. The laboratory SBR has been now operated for approximately 8 months, fed on synthetic urban wastewater; the main parameters were monitored periodically, as specified below. Five of the experiments requested in the experimental plan (which we will call "cyclic studies" from now on) have been performed in June and July 2003. During August ’03, due to the seasonal closure of POLIMI’s laboratory, the SBR was emptied, and the mixed liquor was kept in a refrigerator for the whole month. At the beginning of September ’03, the SBR was working again. The next cyclic studies will be performed on a weekly basis, on average, starting from September 24th, having reached a stable biomass concentration of 3 gSS/L in the SBR. During the SBR working period, it was possible to check the proper operation of the on-line instrumentation. We are at the moment considering the feasibility of conducting the experimentation also on a pilot SBR (0.4 m3) which has recently been built by ENEA near Bologna (Italy). The design of this SBR was made by ENEA in collaboration with POLIMI, and the plant could be managed by these two partners. The feasibility of having ENEA as a subcontractor is going to be negotiated and will not imply any financial modification within the EOLI project. 

At the LBE, the second six months period was dedicated to the experiments needed for the modelling of the process within the framework of WP2. These experiments consisted in exciting the reactor by varying standard concentrations of sludge, carbon, nitrogen and oxygen. We decided to start by changing the C/X ratio. The rate of variation was changed referring to the EOLI meeting in Mexico. In the same time we have done some experiments to determine the oxygen transfer rate, the sludge activity and the absorption capacity of the sludge. Some changes of the SBR operating and phases time were necessary before starting the experiments in order to manage the experiments in better condition. During the last three months, some problems affecting the biological nitrogen removal were presented, which obligated to stop the experiments. The nitrification did not work correctly and it was not possible to proceed to C/N and C/O2 variations. In the individual report it is explain first, how standards conditions were changed and why. Then, in another section, the experiment results are presented. Finally, the problems encountered during experiments are reported in the last section.

At UNAM it was investigated the biodegradation of a toxic compound by naturally occurring microorganisms. Concerning the experimental process activities, the experiments were designed, analytical methods were implemented, the reactor was assembled and experiments were conducted. The experiments conducted could be divided in two sets. In the first one, acclimation and deacclimation (by starvation) of the biomass to 4-chlorophnol was studied. In a first part the Fixed Time Control (FTC) strategy was used. In the Individual partner report section, the strategies utilized will be described in detail. The second part consist in a series of experiments conducted to calibrate and validated the model. In this case the Event Driven Time Optimal Control (ED-TOC) strategy was utilized to conduct the operation of the reactor. In total 36 experiments were conducted in the lab-scale pilot reactor.
The main objective during the first year for UU was to design, to construct, to start-up and to operate the experimental set up. The main work of the first period (until-May 2003) were the laboratory system and automatic system design, sensor selection, and sludge acclimatation and characterization. For the present phase, the principal planned activities were receiving the shipments of the required equipment, finishing the construction of the reactors, setting up the instrumentation, start up of the laboratory reactors and collection of data for standard conditions. For the planned objectives, the purchase, construction and start up of the reactors was succefully attained. Since our laboratory didn’t have at the beginning of the project operating SBR reactors, a considerable effort was necessary to design and construct the systems.

The fist activity of IBTech was the reception and preparation of requires information to establish the design basis for the UNAM field-scale pilot plant (FSPP) such as design parameters, operation conditions, plant capacity and so on. In this time IBTech and UNAM team visited two Wastewater Treatment Processes of different Industries, the objective was to help to establish the design basis and select the equipment and instrumentation for the field-scale pilot plant. Last August was started the basis engineering and to end of September, the following activities were finished:

·
Design and data sheets for the equipment and instrumentation. 

·
Basic engineering's documents such as equipment specifications.

·
Equipment and instrumentation summaries, indexes, lists

·
Piping Instrumentation Diagram

·
Plot Plant

·
Pilot Plant elevations

·
Drawings of Sequencing Batch Reactor

·
Effluent extraction system drawings

The detail engineering to started last September and it will to end on next November. The activities are the followings.

·
Mechanical Project (advance 60%)

·
Pippins Project (advance 50%)

·
Electrical Project (advance 80%)

·
Instrumentation Project (advance 50%)

Results 

For the first year two milestones and expected results were planned:

· For pilot plants operating with the instrumentation at T0+8, and 

· Operating data sets for model selection and parameter identification: T0+11

At the moment both goals were achieved as is explained in detail on table 3. 

Table 3. Progress towards achieving objectives
	Task & Objectives
	Progress towards achieving objectives (Outputs)

	WP1 

Task1.1 Pilot plant implementation
1.1.1 Design and construction of the laboratory and pilot scale reactors.

