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ABSTRACT

A computer simulation of biochemical process was carried out using Macintosh-based BioDesigner™
developed at Bioprocess and Engineering Center(BPEC) of MIT. Based on the assumptions and flask
culture experiments, a porcine growth hormone(PGH, Porcine Somatotropin) production procss was
simulated by a two-stage continuous culture. The economical and sensitivity analyses were evaluated
for the scale-up production of PGH. A high return on investment(ROI, 104% /year) suggested that the
process be profitable. However, sensitivity analysis indicated that ROI was dependent on the yield of
PGH, selling price, dose and the achievement of projected market penetration.

A&
EHZI 422 Z(PGH)& sh79] e s
o, FE57H W ARl A T AHs e

s E’ﬂ—‘] FAE F7HAZIH(]). °}§E1 o4
A9 FA =estE 7|7He FaA7)Y, A
< AA sz §49 k& FrAAYL RiFy
Ath(2). Smithe} Kasson(1)el| ¢J3ld, sjz]xi

TEES TR @UE S HAE 100~
110kg9} HE0 2 7%= d] 1000] He)=at 5

ARz EES TR 7§° At 80dR &
ofEtty 2ysy e EY A 4RTEEY §
ofe] 7% g9 TAHgo] F7HEvT B us
o-h;}.
AA -

97

47 & wle]t PGH Sojake) oke ApgAbs
PGH| Rolsl72 9 el b dobaA s
HF 200mge] PGHE 2] A147)7F 100 Fof
Foldt =AFH FUHE w4 Ak(3).

2] AR g RS Hajeko] 20,000 Dalton A%
o] A& Hgs zEEoln, HAY HstTH oY
AL oFol AAE. 2B TAMtd4 AL o
A9 At 2N HA] YAz 2Es B 35
e AL Y Agdeln obg shAo] vinA 2
HAeldh, 282 g g2 YAs2E $AHAS AP,
promoter (thermal induction promoter)el] 73}
o E. coliell insertionX]Z} ¥ inclusion body &)
2 #8J3te] solubilization ¥ refolding process&
53l ke PGHE 9& 4 <doh(2). 4%t



o8 Korean J. Biotechnol. Bioeng.

Lab Scale Pilot Scale Plant Scale Table 1. Protein and PGH content from flask cul-
il —;l_ ture
10-}1000f _. —rﬁ
@ Direct Accessment | 1000011000000
Scale-upparameters| Item Contents
o O—+0
* Intracellular Protein 50%
D__D . . .
Biologist's Jobs Process Engineer's Jobs LD PGH in inclusion body 25%
o Cloning °LProEess OEpnrmzanon S 3 Yleld Of downstream process 25%
. s rONMENT paTametrer:
° Recgq\bmaucn of Gene D%s‘:r:sa[r:\m:»}x)r%cess O:nmnzanon
° Acuvity - DO
o Yied - Vim?““ Plant Engineer's Jobs 1
e s > Ecanonical Aspecs Mg 9
t Indirect Accessment by
Process Simulation EEP\E_ UHO"

PGH¢} AP, PromoterZ insertion*}Z] E. coli
cloneg Ze}A3 wjeto & Table 13 e ZA3E
2 4 sl

Fig. 1. Scale-up flow chart of biochemical engi-
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Fig. 4. Flow sheet of the production of porcine growth hormone by two stage continuous fermentation.
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Table 2. Overall material balance(kg/h)

Component In Out A(QOut-In)
PGH 0.000000 0826110 0826110
Biomass 0.000000 19.780360 19.780360
HO 15089.554459 | 15145.141649 55.587190
CO: 0000000 | 166364190 | 166364190
Glucose 77.780000 0.000000 | —77.780000
NH; 10.376700 3531404 | —6845296
O: 152.740000 0.000000 | —152.740000
N: 574.590000 574.590000 0.000000
Salt 11.000000 5468836 |  —5531154
PGH-Den 0.000000 0.118936 0.118936
Incl-Body 0.000000 0.025044 0.025044
Urea 56.800000 56.800000 0.000000
Debris 0.000000 0.118936 0.118936
Protein 0.000000 0.185368 0.185368
MrE:OH 8.660000 8660000 0.000000
Inx-Salt 0086359 0086359 0.000000
Detergent 0880000 | 0.880000 0.000000

Total 1 5982 467518 15982 467977 0.000460

Table 3. Fixed capital estimate summary(1991
Prices)

A. Total Plant Direct Cost(TPDC) (physlcal cos)

1. Equipment Purchase Cost ~ (PC)  § 4902000
2. Installation (040XPC) 1961000
3. Process Piping (035XPC) 1716000
4. Instrumentation (040X PC) 1961000
5. Insulation (0.03XPC) 147000
6. Electrical (0.10XPC) 490000
7. Buildings (0.15XPC) 2206000
8. Yard Improvement (0.15XPC) 735000
9. Auxiliary Facilities (040X PC) 1961000
TPDC =16079000

B. Total Plant Indirect Cost(TPIC)
10. Engineering (025X TPDC) 4020000
11. Construction (035X TPDC) 7 5628000
TPIC=9648000
C. Total Plant CostTPDC+TPIC) TPC=25727000
12. Contractor's fee (005X TPC) 1286000
13. Contingency (0.10XTPC) 2573000

. B 2X(12+13)=3859000
D. Direct Fixed Capital(DFC) TPC+12+13 29586000
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Table 4. Annual operating cost(1991 Prices) cal-
culated from biodesigner

1. DRC-Dependent hems(DFC=5 29%86000)

Depreciation $
Maintenance Material (0.03 XDFC) 888000
Insurance (001 XDFC) 296000
Local Taxes (0.02XDFC) 592000
Factory Expense (0.05XDFC) 1479000
6066000
2. Labor-Dependent [tems
a. Operatinglabor (28X 28000) 784000
b. Maintenance labor (003X DFC) 888000
c. Fringe benefits (040X (a+b)) 669000
d. Supervision (020X (a+b)) 334000
e. Operating supplies (0.10%a) 78000
f. Laboratory (0.15Xa) 118000
2871000
3. Administrarion and Overhead Expense(06X(a+b+c)) 120400
4. Raw Materials 338000
5. Process Chemicals & Other Consumables 1731000
6. Utilities 146000
7. Waste Treatment 344000
8. RunningR & D 3000000
9. Running Royalties 0
10. Sales Cost 1000000
Toral Annual Operatmg Oost
Including Depreciation 16700000
Excluding Depreciation 13889000

Sales cost

D OFC-dependent cost

[J Running
R&D

%Waste treat—
ment
O Utilities

A Process chem—
ical

Raw material

OJ Overhead Labor

Fig. 6. Breakdown of an annual operating cost.
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Table 5. Proﬁtablhty analysxs(1991 Prnces)

A Dlrect leed Capltal - $ 29586000 )
B. Workmg Capital 663000
C. Toral Investment(A +B) 30249000
D. Production Rate(kg/year)

pGH 5948
E. Production Cost($/kg) 2081
F. Selling Price($/kg)

pGH 10000
G. Revenue($/year) 59480000
H. Annual Operating Cost 16700000
I. Gross Profit(G-H) 42780000
J. Taxes(33%) 14117400
K. Net Profit(l J+Depreaatxon) 31473600

Gross Margm 097

Return on Investment 104%
Rayback Time(years) 096

300+
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Fig. 7. Sensitivity analysis on the sales price of
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