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name symbol | cell culture microbial culture
average average |tank scale
llarge scale] | narge scale] | correlation
aspect ratio HID[-1] 1 1.8 o Vto.os.s
working volume Vi /Vi[-] 0.7 B
heat transfer area AlV,, [m] 5[1 ~ 2] o Vt_0'32
agitation power PIV,, [kw/m?] 411] 6[2] o Vt—o.zs
impeller spacing H;/D;[ -] 1.4 )
impeller diameter D;/ID -] 0.5 04[03] | o Vt—0.034
impeller tip speed Ui [m/s] 2 5.5 o Vt0.1o

A

V/}: total volume

P: agitation power V- working volume
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P,: nongassed power Reynolds D2 N,
Number N, T
N . power number D IMPELLER DIAMETER H LIQUID VISCOSITY
P N IMPELLER ROTATIONAL SPEED P POWER
p LIQUID DENSITY g GRAVITY CONSTANT

o fluid density
N: impeller rotation speed
D, impeller diameter

g.. gravitational conversion constant
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OTR = KL a(C - CL)

B

ka=a| 7| Us)

B .
k.a= 0.026(’7;’j U.)”

Van't Riet, 1983

OTR: volumetric oxygen transfer rate

K, : liquid phase mass transfer coefficient
a:. interfacial area per reactor volume

C’: equilibrium dissolved oxygen conc.
C,: dissolved oxygen concentration

P,. gassed power

V: reactor volume

U: gas superficial velocity

a. proportionality constant

S,y . exponent constants
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Characteristics| Empirical Equations Elemental Parameters Overall Evaluation
s n’ Di’ Turbulent Energy Total Turbulent Energy| 1

— dxdyd

Agitation Power | Pg/V Dissipation Rate pe Dissipation Rate 14 I oy
0.4
Mass Transfer kpa oc (I:;gj Us"® |Local k a (a/Db)f(Sc, v,k, ¢)|Total k a %Iﬂ (k, a)dxdydz
Hydrodynamic . Kolmogoroff Eddy 3 Minimum Eddy Length (‘,3]1 '
Intensity @QU/d2)nax| o nDi Length Scale (vile) Scale ¢ N
. ) n D’ . Standard Deviation 1 —

Homogeneity Qilv Sl Local Concentration C of Concentration \/7 i) (C_C)dedydz

S. Murakami, et.al., Process Modeling Proposition in Biopharmaceutical Manufacturing, Pharmaceutical Engineering, 25(6) (2005) 28
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Medium
Y
e DI EBE B
INYTFIEE - AL
-~
E:l:j T) » = o
BcS, o TERZVE (D=4) ERIESE (D>p)
C tc CS + ALLSQ >
s [, Xdt/tc + BcSe/tc f Xdr _ chs_ +5% o )
pMI = X - = =2 L ° £
Y Y : P
Y;% J, Xdt/tc 4 4 H% _ |\I/|
Medium Supernatant _ﬂ'[_l\]i(‘ 1‘5
—— £ L /
.y
k32 MRE o \/ / !
ERIEE T B
’
Excess Cell / /
> 7/
CsXp+DSp  Cs + pr 7
PMI = X = ;
YpXpCs Yp A2 E [cells/L]
X X X
Be: BEBERZTHRE [-] S, IEBFERNIE R EE [mmol/L] Xo FERIEEICHITAHEMRZEE [cells/L]
Csx: YEHEE B B2 & E [mmol/cells/d] t.: ¥R LUEER [d] Yo s BEHIMNS DR N B D EFEN [-]
D: #ER 3R (BleedingZd>) [d ] Xo: BRIRFEHIRAZEE [cells/L] Yo x: ELEEEERE [mmol/cells/d]
S.: ZEIEER THOEA S EE [mmol/L] X TR EHIREZE [cells/L] 1 EEYEREE T [d-1]
0t REE5%E (Process Mass Intensity, PMI) {§ ESN-BED W RFWETH-HICFERASNIMBEOKREE"D 2

1) Green Chemistry Institute’s Pharmaceutical Roundtable, Jimenez-Gonzalez, C. et al. Org. Process Res. Dev., 15, 4, 912-917 2011
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*1) K. Okamura, et.al., Hybrid modeling of CHO cell cultivation in monoclonal antibody production with an impurity generation
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