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Features of Membrane Bio Reactor (MBR)

Conventional Method

Waste |
Water
00000 » Discharge
Aeration Basin Sedimentation Basin
MBR
Waste | : —| Discharge
Water
- Industrial
sl Reuse | - Agriculture
/ RO - Indirect
MBR MOdUIG Drinking
Water

Advantages of MBR
- Small footprint
- Better water quality
—Suitable for reclamation of wastewater integrated with RO membrane
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Example Of MBR plantS Innovation by Chemistry
Country Application Capacity (m3/d) [
............................ . — YT =000
s L : oA Municipal 45,000
il i o | UAE Municipal 38,000
& e [ksa Municipal 30,000
: Spain Municipal 15,000
China Industry 9,900

......

........
.......
------

......

v

44

Al Ain, UAE
(Sewage, 15,000 m3/d)

Netherland

Accumulated Plants Capaéiiy:(Sewage 2,400 m3d) e

740,000 .

As of the end of Mar. 2019
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Bacteria 3.0pm

High water permeability

PVDF membrane
(pore size: 0.08um)

\ 4

Flat sheet

element
(1.4 m?)
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Alr Q—- Filtrate
\‘/\ Filtration Imaqe

How submerged membrane module works

: Filtrate
_ Filtrate
manifold Raw
water
Circulate — Element
flow
(Air-lift)
Module
Supportlng
Kpanel I\/Iembrane/
O Air
@ Activated sludge
Diffuser pipe Activated sludge basin
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)
PVDF

Polyester
non-woven|
fabric

1.6m

Cross section

= Toray PVDF

> 1

o

= Flat Sheet A
Qo s

o0 5/

o

S /\<

(@] O

Small pore size, narrow pore size distribution and many pores
structure realizes excellent permeability and low fouling.
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Importance of MBR filtration flux
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High %
Total cost
%
Initial cost |
|
|
- I
3 I
Running cost |
| s
| ,
-..*‘ I .
________________________ e S
Chemical cost : Power cost
Low v Y
Low < > High

Filtration flux

Transmembrane

pressure (TMP)

Upper limit (CIP* timing)

Filtration flux* (m3/m?2/d)
| 0.60 .0'50

[kPa]

50

100 150 200

Operation period [d]

*Cleaning in Place

*Flux : flow rate per membrane area

Determination of the filtration flux is the most important key-point

for total cost.
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2. Simulation method
2.1 Fouling model
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Fouling model of simulation inmovation by Chemisiry
[1] “Reversible cake” [2] “Irreversible cake ” formation
formation by sludge impossible to be detached by
accumulation on m mbrane aeration
surface o ©

@
Shearing ‘
3 % © 38
Reversible cake Membrane Irreversible cake
[3] “Pore clogglng progression o
by foulants intrusion into pores E | Reversible cake
. %2] [
o Pore clogging a | irreversible cake
— ‘!!'
o / 5 B ‘uuuuuuuuull“"" Pore Clogging
i — Membrane
O T Filtration time

Fouling of the membrane is formed into the three types;
[1] Reversible cake, [2] Irreversible cake and [3] Pore clogging.
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Basic equations of simulation

Fouling rate Filtration resistance
1] Reversible cake formation rate
[ ]dXC K, ] | —~ R, =fa)- (1 +[a)] 4P)- (X, + X,,)
dt :XJK :_ —.T.E +P”X‘-' e
L il < — R, =f-X,"
[2] Irreversible cake formation rate _ _ .
| ; Differential pressure
di‘-‘"‘":k-AP”- X, S L AP=p-J-(R.+R, +R)
. i :
[3] Pore clogging rate Ei
dX, - R =
= . J . X x ) ———————
dt El ( ¢t c,|r) % i
. —
I:I Fouling parameters 0
. . 0 50 100 150 200 250
acquired by filtration test Operation period [d]

A : Rate coefficient of pore clogging
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2.2 Fouling parameters acquisition method
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Fouling parameters acquisition method ,TPEﬁYm,Y

Test example

Q 10 o 20
C 8 ] (&}
% s Relaxation S — 15 | Sludge sample exchange
= = i =
- O W O
c — 4 F o o
9 X i H % —
§ — 2 } % X 5 & =]
= 0 . | ; = 0 A: Pore clogging rate cogfficient
0 500 1000 1500 H 0 200 400 600
Time [s] Time [s]

Test apparatus Stirrer

Sludge

(50 mL) Pressure

Wastewater Effluent | sensor
y Membrane @ ............... .I:I
y— N
MBR O Q_ PC
Metering pump

