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 (Chemostat)
Industr Industr 10 - 100 days
g Y Laboratory

1. Batch = um*and gs = gs">* -> wpis not controlled
2. Chemostat p can be controlled as i = D (Dilution rate) at pPt
3. Fed batch rq is controlled by (Csand inflow rate)
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S Fed batch Fermentation

Parameters Stat
o  Substrate transport IN — e
reactor | operator | 10 variables
*@ But not OUT P organism
No biomass transport V OLim | Qg™ pme Cs
Cs.in Y ox M Mg Cx
* Low Cg — no toxicity / osmotic problems Ks

« High Cy — high C, — easier DSP (Down Stream Processing)

-

* Better biomass stability than chemostat A C A /,--___/::/
Key for fed batch calculations T3 X*Feedmhaseat
+ Herbert-Pirt Eq. — ry L (I)_S Control?e% o
» Biomass balance —» Cy S — VaRV; ds [kgS.hr]

—> Substrate feeding strategies Batch phase ! _ —
1. ¢ = constant Feedingfstart fime ’

2. 1= u(by control of Cq maximal g or Yp)
3. Substrate feeding rate ¢ IS determined by other known reactor
limitations (O,, heat, ...)
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it Fed batch Fermentation: Assumptions...

After an initial batch, Cg is low, C, is high. Cs ACso~5t0 20g/L_*__f_x_ ___________
Feeding phase starts with high CSln load, | ~_." ]
by adjusting rate ¢ [moleS.hr],
l[imited substrate conditions are maintained ! _

) i s [moleS.hr]
with low Cq = 1 to 50 mg/I { Batch ohase ;
-> Pseudo steady state for C¢ (low) v '

i Feeding phase at
i controlled rate

Feedingfstart time”
What about Volume changes?

Mass balance in reactor: dM/dt =X IN and OUT flow [kg.hr]

= Feeding — water evaporation loss
- Pwater—= 1000 [kg.m3], most of reactor bulk mass is mass of water
- At high Cg;, load, evaporation loss almost compensates feeding

- dM/dt =0 ; As most of the reactor bulk mass Is water, M v
We can consider Mass pseudo steady state... PTEAAr TR
-> Pseudo steady state of volume V (= Cst)

AS:
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i Fed batch calculations =
Calculation of Cy, C, C, rates o _(1s) _ os
assuming pseudo-steady state for Cg (low and cst): 17 ¢, Tve,
d(VCyx) ., _ _d(VCX)* 1 d(VCp) _ o d(VGp), 1
T'rxv'”(VCX)’ Tt v, TP_qP(V'CX)’ o= gt : VC,

Hence from measured V, Cy, C,, ¢s = one calculates p, qs, gp

For simplicity assuming V =~ cst

Example: In a fed batch fermentation process, a substrate solution (250
g.L1) is fed into the reactor with a constant rate of 1800 [L.h-1].

— AX . _R . _r
Ry =% 3 Iy = XV’qX_%X

Time | Volume Cx Cop b
hours m? kg/m® | kg/m® | ¢,=1800%0.250=450 [kgS.h’] STyt
90 100 60 20 | = ORIOBHO0MO0) g o357 n)
(92-90)*(102.5)*(60.5)
92 105 61 21 om0 L
. 95~ 102.5)(60.5) =0.0726 [kgS-kgX~h']
Calculate for average time 91 h (21%10)-(20*100)
_ Op= =0.0165 [kgP.kgX™*.h™]
Og, rates : u, gs, dp (92-90)*(102.5)*(60.5)
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L : :
Biomass mass balance in fed batch
Assuming volumic pseudo steady state: d(VC,) dc
\V ~ cst 2 =rV; V=Cst; —%*=r,
~ dt dt
Calcu_lat_e I using SL_Jbstrate Herbert-Pirt :%Wms; T =f,—5=qs-cx
By eliminating rg using —rs = ¢</V ¢
X =uCy =Yo .(Qs -mg).Cy :YSQM'LV% -mS].CX
dC max ¢ max o
dtx =Ygy VS — Yox (ms)-cx
Grc?v;th Maint;gance

Assuming V = Cst AND ¢ = Cst : Analytical solution for C,(t) in feeding

hase IS:
p __\v max Ps 1—eXp (_YSr;aX(mS)t)
C, (t) =Ygy v X Ysﬂax(ms)

t= time after feeding start; Cy..q = Cx at start feeding

+ CXOFeed exp (_st;<ax (ms )t)

