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The effect of organic peak loads on membrane
biofouling in a pilot scale MBR treating
municipal wastewater

Ben Zwickenpflug, Mare Boehler,
Adriano Joss, Hansruedi Siegrist

eawag
aquatic research 1.1}

25.;',%
“““"EUROMBRA
i Content
Content
» Objectives
» Eurombra-Pilot Plant
» Peak load experiments
» Results
» Conclusions
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“““EUROMBRA
] Objectives
Content
Objectives For testing the interrelationship between peak loads
and permeability, different kinds of organic substrates
have been dosed, to provoke membrane fouling
v" pilot scale MBR plant with state of the art modules
v" municipal wastewater
v" flow proportional influent
v' operating conditions according to manufacturer's
specifications
gawag I www.mbr-network.eu
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““"EUROMBRA
] Eurombra Pilot Plant
Content
Objectives

Eurombra-Plant

eawag |
agquatic resaarch coo
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“EUROMBRA

Content
Objectives

Eurombra-Plant

Influent
(~1.4 m3h)

Eurombra Pilot Plant

Injection point
for peak loads

Filtrate

storagetank

eawag
agquatic resaarch

i

Spillover
v

Excesssludge

Filtrate o

Effluent

www.mbr-network.eu
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Eurombra-Plant

Kubota FS50

Puron A-30-HS

Zenon ZW500A

Geometry Flat sheet Hollow fibre Hollow fibre
(mm between plates or diameter) | (7) 2 )

Pore size [um] 0.4 0.1 0.04
Membrane Area [m?] 40 30 46

Maximal gross flux [m3-h-1] 15 15 15

Aeration rate [Nm3-h-1] 50 15 45

Air cycling (On / Off) [s] No No 10/10
Permeate cycle: 480/120 (0) 480/ 120 (30) or 480/ 120 (25)
production/pause (backpulse) [s] 300/ 60 (25)

Chamber volume [m?] 1.41 0.67 1.61
Chamber size (LxWxH) [m] 1.1x0.8x1.60 1.2x0.25x2.25 @1.0x2.05

eawag

agquatic resaarch
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Experiments

Dry weather conditions:
COD load by wastewater influent ~ =13.4 kg COD,, /d
COD,,, /COD,,; =1

Objectives > Experiment 1 and 2:

Eurombra-Plant

Doubling the COD,_, load by a daily dosing of 6 kg COD of

sol

Experiments - sodium acetate

- or sugar
> Experiment 3:

Doubling the COD
- wheat flour

load by a daily dosing of 6 kg COD of

part

» Duration of each experiment: 7 days in arow, with chemical cleaning
and a regeneration period of 2 weeks in between the experments

> Injection of peak load solution: daily at 10:00

» Duration of dosage: 7- 12 minutes

m,.., ,.g I www.mbr-network.eu

Content

Objectives
Eurombra-Plant

Experiments

"EUROMBRA

Set up

Injection line for

;
DAy my
I Loo .

~ substrate

substrate solution

¢ r 3 1

} a2 g Mixing &
Effluent
biology

Tank for
substrate
solution
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Problems: Loss of TSS due to big foam events

Content
Objectives
Eurombra-Plant

Experiments

eawa www.mbr-network.eu I

agquatic research &¥ coo

T
EUROMBRA
H CODg,, in sludge filtrate (paper filtered) and effluent (membrane filtered)
1600
L3 @ Kubota (sludge)
Acetate Dosage 1400 2 -~ @ - Zenon (sludge)
02.12.2009 day - -4 -Puron (sludge)
Content 1200 e - o - Effluent, total (filtrate)
725 _ ‘
o S 1000 |
Objectives E
S 800
9]
Eurombra-Plant O 600
400 1
Experiments 200 |
o-B-8-8
Results 0 ‘
9:00 t 13:00 15:00
Time [hh:mm]
start
1600
---@ - Kubota (sludge)
Flour Dosage 1400 B Zenon (sludge) i
-+ - Puron (sludge)
10.01.2009 day 1200 - ¢  Efflutent, total (filtrate){
765 _
S 1000 |
E
S 800
a
8 600
400
200 — g o8 b —rrmaas frI
0 o000 ¢ ®------- - .- :
900 P 1100 13:00 15:00
start Time [hh:mm]
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“5oten, . .
"y Impact of peakload experiments on membrane permeability
Content Acetate Sugar Flour
1000 ‘ ‘ ‘
Objectives W
b W\W\JM
Eurombra-Plant
. F.":‘ 5001 O = chemical cleaning | |
Experiments g Kubota ) % ;
Results ‘\"; I%}enon -33%
'E uron
= -35 %
b W s 'w\—n—‘oUA AN VLMVMJ\‘
% Ay 10/ AN
©
[}
1S /™ |/
g i |
100 [, g7, I .
WH%WWI vy
60 | | L | | |
700 710 720 730 740 750 760 770 780
Time since startup [d]
gawag I www.mbr-network.eu
EUROMBRA
‘;v':"';lu F_—
Y Long-term Permeability
Data compensated to 20 °C
Content 1000 L_‘ __________ ‘ ‘ ‘ \ » ‘ :
N — Kubota Lﬂ‘
Objectives L Zenon ]
S 500 Puron
Eurombra-Plant :
T Peak load
Experiments B e Y I/ A f Sy i experiments
E
Results =
e JL‘# J/
% 100 f--1--- AL L N LYY R
g ]
5 Al A\
Spring | Summer Winter Summer ter | Spring
2007 2007/08 | 2008 2008 2009
100 200 400 500 600 700 800
Day of operation [d]
Spring: 01.03.-31.05. Summer: 01.06. - 31.08.
Autumn: 01.09.-30.11. Winter: 01.12.-28.02.
gawag I www.mbr-network.eu
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Conclusions

content » High organic loading rates causing high F/M ratios

Objectives seem to have only minor influence on membrane
Eurombrablant permeability compared to other unidentified factors,
e.g. sludge characteristics or seasonal variations

