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1) The anaerobic digestion process
2) Some examples of (off-line) sensors
3) Practical illustration of on-line sensors

4) Benefits from on-line instrumentation
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v Carbon removal of wastewater

v Production of energy (biogas)

v Reduction of sludge production

v Treatment of solid wastes (agricultural, industrial, urban)
v Decontamination of soils (organochlorine)

v Discolouration of effluents



Anaerobic Digestion as a WW

O Advantages
v Naturally present in the environement
v No need of energy
v Production of valorizable biogas
v High loading rate achievable (up to 100 kg of COD/m?/d)
v Low sludge production
v Works with effluents whith low N/COD and P/COD ratio
v High efficiency (80 to 98 % removal of COD)

& Drawbacks
v Considered as a pretreatment
v Not really suitable for diluted effluent
v Slow growth of microorganism
v Sensitivity to organic overloads (biological system / size)
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Types of Industries using AD Processes

Plﬂp & Paper Skldg@ Liqu()r
9% 1% Drinks: Brewery
T 20%

Pharmaceutical 2%
Chemical: Other 5%

o . Drinks: Distill
“hem.: Citric Acid 2% rinks: Distillery

1%
Chemical: Alcohol 5%/ Drinks: S;))ﬁt & Juices
(1]
Food (other)
Starch 4%

8% .
Food: Diary
5%
Fermentation (yeast)

10%

Food: Potato

Food: Vegetables Food: Sugar processing
5% 8% 10%
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1.15 litre

. 1.3 kg
of gasoline of charcoal
9.7 kW/h 0.94m>

of electricity of natural gas [




2) Some examples of (off-line) sensors




The Anaerobic Digestion %WM%W Scheme

s

Objective

l[{ydmlysi‘; B.

Monomers

| Acidogenesis B.

v

Acetate

methanogenesis B.

l Acetoclastic

Organic acids,
alcohols

«
-
Monoacetogenesis B.

CH, + CO,

Acetogenesis »13,

Hydrogenotrophic
methanogenesis B

CO, +H,

L

R oo

> Get closer to the microorganisms

In the solid phase

Difficult
(samples taking)

In the liguid phase
Difficult
(suspended solids and
global measurement of
biomass)

In the gas phase :

Fasy but end products
(aggregated measurements
delay)
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Number of "species”

Anaerobic Digestion is a Complex Icosystem
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as indicated by 165 rRNA finger-printing

,,,,,,,,,,,,,,,,,,,, NN Y Yy

.

Molecular approach to answer the question :

Who is doing What ?

Effect of an acidic shock (pH : 7 = 6)
__onthe activily of the different species

¢

v'Species can be identified by
cloning and sequencing the 16S
rDNA genes

v A peak = one species

v’ Area of a peak ~ activity of the
corresponding species

12



Examples of AD Processes in Narbonne

- Fluidized Bed Reactors - Effluent : Industrial distillery vinasses

15 liters working volume

13



General objective : 'T'o study and to improve the kinetics
of biofilm development on granular carriers

One way : Ir

age Analysis

Example of qualitative analysis using DAPI coloration
for fluidized bed reactor

Normal light UV fluorescence

14



quantitative measurement of biofilm growth

equivalent

Based on the previous results,

O For example, estimation of

eters and shape factors

Example: biofilm growth in an anacrobic biofilm reactor : evolution of particle size
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Particle

Liquid phase
of the reactor

Pressure (Pa)
Pressure (normalized)

Time (ps)
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» 8 X 00X e

= 4,3 mm.s!
= 6,4 mm.s™
= 8,5 mms
= 10,6 mm.s?
7o 12,8 mmst
e 14,9 mm.s!

Percentage of solids in the reactor

n Parameters
Process

fin 5 oo s o5 i s o s i s o m Binon o e o

L oo e o o




1) Biosensor
(e.g., biological reaction
directly in a probe)

Measurement

Signal
Processing

Electric signal
A

Transducer

A

Chemical reaction

A

Microorganism

@ Molecules @ Sample
e W n

A

14
14
16 13 15
2) In-situ sensor PR a N
(e.g., respirometric sensor) | |4 BRc
12l &
ETl

WS NN -

‘h—‘v—‘l—-‘l’.‘)—"MMM
N NRLO LS

. Wastewater

Reactor (10 cm? sludge)
Acrator

Stirrer

Temperature sensor
DO electrode

pH electrode
Calibration pump
Sample pump
Decantation valve
Sludge outlet valve
Bypass

