[image: image1.png]Community Research
\Confimning the [nternational
‘Role oﬂg&m-w 'Research




EOLI

Efficient Operation of Urban Wastewater Treatment Plants

Process experiments
Work Package 1 

Second year Mid Term Report

Involved Partners

Laboratoire de Biotechnologie de l'Environnement, INRA (2)

Politecnico di Milano (4)

Universidad Nacional Autónoma de México (6)

Universidad de la República Oriental del Uruguay (7)

IBTech S.A. de C.V. (8)

November 2003 -May 2004

Objectives

· Perform SBRs experiments at lab-scale for the development and the validation of the different algorithms to be developed within the framework of EOLI. Three particular cases will be studied, in three different reactors: toxic compounds (#6), sludge level and purges automatization (#2), carbon and nutrients removal (#7). 

· Perform the laboratory experiments needed to validate and integrate software sensors and optimal control laws in pilot aerobic bioreactors for the treatment of toxic compounds (#6, 4), for the control of the sludge level (#2) and for carbon and nutrient removal (#7).

· Evaluate the long-term behaviour of the pilot plant and the improvement obtained in the process by the control and supervision strategy for the treatment of toxic compounds and the level of the sludge (#2, #6).

Perform field-scale pilot reactor experimentation and data collection, in order to test the controller in an industrial actual case (#2, 4, 7 and 8).

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.

Activities 

During the third semester of the project the WP1 effort was concentrated in to finish the process experiments for model validation and to conduit some extra experiments to confirm the previously obtained results and some replicate of the obtained experiments. The specific activities are described next:
LBE

The activities for LBE were the next:

· Finish the remained experiments for modeling

· Provide data for model validation

· Provide data for sludge settling

POLIMI
· Finish the remained experiments for modeling

· Provide data for model validation

· Inhibition experiments 

UNAM

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

· Replicates for the model
· Standard conditions using Fixed time control strategy
· Starvation replicates

· Fault detection experiments 

UU

· System automatization

· Process stabilization (“steady state”)

· Standard experiments

· C/N  ratio

· C/X ratio

· O2/C ratio

IBTECH
The activities of IBTech during this period were conducted in collaboration with the UNAM, since the main objectives were to conclude the engineering design of the plant experimental work of the UNAM. 

Basic Engineering

· Flow process diagram

· Summary of design calculation

· Hydraulic profile

· Piping and instruments diagram

· Plot plan

· Equipment data sheets

· Process equipment specifications

· Project conduction activities

Detailed engineering

This subject refers to the detailed specification for construction purposes. The documents that integrate the detailed engineering are :

· Structural plan of equipment

· Plans of mechanical details

· Power distribution plans for earth connections and lightened system

· Unifilar diagram

· Motor control center specification diagram

· Pipe mechanical arrangement

· Piping and material list

· Detailed plans for support devices

· Elaboration of concepts catalog.

· Cross checking for all the detailed engineering documents

RESULTS 
For the first semester of the second year the next activities have been achieved:

Table 1. Progress towards achieving objectives
	Task & Objectives
	Progress towards achieving objectives (Outputs)

	WP1 

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


	The complete set of experiments were completed by LBE, POLIMI and UU
Some replicates and confirmatory experiments were conducted by UNAM 

	Task 1.3Evaluation of the optimal control strategy
	The evaluation of the optimal control strategy under shock loads has been initiated at UNAM. 
System Automatization (UU)

	Task 1.4Evaluation of the FDI and supervision algorithm
	Four experiments to evaluate the DO sensor behaviour has been conducted (UNAM).

	Task 1.6 Design and construction of the pilot scale plan.

IBTech concluded the detail engineering in January 2004, close to the program schedule in its adapted form.


	Basic Engineering

Flow process diagram

Summary of design calculation

Hydraulic profile

Piping and instruments diagram

Plot plan

Equipment data sheets

Process equipment specifications

Project conduction activities

Detailed engineering

Structural plan of equipment

Plans of mechanical details

Power distribution plans for earth connections and lightened system

Unifilar diagram

Motor control center specification diagram

Pipe mechanical arrangement

Piping and material list

Detailed plans for support devices

Elaboration of concepts catalog.

Cross checking for all the detailed engineering documents


Future work

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

LBE

Application of a feedback control satrategy to manage the process phases

Data for validation
Sludge settling capacity

Adsorption studies

POLIMI

Inhibition experiments 
UNAM

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

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

· Start-up of the field scale reactor will be initiated
UU
Acute toxicant experiments ?
IBTECH

Construction and start-up of the field scale pilot plant

	No

	Deliverables
	Date



	D1.7
	Report of the engineering project for the field-scale pilot plant
	T0+20


Milestones and expected result 
· Pilot plants # 1, 2, 3 and 4 operating with the instrumentation: T0+8

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

· Operating data sets for model validation: T0+14

· Tables of results containing the validation of the software sensor and the optimal control law: T0+14

· Tables of results containing the evaluation of the optimal control law: T0+18

Tables of results containing the evaluation of the shock loads: T0+24