Experiments

» Literature findings that predicted extremely high
Results fouling rates (decrease of permeability) could not be
Conclusions confirmed in our experiments

» Fouling caused by high F/M ratios seems to be
mostly reversible

» Decline of permeability has been observed only for
dosage of COD,, not for COD,,

qe.ﬂwﬂgo I www.mbr-network.eu
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Decision tree for full-scale submerged MBR
configurations

H.De Wever; VIIO
C. Brepols; Erftverband
B. Lesjean, KWB

7& VItO Erft = Verband ﬁcmpmnzzmmuzv

WasserBerlin

B ““AMEDEUS
A Submerged MBR configurations
» Separate system
Permeate
——>
R ter
awwater Biological reactor m
Ol=
Air
» Integrated system
Permeate
—>
Raw water — Biological + m
filtration reactor
+
Air

www.mbr-network.eu
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Approach for comparison configurations

» Trends for full-scale municipal MBRs in Europe
» Comparative pilot trials

» Questionnaire for selected operators/end-users or
suppliers

» Literature review
» Comparison of 2 full-scale MBRs
» Conclusions: Decision tree

www.mbr-network.eu

“C AMEDEUS
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“ Trends for full-scale municipal MBRs in Europe

10

9

Ointegrated

8

M separate

number
(6}

2 -
1 JE
0 T T T T T T

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

year
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“4 Trends for full-scale municipal MBRs in Europe

» 98 commissioned by 2006 — sufficient details found for 54
» 34 integrated submerged (total capacity 6018 m3/h)
» 20 separate submerged (total capacity 6744 m3/h)

C removal | N removal Retrofit New
Integrated 19 15 Integrated 19 14
Separate 3 13 Separate 10 10

Flat sheet | Hollow fibre
Integrated 23 11
Separate 6 14

» Larger plants > 200 m3/h: preference for separate configuration

www.mbr-network.eu

Literature review

» Tendency towards separate configuration

* Advantages
- Easy access for maintenance, cleaning
- Lower fouling — better control hydraulics, biological system
- Different sludge distribution
- Cascading effect: less susceptible to fluctuations in flow or load
- Better effluent quality — advanced nutrient removal
- Higher operational flexibility

» Disadvantages
- Larger footprint
- Higher investment and operational costs

www.mbr-network.eu
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) MEDEUS

. Comparison of 2 full-scale MBRs

» Kaarst-Nordkanal (integrated) <> Varsseveld (separate)
» Both equipped with Zenon membranes
Operational and cost data available

Comparable designs
Nordkanal: capacity 4x higher than for Varsseveld
Comparable discharge consents except for total N

Sources: van Bentem et al. (2007), Brepols (2008)

www.mbr-network.eu

) MEDEUS

" Comparison of 2 full-scale MBRs
Parameter Kaarst-Nordkanal Varsseveld
Treated flow per year (m3) |5 236 000 1 825 000
Sludge load <0.05 0.04
(kg BOD/kg MLSS.d)

Sludge retention time (d) 25 24-35
Aeration Intermittent Intermittent
(15 s off/15 s on) (15 s off/15 s on)

Specific aeration demand
(Nm3 air/h.mg2)

Specific aeration demand
(Nm3 air/m?3 permeate)

Physical cleaning

every 800 s backflush
for 60 s

every 360 s backflush
for 20 s

Chemical cleaning

maintenance clean
every 1 or 2 weeks

maintenance clean
every 1 or 2 weeks

www.mbr-network.eu
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Comparison of 2 full-scale MBRs

» Capital costs

Kaarst Varsseweld

o civil
B mechanical
] electric/automation

0 membrane system

W initial
270 EUR/PE 490 EUR/PE
1 500 EUR/m?3/d 2 250 EUR/m3/d
(integrated) (separate)

www.mbr-network.eu
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Comparison of 2 full-scale MBRs

» Operational costs

Kaarst Varsseweld
@ energy

m chemicals consumption
O membrane cleaning
O sludge disposal

| staff costs

@ maintenance

mtaxes
17 EUR/PE 29 EUR/PE
0.26 EUR/m3 treated 0.36 EUR/m3 treated
(integrated) (separate)

www.mbr-network.eu
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Comparison of 2 full-scale MBRs

Energy consumption (KWh/m?3) | Kaarst-Nordkanal Varsseveld
Membrane aeration 0.23 0.34
Bioreactor aeration 0.30 0.24

Total aeration 0.53 0.58
Membrane supply pumps 0.03 0.11
Permeate pumps 0.04 0.12
Bioreactor impellers 0.05 0.04
Others 0.25 (incl. sludge dewatering) | 0.05
Total specific power demand 0.9 0.9

www.mbr-network.eu

Conclusions: Decision tree

Advanced biol. nutrient removal needed?

YES

<&

NO

Capacity > 200 m3/h?

YES

INO

High peaking factor?

YES

NO

High flexibility (biol/membr) required?

YES

<

<

NO

Compactness important?

NO

&

Y

SEPARATE

YES

INTEGRATED

www.mbr-network.eu
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Join us at the international conference
integrating:
- Sustainable Production;
- Sustainable Chemistry;
- Sustainable Energy;
- Materials for Sustainable Production;
- Carbon capture and storage (CCS)
- In Vitro Methods replacing Animal Testing (CARDAM).

