Kapitola 12. „SCALE UP“ PROCES
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A rule of thumb is a principle with broad application that is not intended to be strictly accurate or reliable for every situation. It is an easily learned and easily applied procedure for approximately calculating or recalling some value, or for making some determination. It is based not on theory but on practical experience.[1] Compare this to heuristic, a similar concept used in mathematical discourse, psychology, and computer science, particularly in algorithm design.
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VYBRANÉ KONCEPTY „SCALE UP“
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OTÁZKY NA SKÚŠKU:
1. Čo je znamená výraz „scale up“ and „scale down“ v aplikácii na bioreaktory?
2. Aké sú základné metódy „scale up“ a aká je ich stručná charakteristika?
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Prenos vysledkov do vicsej
mierky — Proces ,,SCALE UP*

V dokonale mie$anom bioreaktore ma kazdy
element objemu rovnaku charakteristiku. To
napovedd, Ze objem malého bioreaktora
mozno zviésit jednoduchym postupom, a to
pouZitim proporcionalne vicsieho kvapal-
ného objemu, pretoZe objemové elementy su
aditivne. Teda pri zaruc¢eni dokonalého pre-
mie$ania obsahu mozno udaje z malého la-
boratérneho bioreaktora aplikovat’ na vicsie
geometricky podobné jednotky a prislusné
rovnice pre urenie objemu naplne, ako aj
rovnice pre rychlost spotreby kyslika
mozno pouzit i pre prevadzkové podmien-

ky.
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Prenos vysledkov do vicsej mierky vSak
nie je taky jednoduchy, ako sa na prvy po-
hl'ad zda. Hoci je lahké dodrzat’ geome-
tricki podobnost’, tazko mozno zarucit’ hy-
drodynamickt podobnost’ medzi dvoma na-
dobami v désledku rozdielov pri rozdeleni
energie. Na Fig. 7.9 je zobrazena tG¢innost’
premieSania objemu nadoby. VySrafované
z6ny maju len velmi malu vymenu latky
a mozno ich preto povazovat' za separatny
bioreaktor.
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Fig. 7.9 Die Strome in geriihrtem Bioreaktor susp — Suspension Strom, N,+0O, —
Luftstom, mtz — Stoffaustausch zwischen den Zonen; tz — ,tote Zone
Toky v mieSanom bioreaktore: susp — tok suspensie, N,+O, — tok
vzduchu, mtz — prestup latky medzi zénami; tz — ,,mftva‘ zona
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Fig. 7.9 Die Strome in geriihrtem Bioreaktor susp — Suspension Strom, N,+O, —
Luftstom, mtz — Stoffaustausch zwischen den Zonen; tz — ,,tote* Zone
Toky v mieSanom bioreaktore: susp — tok suspensie, N,+O, — tok
vzduchu, mtz — prestup latky medzi zonami; tz — ,,mftva‘“ zéna
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Ak sa v malom bioreaktore dosiahlo ideélne
mieSanie a prevzdus$novanie, potom na
zvicSenie objemu mozno pouzit kritérium
vykonu spotrebovaného na jednotku objemu
naplne. Toto kritérium vSak nie je dosta-
toéne vystihujuce. Nemozno dosiahnut’ jed-
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notné rozdelenie vstupného vykonu pretoze
tento sa privadza lokalne (pri mieSadle).
Situdcia je o to hor$ia, Ze mnohé suspenzie
pouzivané vo fermentacii maju pseudo-
plasticky charakter, tj. ich viskozita klesa
s0 zvySujicim sa Smykovym napitim. V mie-
Sanej nadobe to znamena, Ze viskozita kva-
paliny sa zvySuje so vzdialenostou od
mieSadla (pozri ,, mrtve zény “ na Fig. 7.9).
Tieto zény maji nedostatok substratu a kys-
lika a m6Zu sa v nich preto vytvarat bio-
chemické produkty, ktoré su inhibitormi
alebo dokonca toxickymi latkami pre bio-
systémy zucastiiujice sa na fermenta¢nom
procese.

