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Process Conitrol is

The prime objective of a control law is
lo help the human operator and to relieve him from the tedious tasks
(that are sometimes not of the most interest) ...

However, technical problems can lead to compleie opposite situations !

Example of the consequences of a pipe clogging : the adjustable spanner is then the only "solution"
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2. Diagnosis using analytical m
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Influent : Raw industrial
distillery vinasses

Reactor : Circular column

S

- 3.5 m height,
- 0.6 m diameter,
- 982 liters of total volume.

Media ¢ Cloisonyl
- Specific surf. : 180 m*/m?
- Volume 0 33.7 liters

Total effective volume : 948 liters




The "AMOCO" Anaerobic Digestion Model
(EU FAIR Project CT 1198)

¢ .

X, =14 —eD)X,
X, =1, —aD)X,
From |Z= dZi -»»Z)
Bl\ei[laa;ie <S§ def ”“Sl)”““klf‘ﬁXl
S, mdSﬁ _Sz)'*”kzﬂn)(} —k b X,
G, =DIC, ~C, )tk [Py +Z-C,y =S, )tk X, +hops X,

S
with u, =u,  —— (i.e., limitation by organic matter)
Ky +5,

SQ

2
S
K, +8,+ [2]
" K,

and M, = U, (i.e., limitation and inhibition by VFA)
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« From the initial model developped in 1997, 6 distinct sets of parameters have
been identified. Their range of variation is represented in the following Table :

Name Meaning Min Max Unit
k, Yield coefficient for COD degradation 6.60 86.11 g COD/g X,
k, Yield coefficient for fatty acid production 7.80 181.2 mmol VFA/g X,
ks Yield coefficient for fatty acid consumption 268 1814 mmol VFA/g X,
ky Yield coefficient for CO, production due to X 124 230 mmol CO,/g X,
ks Yield coefficient for CO, production due to X, 273 1924 mmol CO,/g X,
kg Yield coefficient for CH, production 315 2696 mmol CH /g X
ky Liquid/gas transfer rate 19.8 500 day!
ks Henry’s constant 16.0 26.7 mmol CO,/l-atm
o Proportion of dilution rate for bacteria 0.30 0.50
Honax Maximum acidogenic biomass growth rate 1.20 1.40 day!
Hoax2 Maximum methanogenic biomass growth rate 0.50 0.85 day!
K, Saturation parameter associated with S, 3.72 10.7 g COD/I
K, Saturation parameter associated with .S, 5.28 18.0 mmol VFA/
K, Inhibition constant associated with S, 16.0 25.0 mmol VFA/I
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e In February 2000, no parameter set was found to correctly match the proces data.
Thus, using the parameiers set from 1999, we decided to add the initial biomass
concentrations in the optimization criterion :

J = mm—w(
i=1

subject to 0 <6,

“1 norm S Horm

~-0(cH,)
}l OFi HOYIR

+Z

‘S HOVYn S HOriN

A,

with 6, = X,(0) and &,= X,(0).
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Best simulation results obtained i February 2000

(using the same working volume than in 1997)
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he process ?

ury 2000 ¢ s therre

A clogging of the process is suspected.

e Both the initial biomass concentrations AND the active volume are
then re-identified in minimizing the following criterion (still using
other parameters determined from 1999 data) :

o,

( l 7} " R H R n R
. e rm_ QYHOrM norm __ (inorm ~ . -
‘j . m{}n Z S i S 1 9 + Zl S?, lS2 5 + Z ”Q((’H‘l )szorm Q ((/Hél )norm 2
=1 e

ANS i=

subject to 0<6,

with 0,=X,(0), 6,=X,(0) and 0,~V
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etermination of t

perimental d

« In order to verify our hypothesis (i.e, a clogging of the process), the
experimental determination of the HRT is realized.

« A hydrodynamic study is carried out by means of tracer pulse experiments
(using lithium chloride) in March 2000. Two experiments were done (before and
after the washing).

« A classical mathematical treatment was applied to the results. The Residence
Time Distribution function E(t) was estimated from the Li* concentration as :

E(t ')x CLz’ (tj)
’ Z Chii (tz )Ati
 And finally, the mean residence time was computed as :
Z l; CLz’,i (zi )Ati
- ZCLi,i(ti)Afz

{
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Originally, volume of the reactor = 948 liters

Before washing : 730 liters

After washing : 830 liters

Computed analytically : 595 liters
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such as ¢

der black box linear (ARMAX
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3. Diagnosis using heuristic knowledge
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U Sensor Fault (SK) : Degree of confidence about the information given by the sensor

O Sub Process Fault (SPI) : Shows the presence of problems in local loops

O Process Fault (PF) Indication of the importance of the SF and SPF faults on the

overall anaerobic digestion process

SF evaluation
SPF evaluation
PF evaluation -
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SIS, SPF an

PF on the pi “regu

loop’
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At the industrial scale (other process, other wastewater)

pH (UpH)

(h)
80

)

80

pH Sensor Fault (SF)
100 :
% SR N AR S
L R R e e R
T O R EEE J --------- peb e
20 e o |1 SN [ | F | N
i : ' l : h
0 - | al )
0 20 40 60 80

100

80 -

60

40

20

(h)

& 20 40 60 80

40



:3}‘11‘ 0 Fean anti-focm added :é‘ 10 ' :

g e - . S TN WO T
& 0.8 § .8

Z06 £ 06 L Rt S

B ‘ § 0.4 U* ............................. T
8 i g L
Zo2f g 02 Time (h)
8B40 i Time (h) £ 00

870 ) 25 30 35 40 0 30 35 40

Measurement

Howey

w::": .




« Each variable is connected to a specific Artificial Neural Network

 The training phase is performed based on the results obtained during the fuzzy
fault detection previously achieved off-line.
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Tuning of the Artificial Neural Networks Parameters
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« Once the training parameters have been determined, the Artificial Neural Network
is used on-line as a non linear black box model between the measurements and the

defaults.

e In other words, from measurements such as :
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Temps (h)
60 70

and that were not used during the training phase, the Artificial Neural Network
indicates at each sampling time a new fault indicator.

Main avantage : Comparison to thresholds has disappeared !
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5 ompa rison between

Objective : Detection of Changes in Organic Loading Rate
(without measuring the input liquid flow rate)
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1) The Fuzzy Logic :

- Is "robust" for fault detection (i.e., the number of
false alarm is minimized),
- Is very simple to use.

2) The Artificial Neuron Networks :

- Are very well suited for on-line use,
- Allow an automatic learning (through recursivity).
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THAT'S ALL FOLKS ...

THANK YOU VERY MUCH
FOR YOUR ATTENTION !!!
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