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Who is Intelligen, Inc.?

Established in the early 90’s - MIT spin off

SuperPro Designer
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Air Pollution Control

Scheduling and Debottlenecking
SchedulePro of Multi-Product Facilities
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Who is Intelligen, Inc.?

Established in the early 90’s - MIT spin off
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The Realm of SuperPro Designer:
Detailed Analysis and Evaluation of Single Processes
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SuperPro Designer Functionality

* Process modeling capabilities, including:
— Generation of material and energy balances
— Environmental impact calculations
— Resource tracking
— Process scheduling
— Equipment sizing and costing
— Capital and operating cost estimation
* Cycle time analysis and debottlenecking
* Scale-up/scale-down

* Technology transfer
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User Interface of SuperPro Designer

@ SuperPre Designer - [Mab8_5a.spf] E=n Eoh<
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Detailed Modeling using Unit Procedures and Operations

TYYYYYYYeyy
SFFETEE

P-3 /w102

Production Bioreactor

Double-Click

ﬁ

Operation Sequence for Procedure: P-11 (in BR-101)

Available Dperations Operation Sequence

Charge 5

[l y
CIF T SET UP [Hu:ulu:hng]
Cool TRAMNSFER-N-T [Transfer In]
Crystallize TRANSFER-IN-2 [Transfer In]
Distill FERMEMT-1 [Batch Staich. Fermentation)
Evacuate ) TRAMSFER-OUT-1 [Tranzfer Out)
Eutract / Phase Split g CIP-1 [In-Place-Cleaning)
Ferment [Finetic] =R g
Ferment [Perfuzion]
Ferment [5toichiometric) —
Gas Sweep z=ap Bom
Heat
Haold
Load And Split
Frezzurnize
Pull In
Pull Out
Purge / [nert
React [Equilibrium]
React [Kinetic)
React [Stoichiometric)
Sample
SIP
Split [Component Flow]
Tranzfer In
Tranzfer Out
Waparize / Concentrate -

v 0K | 3 Cancel @) Help
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Flexible Operation Models (Charge Operation)

CHARGE-1 (Charge)

OperConds | Volumes | Vent/Emissions | Labor, etc. | Description | Batch Sheet | Scheduling

Charge Using e

Amourt o
' Use Amourt on Stream
O Set by User
© Mass  [3947.043 e [#
O Voume  [10000.000 T [+
Duration
Setup Time |D.DD |n'|in |i|
Process Time
© SetbyUser  [60.00 [min 3]
O Calculated Based on
O i [9547.043 [kah [3
0 szt | 10000.000 ILh lil

(O Set by Master-Slave Relationship % Setup

Match the duration of this aperation to the duration of
another operation or string of operations.

ve | ve | v | v | B~ v OK | % Cancel| @) Hep |
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Selected Outputs of SuperPro Designer
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Operations Gantt Chart

7| Operations Gantt Chart (Single Batch) [o =] =3
Eile Edit Update Chart View Preferences
m ZoomTo - Q Zoomby - =¥ Detail Level - ‘
o Task Duration | Start Time | End Time [ * - ! : |y
®) ®) ®) | e [ 32 “@ E
1 (= Complate Recipe 9327 0.00 9327 | o
2 [EIP-1inR-101 1484 |0.00 14.84 P PlinR-101 (14.84 H
3 Charge Quinaldine 149 0.00 149 Charze Quinaldine (1.49 h)
4 Chargs Chilorine 049 149 1.99 =| | [ Chacee Chicrine (043 1)
3 Charge Na2CO3 0.52 199 251 [ Chare=Na2003 (0.521)
6 Mix 6.00 251 8.51 ] Mix(s.00h) £
7 Chlorination Rxn 6.00 251 8.31 [ chlorination Fxn (6.00 b}
8 Charge HCI 229 851 10.80 [ Chare= HCI (225 1)
9 Salt Formation 2.00 10.80 1280 |[ | [ salt Formation (2.00 b)
10 Transfer Aqueous Phass 126 12.80 14.06 B Trensfer Aquecus Phass|(1.26 )
11 Disposs Organic 0.78 14.06 1484 [l Disposs Orzanic (0.78/1) M
12 ElP2inR-102 1520|1280 28.00 I - oioRol02(1520h)
13 Aqueous Phase 126 12.80 14.06 B Aquecus Phase (1.26 )
14 NaQH 0.70 14.06 14.76 B =0H 0.70m)
13 Methanol 093 14.76 1571 B Methanol (0.55 k)
16 Hydroquinons 0.64 1571 16.33 I Ervérominons (0.§4 1)
17 Condensation Ran 6.00 16.33 2233 I Copdensation Rxn (6.00 h)
18 Transfer to Filter 3.63 2235 28.00 Transfer to Filter (3.65 )
19 E]P-3 in NFD-101 1 2233 20.46 P-3 in NFD-101 (7.11 h)
20 E]P-3 (Cyele #1) 3.56 2233 25901
21 Product Isolation 209 2233 24.44 Product Isolation (2.09 h)
2 Product Wash 0.80 2444 2524 [l Proguct Wash (0.80 b
23 TRANSFER-OUT-1 0.67 2524 2501 [l TRANSFER-OUT-1(0.67h)
24 [S]P-3 (Cyele #2) 356 2591 20.46 ]
25 Product Izolation 209 2591 28.00 I Product Liolation (2.09 )
26 Product Wash 0.80 28.00 28.80 B Product Wash (0.80 b) 1
27 TRANSFER-OUT-1 0.67 28.80 2046 - |« i B ,