——
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Rozdiely medzi rozdelenim energie v
dvoch bioreaktoroch (aj pri dodrzani rovna-
kého celkového prikonu) mozu viest' k roz-
dielom v strednom rozmere a v rozdeleni roz-
merov Castic a maji za nasledok rozdielny
prikon. Reologické vlastnosti kvapaliny, t.j.
viskozita a pseudoplasticita, sa méZu menit
so zadrzou v bioreaktore. Vietky tieto sku-
to¢nosti ovplyviluju rozdelenie energie a z
toho vyplyva, Ze kritérid nevyhnutné na do-
siahnutie presného modelovania sa moéZu o
nieo liSit’ za réznych $tadii vo vsadzkovej
fermentacii. Dalej si podrobnejsie preberieme
Jjednotlivé koncepty pre zvi¢Sovanie mierky
v STR bioreaktore.
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Koncepty pre zvi¢Sovanie mierky

Zasadne rozoznavame fyzikalny koncept a
koncept rovnakého suéinitel'a prestupu ky-
slika.
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a) Fyzikalny koncept

Predpokladame rovnaké fyzikalne vlastnosti
prostredia v geometricky podobnych biore-
aktoroch s nardzkami — zloZenie prostredia,
teplota, pH a koncentracia rozpusteného kys-
lika st rovnaké. Dalej uvazujme dobrd dis-
pergiciu mikréobov v uplne turbulentnych
systémoch. Okrem toho pri zvi¢Sovani mier-
ky v mechanicky premie$avanych bioreak-
toroch je dolezita poZiadavka na prikon P
alebo P, v prevzdustiovanych systémoch.
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men Prikon P v neprevzdusiiovanom systéme je

Pecn’-d (7.1)
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kde  je

d, — priemer mie$adla,
n — pocet ota¢ok miesadla.
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V prevzdusiiovanych systémoch sa prikon na
mieSanie zmensi v pomere:
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(7.2)
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pricom Na je aeracné ¢islo definované vzta-
hom (5.15).
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Délezité su:

e vykon spotrebovany na jednotku objemu
kvapaliny

Pon’-d} (7.3)
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neren e rychlost obehu vo vnutri nadoby bio-
reaktora

Qun-d) (7.4)
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e obvodova rychlost’ miesadla

voen-d, (7.5)
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e modifikované Reynoldsovo Cislo

2
Re =" 9n

m

wn-d. (7.6)
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V Tab. 7.3 su uvedené jednotlivé hodnoty
pre zvic¥enie, priom za rozhodujice sa
uvazuju postupne jednotlivé parametre (7.3)
az (7.6). V prvom stipci pre reaktor s obje-
mom 0 0001 je pouzité kritérium rovna-
kého vykonu spotrebovaného na jednotku
objemu kvapaliny, teda
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Podobnym spdsobom sa urcia 1 ostatné hod-

noty tabulky.
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Tab. 7.3  VergroBerung von Bioreaktoren
ZvicSovanie bioreaktorov
Eigenschaft Behilter Behilter / Nadrz 10 000 1
Vlastnost’ Nadrz 801

P 1,0 1,25 3125 25 0,2

PV 1,0 1,0 25 0,2 0,0016

N 1,0 0,34 1,0 0,2 0,04

d, 1,0 5,0 5,0 5,0 5,0

0 1,0 42,5 125 25 5,0

o 1,0 0,34 1,0 0,2 0,04

N.d, 1,0 1,7 5,0 1,0 0,2
| R, 1,0 8,5 25 50 1,0

d
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pomer objemov nadrZi bioreaktorov
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Pri zvé¢Sovani mierky sa predpokladaju rov-
naké fyzikalne vlastnosti naplne v oboch bio-
reaktoroch. Vyhodné sa ukazuje zviéSovanie
na zaklade rovnakého vykonu na jednotku
objemu kvapaliny, ale itak spravny vyber
fyzikalnych vlastnosti pre modelovanie sa
meni z pripadu na pripad. Casto sa Ziada
dodrzat’ rovnaki hodnotu su¢initel’a prestupu
kyslika.




image22.emf

image273.jpeg
b) Koncept rovnakého
sucinitel’a prestupu kyslika

Ako je zname, sucinitel’ prestupu latky do-
staneme z kriterialnej zavislosti
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Sh= f(Re,Sc)
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Predpokladame, Ze D a v je rovnaké, teda

a 2a-1
k,cn®-d;
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Ak ma zostat’ k, zachované, musi platit*:
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aza n;/n, dosadime z predoslej rovnice, po-
tom bude
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Zavislost’ (7.8) pre rozne pomery priemerov
miesadiel d,,,/d,, (parameter) je znazornena
na Fig. 7.10 v semilogaritmickych suradni-
ciach. Ak je hodnota a = 0,75, vtedy je po-
mer
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(7.8)