#5_BioReact Marc Deront (Sirous Ebrahimi)


http://www.epfl.ch/
http://lbewww.epfl.ch/LBE/Default.htm

P\

Analytical solution for C,(t) in feeding phase

Assuming V = Cst AND ¢g =

dC,
dt

= st;< ¢S YST<aX (ms) Cy

#5 BioReact

Y
9 Cx (t) =st>1<ax ?Ps X

1—exp (—YS”>‘<aX (ms )t)

Cst

+ CXOFeed eXp (_YST(aX (mS )t)

V Yo (mg)

Initially: Cy is quite low, maintenance
can be neglected C, increases
linearly with time

Later: C, increases, more and more,

and substrate required for maintenance also.

End: almost all substrate
IS consumed for maintenance

Marc Deront (Sirous Ebrahimi)

For t << /(—Y”‘ax(m ))

1- exp( —Yo(mg)t )
Yo (ms)
:exp(—YmaX(mS)t)~1

:CX() CXf d+YSr; ?/St

=~ t

=

For t> 0
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“" Analytical solution for C(t) in feeding phase

Assuming V = Cst AND ¢ = Cst
1- exp(—YS";aX(mS)t)

Yo (ms)

Using Cy(t) analytical solution c. (t)=v3~ 3>~ +Cy pang XD (Y (M )1)

Thus In feeding phase rq(t), ry(t), u(t) and gg(t) are:

dC max max
—fs = ¢VS My (t) = dtx = Ysx (\D/_S _Y\sx ms C, (E)

Y

= cst Analytical solution
__— decreases (1) __ cst
(1) (t) ==
w(t) =2 () ST ~
X .
™~ increases Increases
— u strongly decreases — (5 decreases (but not to 0)

C, slowly decreases
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(L _
Fed batch behavior: ¢ = cst
batch: feeding phase N
A cre = o IV A r
CX (_mS) l’l’ X x(t) Ymax&_Ymaxm Cx(t)
T T pmax T
slope =Y s ¢
C v |
Xofped oo () x
C O T ()G S0 (Y ()
X0 > > : >
t — time t; . time 1) —time
A A A
% i 'F
S
CSO'\ /
\" — t, —,time

o v .}
S
| T
0 - > >
b —>time f — > time
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i Fed batch behavior: p=p°rt=cst

How do Cy, Cq, W, Os, Ysx, I'x, I'sy g Change with time in feeding phase?

If U= ot = cst 2>q;, Yj; are all constant (see kinetic chapter)

—> (s = cst = g<°Pt from Herbert Pirt Eq.

- C¢ = cst from gg hyperbolic Eqg. dc t
- = () =H7C (1)

Assuming V ~ Cst... r(t)=0>"'C (1)

Thus, like In a batch: C, biomass increases exponentially
All r; rates increase exponentially

With an increasing feeding: ¢s(t) = (-rg).V
until ¢s(t) = ds(t) * exp (HoP-t)
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P\

Fed batch behavior: g = port

c. 4batch feeding phase u 4
X
eXp Hmax
exp
CXf ]JOpt-
CXO
- > -
ty time t, time
A A max
Cs Os | -Os
CSO'\
t time t time
A
Yo
t time

#5 BioReact

Marc Deront (Sirous Ebrahimi)

Iy

0s

A

t time
A /

- >

t time
A

t time

10


http://www.epfl.ch/
http://lbewww.epfl.ch/LBE/Default.htm

P\ IBE

Fed batch behavior: ¢ = cst

Including Product formation
Biomass concentration curve change as Herbert-Pirt equation changes:

_rSZE - M - Op + M -szi-rx‘FL-P"'ms-Cx

Y max Y max max max
SX SP SX SP

Assuming dp = (1), linear gy =a+b.u - _, :( .. ]r +[ 2 (-m ))C
rp — aCX + brX S YS;“(aX YSTITD‘aX X Ysrgax S X

- — : - - dCX max ¢S max
Using -rs = ¢</V In biomass mass balance: oy v cmg)e,
(Without product)
+(-m
T N 0 A
dt 1 b |V 1 b X — Product Iy
max max max + max cr = Ds
YSX YSP st YSP (_ms )
+ Product /
ax os IV

Same solution structure as before
For a on b quite small, g, very small
the same solution is obtained.

slope = rp=a.C, M

e -
T e

feed
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