For Help, press F1

MNUM
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Operations Gantt Chart — Exported to MS Project

&2 Microzoft Project - priSpd

Jﬂﬂ File Edit “iew Insert Format Toolz: Project wWindow Help Impart SPD File ety SPD Durations ilil
DR ERY &2 d v|e(=siE c E]Nsow - eay @,
|@ & # = Show- | Al ggghumm vv=|-25;-,
-1
Task Mame Dwiration p2 Tue Sep 3 Wigd Sep 4 -
Eam [12PM | 6PM [12 aM| 620 [12PM | 6PM 12 20| B AM [12PM | B
= Batch-1 97.91 hrs i
Batch-1 Start 0 hrs ~ Batch:1 Start
= P | 1582hrs L RN
=] P-1 (Cycle 1) 1 15.82 hrs — P-1 {Cycle 1)
P-1:@uinaldine 1.5 hrz _.-lP -1: ﬁ!umaldlne
P-1:Chlarine 035 hrs P-1: !:hlurlne
P-1: Sadium Bic 055 hrs P-1;:5m:||um Bicarb
P_1:Mix B hrs W P-1:Mix
P-1:Chlarinstion G hrs P-1:Chlorination
P-1:HCI 285 hrs P-1:HCI
P-1:Salt Forms 2hrs P-1:Salt Formation
P-1:Separate £ 0.33 hrs P-1:5eparate Aqueou
P-1:Dizpioze O 1.53 hrs P-1:Dispose Organic
= P-3 16.29 hrs P H-102
=] P-3 (Cycle 1) 16.29 hr= — P-3 (Cycle 1)
P-3Aqueous F 361 hrs P-3:Aqueous Phase
P-3:MalH 0.52 hrz P-3:HaQH
P-3:hethanol 1.64 hrz P-3:Methanol
P-2:Hydracjuine 0.74 hrs P-3:Hydroguinone
P-Z Condenszat G hrs Condensation
P-3: TRAMNSFEF 345 hrs P-3:TRAHSFER-OUT-1
r 02 K8 r

|| A s ] S
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Equipment Occupancy Chart

7 | Equipment Occupancy Chart / Multiple ( 3) Batches [E3m]
E-101
R-102
=
]
= NED-101
2
= | R0
M B#1
5 B#2
2
g INFD-102 B3
TDE-101
SB-101
h 24 43 12 06 120 144 168 192 216 240
day 2 6 10
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Resource Demand (Purified Water)

B WFI Consumption (as Ingredient in Mixtures) / Multiple ( 3) Baiches x|
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Labor Demand

# | Operator Demand / Multiple (6) Batches ==
B @ zoomty - [
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= =]
= =
— =
¥ 7] -
g 5 |E
£ I =
] -2 o
o E
o =]
= =
— W
. —
= -3 -
= i
- L, 1B
-1
day 2 5 6 10 11 12 13 14 15 16 17 18 |dav
wk 2 3 wk

@ Intelligen, Inc.