2010

Innovation for Sustainable Production

www.i-sup2010.org
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32. OPERATIONAL EXPERIENCE OF MBR
DEMONSTRATION PLANT WITH POST
DENITRIFICATION IN BERLIN-

MARGARETENHOHE (ENREM-PROJECT)
C. Ludicke, ]J. Stuber, R. Gnirss, B. Lesjean, M.
Kraume
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www.kompetenz-wasser.de

MBR Demonstration Plant:
EBPR with Post Denitrification in Berlin-
Margaretenhthe

Regina Gnirss, Carsten Ludicke, Berliner Wasserbetriebe
Boris Lesjean, Johan Stuber, KompetenzZentrum Wasser Berlin

Mathias Kraume, IVT TU Berlin

Wasserbetriebe WasserBerlin arer

ANJOU RECHERCHE

gﬂerﬁner KOMPETENZZENTRUM ) veoua

Structure LINIVLIYL

M mn

= Motivation

= Aim

Process

Results

Energy consumption

Conclusions

Wasserbetriebe WasserBerlin WATER

ANJOU RECHERCHE 2
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= Primary sedimentation

= Conventional Aeration Process:
Carbon: COD<50 mg/L 96% 6 Large
EBPR: TP<05mgl  96% [ \WWTP

Nitrogen: TN<18 mg/L 809
= Sedimentation T
= Sludge Treatment:
Digestion
or Incineration

# Berliner
» Wasserbetriebe

About 33,000 inhabitants of Berlin have no sewer connection (1%)
Only drainoff free septic tanks allowed ——  expensive wastewater disposal

—+  risks of leaks and pollution

Demonstration plant Margaretenhéhe

@ sewogo ineoiment plant

~ discharge of ireated
Hrwage

@ eporobe wewer syshem

C:’\-. i i ot ) @ combined wane prikem
A g ) 2 B oo s be wwered

# of households: ~ 90
# of persons: ~ 230
Actual connection rate: ~ 100 %

approx. 20 % summer
residences

I.
O s KOMBETENZZENTRUM Qveoua

ANJOU RECHERCHE
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Goals soban bbb

Enhanced Nutrients Removal in Membrane Bioreactor

(Vermehrte Nahrstoffelimination in Membranbelebungsreaktoren)

~» Demonstration of a novel process for enhanced biological nutrients removal
~» Achievement of better effluent quality than the large WWTP in Berlin

~» Evaluation of the operational costs and energy consumption

~» Process was developed in a 3-year research project IMF

~» Patent-protected by Berliner Wasserbetriebe und Veolia Wasser

ANJOU RECHERCHE 5

ﬁ'Berﬁner KOMPETENZZENTRUM @ veoua

ENREM process ENREMm:mmm:u

Combining of biological phosphorus removal and post - denitrification

Influent 100% Effluent 100%

Goal:

COD < 50 mg/l
TN < 10 mgN/I
TP < 0,1 mgP/I
Desinfection

AR

£

R1: 100 — 150%

R2: 400%

Feb. 2008 Conversion AE2 — AX0

Berli
& i KOMETENZZENTRUM @ veoua

ANJOU RECHERCHE
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+ Containerised plant

+ Sieving within the container

+ Maintenance entry via top

+ Plant investment costs
260.000 €

N r/._l/,—"' A ] e
- RuMPEENZZENTRUM @yveoua
‘ WasserBerlin ANJOU RECHERCHE 7

S A AR REREEE
FEEE BEEEE RS SRS LRSS
BEEE BIEEE GEEE REEE RIREEE

‘ —o—TN effluent —— Nanorg effluent —— TN elimination ‘
50 100
45 W + 90
40 | WWTPs Berlin 1 80
—. 35+ T70 —
> Unstable process Enlargement anoxic volume | Low precipitation >
g 30 - + 60 c
> TN elimination: 86 — 98 % 2
5 25+ 150 &
c Nanorg < 1 mg/l £
2 20 { Nanorg average: 6 mg/l [ 40 =
£ 15 30 F
10 - - 20
57 - 10
0 -0
U Yoo S5 % Y, R0 % N T, Yo Ty Y Y S, O B, %,
> 7070 D 0T G G G BTG Qe T TG TG B G G
Time [d]
Berliner KOMPETENZZENTRUM @veoua
Wasserbetriebe i WATER
WasserBerlin ANJOU RECHERCHE 8
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Phosphorus elimination (24h sample)

& PO4-P effluent = TP effluent

1,0
0,9 1,
Start low

0,8 1 precipitation

0,7 (3—4gFe/md
2 06 TP elimination > 99 %
3 05 . -
<
Q 04
~ * | |
E 03 .

- n " o ® "m
0’2 T n n "= n
014 *° oae® ...0 . oo " Lot
¢ R * e * R o * :.
0,0 ‘ ‘ Ad *
%’1 %fl 0, %_k ‘/O’)\O ‘6/‘0 ‘y?os %o\ OO §o) /1/01"
% ® % ® @ % % ® %
Time [d]
Berliner ETE VEOUA
Wasserbetriebe Komp ass'z%Bng-rl;RUM O WATER .

ANJOU RECHERCHE

Membrane cleaning

Cleaning Objectives

~» Preventive cleaning
-~ Low chemical concentration

~» Low cleaning efforts

Cleaning strategy

~» Alternating module operation

= 1 month operation / 1 month storage in chemical solution

Module 4

(chemical soaking)

Module 5

(chemical soaking)

H202 Active Chlorine
1000 ppm / pH11 | 500 ppm
4 weeks 4 weeks

~» Cleaning with citrid acid when necessary (approx. every 3rd cleaning)

~» Cleaning results satisfying:

Permeability: 800 to 1200 L/ (m2* h* bar)

@ veoua

WATER
ANJOU RECHERCHE

Berliner
Wasserbetriebe

KOMPETENZZENTRUM

WasserBerlin 10
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Own experience

10 L 2

9
— L 2-50 p.e. 100-5000 p.e. >5000 p.e.
% 8 household MBR Containerised MBR Medium & large MBR |
E . - 1.5-3 KWh/m?3 \,4\8-6 kWh/m?3 0.8-1.4 kWh/m3
] Y
g 6 =G = >

