P\

Bioprocesses = Bioreactors

Generic type of process bioreactors:

From previous Kinetic theory of g /f L 1 55

specific rates q;:.

* (s (or) p completely determines /
the microbial behavior
* (g (or) u must be controlled at % 4 —’. %\ —P%

an optimal value Hopt Batch Fed batch Continuous

2-12days  1-3days (Chemosdtat)
Industry Industry 10 - 100 days
Laboratory

1. Batch n=pum*and gq = "> -> pis not controlled
2. Chemostat p can be controlled as p = D (Dilution rate) at p°rt
3. Fed batch g is controlled by (Cqand inflow)
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P\

Chemostat process (1)

DEFINITION: Parameters - State variables of Chemostat bioprocess

Parameters State
reactor | operator oggcnrios-m variables
\% ¢L,in quaX CS
(I)L,out CS,in umax CX
YSXmax
Mg, K
spent air
: Il
(I)L,in I_nlet NAAAANALAN (I)L,out (_)Uﬂe'[
medium °|° ¢ medium
N A C. C
CS in V o C S X
\ X/
freshlair

#5.1 BioReact

Main properties of chemostat:
e W = D Dilution rate (?=1/HRT=1/SRT?)
« C; and Cy are independently

manipulated (by manipulating transport of
substrate and biomass to and from the
bioreactor)

 It’s the (basic) experimental tool to

study under controlled conditions :

- Microbial kinetics q5(Cs), gp(w)
- Stoichiometry of bioprocesses

Complex transient dynamics!

> Constant ¢ i, ¢ ou Csy Cx, VOL.

—> Steady State = Dynamic Equilibrium

(where all state variables appear stable within time)
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L Chemostat Process (2)

OPERATION of Chemostat bioprocess

1. Abioreactor CSTR type (Continuously Stirred Tank Reactor)
(sterilized?) is filled with (sterile?) growth medium solution containing
substrate Cg ;, N- and P-source, K*, Mg*", salts, nutrients, vitamins, trace
elements and chosen T, pH

2. Provide electron acceptor O,, by starting aeration and mixing

3. Inoculate by adding a small amount

— . spent air _ _ _
of micro-organism (inoculum)

[ Il
Duin frrprgrgrnd Ouou 4. Start feeding the medium inflow
Inlet ol o outlet
C_’ o o Cs 5. oo (often ¢, ;, and ¢, . are nearly
sin | V ° C 5 X equal, not always)
X
\_ % 5. Wait until a Steady State= S.S. =

frest air Dynamic equilibrium, is achieved
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i Chemostat process - Steady State (u=D)

d (Ve
At S.S. mass balance for Cy = 7“% =Quin Cein —QouC +1V

At S.S. mass balance for Cg - d(\éts = QuinCoin = QuouCs +1V

_ Qo inCs,
oV Vv
* 1, follows from experimentally measured data and the biomass mass
balance
* pcomes from ry and measured Cy as ry = p. Cy

From mass balances:

def
rx _ QL,OUt ©

= D : Dilutionrate
C

X

Thus: |u=

By choosing D, the operator fixes . Because 1 (=D) is chosen, all other
g;-values are chosen from stoichiometric coupling (see chapter on Kkinetics).
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I Chemostat process - Steady State (C,)

Using Cy mass balance -> Calculate Cg residual substrate in bioreactor

(only limited by substrate)

From kinetic expression for qg [Herbert-Pirt Eq. and g5 hyperbolic kinetic]

Cs and p are linked,with Y, ™ mg, g™, K.

Thus p can be expressed as p = f (Cy)
and Cg =1 (n)...

ds ™ Cs =-Q¢ = L M+ m
° .kS+CS ’ YST(aX °

e Yo Cq = (l,l +m. Y~ )-(ks +Cs) as™Ysx Cs= (Il +my Y™ )'(ks +C)

maxyy max max max + ynex ) k.

- CS (qS YSX - mSYSX )' mSYSX kS With qg]ax - 1 ”max +mS CS — ma)(("lmax ms SX ) Smax Wlth ”max =qénaxysn;<ax 'msst;(aX and”:D
(kS +Cs) Yoo (qs Ysx '(IJ +m.Yg; ))

= Col™ =mYSEKy | o o MYk C, = MsYo K * Dy yjypy oin = MYk

(ks +Cs) ° T (4™ -D) I

i D
min min
__ . .max Cs o Cs . ~min _ max max CS + KS max
— C m.K.Y "/
p=u 1 s T TlisTYs Tsx H C. =
CS + KS S D
1_ max
1
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i Chemostat process - Steady State (C.)
Thus, Cg residual substrate : cmin LD
S S max
C —
) 1- r|1:1)ax
» Isindependent of Cg;, ! a
* Depends only on: - Microbial characteristics ?7?7? How ?77?
- D dilution rate
h=p %_%  Co" =m K Y ™ ™ M= (r; - Qo T 5 piytionrate

Specific growth rate depends only on Cg. During exponential batch growth,
or very high C, residual substrate, C,™" becomes negligible, according
“Monod” growth.
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I Chemostat process - Steady State (Cy)

