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MBR Optimisation Strategy

The System Approach to
Biohydraulics

Optimized
Ferformance

|'l‘!,|’ﬂil'4'§ll.l|1l135'=r

* Biological

Department of Chemical Engineering

A _'l';_i-j'J‘,T_._ UMIVERSITY OF




Kinetics & Stoichiometry:

Kinetics: U = specific growth rate — h-1

U = Maximum specific growth rate — ht
U= MinaS k, Ks=overal substrate affinity constant —mg -1
(Ks+S) k, = overall biomass death rate — h2
S = substrate concentration in the reactor — mg |1

YieldS: |  ACTIVATED SLUDGE
Moneis ASMI, ASMZ,
v _AX Biomass produced per o e
(XI9) ™ Ag substrate consumed.
_AX Biomass produced per
Y(X/O) S
AO oXygen consumed.
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Growth phase: Logarithmic Declining  Stationary Endogenous

Cell state: Dispersed Flocculating
I Conventional
High rate Extended Aerobic digestion

Sludge

Substrate

-
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Time

Time on the x-axis can be seen as analogous to the sludge
age or residence time, 0., In awater treatment bioreactor.
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Membrane Bioreactor Modelling:
> Qp9 Sa O
Permeate stream

Qf’ Sf

Feed stream Z Z

Design terms:
Q =flow (m3 h}) — Qw»SX,,0
V =volume (m3) Waste stream
Q,/Q, = flux ratio

Concentrations (all in mg I'Y):  The key unknowns for design

S = substrate (BOD) & construction are 9, 6. and
X = biomass hence V, and membrane flux,

O = dissolved oxygen and hence required area, A.
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Mass balance concept:

Mass Massin Mass out Mass Mass
accumulated _ throughthe  through the N generated ~ consumed
withinthe =~ system system withinthe ~ within the
system boundary boundary system system
/ \ =0 /
dS Qf p S W S IJ.X

f
dt VTV VT Y
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Substrate (BOD) balance:

dS_Qf S _Qp S—QWS— le

dt VOV VT Yy

dS Qf (S —S)— uXx
but as Qr = Qp, + Quthisbecomes. ¢ ~ v ™ N

ds Qq pX
S,
At Steady state 4 dt =0 , S0« V ( S) (X/s) !
_ _ X — Y(X/S)(Sf _S)

rearranging gives. o u

1 Qs
where , =75, and 0 = hydraulic residence time (h),

Xou

or ST

(X/9)
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Substrate (BOD) balance summary:
> Qp9 Sa O

Qf’ Sf

QW, S’ Xw’ O

These equations link together water
or quality (feed & treated), biomass
X @ concentration and growth rate,
- stoichiometry, and reactor volume.

Y(X/S)
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Mass balance concept:

Mass Massin Mass out Mass Mass
accumulated _ throughthe  through the N generated  consumed
withinthe =~ system system withinthe  within the
system boundary boundary system system
=0

d_x — ux QW
at V

XW
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Biomass balance:
dX X _ Q
% M W (assume X; & X, =0)
dX _
but at steady state gt ~ , and X = X,, if the reactor iswell
mixed, so:

Q. Qu 1 _Q, 1
MX = VX e H= v andasg v ,weget“_a,where

Oc = cell (biomass, X) residence time (h).
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Biomass balance summary:

> Q S, O
Qf’ f
—{iii
HXZVX S,X,V,0
" Qwasaxwao
_Qw i:& i— p'aXS —k
=V " oo v T o " Tke+s)

So If we define Sas atarget value for water quality we
can calculate 4, and hence 6. We can therefore use
sludge wasting to control the biology and water quality.

A) -,ii"--.‘#h UNIVERSITY OF
AL TR

s BATH
Gy B

Department of Chemical Engineering



Biomass Yields are Lower in MBRSs

Biomass (mg/l)
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10000 - R Yield - 0.1
5000 - - 0.05
0 e 0
1 10 100 1000 10000

Sludge Age Days - 0.
0=HRT =6 h, Yy, = 0.4, n,,, =035 h’, k; =0.0025 h!