L 2

S 5 ¢
> > * o o o
> # MBR
o 4
S <& CAS
2 3 4 *
2
g 2 MY e

1 e —

r &
1 10 100 1 000 10 000 100 00!
li Plant caE%itKJ(lp.ed
# B%;?f;rbetrfebe KOMPETENZZE i RUM OXEEE’UA
‘ Wasser Berlin ANJOU RECHERCHE "

SR BEREE AR SREE RERRRE
FEEE BEEEE RS SRS LRSS
|||||||||||||||||||||||

Plant is running for around 3 years without heavy breakdowns

Under design load conditions the biological ENREM process works reliably
and TP between 0.05 - 1 mg/L in grap sample

Zone conversion (AE -> AX) and minimum precipitation stabilised the process
Over 99% P-elimination (0.05 mg/L), over 95% N-elimination (< 6 mg/L)

Monthly maintenance membrane cleaning caused high reliability of filtration
with H202 or chlorine detergents

WasserBerlin WATER 12

ANJOU RECHERCHE

#. Berliner . KOMPETENZZENTRUM @ veoua
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Demonstration plant — view

Thank you for
your attention

Acknowledgment:

This study was conducted in the frame of the demonstration project ENREM, with
subventions of the European LIFE-program (LIFE 04 ENV/DE/058) and financial
support from Veolia Water and Berliner Wasserbetriebe.

Berliner KOMPETENZZENTRUM @ veoua
Wasserbetriebe WasserBerlin ANJOLTQTEECRHERcHE .
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soban bbb

- Backup

Berli
e etree  KOMPETENZZENTRUM @ veoua

ANJOU RECHERCHE
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# of households: ~ 90
# of persons: ~ 230

Actual connection rate: ~ 100 %

approx. 20 % summer residences §%

)

0%

O s KOMBETENZZENTRUM Qveoua

ANJOU RECHERCHE

SR BEREE AR SREE RERRRE
SRS BESEE RS S -
|||||||||||||||

Demonstration project:

Duration: 2004-2007 (3.5 years)
Budget: ca. 2.4 Mio.€ (= 250k€ LIFE-subventions)

KOMF‘ETENZZENTRUM@_,g‘?‘?f’f“ff . INnxtn

Wasser Berlin Wasserbetriebe Martin Systems AG
Coordination, Investor, Plant Design, Membrane
Research Operator
O
| | B JUNG
PUMPEN
O VEOLIA Grinding pumps
WATER
ANJOU RECHERCHE
Technical consultant Prestudy
ﬁ Sewiner . KOMPETENZZENTRUM @ veoua
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Influent valve

/

_Effluent
Buffer
tank MBR
M0m* 10m?
Buffer
\ tank
0,8-1,2m? Buffer tank
house site
( ) 10 m?3

Buffer tank: Homogenization of waste water inflow and concentrations

High reliability in running the plant

Berliner

“h Wasserbetriebe

KOMPETENZZENTRUM
WasserBerlin

@ veoua

WATER
ANJOU RECHERCHE

40
+ week A
35 | A week end
——10 days average (weekdays)
—4 days average (weekends) Weekends: 16 — 20 m3/d
30
.
=)
I
E .
; M A At 4
2 IANS L)
= P o A
[= * A
= v ‘\Q.»*Q h"’ f
* *% o 3
e
Weekdays: 12 — 16 m3/d

Time [d]
Extreme inflow variation (Storm water events in spring 2008 )

Berliner

“h Wasserbetriebe

WasserBerlin

KOMPETENZZENTRUM

@ veoua

WATER
ANJOU RECHERCHE
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Filtration parameter

sunommanannnn

Type

Flat sheet

Material

Polyvinylidene fluoride (PVDF)

Pore diameter

200 nm (microfiltration)

Membrane | 31.8 m? (per line / double deck)
TMP max. 300 mbar

TMP operation | 20 — 30 mbar

Operating flux | 15— 20 L/m?/h

Filtration time | 999 sec

Relaxation 143 sec

time

No backwash

# Berliner
‘ Wasserbetriebe

22.04.2007 06:00:00 3,00 Stunden

KOMPETENZZENTRUM
WasserBerlin

22.04.2007 09:00:00

@ veoua

WATER
ANJOU RECHERCHE 19

Membrane performance

sunommanannnn

+ Normalised permeability M 1 - H202 = Normalised permeablllty M 2 - cleaning NaOCI —Temperature‘

4000

3600
3200
2800
2400
2000
1600 -
1200 | 7§

®

Permeability in I/(m2*h* bar)

400 -

Reduced aeratlon

Cleaning No°®:

800 - ’\R
Cleaning No°®: @ ‘

Period of
heavy
fouling

Temperature in °C

@

S22 U S )

‘0s “os

# Berliner
‘ Wasserbetriebe

7»’6‘\-?70).9

e % B %

20s “0s %05 %0 ’00)’ Zos eo) "% “% % ‘90& % 20 %0y “0p 0
Date
KOMPETENZZENTRUM @ veoua
WasserBerlin ANJOU RECHERCHE =~ 20
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Volumetric nitrogen load

*
0,35 . ¢
. AE2 -> AX0
5 0,3
@ *
E .
2 0.25 * ’0 S .
;. * °, : * > ¢ *
S 021 . t %% :‘)’ bt " - ®g ¢ .« o™
z % o o 0} MRS T AR R od IR
o 015 e o ¢ s A |
= ¢ ° Max design g -
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Z 005t ——m——mmmm e e e
1S Min design
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Y% \) ) v P
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Nitrogen elimination (24h grab sample)

‘ —o—TN effluent —&- Nanorg effluent —— TN elimination ‘
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Phosphorus removal: EBPR only

