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Abstract

This deliverable reports on the various anaerobic plants where TELEM AC modul es have been
implemented covering 6 anaerobic plants, and a virtua plant. It details the implemented
functionalities for the lab, pilot and industrial digesters where the TELEMAC software or part
of it has been installed. The different panels available on the local and on the remote software
are explained.

This deliverable is the fina view of the set-up used within TELEMAC to produce the
experimental data (D1.3a, D1.3b and D1.3c).

This deliverable is complementary to deliverable D1.5, where the validation results will be
presented.

Important remark: for sake of clarity and of self consistency of this deliverable, we have duplicated
some information from other deliverables (mainly D1.5 and D5.3c), but of course this work is not
charged here (see the factual summary).
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I ntroduction

This deliverable (D1.4) presents afina view of the set-up used within TELEMAC to produce
the experimental data (D1.3a, D1.3b and D1.3c). It describes the final version of the digesters
such as the functionalities of the TELEMAC software installed on 5 different plants.

Two plants are industrial plants, 4 at lab or pilot scae and a seventh plant is the virtua plant
developed at INRIA (see Deliverable D3.1b and D5.3b) and is used to pre-test the different modules
and controllers. It has been implemented on a dedicated PC, coupled with ODIN and with a
php script. Thus it simulatesin real time an experiment and sends data to the database, using
the same format and the same channels as the other plants. As such it can be seen as a normal
plant from an external point of view. Although the description of this virtual plant was not foreseen
in the technical annex, we think it can almost be seen as a real plant for pre-experimentation and
modul e testing. However the work related to this virtual plant has been charged in other deliverables.

Three plants were developed from scratch: the lab scale digester of USC, the pilot plant of ENEA and
the pre-industrial plant of Agralco. They have been equipped with modules of the TELEMAC system.
For Agralco and Estrella the local monitoring system was kept and associated with the smart ODIN
module together with the remote monitoring system. We have thus several versions of the
implemented TELEMAC system, with the full TELEMAC options or with only the modules that let
the local user keep their previous software but benefit from additional functionalities for smart
management, storage of the data in a database and remote assistance with the TELEMAC expert
network.

The full version of the software is able to acquire all the on line measures implemented on the plant.
For the off line measure it is possible to insert them directly into the local data base. Every ten minutes
the local software connects to the server and uploads all the measurements acquired, and al the other
available information regarding the status of the plant in the dedicated XML format. In thisway it is
possible to have all the information necessary for the management of the plant in the server, and with a
normal internet connection with the access controlled by a password it is possible to see the situation
of the plant in real time

The described functions are only basic functionalities that can give the possibility to an expert to
control the situation of the plant. This software directly integrates the ODIN MATLAB module to
localy or remotely run software sensors, diagnosis the state of the process, make predictions for the
future to have an idea of the possible behaviour of the reactor if some change in the management of
the reactor is applied, or (for the local mode) run a controller associated to performance criteria.

The website where it is possible to access the remote server is http://server-2000.bologna.enea.it and
with the use of the login and password “demo” it is possible to have an access to ENEA's plant and to
the virtual plant (the other plants are not accessible with thislogin for sake of security).

There are two different sections for the TELEMAC web site, the first is dedicated to the control of the
different enrolled plant, the second is an administration area where it is possible to enrol new experts,
and give them the right privileges for the access at the other part of the remote software.

Important remark: for sake of clarity and of self consistency of this deliverable, we have
duplicated information from other deliverables (mainly D1.5 and D5.3d), but of course this
work is not charged here (see the factual summary).

This section presents a summary of the plants (four physical, one virtua) that are being
integrated with the TELEMAC system during the life of the project. As already said in other



deliverables the virtual plant is only a pre-test plant to check that all the functionalities of a
controller work correctly and that the effect of the controller iswhat is desired.

In the Enea plant the software isfully installed and it has been working in its final version for
one year.