Filter system (0.5 mm)
Microprocessor
Display/keyboard
Computer (PC)

Printer
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Influent : Raw industrial
distillery vinasses

Reactor ¢ Circular column
Up-flow fixed bed reactor
- 3.5 m height,

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

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

Total effective voluioe : 948 liters

21
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ultrafiltration
membrane
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Temperature
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Sensor for On-Line Automated Titration

v’ Measurements of Partial and Total Alkalinity,
v’ Bstimations of Bic and VFA concentrations

Waste l

pHmeter

@B

40—

Water

. 1 \[/
ample °

Draining
From the process
17 T4 Na Ol
01N

A@

HCl
0.IN
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pH

Titration curves
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Volatile Fatty Acids (g/1)

5 months
. 4
4.0 %
» & VEFA off-line by GC analysis
35 - ‘ A VFA on-line by titrimetric sensor
, & Maintenance operations
A of the titrimetric sensor §
3.0 1 |
2.5
2.0 -
®
1.5 - '
1/ O
) Vb
0.5 A g0
M G @
0.0 i ! ””%%”{//%’MYWM‘%M”{; 1 1 f
0 500 1000 1500 2000 2500 3000 3500

Time (hours)
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Electric field

Magnetic field

lectroma

onetic wave

€9

Wavelength

e,

Wavelength :A
Wavenumber v=1/A
Frequency f=C/\

Propagation speed in vacuum :

s Some Vocabulary

Propagation direction

(um=10°m, nm= 10 m)
(cmrt)

(s

C=3.10% (m.s-)
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If the wave has a frequency f,

it 1s associated to an energy quantum £

With h : Planck constant (6.62.10-34 J.s)
E : energy quantum in J
f : frequency in Hz

34



Waves and Matter

Energy conservation principle

b, (A) = Incident Energy He (M) — Reflected Enerpy

fmw,-m»»%

I, (A) = Absorbed I

Transmitted Energy

Incident Energy = Reflected Energy + Absorbed Energy + Transmitted Energy
F (M) = e (A) + F B, (L) + F, (D)

35



it (tranmitted)

Transmission
A= Log (E/E,)

/\ / \pectrum

T

>

Wavelength
or

wavenumber
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Mid InfraRec
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Fixed position

Movable
mirror

Single frequency
source (A1)
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organic loading rate
(i.e., input flow rate or
input concentration)

ultrafiltration

(f()i S mi ra
acquisition)

Off-Line
o Manual /%Emﬁy%ﬁ%
(COD, TOC,
membrane VEA, TA, )A5 )

W

3) Calib mémgg %W statistical
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from FT-IR
>

CODs (g/l)

L
;

¥

1

i

2

from off-line analysis

I

3

i

4

Similar results on partial and total alkalinity

5

from FT-IR
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0.0
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00

}
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1.0

f

L5

2.0
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20
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Soluble Chemical Oxygen Demand (g/l)
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Input Liquid Flow Rate (I/h)

Year Later (ie
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4) Benefits from on-line instrur




OCe

What happens if the organic loading rate changes ?

80

Input liquid flowrate (I/h)
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Input liquid flowrate (1/h)
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Ly WW}W&““’GW%’"WW]N 1\\ :
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..................................

10 20

1e classical measuremenr

1/ g g? g ase
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70
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Temperature of the reactor (°C)

Temperature of the heater (°C)
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more or less classical measurements in the gas phase

Input liquid flowrate (1/h) Percentage of CO, (%)
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vid phase

non classical measureme

Input liquid flowrate (1/h)
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e can even get closer l...

Input liquid flowrate (I/h) pH in: the input (UPH)

10 2 K Y] 40

51
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© Dynamic (vs. static) and global view of the process

© Deep understanding of the phenomena

-

*

© Door open to optimal management of WWTPs

® Lxpensive (money and maintenance)
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(2) : Software sensors

i

When technical solutions are not available, it can be useful to combine sensor signals

within a mathematical framework in order to estimate unknown parameters.

a priori klnowledge

Process

Measurements Y

> Hardware

»| Sensor

|

Software

—p —P

Sensor

............................

-----

estimated parameters

state variables
and

e

Known inputs

Known boundary
input region

xxxxxxx

Classical observers
(eg. exponential observers)

Interval observer

»| (the system’s cooperativity
property is required)

Estimated state

R TR

Guaranteed
state interval

If the obsex ver 1s caape: atwe, the estlmated state are guax anteed to ilve thhm the estxmated bounds g
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