Observed Yield
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Fig. 17.3 The relationship between f/m ratio and microbial growth.
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Mass balance concept:

Mass Massin Mass out Mass Mass
accumulated _ throughthe  through the N generated ~ consumed
withinthe =~ system system withinthe ~ within the
system boundary boundary system system
=0
do 7 (. o X QO QO
= _kal0'-0)-+F P w
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do . pxX Q0 Q0
Oxygen balance: & ~2(© ‘O)‘Y(X,O)‘ v Vo

do ) uxX Q0
but as Q; = Qp + Qy thisbecomes: g kLa(O ‘O)‘y(m) Y,

do UX Qf O

At steady stateE:O, SO: kta(O*—O)=Y(X/O)+ v ,and solving for O

o ka0 Yy -uX)0 | WXO-OYy

giVGS: ) Y(X/O)(kLae_l) , OF _Y(X/O)Q(O*_O)'
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Oxygen balance summary:

> Qp9 S,O
Qf’ Sf
1o | TN
g V
S, X,V,0

Qw9 S,XW,O
O:(kLao* Y j0) — MX )0 v ka- U X 0-0Y,y 0,
Yixio(k.@ad-1) Yix/0) ‘9(0 _O)
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Feed characteristics

Operation

Retention time

Pore Surface characteristics Configuration
= Size * Porosity * Geometry
= Shape = Charge/hydrophobicity| < Dimensions

Design

< = Hydraulic
Floc characteristics | Bulk characteristics » Solids
* Size
* Structure
Hydraulics
* flux
v v v » TMP
Fouling Clogging
Cleaning
‘ 1 = Physical
Reversible Irreversible Membrane Aerator « Chemical
channels  ports
X
r
Membrane module characteristics Aeration

* Design (port size)

* Mean flow rate
* Pulse rate
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Fouling Control with
Immersed Membranes

Filtration

Backwashing

Transfer enhanced by
three-phase flow
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e Use of membranes

with alower cost,
under conditions of
low trans-membrane
(TMP) pressure and
limited flux.

Use three-phase (gas
/ liquid / biomass)
flow, permeate
backwash, & flux
relaxation, to control
fouling.
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Effects of gassing rate on flow:
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Bubble flow Slug floww  Churn flow  Annular flow  Mist flow
mn e R el

Increasing air flow

Increasing energy consumption —
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Membrane modelling / sizing:

‘Z—f =k, (3-3)3" =Q—Ap (A = membrane area— m?)
n = fouling mechanism index (0, 1, 1.5, 2 - after Hermia)
—afunction of TMP, particle size, flux, back flush
frequency, flux relaxation, and gassing rate.

J* = critical flux — afunction of TMP, back flush
frequency, flux relaxation, particle size, biomass
concentration (X), and gassing rate.

k, = fouling rate —afunction of TMP, flux, flux
relaxation, back flush frequency, particle size, biomass

concentration (X), and gassing rate.
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Membrane fouling mechanisms

From Hermia' s analysis the value of
n varies with different membrane O N
fouling mechanisms:

(@) n= 2.0 for “complete’ blocking,

(a) ()
(b) n= 1.5 for standard blocking,

(c) n= 1.0 for incomplete pore
blocking (intermediate fouling),

(d) n= 0 for cake filtration.

(b) (d)
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However it is not always so simple!
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Critical membrane flux versus f/m ratio
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Gassing rate, u, = 88 mm s*; biomass, X = 17,420 mg I
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| ncreased aeration

1
0.9 /, 20 can be used to
~08 ] m 24 achieve higher fluxes
;3 g'; | A28 for lessTMP at the
o i / -~ same biomass
5 04 Il e concentration.
2o
E 0.3
gf | Wecanlink
| Lt fouling rate to flux

and gassing rate:

0 20 40 60
Inverse Air Flow ug™ (m.s”)” d (TM P) _ 0.684 (03893
Residual membrane fouling rate (k,) versus Ot u,

Inverse gassing rate (u,) for various fluxes
(J =20, 24 & 28| m2ht), and afixed
biomass (X = 17,420 mg |1).

How generic?

VT im UNIVERSITY OF

o
ol ,‘.
=2
Fa T
e

Department of Chemical Engineering




Design - steady state summary:

. p'maxS _ i_ _& 1 Qf _ Y(X/S)(Sf _S)
b= Ky =M= = X =
(Ks+S) Oc V. g v o1
A— Qp _ Qf _Qw 0= (kLaO* Yix/0) —p.X)H
J* J* Y(X/O)(kl_a‘g_l)

Q; and S; are characteristics of the feed stream, and hence known.
k, a isafunction of aeration — this may be designed for.

Moy Kg @nd k, depend on kinetics, Y x5y ad Y xq, from
stoichiometry.

S isatarget for the treated water quality — select an appropriate value.
The key unknowns for design & construction are therefore 8, 0., V
and A (i.e. J).
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MBRs are optimised on the basis of cost:

Capital costs (usually amortised at 6% over 20 years):
e Treatment tank volume

 Membrane installation and pumps

o Aeration (blowers/ compressors)

o Off gastreatment (filtering, scrubbing etc)

Operating costs:

o Aeration (blower / compressor operation)

o Off gastreatment (not always necessary)

o Sludge disposal (increasingly important)

« Membrane replacement (becoming less important)
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