2 ENEA

The pilot plant placed at ENEA laboratory (Figure 1) is a UASB completely mixed reactor
with aworking volume of 180 litres and 6 meter in height. The reactor is kept at atemperature
of 36 °C. The reactor is fed with effluent from a distillery factory. The effluent has a COD
ranging from 10 g/l to 100 g/l. The effluent is stored in a refrigerated tank to prevent
biological growth. A pump feeds the reactor from the bottom and the flow is measured with a
flow meter. The reactor is also provided with a recirculation pump to keep the contents
completely mixed. The flow of this pump is also measured by a flow meter. In the inlet line
there are two probes for the control of the wastewater pH and the temperature (see
deliverables D1.3b and ¢ for more details).

Enter Panel | Homel Webcaml 1

Campana /\\\
last update: 09 November 2004, 23:01:39 analizzatare Miegenn e ; .
i
el Temp.
I 1] == N[
Guardia Cartat pH I_u‘—‘
el aulics oeasore —= T4
H ﬁ S
Scarico 5

Gaz

Ingressa
\L, Pompa di
Rigircolo

0.00

pH
i o Misurstore iD-DD ::L—ui!s.m
- Temp,
| =-§3?.24

gas |
N

Scarico

Serbatoio
Refrigerato

FPompa di
Carico

Figure 1: Synoptic of ENEA’ s plant presented on the web site

The reactor, heated with a heating cable, has two temperature probes and two pH probes, to
control the bottom and the top of the reactor. The gas produced from the reactor is collected at
the top and, after removing the humidity and most of the hydrogen sulphate present, the
percentage of methane and the level of hydrogen are measured. Just before the discharge of
the gas a gas counter measures the amount of the gas produced.

This digester was the main plant used to test, validate and improve the TELEMAC software.
It includes all the developed TELEMAC modules (local and remote software). All the
measurements are collected and stored in a database. All the measures collected are sent to the



local database by a wireless connection. The control is performed using the TELEMAC
platform.

Consistent with this process and to keep a better monitoring, the plant has been represented on
a synoptic on which the main measurements are displayed for the remote expert, as can be
seen on Figure 1.
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Figure 2: Plot of different variables on the local software and view of the web cam image

3 TELEMAC system implementation at INRA

At INRA only the smart management module together with the database was implemented.
The local software was kept (MSPC) and the ODIN module was implemented on top of it. It
was implemented on two lab-scale (i.e., 10 litres of working volume, Figure 3) inverse
fluidized bed anaerobic reactors treating vinery wastes and the pilot plant used in WPL1 (i.e., a
1m?® up-flow fixed bed digester, Figure 4). For these different applications, the data were
transferred by an ActiveX protocol between the data acquisition software (developed in
Microsoft Visual Basic) and the smart ODIN module running with Matlab. The connection to
the TELEMAC database was a so implemented.



Figure 3.- Picture of the two lab scale plants used at INRA for testing and validation of ODIN

Figure 4.- Picture of the pilot scale used at INRA for testing and validation of ODIN



ODIN has been implemented for amost 6 months on the pilot scale reactor with 4 people
involved in the management of the process (2 technicians, 1 engineer and 1 Ph.D. student).

The evauation of ODIN’ s performance over a 6 month period will be discussed in deliverable
D1.5.

4 Agralco

The pre-industrial plant at Agralco has a digester volume of 32 m®. The feed is in the upper
part of the reactor and the effluent is collected also in the upper part through atube set in the
reactor. The sludge is mixed for two minutes at an interval of 15 minutes. For more details on
the plant see D1.3b. For this plant another interface has been chosen (to illustrate the
modularity of our approach) based on photographs of the plant that can be more easily
interpreted by a non specialist technician (Figure 5).
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Figure5: Synoptic of the Agralco pilot plant asit appearsin the TELEMAC remote
software

For more detail on the TELEMAC system set-up at Agralco® facilities, see the details in
deliverable D3.4.

5 Estrella de Galicia Industrial wastewater treatment plant

To assess the ability of the TELEMAC system to adapt to an existing plant that was not
developed ina"TELEMAC" spirit, it was decided to test the TELEMAC system on a process
not belonging to a member of the TELEMAC consortium. The fluidized bed digester of



Estrella de Galicia will be telemonitored and telecontrolled by the TELEMAC system to test
the system on a very efficient anaerobic technology that was not originally considered on the
TELEMAC project.