Using Cq = Calculate Cy

Calculate rg from measurements using C mass balance (_rs>=QL1inCS’in'QL,outCs

Vv

Q . Q
ThUS. (_r )= (aC . =-C )D with a= L,|n ’ D= L,Out
S S,INn S V
L,out
_ _(aC,,-C,)D ~
AS r.s - qs 'Cx —> Cx - (_qs) as YSX = AS
Thus C expression depends on Cg ;. : C. =Y ( )
’ = alC.. —-C
As C. =f (D), Yoy = f() =f (D) X SX S,in S

i D MOSﬂy CS ~ (0 for D << L max
as Yo = ﬂ(—q ) Cs = L (Again, ONLY for exclusively

D

Lo e substrate limited condition)
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- Chemostat process - Steady State (D)

A

_ D C ] Cs=Cs.in
Ca" +Kg pp S
c - U converted
> ;. D substrate non-converted
pe Comin substrate
—>
With: 0 —D(Ep) Do

Cs i, order of 10000; C,mn order 1; Kgorder of 10 [mgCOD.L?]

D, is the maximal dilution rate D (i.e. u), achievable in the chemostat. It
occurs when the maximal Cg Is achieved: Cg = Cg ;..

max (CS,in - Cgin)
Ks +Cgj,

Washing out of the bioreactor occurs when
the applied dilution rate exceeds the

~ umax

I:)crit = U

This happenswhen D =D

crit
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P\

Chemostat process - Steady State (D)

1 Cs=Cs in
. _ _ C :
From. CX — YSX (a.CS’m CS ) S Converted
substrate non-converted
min substrate
As Y, and C. dependson D > C, = f(D) X
SX S X >
0 —>D(= },l) Dcrit
Yix
A YiXmax
max
Ysx (a C S,in) Y ™= 1/0.31
i=8,0,C0; .. [CMRuf ]
Why a drop Catabolic reaction Growth reaction
in C,? \ 0 h
As biomass C, depends on the overall
(«Con=Ct") C, consumption :
m ' S )
S c.Tdhc,

« Atlow D, low y, low Cg,

> : : :

D (= n) Do~ pma malntenance drives C4 consumption
instead of growth...

- | I
Maintenance! Substrate leaks! *  When D = D, the growth cannot

(by dilution) consume all the available substrate,
which leaks impair Cy growth...
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P
A
Cs
CIn 4K %
Cs = 5
umax
IDcrit >
D
A
Cx
CX
>

#5.1 BioReact

Chemostat - Behavior

crit

crit

Marc Deront (Sirous Ebrahimi)
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Dcrit
>
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A
_rX
=uC
T IDcrit >
D
A
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Dcrit
>
D
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e Chemostat - Applications

1. Kinetic studies CJCC
- - substrate non-converted
By choosing different D (= n) values, and co substate

waiting for Steady State, as C¢ = f(D), one e
obtains Y., mg, g-™ , K. by linear or non linear fitting

Lineweaver-Burk linearisation Hyperbolic equation qs=f(Cy) Herbert-Pirt equation qg=f{(p)
Iy 1
=5 . —+ 1 . - “qqmax . y
QS g;nn C_g A ?m qS - qS
| .
Hanes-Woolf linearisation pqdmax
C
—Szym:@;.cs-l-kS max >
q g ) g S »
’ KS I CS

2. Physiological studies of microorganisms by change in substrate,
electron acceptor, N-source or type of limitation ...

3. Waste water treatment purification (+)/(-) 72?7

4. Industrial fermentation (not widely applied : low Cy, low C,, biomass loss in
outflow, microbial selection for non-producing mutants)
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- Chemostat — Optimisation (D)

What D-value = D, where rg and ry are maximal?
(which may be combined with economic parameters)

[s = kg Sconverted'm-s'h1
From substrate mass balance and assuming o =1:rg=D-(Cg;, — Cs)
According, Cq = (D) graph, rq has a maximum at higher D, therefore

assuming mg negligible > C ;™" ~ 0

K D
C.= s . r. =DC. -DK, x
ThUS S ﬁmax 1 S Sin S ”max _ D
D

D, follows from differentiation where g—rs =0
Using MathCAD

1

- -L-Csin+ 2+ 2/(Csin+ 1) 2]mumax -
2-(Csin+ 1) 2-(Csin+ 1)

1
2-Csin+ 2 — 2-(Csin+ 1)2 -mumax

Find(D) —{
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e Chemostat — Wash-out dynamics

Assume that D is close to D, and p close to u™@ under Steady State

conditions

= What happens if D is increased to D’ above pm ?
The biomass C, will be washed out of the bioreactor.

From biomass mass balance
dc,
dt
with u»u™ ; u™* -D' <0 and cst
A

=uC, -D'C,

Cx

#5.1 BioReact

C, (t)=C,

(t=0)

* exp _(D' _pmax ) t

C — 1 max
or In %X(tzo)_-(D - U )t

- Washout curve can give pmaxIil
(Only under non limited growth Cg, C,, etc...)

Very useful for short y™ = 1/HRT = D)

One Steady State is normally more than 3-5

HRT! If 1/u™* is about 3 weeks (methanogen),
3 months are required for 1 S.S.!
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