Resource Inventory (WFI)

i WFI Inventory [as Ingredient in Mixtures] / Single Batch Only
= -t oo
=1 (um} [ ] ™ =T ilw}
(] ] - [ fny] — — =
1)
40000 100% | . L 40000
La 11 I EREEErr PEPEEEETS EPPTREEES SEPPPEES ERE l] ---------- - 35000
D 30000 - - 30000
- =
-E 26000 1 F25000 2
c 3
3 20000 - LT GERECEE EEREEE - 20000 %"
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Material Balance Report

L BGalB_Sh_temp_SR.pclf - Adobe Acrobat Pro = ||
File Edit View Window Help E3
Ei Create ~ | @ EI % | {‘;} e B @ E}'D @) lz‘
\‘!J \!/ /23 | & ‘.:T} ) | B Tools = Comment = Share
™ T
L BGal8 5b_temp_SR.pdf - Adobe Acrobat Pro =N R
2.3 BULK MATERIALS (per Section) a0 *
Roe- D O H| 802D 6 =
SECTIONS IN: Main Branch Tools . Comment . Share
Fermentation Section -Page 8- 0
Material kglyr
Process Water 14,759,199
Glucose 1,326,888
Salts 221,616
H3PO4 (5% wiw) 841,679
NaOH (0.5 M) 1,432,258
WFI 1,870,399
Alr 12,263,638
Ammonia 85,320
TOTAL 32,800,997
3. STREAM DETAILS
Primary Recovery Section
E;;ET("S% o 98';93’:’; Stream Name Water Nutrients 5103 $-104
NaOH (0.5 M) 1 676?677 Sour_ce ) INPUT INPUT P-1 P-2 E
Process Water 1,004,704 BESHIDASON =L A P -3
WEI 5 189 589 Stream Properties
L EETRaTE Activity (U/ml) 0.00 0.00 0.00 0.00
T Temperature (°C) 2500 2500 2500 35.00
Purification Section Pressure (bar) 1.01 1.01 7.34 734
Material kalyr Density (g/L) 1,000.00 144572 1,032.05 1,032.05
pecific Enthalpy (J/kg 104,384, 851 T75. 135,485,
:;VEFCI:I ©5M) 4;2;:213(9]2 Heat Capacity (kcal/g-°C) 0.00 0.00 0.00 0.00
Tris Buf-fer 35’299’940 Component Flowrates (kg/batch)
NaOH (0.5 M) ey Glucose 0.000 6,143.000 6,143.000 6,143.000
H3POA (5% wiw) e Process Water 64,000.000 0.000 64,000.000 64,000.000
J Salts 0.000 1,026.000 1,026.000 1,026.000
Process Water 869,437 TOTAL (kgrbatch) 64,000.000 7,169.000 71,169.000 71,169.000
TOTAL 132,461,218 TOTAL (m3/batch) 64.000 4959 68 059 68959
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Financial Reports

1./ BGal8_Sb_temp_EER.pdf - Adobe Acrobat Pro = R ]
Ele Edit View Window Help %1 BGalB_5b_temp_EER.pdf - Adobe Acrobat Pro
ﬁ% Create ~ | @ % ‘ B BB File Edit View Window Help
o
|@/13|@‘|@|@| ws - | [H B E}C”a“'|%‘@@@|3@@ .
. L BGal8_5b_temp_EER.pdf - Adobe Acrobat Pro ®»® S | O | = & ‘ i Tools | Comment | Share
Fle Edit View Window Help » —
Bote- | B E S| @ @0
@ /13 | o | (=) @) 9. ANNUAL OPERATING COST (2010 prices) - PROCESS SUMMARY
L]
e Cost Item $ Y%
1. EXECUTIVE S| Raw Materials 19,268,000 17.04
Labor-Dependent 10,685,000 945
Total Capital Investment Facility-Dependent 21,675,000 1917
B 3. FIXED CAPITAL ESTI Laboratory/QC/QA 1,490,000 1.32
gap'tat'_ '""(‘“;3";‘9"‘ Shierd Consumables 58,729,000 51.94
perating L-os Waste Treatment/Disposal 804,000 0.71
Revenue_s 3A. Total Plant Direct Cost (T} Utilities 429,000 038
Cogt Basis Annual Rate 1. Equipment Purchase Cost Transportation 0 0.00
Unit Production Cost 2. Installation Miscellaneous 0 0.00
Unit Produc?lon Revenue 3. Process Piping Advertising/Selling 0 000
Gross Margin 4. Instrumentation Running Royalties 0 0.00
RN O TEsinrent 5. Insulation Failed Product Disposal 0 0.00
Payback Time 6. Electrical TOTAL 113,081,000 100.00
IRR (After Taxes) 7. Buildings