The Estrella de Galicia wastewater treatment plant (Figure 6) is based on a homogenization
tank, pre-acidification reactor and expanded granular sludge blanket with interna
recirculation (EGSB-IC) (Figure 7) developed and installed by PAQUES. Start up of the plant
was in August of 2001, and it now treats a mean influent flowrate of 80 m*h with an influent
COD of 3.000 to 4.000 mg/l, achieving a COD removal efficiency of 85 to 90%.

Figure6: Estrella de Galicia (A Coruia, Spain) wastewater treatment plant.
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Figure 7: Scheme of the wastewater treatment plant at the Brewery Estrella de Galicia



The volume of the EGSB-IC reactor is 800 m®, 26 m height and 6.5 m diameter. It is operated
a a constant inflow of 200 m*h (120 m*h of recirculation plus 80 m’h of feed). By this
mean, the organic loading rate (OLR) applied to the system is 6 to 9 kg COD/m°d with a
surface velocity (Vs) of 6 m/h and a hydraulic retention time (HRT) of 4 h including
recirculation and 10 h considering only the feed flow rate. The currentlsolids concentration in
the reactor is 30 gV SS/L, and the specific activity 0.7 kg COD/kg SSV -d.

The solid pattern and profile along the EGSB reactor is shown in Figure 8.
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Figure 8.- Solid concentration and solid accumulation profiles along the EGSB reactor.

All the variables needed to establish the state of the operation of the plant are monitored off-
line (pH, T, COD, flowrate, akalinity, VFA, etc.). Table 1 presents the 56 off line variables
daily acquired at the anaerobic wastewater treatment plant at Estrella de Galicia. These data
are stored manually, once aday in an Excel sheet. Each sheet corresponds to one day and each
Excd file corresponds to one month of operation.

Table 1: Off linevariables daily acquired

EMERGENCY TANK REACTOR EFFLUENT
1|pH 30| COD Total mg/l
2| TCOD mg/l 31| COD out kg/dia

BUFFER TANK 32 | COD Filtered mg/l
3| Influent FLOW m3/h 33| VFA meg/|
4 | Hours working h/d 34| SST mg/l
5| Daily influent FLOW m3/dia 35| ALCALINITY mg/l
6| TCOD mg/l 36 | HARDNESS °F
7 | Daily TCOD input kg/dia 37| Ca mg/l
8| VFA meq/| 38| Mg mg/I
9|SST mg/l 39 | NH4-N mg/I
10 [ NH4-N mg/l 40 | Total PO4-P mg/l
11 | Filtered PO4-P mg/l 41 | Filtered PO4-P mg/l
12 | Filtered SULPHATE mg/l 42 | Total SULPHATE mg/l
13 | ALCALINITY meq/| 43 | SULPHIDE in effluent mg/l




14 | HARDNESS °F 44 | BIOGAS %CH4

15| pH 45 | SULPHIDE in biogas ppm

16 | TEMPERATURE °C 46 | SULPHIDE in filter ppm
PREACIDIFICATION TANK 47 | pH

17 | Recirculation ratio 48 | BIOGAS FLOW m3/d a

18| influent FLOW m3/h FINAL EFFLUENT

19| COD Total mg/l 49 | COD Total mg/I

20| VFA meq/| 50 | COD Filtered mg/l

21 | ALCALINITY mg/l 51| VFA meq/|

22 | HARDNESS °F 52 [ SST mg/l

23| Ca mg/l 53 | ALCALINITY mg/l

24| Mg mg/l 54 | SULPHIDE in effluent mg/l

25| NH4-N mg/l 55 | TEMPERATURE °C

26 | Filtered PO4-P mg/l 56 | pH

27 | Filtered SULPHATE mg/l

28 |pH

29 | TEMPERATURE °C

In addition, some crucial variables are a'so monitored on-line. Figure 9 presents a screen shot
of the synoptic of the process at Estrella de Galicia with the actual values of the variables
monitored. One average daily value of the on line acquired data (pH in the digester,
wastewater pH and temperature, wastewater flowrate and biogas production, Figure 10) is
storage in an MS Access file. With the aim of used this monitored information for TELEMAC
validation purposes, the system is being modified. This modification consists of installing a
programme which periodically (every 15 minutes) saves the mean vaues of the variables
acquired in adatabase, from where they will be sent to the remote TELEMAC system.