100%

—
90% | /
80% - /
70%

60%

50% -

A

Outcomes

> Effective Bio-P in MBR
from 8d up to 26d SRT

> 50ugP/L reached in > 80%
> 20ugP/L: refractory fraction

Occurence (%)

40%

30%

- PP1-PreDN (Feb. 2002- Feb. 2003) | |

20% -

10% A

0% 8

—4 PP2-Post-DN (Feb. 2002-Feb.2003) | |

0 10 20

30

40 50 60 70 80 0 100
TP (hglL)

> MBR is advantageous for Bio-P process
(complete retention + sludge conditioning before effluent extraction)
> But: natural precipitation in Ruhleben (Fe, Ca)

|
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Layout with two anoxic
reactors:

DN-rate with 0.9 - 2.0
mgN/gVSS/h

DN-Rate from
Pilotplants proven

Carbon source still
ynkno_wn _and under
investigation

Nitrate removal not
always sufficient due to
overload of the
biological step
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Process overview

Container

Membrane:

R2 = 400- 500% reactors

|
| Effluent

R1 = 100-150%

Influent
4-24 m¥/d | I
1 Filtrate '
Buffer tank | 1
(10m?3) I tank |
1 |
1

Biological reactor (8-10 m?3) l

Excess Sludge tank
(10 m3)

18 Feb. 2008 Conversion AE2 — AX0

Berli
& i KOMETENZZENTRUM @veoua

ANJOU RECHERCHE
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33. OPERATIONAL EXPERIENCES WITH THE
HYBRID MBR HEENVLIET, A SMART WAY OF

RETROFITTING
J.W. Mulder

Organized by " MBR-Network Hosted by KOM&E‘E&%&&R{LRUM
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Operational experiences with the
hybrid MBR Heenvliet,

a smart way of retrofitting

Jan Willem Mulder
Water Authority Hollandse Delta

(Final MBR-Network‘workshop, Berlin, 315t March 2009)
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R Content
» wwtp Heenvliet, old situation

» Project objectives

» Upgrading of the wwtp
» Research

» Results

» Conclusions
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activated sludge

clarifier
selector
6 mm 307 n disinfection
e D) 0

capacity: 9,000 p.e.
420 m3/h

www.mbr-network.eu
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) project objectives

» Upgrade wwtp for future growth of wastewater quantity

» Improvement effluent quality
target for N-total: 5/ 2.2 mg/l
target for P-total: 0.3/ 0.15 mg/l
E-coli: < 20/ml

» Contribution to MBR development for domestic wastewater
treatment

» Own experiences with new technologies
» Hybrid MBR as model for upgrading of wwtp'’s

www.mbr-network.eu
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iy Options for wwtp upgrading 1

hybrid MBR in parallel NaoCl

=
el
#+ MBR
www.mbr-network.eu

\:,EUHOMBRA
iy Options for wwtp upgrading 2

hybrid MBR in serial NaOCl

www.mbr-network.eu
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¢ advantages option 2

» Only one biological system

» flow splitting to membranes and clarifier independant from the
biological performance

» More water treated by membranes; better use of the
membranes

» More water treated by membranes; better mixed effluent quality

www.mbr-network.eu

......

¢ disadvantages option 2

» Higher average load to the membranes, what about membrane
fouling?

» Sludge quality requirements for both membrane filtration and for
sedimentation

» Complex proces control

www.mbr-network.eu
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N design hybrid MBR Heenvliet
» 9,000 pe — 13,000 pe

420 m3/h — 400 m3/h

Max. flow to the membranes: 100 m3/h
Toray flat sheet membranes

material: PVDF; pore size 0.08 ym
flux: 24.3 mih

3,000 FS elements, divided over 16 modules in 2 membrane
tanks

» max flow to clarifier: 300 m3/h; improvement of performance

¥ ¥ ¥y ¥y ¥ ¥

www.mbr-network.eu
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Results: permeability normalized to 15°C
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W, results: N removal

permeate clarifier
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" Energy: possible optimizations

» Membrane aeration
0.45 Nm3/m?*h — 0.3 Nm3/m?*h — ??
» On/off aeration in membrane tank
» Further optimizations in the biology
» Increasing the flux

www.mbr-network.eu
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. Conclusions

Good performance, but at relative low permeability
Equilibrium in permeability dependant on performance
Low frequent chemical cleaning

The concept with one biology in two tanks need several
optimizations
» Energy consumption need further optimizations

www.mbr-network.eu
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The success of the hybrid MBR

After the Heenvliet project 2 more hybrid
MBR projects in the Netherlands

» wwtp Ootmarsum
by Water Authority ‘Regge & Dinkel’
(2007)

» wwip ‘de Drie Ambachten’, Terneuzen
Water Authority ‘Zeeuws Vlaanderen and EV|des Water
Company (2009) '
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34. CHALLENGES AND POTENTIALS OF
BIOFILM-MBR FOR MUNICIPAL

WASTEWATER TREATMENT
T.0. Leiknes, J. Phattaranawik, I. lvanovic
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Challenges and potentials of biofilm-MBR for
municipal wastewater treatment.