NPV (at 7.0% Interest)
MP = Flow of Companen

8. Yard Improvement
9. Auxiliary Facilities
TPDC

3B. Total Plant Indirect Cost (
10. Engineering

11. Construction

TPIC

3C. Total Plant Cost (TPC =T
TPC

3D. Contractor's Fee & Contin
12. Contfractor's Fee

13. Contingency

CFC =12+13

3E. Direct Fixed Capital Cost

DFC

Labor-Dependent (9%

Waste Treatment/Disposal (1%)

Laboratory/QC/QA (1%) S

Raw Materials (17%

Facility-Dependent (19%)—"_

Annual Operating Cost Breakdown (%)
Utilities (0%)—|

Consumables (52%)

A

T
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SuperPro Examples



Process Modeling for R&D Planning
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High Value Recombinant Product

|Primary Recovery Section |
Salts Media Wert 1
| ‘Water
| NHAOH 5102 5103 ®
5158 | 1o 5107
F-13/DE-103
Sterile Filtration 5159 Broth
Glycerol
Methanol Pz /102 P /DF-101 P-2/UF10
. Fermentation Concentration / Diafiltration Concentiation P-5/DFA03 P-4 DF-102
Air In Diafiltration
Buffer Exchange
5111
5115 E
5147 5150 = 516 T
, ‘ 5123 5117 5113
N 5128
T+
5148+
M 5156 ) ¢ *
| > >
PA7 /%104
513 45| Seed Fermentor P& /411
5151 P10 /v-103 .5 /DEA P8/ DF-104 P7 /000 Storage
Storage - 0.45 micron ':£4 Concentration / Diafiltration 3-Sepharose
Purification Section
W1 (f
5138 5140
IH
| y o b P23/ BC101
- g 4 . 2 2 ¥ e Bt P-13 / DE-102
S8 o et P-11/C102 513 RIS P-22/v-10 Centiifugation 0.2 micron
eed Fermentor SP-Sepharose 510 Precipitation 5141
L] Tl B &) T
| 5164 BiE) @ = o4
5176 S s | 5162
e A (75425 ¢ g5
] - Le
- 4 H+
N B
— 4 :
P-16 / BX-101 P15 /FL101
Packaging —l Filling P-28 /4109 P-14 / SDR-101 P27 /4-108 * ) )
Storage Spray Drying Storage P-29 / E¥-I01 5167 P26 /C103 P-25 /107 Tt
Rotary Evaporation RP Chromatography Blending / Storage

Rotary Evaporation



COGs as a Function of Product Titer and Plant Throughput

Unit Cost ($/g)

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0

20,000

40,000 60,000 80,000
Plant Throughput (kg/year)

100,000 120,000

—e—Case A (3 g/L)
-~ = CaseB (5¢/L)
Case C (10 g/L)
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Breakdown of COGs (100 MT/year at 3 g/L))

Consumables Raw materials
$0.65/g $0.88/g
29.1% 39.6%

O Raw Materials

m Equipment

O Labor

O Consumables

m Lab/QC/QA

@ Waste Trtm/Disp
m Utilities

Facility
$0.54/g
24.4%

Total COGs = $2.22/g
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Contribution of Raw Materials and Consumables to COGs (100 MT/year)

Contribution to COGs (%)

45

N
o

w
()]

w
o

N
()]

20

6 8
Product Titer (g/L)

10

12

—&— Raw Materials
—m— Consumables
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Small Molecule Pharmaceuticals
and

Fine Chemicals
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Eﬁ.\:ﬁupeer Designer - [SynPharma-L57]
Eile Edit UnitProcedures Taszks Yiew ‘wWindomw Databanks Help