S




image284.jpeg
a rovnaky je aj sucinitel’ prestupu kyslika.
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Fig. 7.10 MabBstabsvergriferung aufgrund des gleichen Koeffizienten des Sauerstoffiiberganges
Zvi&ovanie mierky bioreaktorov na zaklade rovnakého siéinitela prestupu kyslika
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slide 5

By definition, a scale-down model is an incomplete representation
of a more complicated, expensive and/or physically larger system.
Scale-down models can be designed based on two general
concepts:

Miniaturization of full-scale unit Partial, or “Worst-Case”, model of
operation specific properties
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Whole unit operation model — miniaturization from full scale

Designed to represent the physical and (bio)chemical environment of an
entire unit operation

Typically a reduced size version of the full-scale equipment
Examines effects of process parameters and materials

Even when system is well understood, comparison to full-scale
performance is needed

Examples: bioreactor cultures, chromatography columns
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Scale-down Model Design: Partial / Worst-Case

Partial, or “worst-case,” model

« Designed to represent a specific sub-set of physical and/or (bio)chemical
properties of a unit operation, e.g., shear, surface area-to-volume, cell lysis.

May use miniaturized equipment, or an apparatus imparting a desired force,
property or environment.
Typically used to test worst-case conditions of a subset of parameters.

suk
Resreuston

Examples:
— Solution chemical stability: worst-case surface area-to-
volume, gas-exchange interface, or headspace volume

— Dilution of Drug Substance w/ formulation buffer:
< Small-scale mixing to assess shear stress
« Separate study for homogeneity (at-scale)

— Harvest hold: Use of “fully lysed” feedstock
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Scale-down Model Design: Key Elements

Key elements to consider for all scale-down models:
« Inputs: raw materials and components, feedstock/cell
source, environmental conditions
Design: selection of scaling principle(s), equipment
limitations, operational procedures, parameter control
concepts, on- and off-line analytical instruments

Outputs: performance and product quality metrics, sample&\
handling/storage, analytical methods. N

Use of sound scientific and engineering principles for scaling -
Match full-scale as much as possible and feasible. i
Understand and/or control for differences between scale-
down and full-scale (e.g., materials of construction, use of
different assays)
These elements shouid be described and justified as part of the
overall qualification of a scale-down model.
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Summary and Conclusions

Scale-down models are a tool (one among many) for developing
and characterizing “the process”

— Enables evaluation of input material and parameter variability on a
process to an extent that is simply not feasible at manufacturing scale

— Can model a whole unit operation, or only certain aspect(s)

— By definition of a “model”, even the best is an incomplete
representation, but can still provide useful and accurate information.

Scale-down models must be designed and demonstrated as
appropriate representations of the manufacturing process. « 5> o ow
— Industry must demonstrate a model is appropriate and applicable -

Save Page to Pocket

— Regulators must recognize models cannot be absolutely perfect, but SendPagetoDevice
understand their value and permit industry to utilize them for the s adgeund mege
information they can appropriately provide. .
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Lumped vs. Distributed Systems
A lumped system is one in which the dependent variables of interest are a function of time alone. In general, this will mean solving a set of ordinary differential equations (ODEs)
« A distributed system is one in which all dependent variables are functions of time and one or more spatial variables. In this case, we will be solving partial differential equations (PDEs)

For example, consider the following two systems:

Distributed Lumped
vk(1,
y(m)j Yk(1)
x=0 x=L X0 xI -+ xk N

 The first system is a distributed system, consisting of an infinitely thin string, supported at both ends; the dependent variable, the vertical position of the string (i, 1) is indexed continuously in both space and time.

 The second system, a series of “'beads” connected by massless siring segments, constrained to move vertically, can be thought of as a lumped system, perhaps an approximation to the continuous string

» For electrical systems, consider the difference between a lumped RLC network and a transmission line

Distributed Lumped

s

v(x,t)

a

 The importance of lumped approximations to distributed systems will become obvious later, especially for waveguide-based physical modeling, because it enables one to cut computational costs by solving ODEs at a few points, rather than a full PDE (generally much more costly)
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