TorOve Leiknes, Jirachote Phattaranawik, Igor Ivanovic

Department of Hydraulic and Envirenmental Engineering,
NTNU- Norwegianddniversity of Science and Technology,
S.P. Andersensvei 5,/N-7491 Trondheim, Norway ,
Tel.: +47 7359 4758/, Faxun+4./, /359 1295;

Email: torove.leiknes@ntnu.no

® NTNU
Innovation and Creativity
W, ® NTNU
“"::::"’ EU HOMBRA Innovation and Creativity
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Outline

BF-MBR concept

Treatment performance / capacities

Limitations — fouling

Development strategies of the BF-MBR concept
lllustration of three alternative system designs
Summary and conclusions

2R o
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BF-MBR concept

Biofilm process — Membrane process

Concept:
SRR seon rcoo
Membrane
Process: Biofilm reactor reactor
Wastewater
E——

(>
Treated
water

Permeate

\ 4

Concentrate/sludge

Aeration/Air lift Air scouring

» One-step biological degradation — biological reactor configuration
» Design membrane reactor for enhanced particle removal

* Reduce MLSS concentration in influent to membrane reactor

* Reduce foulants in membrane reactor, i.e. colloidal fraction

» Enhanced performance, i.e. fouling control in membrane reactor

www.mbr-network.eu
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BF-MBR applied to municipal wastewater

Pilot plant setup: Operating conditions:

Pre-treatment Biofilm Membrane

reactor  reactor « varying organic loading rates

—> * varying suspended solids loads
Permeate * flux range: 35-60 LMH

* varying aeration intensities

* recoveries > 95%

Municipal
astewater

] Retentate
Aeration

Treatment efficiencies: Membrane performance:

6. Cycle: Removalrates

operation time (days)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
I . I . I . I . I . I . I . I . .

R1 RZ R1 RZ

£2853858

S5 [me/1

w
==

HRT = 4h

=)

]

=
transmembrane pressure

cop 5 st P HRT = 3h

TMP after backwash for different HRT in the bioflim reactor
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|dentification of dominant foulants in BF-MBR

EPS * polysaccharides
" - bound * proteins
‘ " |-free (SMP) » what is significant?
Biomass - [
e B %\ » what dominates?
"‘\\ _ Ei!:lﬂf.wS_ « colloids
“ - size distribution « filterability
- structure

In BF-MBR results indicate that;

* suspended solids and particulates appear to dominate

« particularly the colloidal fraction is seen to impact performance

www.mbr-network.eu

"R 1. Suspended particles — MLSS - range > 1,2 um
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0,15
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' ) 0 500 1000 1500 2000 2500 3000 3500
Time (sec)
MLSS [mgiL]
2. Colloidal particles — PSD number % - range 0,04 -1,2 um
Diff. number % 10 Diff. volume %5 600 -
o £
Q2 LH]
§ 3
7 g 400
i T |—Low rate s 300
5 | 2
E | — High rate| 2 0
4 =
3 100
il i |
1 0
L ATMP 55 COD  FCOD  CST  TTF-25
} ; e ! (bar/day)| (mg/lit) (mglit) (mg/lit) (sec)  (sec)
0.01 0.1 1 10 100 1000 W Low-rate | 0.0168 1178 14032 84.4 3 274
W High-raie_ 00443 | 12692 16567 1502 160 54

Particle size (micrometer)
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" Advantages of BF-MBR over AS-MBR

Potentials of the BF-MBR:
» Very low suspended solid concentrations in BF-MBR
» Control of solid retention time (SRT)

Resulting in:
1. Enhanced fouling control by air scouring / hydrodynamics
2. Less problems with membrane clogging and plugging

3. Great flexibility for the process design: biological location and
hydrodynamic arrangement etc.

4. Low viscosity: lower energy consumption for aeration
. Higher membrane packing densities possible — more compact
6. Potentially less energy demanding

(&)

www.mbr-network.eu
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Developement strategies for BF-MBR (1)

Development of membrane module / filtration unit:

« alternative filtration unit design / operation
* integrated designs for enhanced particle removal / solids control

Completely mixed reactor (CM-MR)
CM with sludge pocket (S
modified SP-CM

([mCMR|

‘Ihl

[mg/L]

0

mLss (mgm copmen)| OB | e Example of impact on unit design / operation
[mcwr| 3010 | a2 | 131 | ooree |
lomvr]  4s2 [ 432 | 784 | oo0119 |

www.mbr-network.eu
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Developement strategies for BF-MBR (2)

Development of integrated process configurations:

 suspended solids management — reactor design / operating modes
* “hybrid” processes — integrating alternative reactor options

* low TSS from bioreactor to membrane unit

» keep and remove excess sludge in the bioreactor

Three BF-MBR processes investigated within Eurombra

System |. Aerated moving-bed biofilm integrated with thickener design as
double-deck biofilm reactor.

System Il. Aerated moving-bed biofilm integrated with floating-bed
anaerobic biofilm reactor.

System lll. Aerated moving-bed biofilm integrated anaerobic biofilm with
bubble-driven mixing device and integrated with thickener design.

www.mbr-network.eu

@ NI,

System | - Double-deck aerobic biofilm MBR

Objective:
Aerated moving-bed biofilm integrated with thickener design

~—

Development goals:

» Reduction of membrane clogging
problem potential

» Keep and remove excess sludge in
biofilm reactor

* TSS in effluent from the bioreactor :
30-80 mg/L

» Reduce / control membrane fouling

* Investigate new FS module design

www.mbr-network.eu
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Biofilm carrier  Air outlet / Partial perforated plates

Process configuration

movement A
pattern Effluent
[j s;)tltde moverent -Excess sludge removed from
the biofilm reactor

Aeration pattern
T -FS membrane module

Grid
Coarse air / —>Permeate flux
bubbles plate Digital pressure
- v _@4_ pg P
Biofilm reactor ' Elr
— Overflow
- A3 membrane
_ ) T L-module
Fine air [j
bubbles R @ 25 Aeration T\
T . Membrane
filtration tank

Influent of domestic
wastewater

Concentrated
sludge removal

Ceramic aerators
for fine bubbles

Concentrated sludge
removal

www.mbr-network.eu
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" Membrane module applied in investigation:

-FS membranes supplied by partner A3.
-Two modules designs compared and evaluated

- standard module for AS-MBR
- modified module for the BF-MBR
-Membrane filtration performance and clogging assessed

Potential benefit:
- Less clogging — increase membrane packing density

- Improved hydrodynamics — less energy for air scouring

A: A3 module for AS-MBR: 7 mm gaps

B: A3 module for BF-MBR: 4 mm gaps

www.mbr-network.eu
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System | — results:
Comparison of the two modules:

— 0.6
s
=2
@ 0.5 1
= Standard New
@ 0.4 7 mm gap design design
=
2 0,3 - N, >
= .
£ 0.2 -
E v\'\ 4 mm gap
e 01 .
s Lower fouling rates
F u T T T T T
L] 1 2 3 4 5 i3 7 3
Time (day)

* operating conditions; flux 18 L/m2h, aeration of 32 L/min

» average TSS; in influent — 44.6 mg/l, membrane tank 100-140 mg/L
« fouling (dTMP/dt); 0.086 bar/day, 0.046 bar/day new design

« superficial air velocity increased by 50%

» modified module occupied 35% less space

www.mbr-network.eu

® NTNU
e 'EUROMBRA e

siiiis
Siise
Yoy ...