2' |Pmduct Synthesis

~| @l % |§k|-‘i"_‘||&|ah| [Main Branch

S W=AEA

DESHE - Bx2e 8 87K

For Help, press F1

By
Synthesis of a Pharmaceutical Intermediate Compound T|
Y
@‘> <>
@ O
L02 [z, o Product Synthesis NaDH | =
Quinaldine I Wash —_—
= ()
& b 1 Ernizzions —_—
e = =
Chlnrlne+ 1 tethatiol — —
& 3 = SE——— ’—" 7 al
\ M+ Organic Phase wdroquinone il
M :I
. Na2EDSt_ : t 5112 z
HCI P-1/R-101 ’ Aqueous Phasze Nz-tishr:ﬁt;ﬁln Waste ‘_‘
Chlorination, 5 alt Formation pa/ R0z 5119 ;P
Condenzation =
& |-
Walh_z T Isolation and Purification |
] vl 7 |-
r =
4 ‘I—‘ |1¢ M Irriprity —® b
4 M <—| |+_¢ NaDH-2 ol
- ol
b ) 4 —
R 5110 )
P-8 / NFD-101 M M
i aste-2 Mutzche Filtration P-7 /R-102 P-E / MFD-101
5136 PIECipitatiDn Hutsche Filtration P& /R-101
| Product Solubilization
Final Purification
® ®  Crystallization and Drying T
5137 ‘ I,Ii,l W apore
b wéazh-3
: |sopropanal-2 Charzoal Out 5147 | e R
3 " 5143 % %
|zopropanal : ’—’ 5103 _; Hu r.—b—l
M R l—b— P12/ TDR-101
N 14 b2 i
: S-'IID2 M 1 5104 Tray Drying
Charcoal ' Fa /B0 ’ +—| P-12 / NFD-102 Final Product
Charcaal Treatment P10/ NFD-10z P11/ R0 Nutsche Filtratian Waste-3
Mutzche Filtration Crystallization
E -
L«] | _l_I
L ]




Manufacturing of Biologics
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Monoclonal Antibody Production

ProtA-Equii
ProtA-Wash
so01
Inoculum Prep s07 s08 Pro-Elut
Primary Recovery
ProtA-Reg a
15.15 Ubatch |
P11 TFRA01 P2/ RERA0T
T-Flask (225 mL) Rollor Botio (2.21) P-141V-101 P16/ DEA0S
s004 P15/ DS101 P17 /V-103 S0 Pl cot P-19/ DE-109
Sumge Tank Polishing Fitler PBA Chromatography
Gentrifugation Gentrifugation Pool Tank Polishing Fitler
ProtA-Waste s0:
s033 46590 92 ibatch
5035 s03
5911 Libateh 235.91 Libatch
P-3/805:101 P41 BBS-102 100 s0as
505 Bag Bioreactor (20 L) Bag Bioreactor (100 L) S04 Chemical Virus Inactivation
5010
s110
so45
so11 o 102
s01
s044
s046
P20/ v-107 P21/ DF-101 P22/ V111
Storage Diafilration Vinus nactivation P23/ DEA10
Polishing Fiter
s012 s042
5048
peimpaor 501
P71 DE-101 P51 SBR1 (76759 Ubaten )
Media Prop Sterile Filtration First Seed Bioreactor (1000 L) so047
so17
5030
S0t
1EX-Equil HIC-Equil
Amm. Sulfate
IEXWash HICWash
IEX Chrom HIC Chrom
IEXWFL ee
o 1142.85 Libateh
IExEl
sot19 7 HICReq ———————— 051
EX-Stip ———————————| .
3768.91 Libateh [EX-Rinse
Posup SO0 N »27 108 108
P-101 DE-102 H So%0
Media Prep Sterile Filtration P8/ SBR2 P25/ V-100 52616103 Doad-End Filtration
Second Seed Bioreactor (4000 L) P24/C102 EX Pool Tark HIC Chromatography
IEX Chromatography
s052
5022 s023 HICWaste
hd [Exaste 9743.99 Libatch s72
12594.01 Libatch
Bioreaction
oz Vents ; S
5026 Final Filtration
P12/ MP-103 P13/ DE-103 s028
Sz Sterle Filtrat
ia Pr esle Filtation
Wedia Prep 106
5058 sos7
s054
o053 SE— 76197 Libatch
1516502 Ubatch pas/v108 S0 056 s062
P-30/V-110 Final Product
32 / DE- . 101
P~ HIC Pool Tank £.291 DEADS Stomge P.32/DE-107 33/ DCS-10
Production Bioreactor (15000 L) Viral Exclusion Filtation Final Polishing Filtation Freeze in 50L Plasic Bags
s024b
Pas/mptos SO0 s059 P31/ DF102
P35 1 DE-104
Media Prep C‘:’“ 7 Loaten Diafiltration
Sterle Filration
s081
05 5060
5029

s0270




Fine Pharmaceutical Processes

Tablet Manufacturing
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Pharmaceutical Tablet Manufacturing

