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Emergence du marche du
traitement de I'eau

Depuis quelques annees, |'eaul est le

premier’ sectelr drapplication des
MEMBIanes....

Et devrait le'rester dans Un avenir
previsiple.
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Pour le dessalement d’eau de mer

a definitivment
stipplanté |es' procedes thermigues (C grace a
LN pregres tres semsible sur 1a
consemmation’ energetigue = 3.5 kWih/ms).

Diauties procedes membranaires(

)i sont: etudies
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Production deau potable et eau
[ndustrielie

[les| precedes membranaires ( ME/UF)
SONt En croisance exponentielle )

Dui *point of use” a la tres grosse using (

3001000 m3./j):

L'0smose InVerse est tres largement
utilisee dans la' production d’eau de
PIrocess et lesi cikcuits d'eau ultra-pure

Journee technigue SF2P.
Paris 5 Nov. 2009




Epuration des eaux USEES

e SE
developpe rapidement: : marche en;forte
croissance lie atl developpement de la
reutilisation.

Important marche petentiell des
membranes ( ME/UE, NEZ)ren
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Tra

ltement tertiaire

Une fiaconi de valoriser e parc existant de

stations die

ouUration:.

A |3 sortie c

‘Une station d’épuration

'effiuent traité contient plus de;99.9%
deau i la valerisation pourhait etre pits
ientable gue le rejet .
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e filux critigue

Un tetirnant:dans |a fiacon d utiliser les
MEMBranes;.

DN Usade Intensil arun Usade extensii:
iendu’ pessiblé; partla diminution du cout
desi membranesi et modules.

Privilegie laifiltrationa fltx constant et
elativement fiaible
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Du filux critigue au flux « durable »

Choisir lesiconditions; pour URE CroiSSance
moderée de lal resistance .

Induit une freguence; acceptable pourle
contre lavade oulla relaxation
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Dans le cas de suspensions peu
concentrees

e fonctionnement discontinul est prefere :
POUr sal falble consemmation energetigue

Filtration firontale; + contre |avages

PERodiqUES .
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L2 filtration tangentielle

EESt exclue (C trop: drande consemmation
Energetigue ) saufi pour '0Smose InVErse: .

L'Ecoulement tangentiel ( a faible Vitesse)
iesulte de lalfaible productivite; durmedule
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Une tendance actuelle

Developpement de nouvelles membranes
anti fiouling

Et recherche de la reversibilite du
colmatage
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“Playing™ with surface modification

Usingi cold plasma fior surface modification: of
PIFE membramnes (C Zhejiang University:,
IHangzhour,

Finding the; conditions for minimizing the
adhesion of NOM at membrane wall.

A recent: example : Asatekin, Kang,
Elimelech;, Mayes, Jourial or Memprarne
Science, 298 (2007) 156-146
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Fouling| Resistant UF Membranes:
Comb (PAN-g-PEO) Additives

B i
-T_EIN%

Asatekin, Kang, Elimelech, Mayes, Journal of Membrane Science, 298 (2007) 136-146.




Fouling Reversibility (with Organic Matter)

Gray: recovered
flux after
fouling/cleaning
. (following “physical”
cleaning (rinsing)
with no chemicals)

b
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Shannon, Bohn, Elimelech, Georgiadis, and Mayes, Nature 452 (2008) 301-310.




Antifouling NE Membranes, fior
MBR (PVDE-g-POEM)

Pead en Filtration: of activated sitidge frem MBR (- 2a/1)
s PVDE-g-POEM NE:# no flux loss ever 16 hifiltration (40 psi)
= PVDE base: 55% irreversible flux loss after 4 hi (C 10psi)

Asatekin, Menniti, Kang, Elimelech, Morgenroth, May es: J. Membr. Sci. 285 (2006) 81-89




New NF membrane for MBR

Asatekin, Menniti, Kang, Elimelech, Morgenroth, Mayes:

J. Membr, Sci. 285 (2006) 81-89

PVDE-g-POEM, TEC NF membrane : Commercial
(PVDE) UE membranes coated with the amphiphilic grafi
copoelymer poly(vinylidene fluoride)-grafit-

poly(oxyetaylene) methacrylate.

Tihe new ITEC NE membrane exhibited noixreversible
fouling in 10-day dead-end filtration studies of
model erganic fioulants bovine serumialbumin, soditim
dlginate and humic acid at concentrations off 1000 magy/Lt
and above.
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Better control off operating conditions

Viembrane modiiication s only: part of
selution

Operating conditieons: play:an important
iele

AR example withrdead endHiltration;:

Experimental’ evidence for a criticalffiltered
volume : Y. Bessiere, N. Abidine; P.
Bacchin, JMS 264 (2005) 37-47.
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lirreversibility: study,
Results

Volume | Losses

(/m2) | (%)
35 6.3

@ Vi=0,035 m3/m2 74 3.1

0 Vi=0,074 84 7.7
A Vf=0,084

Latex suspension 0.2 g+ J=110 | h' m?
Lp, = 250 | it m? bar! @20°C
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Irreversibility study.
Residual resistance

2 ldentifiable zoenes :
- fouling

- appearance oi fouling

- A- J=80 L/hm?2
—&—J=110 L/hm

Bentonite suspension 0.02°Y |

|dentification of a Critical Filtered VVolume

2 when JN

. : Latex suspension 0.2 g |
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lrreversibility: study.
Suspension and CEV

Critical Filtered Volume versus oper ating
condition and suspension
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characteristic of the

suspension studied

Possibility to /
Irreversible deposition
even when filtering NOM




Evolution des modules et de leur
Mmise en oeuvre

Lés/ syStemes a
MEMBranes
IMMErgees pour Ies
Bioreacteurs a
MEMBranes
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Evolution des modules ceramigues

Journée technique SF2P
Paris 5 Nov. 2009




Les BRM : ou en est on?