Figure 9. Screen shot of the synoptic of the process at Estrella de Galicia
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Figure 10.- Process variables monitored on-line at the Estrella de Galicia Industrial
wastewater treatment plant.

6 The TELEMAC virtual plant

Within the project, to test the control, diagnostic and telemonitoring developments, a virtual
anaerobic digestion plant has been implemented. The aim is to have a totally configurable
process to simulate the functioning of areal treatment plant and to validate TELEMAC tools
before industrial implementation.

The virtual plant is built around the Anaerobic Digestion Model n°1 (ADM1)* [Bastone et al.
2002] which is composed of 32 dynamic state concentration variables, 6 acid-base kinetic
processes and involves 7 bacteria biomasses. This model was implemented in the Simulink-
MATLAB® environment inside the TELEMAC project by Jorge Rodriguez Rodriguez at the
Laboratory of Environmental Technologies of INRA (France) in collaboration with the
University of Santiago de Compostela (Spain), see deliverable D3.1b. The TELEMAC AM2
model is also implemented.

From this implementation, the virtual plant allows definition of all parameters and variables
for model simulations, and furthermore, through the graphical interface, the user can define
and parameterize devices to measure and to act on the virtual process. It is worth noting that
the virtual plant asit is now alows the use of any model on avery modular basis.

On starting the virtual plant, the user sees the main screen (Figure 11). From this interface he
can run and stop simulations and set the virtual plant features viathe different menus.

! Batstone, D. J., Keller, J., Angelidaki, |., Kalyuzhnyi, S. V., Pavlostathis, S. G., Rozzi, A., Sanders, W. T. M.,
Siegrigt, H., and Vavilin, V. A. (2002). Anaerobic Digestion Model No. 1 (ADM1), IWA Task Group for
Mathematical Modelling of Anaerobic Digestion Processes. IWA Publishing, London.
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Figure 11: Main screen of thevirtual plant

Figure 12: Example of the sensor definition interface
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After the definition of the different elements of the virtual plant to run ADM1 (the biological
and physico-chemical reactions) and to establish how the data are obtained, a ssimulation of
the virtual plant can be launched over a predetermined period. The following steps describe
the principle of functioning:
. according to all sensors, avector of acquisition timeis defined;
between all these time instants, ADM1 is simulated, so the virtual plant running is
represented by a succession of simulations,
after each simulation, according to the definition of sensors, measures are taken and
put into the MATLAB TELEMAC formalism. From there, the TELEMAC diagnosis
and control components are used to determine commands for the next step of the
simulation.

The virtua plant allows simulation of areal process with the associated equipment in order to
test and to validate control and diagnostic developments. The virtual plant has been built with
a modular and open approach, so al graphical interfaces are automatically generated
according to the anaerobic model used. In the current implementation, the ADM1 is running
inside the virtual plant but the tool structure can be easily adapted to implement other models
(such as those created into the TELEMAC project itself).

The virtua plant has been implemented on a dedicated PC, coupled with ODIN and with a
php script. Thus it simulates an experiment in real time and sends data to the database, using
the same format and the same channels as the other plants. As such it can be seen as a normal
plant from an external point of view. It can be used to get familiar with the remote software,
to test control strategies or to train an expert to manage a plant in case of difficulties.

7 Conclusions

The goa of the TELEMAC project was to demonstrate the efficiency of the developed
modules on a broad range of plants of different type and size. This deliverable shows how we
have implemented and tested the TELEMAC modules in various configurations, from the full
TELEMAC system in ENEA to only the smart modules and the database for INRA’s
digesters.
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