Membrane clogging test for long-term operation:

0.6

o
o

Long-term operation
and clogging problem

<
»~

o
)

Trans-membrane pressure (bar)
o
w

o
s

New BF-MBR module

o

T
0 3 6 9 12 15 18 21 24
Time (day)

- Linear TMP development found
- No membrane clogging in the new 4 mm gap module

www.mbr-network.eu
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“  System Il - Aerobic-anoxic biofilm MBR with
energy recovery unit

tion and Creativity

Objective:
Integrated thickener design, bubble-driven mixer in anoxic zone

cyclk€ flow

s

Bubbling-driven

anoxic biofilm Permeate

Aerated
moving-bed

biofilm
Submerged Puron
Influent membrane module

www.mbr-network.eu

Innovation and Creativity
Mixing propeller

VA / g prop

+¢ Enlarged ~ Driving— | | i
: area propeller n |_| Membrane
‘A Anoxic/anaerobic < /tank
3 chamber
| APV T Recyclp
REREEE: Bubbles flgw

A

— Puron module
Aerobic
chamber | Bubblé

Primary drive unit as
Wastewater influent—»; Sz

the aeration energy ol « Aeration
. Aeration —»] Y | , Permeate flow
recovery unit

Concentrated sludge , Concentrated sludge

Excess sludge removed from the biofilm
reactor and membrane tank to control TSS

www.mbr-network.eu
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Membrane module applied in investigation:
-Membrane module supplied by partner KMS, Puron.

-Membrane filtration performance and clogging assessed

- TSS in effluent from the bioreactor: 20-50 mg/L.

-Membrane clogging problem was not found for
long-term test.

-The removed concentrated sludge for sludge
disposal has concentration of ~ 15 g/L.

-The rotating speed of mixer ~ 55 rpm.

-Operating conditions; flux 21 L/m2h, aeration of
9.5 and 19 L/min

www.mbr-network.eu
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™ System Il - results

Effect of membrane aeration intensity:

0,25

Membrane aeration:
9.5 L/min

System Il

o
N
o

o
Y
)]

S~ Membrane

aeration: 19 L/min

o
-
o

o
=)
a

Trans-membrane pressure (bar)

Permeate flux: 20.95 L/m2.h

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (day)

Average fouling rates

- 0.019 bar/day at aeration rate 9.5 L/min (2 cm/s superficial air velocity)
- 0.0091 bar/day at aeration rate 19 L/min (4 cm/s superficial air velocity)

www.mbr-network.eu
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<  System Il - Aerated moving-bed biofilm with
floating-bed anaerobic biofilm

Objective:
Sludge management, anaerobic sludge stabilization

Aerated Anaer_obic
moving-bed float_mg
biofilm bed biofilm
Influent
Permeate
www.mbr-network.eu
ism ®NTNU
________ EUROMBRA f Creativity
“'ﬁ"'u
l.‘

Process configuration for System lll

Aerobic tank < - Management of the excess
\ Recycle flow SlUd ge
N v - Reduction of excess sludge
vertiow .
Polymem module —— waste by anaerobic sludge
Aeration " stabilization concept.
VA [~ Minimize TSS in the flow to
~Z the membranes:
Aeration ﬂ ﬂ
?/r:/f?uséi\;vater Anaerobic tank and

Up-flow direction | sludge digester

[

Mixed flow of liquid and
concentrated sludge

concentrated sludge

www.mbr-network.eu
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System Il - results
Membrane module applied in investigation supplied by partner Polymem

Effect of membrane aeration intensity:

0,30
= 025 - System Il
@®
2
) 0.20 Aeration: 11 L/min
=] s 1
2 hN
o
S 0,15 - \
c
©
‘é 0,10 - Aeration: 17 L/min
(0]
£
2 0,05
g Permeate flux: 12 L/m2.h
0,00

0 2 4 6 8 10 12 14 16 18 20 22
. Ti d
Average fouling rates me (day)

- 0.02 bar/day at aeration rate 11 L/min (5 cm/s superficial air velocity)
- 0.012 bar/day at aeration rate 17 L/min (8 cm/s superficial air velocity)

www.mbr-network.eu
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Conclusions

Potentials of BF-MBR

» New and flexible process configurations possible
 Alternative strategy for solids control and management
* Lower suspended solids load on membrane
* Minimal clogging/sludging problems
« Enhanced membrane performance / less fouling
» Lower energy requirements (overall)

Challenges of BFE-MBR

» Understanding membrane fouling

» Process control and optimization

» System complexity and interdependence

www.mbr-network.eu
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35. ANAEROBIC MEMBRANE BIOREACTOR
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Anaerobic Baffled Reactor - Membrane Combination

Sudhir Pillay, Joseph Bwapwa

, Kitty Foxon, Chris BrouckaertChris Buckley, *Diego
Avesani, *Giuseppe Guglielmi, **Corinne Cabassud,
Valentin Yvenat