The fouling parameters are obtained
through the analysis of filtration test results.
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2. Simulation method

2.3 Simulation program
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Input contents
Start ;

®S|udge characteristics

Input simulation condition S EEGTGTET—— qd :
*Fouling parameters
Calculation of the hydrodynamic pressure loss ex.
of inside MBR module A : Rate coefficient of pore clogging
> *Sludge temp. MLSS
t=t+dt ®(Operation conditions
*Flux =Aeration rate =Relaxation time
Calculation of the resistance of *Maximum pressure P,
reversible cake, irreversible cake and ®Module specifications
pore clogging with fouling parameters

Calculation of P (TMP) 6
Il BT e sy B e
g 4 | Uppef limit (Paa) L f I—
% 2 i ClPinterval | / | |
l_ 1 __________ l_]:??_fj_a_¥? ________________ [ ——
0 i i

0 50 100 150 200 250
Operation period [d]
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3. Validation of simulation results
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Comparison of simulation result and actual TMP

Case 1
Raw water type : Sewage (25 -30° C) Flux: 0.60 m3/m2/d

10

TMP [kPa]

w b~ 01O N 00O ©

N

=

0 ) 10 15 20 25 30
Operation period [d]

The simulation results were very close to the actual results of MBR plants.

Copyright 2020 Toray Industries, Inc. All Rights Reserved 18



“TORAY”’

Innovation by Chemistry

Comparison of simulation result and actual TMP

Case 2
Raw water type : Sewage (22 - 28° C) Flux: 0.60 m3/m2/d
10
2 .
= 8 Simulationrest
T 6| CActual TMPL L
., [samplingA \ ______________________________________ \
2 _____________________________________________________________________________
O i i i
0 10 20 30 40 50 60 70 80
Operation period [d]
T 8 e e = =
o6 } O __________________________________________________________
S e =
'<‘\('n 4 e ——— i -----------------------------------------------------------------------
P S N NS W S S—
.>£. O Q Q_O | | | | |

0 10 20 30 40 50 60 70 80
Operation period [d]

In this case, the actual TMP drastically increased
because of sludge characteristics change.
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Case 2
Raw water type : Sewage (22 - 28° C) Flux: 0.60 m3/m2/d

TMP [kPa]

Operation period [d]
The performance of the actual MBR plants could be estimated

with simulation even when sludge characteristic change occurred.
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325
300

275
250 i i i i i i i i i
wsl o
o Sowae
o b\ xS
30 : : ' ' : : : : :

20 - S - i i : o
10 ' \3 Industrial wastewater

0 A T U L (W S N
v 11

O 10 20 30 40 50 AFA A=F AAA A/
Chemical cleaning interval (simulation) [d]

The optimal flux can be calculated by the simulation technology.

____________

Chemical cleaning interval (actual) [d]
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4. Automatic data analysis system
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Automatic data analysis system (ICT)

Automatically analy:

with the practical
) simulation t nology
Remote monitoring | Automatic data
Server analysis server

Plant

£

Modem

Control Panel

o~ —XQ ? > Filtrated water b 'E

water
screen
@) N Excess
o sludge
? Estimation of CIP timing
MBR basin ' @ Blower

Operation of MBR plant can be supported by estimation of CIP timing with
simulation.
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Trouble analysis result

Trouble Date

Trouble Analysis:
Indication of trouble occurrence, cause and
countermeasure

There is a possibility
2020/01/31 11:00:00 that DO of sludge is
high.

Operation estimation result

Before CIP date  2020/01/01 "Operation estimation:
Period until next CIP 106 Indication of differential pressure increase
Estimated date of next CIP 2020/04/16 curve and CIP t|m|ng

Operation estimation curve Shift l Reference curve |

14

Revised operation curve

— a

0= . .
.| |Ypper limit Actual TMP
of TMP

_/\
Simulated operation curve

TMP(kPa)

2020-01-01 2020-01-16 2020-01-31 2020-02-15 2020-03-01 2020-03-16 2020-03-31

This system enables estimation of CIP timing and trouble analysis.
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Conclusion

® The practical quantitative simulation technology to predict MBR
TMP behavior was developed utilizing the original fouling models
with fouling parameters.

® The simulation results were very close to the actual results of
MBR plants.

® This simulation technology would be very useful for the optimal
design and operation conditions of MBR process to minimize the
total cost.

® The combination of the simulation technology and ICT greatly
supports MBR operation by estimation of CIP timing.
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