Uni developpement rapide..:

Mais fireine; par l'absence de
standarndisation des smodules
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The European MBR market

W Industrial (> 20m3/d)
O Municipal (> 500 p.e.)

Source: AMEDEUS, 2006

i

> 10% annual growth (2006: EU ~ € 50 million, world ~ € 200 million)
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KMS-Puron Martin Systems
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E Direct Costs HIndirect Costs 0L and Cost
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Cout de remplacement ( Euros/m?)

Flux

Prix des
Membranes
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Wastewater: Energy
Consumption

OFiltration M Aeration

Cyclic aeration
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Une technigue membranaire gui a
de lFavenir

1.8 distillation membranaire
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\

AUn exemple de recherche a I'INSA
Tlouleuse

Ladistillation membranaire sous Vvide

Retentate (Water +NaCl )

R

vapour,.

B oo
Vacuum
porous

Liquid feed membrane :
(water + NaCl) Ap, AT ¢

Condensed
permeate
Pure water




Membrane Distillation Bioreactor
(MDBR)

W.W.

e Concept ‘ ; Nes_jrlci)géble
~ Replace MF or UF l Q
in the MBR with MD ouT

MD

QIN/‘V— Module

FS or HF

Waste or < Air Biomass

solar heat (thermophilic)

Fane ,Phattaranawik, & Wong
PCT/SG206/000165
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MDBR Performance

Submerged horizontal tubes (ID 2.6mm)
Asahi Pall PVDF 0.2 pore

MBR at 56 C, flux stable at 5 1/m?Zhr

Higher fluxes with improved module and air scour
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MDBR Performance
Summary

Using acclimatized AS and thermophiles

and reactor at about 56 C

MLSS ~ 5g/L
Flux ( stable) ~ 5 L/m?2 hr ( flux ~ 10 possible)

TOC in permeate ~ negligible ( 100 % removal)

Permeate quality >> MBR ~ RO quality.

o Specific problems (NDMA) should be < RO.

e Primary energy < 0.8 kWh/m?3
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Reverse Osmosis for desalination

Majoer improvements in the past 10 years
FUrther improvements are likely te be

Recovery limited to ~ 50%:
Brine discharge: (envirenmentall COncerms)
Increased cost off pre-treatment

Use prime: ( (~ 2.5 kKWh
PEr  cubic meter off product water)
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Membrane distillation for desalination

MDD canrcompete withl ROrenergetically

VDI canibe coupled withi solar heating or
With  geothermal resources thusf allowing
higher fluxes

Commercial available: membranes; could
Vet be off interest fior'small systems

New VMDD membranes: (Imore permeanie)
should be developed for' larger plants
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| ‘osmose directe
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Feed Water

Concentrate

Membrane

A O

i

Draw
Solution
Recovery
Process

A [
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NH5/CO, Draw: Selution

NHy  COy
COq4

@ NH HCO3(aq)
@
«® (N H4)2CO3(aq)

NH COONHZ(aq)

1




FO/RO Hybrid for Water Augmentation:
Osmotic Dilution off Seawater

FO Stage 2 FO Stage 1

UMD ¢ WGID
RO

Water
Seawater

'- (DS)

Cath, T.Y., Drewes, J.E., Lundin, C. (2009). “A Nov el Hybrid Forward Osmosis Process for
Drinking Water Augmentation using Impaired Water an  d Saline Water Sources.” Draft Firéll%I
Report. Awwa Research Foundation , Denver, Colorado.




Major Advantage: Fouling In
Forward Osmosis is Reversible

FO membrane: CA
(Hydration Tech)

Organic foulant (200
mg/L alginate); 50 mM
NaCl; 0.5 mM Ca?*

Cleaning: 50 mM
NaCl, increased
crossflow, 15 min

[T
"L"rr"ﬂ-'il'rﬁ_ﬁ,_@
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« Pressure retarded Osmosis »

Une vieille idee guirdevient realite

Une idee de Sydney: [Loeb dansles annees
701 avec depot de brevet en Israel !
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30 ans plus tard....

Brackish water

Pressure
Exchanger

" FPower

Membrane Modules Turbin

o

Brackish water

Fresh water bleed
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Conclusion

Les techniques a membrane beugent

Elles deviennent de plus en plts
economiques et durables.

Elles; constitlent: dans de: nombreux: cas
Une option dent' Il faut tenir compte .

les progres gu'amenel’ouverture du
marche de I'eaul sont en grande aprtie
transposables a d'autres Secteurs
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IWA membrane conference

June 27-30", 20105, Trondhein Norway::
Membranes fior' Drinking and Industrial
Water Production, co-sponsoered by’ EDS.

Octeber 2011, Aachen:, Germany.
IWA Membrane; llechnoelogy: Conference .
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Et entre les deux ...

INTEREILTRA, 2010 en Octobre a Lyon
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