University of KwaZulu-Natal, South Africa
*Universita degli Studi di Trento, Italy
**INSA - Toulouse

i e

Aims

» Combine anaerobic baffled reactor with membranes
» developing country context
* no external energy, quiescent flow conditions
* low per capita water consumption (50 L/d free basic water)
» pour — flush toilets (using grey water)
» decentralised system
* reuse of pathogen-free water for urban agriculture
* low biomass production and membrane operating conditions

Gas outlets

Sample ports
Inlet

www.mbr-network.eu
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Conditions

feed: solution made from pit latrine sludge
ABR: feed tank (200 L) + 4 baffled reactors (20 L each)
HRT: ~ 3 days

membrane: Polymem MF and UF modules

Membrane Type Area Pore size Model Supplier
Polymem,

Ultrafiltration Hollow-fibore 1 m? 0.08 pm UF2522 S3 Fr.
Polymem,

Microfiltration ~ Hollow-fibre 1 m?2 0.20 um MF2522 S Fr.

www.mbr-network.eu
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Polymem MF membrane
Polymem UF membrane
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TMP (kPa) TMP (kPa)
Raw Feed Effluent MF UF
COD (mg/L) | COD Removal CcOoD Removal CcOoD Removal
Parameter (mgll) (%) | (mgl) (%) | (mglL) (%)
COD g1a 1304+101 | 234+4 82 34+8 86 18+ 4 92
391+35 95+ 14 76
CODyg.45 um)
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Tt & |

@ permeate

bCé);Telsartment Effluent container
ABR
Operation (d) | HRT (d) Feed COD (mg/L) Outlet COD (mg/L)
Run 1 267 3 687 252 *
Run 2 124 3 1561 303
Run 3 32 2 1036 310 *
Run 4 28 2 1500 334 *
Run 5 20 3 2 000 457
Run 6 12 3 3000 457 *
* TMP-Step experiments
www.mbr-network.eu
Diapositive 5
92 Activated sludge tests not very replicable..as u can be by stdev curves...probably membrane near ned of its life. If u look at other tests where

there was less membrane usage (AD sludge for example, 3 tests, achieve quite gud results, same with ABR effluent [C4 overflow if anyone

asks]).
991239853; 05/12/2007
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Membrane Cleaning

Initial (“Virgin) Membrane Resistance (R,,)

Y

R,, after fouling (Fouling resistance)

Y

R,, after mechanical cleaning (tap water + distilled water rinsing)

Y

Is R, significantly difference to Initial R ?

Decision —— N

| l

Yes Reversible fouling

Y

Chemical cleaning required

www.mbr-network.eu
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Membrane Resistance
Stage of Filtration MF (x 10'2 m-) UF (x 102 m")

Run 1 Initial ‘Virgin’ Membrane Resistance 3.62 3.62
Pure water flux after TMP-step 3.65 3.64
Mechanical Cleaning
Pure water flux before 4h filtration at 4 kPa 3.64 3.64
Pure water flux after 4 h filtration at 4 kPa 3.66 3.67
Mechanical Cleaning

Run 3 Pure water flux after TMP-step 3.63 3.62
Pure water flux after TMP-step 3.69 3.65
Mechanical Cleaning + Chemical Cleaning
(2000 ppm Chlorine for 1 h)

Run 4 | Pure water flux after TMP-step 3.60 3.60
Pure water flux after TMP-step 3.61 3.60
Mechanical Cleaning

Run 6 | Pure water flux after TMP-step 3.60 3.60
Pure water flux after TMP-step 3.61 3.62

www.mbr-network.eu
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CSTR anaerobic digester

T COD ,; (as methane)

—> —>

coD CoD,,,
Sludge + soluble

in

sludge production leaves the
reactor with the effluent

¢

i
FRADAL-RAL

_{ Anaerobic Sludge Production (1 of 3)

The ABR does not operate in a
steady-state mode.

It operates as a flow-through
accumulation system

T COD ,; (as methane)

\4
> >
coD;, CoD,,,
con Sludge
Z?

most of the produced sludge
stays in the anaerobic
compartments

www.mbr-network.eu
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i Anaerobic Sludge Production (2 of 3)

The model is based on a steady-state modeling

« Kinetic part > predicts % COD removal and methane production

¢ Stoichiometry part - predicts the gas composition, effluent free and saline ammonia

afactor f is introduced which represents the fraction of S,, and Z,,

that leave the reactor

From the model we know the
biodegradeble particulate COD and
Acidogen biomass in the effluent:

From the experimental data we know
the Total COD in the effluent:

This means that we can know the
unbiodegradeble particulate in the
sludge

www.mbr-network.eu
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iy Anaerobic Sludge Production (3 of 3)
Average/ Std Number of Min. Max.
Median Deviation observations
coD in 688 204 202 246 1749
[mg COD/€] out 130 64 18 62 339
Alkalinity in 256 38 190 142 369
[mgCaCO03/€] out 246 53 4 168 286
Ammonia in 40 11 189 11 95
[mgN/€] out 51 23 10 20 90
VFA in 33 34 4 0 79
[mgCH3COOH/2] out nd
pH in 7.2 195 7.8
[Median value] out 6.5 6 6.2 7.4
Sludge accumulation rate .
. The model seems able to predict the
[kg dry solids/year] sludge despite the low numbers of
Model Experimental data experimental data and their high standard
52.74 60.70 deviation
www.mbr-network.eu
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Conclusions

» anaerobic biological system
» low TS in membrane compartment (10 to 50 mg/L)
» anaerobic baffle reactor is a solids accumulating system
» long term operation at 400 mm water head
» Simple water clean
» Spend resources on membrane area not energy

Next Steps (mid 2009)

» municipality + Borda are installing a technical evaluation plant

* 84 houses

e at a permaculture site

* agricultural reuse (water + N + P)

» evaluation of long-term flux + operating and maintenance requirements
» town planning objective

e compact low-income housing

www.mbr-network.eu
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