1.1.2 Instrumentation of the pilot reactor (at the beginning with at least temperature and DO probes, gas flow rate and analysis, redox, NH3+, pH, T and then additional sensors regarding the specifications of the different systems to be developed.

1.1.3 Inoculation and start-up reactor

1.1.4 Acquisition of data for modelling.

1.1.5 Acclimation of the micro-organisms to the model wastewater with a toxic compound (4-chlorophenol).

1.1.6 Implementation of the developed software sensors and the optimal control law.


	1.1.1 Four lab-scale pilot reactors have been constructed LBE (200 L), POLIMI (30 L), UNAM (10 L) and UU(Two 20 L). Ibtech had designed a field scale reactor of 1000 L.

1.1.2 Instrumentation. The reactors have been instrumented as follows

LBE: Measures on-line pH, REDOX, temperature, dissolved oxygen in the liquid phase, input airflow rate, output gas analysis (O2 vs CO2) and sludge blanket
POLIMI: Measures on-line temperature, DO, air flow rate, redox potential and pH

UNAM: Measures on-line temperature, DO, and air flow rate

UU: Measures on-line pH, nitrate, ammonia and  dissolved oxygen
1.1.3 Inoculation of the reactors. 

LBE: The sludge used in the LBE SBR comes from the urban wastewater treatment plant of COURSAN, France. This plant was chosen because both of carbon and nitrogen are treated in aerobic and anoxic conditions. The tank was filled with about 100 litters of this sludge.

POLIMI: The reactor was inoculated with activated sludge drawn from a full scale SBR (Funo, Bologna, Italy) treating urban wastewaters and serving about 7000 PE

UNAM: The reactor was inoculated with activated sludge from a municipal wastewater treatment plant containing 2000 mgVSS/L.

UU: Sludge was cultivated employing diluted milk as substrate.

1.1.4 Acquisition data for modelling. 

This task was proposed by UU and during the first period reactions were followed by off-line measurements, employing the following probes: NH4+, NO3-, DO, pH, and T.

1.1.5 Acclimation of microorganisms to the toxic compound

This is a task of the UNAM partner. 25 experiments of acclimation and deacclimation have been conducted. Acclimation has been done at three initial toxic concentrations (50, 100 and 200 mg/L). The acclimation was conducted operating the reactor with the following strategy: pre-aeration time (15 min) fill time (5 min), reaction time (variable depending on the necessary time to reach a removal efficiency of 4-CP of 99%), settle time (12 min) and draw time (1 min). 

1.1.6 Implementation of the developed software sensors and the optimal control law.

A control law called Event Driven Time Optimal Control strategy (ED-TOC) was proposed and implemented. The ED-TOC strategy finds a variable related to the reaction rate called gamma. Such variable can be estimated in real time by using the dissolved oxygen in the reactor and volume. The influent flow rate is controlled in such a manner that the reaction rate stays near to the maximal value. The reaction rate is controlled maintaining the toxic concentration (S) oscillating in a gap during the SBR filling. Every time S tries to leave this gap, an event is issued and the ED-TOC then switches the influent flow on/off, to prevent it. This procedure will work regardless of the influent toxic concentration value and despite changes in most of the SBR parameters. Only the mass transfer coefficient and the dissolved oxygen concentration at saturation are needed to estimate gamma and they do not even need to be known precisely.

	Task 1.2 Experiments for evaluation of the mass-balance model developed within the framework of EOLI.

Relevant variables for modelling and control will be measured, some of them on line (e.g. O2, NH3, concentration, T, pH, OUR), and other off line (e.g. NO2- and NO3- with HPLC, total heterotrophic population, denitrifying heterotrophic fraction, autotrophic population, autotrophic and heterotrophic activity, by specific microbiological techniques)(e.g. NO2- and NO3- COD, microbiological counts and activities). 

For this task two laboratory and one pilot SBRs will be built, instrumented. The first will be fed on raw dairy effluent the second with pretreated (anaerobic lagoon) dairy effluent and a third one on domestic sewage spiked with toxics or organics. For final model and controller tests, an already built industrial pilot SBR will be used.
	1.2.1 During the first year a minimum of 20 experiments were conducted in order to validate and calibrate the model. In the meeting of May 2003 held in Mexico city, the experimental conditions were revised and defined. All the pilot plants are now working and parameters on and off-line defined are measured.

The task consider two lab-scale reactors, but at this moment five reactors are implemented and instrumented. One field-scale reactor to be operated in Mexico is now designed.


Future work

Next year the task 1.3 Evaluation of the optimal control strategy will be conducted. In particular the following points will be studied:

· Evaluate the process improvement with the application of the control strategy by the comparison with a non optimal (conventional) strategy 

· Evaluate the influence of shock loads on the reactor stability for both optimal and non optimal strategies 

· Evaluate the long-term stability of the reactor using the optimal control law