USP-Water-2
USP-\Water-1

Sucrose-1 Excip-1
b 5-108
's
P-1/V-101 i i ) P-3/ NM-101
Mill Recirculation N i P-4/ V102
Slurry Preparation ano Milling . .
y p s-1o7 Addition & Mixing
Flavoring 5108
50 kg/batch
l
[ ==
USP-Water-3 S-114
w2
Agr Out
I%‘ P-13/ GRN-101
- P + .
Stabilizer & L -~ Post Processing CIP
= 5-102 110
P-5/V-104 =2 &
Co-5tabilizer Sltn Prep :| A
, ) H
P2 /w108 Mannitol P-7 / GRN-101 4 le
Final Suspension Prep Granulation Pz V108
i . .
Air In Coating Solution
5111
{ 1200.06 kg/batch ¥
5112 AirQut2
Airln2
5-115
{ + | » Ty
s-102 Ds-101 = DS-102
b - 3 b 1
ﬁ | b b
DS-102
T ™ T —
B8/ MC-101 P2/ TBP-101 FAD/ DB-101 P-11 / TB-101 e DEAae Final Product
f f 14/ DB-102
Mobile Container Tablet Press Storage Bin Tablet Coater

Storage Bin



Pharmaceutical Fill-Finish

Vial Manufacturing
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Pharmaceutical Vial Manufacturing

P-3 ¢ Genericl

Formulate Materials

Vials @ i

P-13 4 vfial Washer
Wash Vials

Vaccine Shn

F-5f Container

Prepare Solution

‘ W

P-1 ¢ Owen

Demyrogenate Vials

Stoppers Wk

P-14 ! Stopper Washer

Wash Stoppers

P2 Genaric?
Fill Prep

-

)

P-G § Filler

Filling

+*

+*

Wi

F-2 7 Autoclaved

Autoclave Stoppers

Seals Wip

P-7 i Stopper

b
L

Add Stopper

»
g [ RRRR
RRARE

H 1

P-4 ¢ Autoclave?
Autoclave Seals

P87 Seale
Add Seal

-

/o

F-10 [ Insp. Station
Inspect Vials

Lahels

L,

oh 'abcl e

P-11 7 Labeller
Add Label

Completed Yials

F-12 ! Padker

Package

Empty Boxes

. Intelligen, Inc.

Final Product

=



Production of Bio-Fuels
and
Biomaterials
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orn Stover to Ethanol

P

Feedstock

2,000 MT/day (Dry Basis)

Condensate-1

Corn Stover Transportation

5103

Fine Particles

P-7 / HX-101
Heat Exchanging

P-9/FT-101
Flash
P-8/V-101

HP Stearr

P-14d / MX-106

s-123

]

P-15/V-110
Storage

Amm. Sulfate
5131

P16/ MX-104

Mixing

Dry Corn Stover

S$-105
P-5/SC-101
P-2/WSH-101 P-3/GR-101
P4/ FSP-101 Screw Conveying S-121
Corn Stover Washing Grinding
Waste Water 1 Sieve
16.13 MTih
s-115
5120 28.55 MT/h
201.16 MT/h . S-101 42.83 MT/h
— P-14c [ MX-102
P-6/GP-101
Fluid Flow
[ Pretreatment Section

Wash-Water-1

P-10/HX-102
Cooling

P-11/BF-101
Belt Fiter

Hydrolase-1

Mixing P-13/V-102

Enzymatic Hydrolysis

09
s-1
P12/ MX-101

Wash-Water-2

P-14/BF-102
Belt Fitter

118
MT/h

Mixing

P-17a/ SFR-102
Seed Fermentor

s-124

$175

P-17b/ SFR-101

Seed Fermentor 5168

P-16c

201.99 MT/h .
s-170 j

Fermentation Section

s-172

s-112
|

P16a 181.86 MT/h

P-18b/ G-101
Air-In-1

P18/ FR-101
Production Fermentors

4 x 2,200 m3 fermentors
Cycle Time =48 h

RO Water

HP-Steam

LP-Stearr

179.89°C
10.00 bar
61.78 MT/h

P28/ PMH101
Fluid Flow

152.58 °C
5.10 bar
134.31 MT/h

166.67 MT/h

s-113 s-138
P26/ MX-105
Mixing
- S-159
Par SGAGj P-29/T-101
458.45 MT/h Burner - Boiler 7.32 M Steam Turbine
[o146.12kW]
BB-Air-h Ash
39,11 M/

srwml—a}_‘—‘

posa/wci03 17
Mixing
161.09 MT/h bt
P25/ EV-101 P-25b/ FSP-105
Multi-Effect Evaporator Flow Spliting
Concentrate
Condensate-2
5102
Distillation Section
S116 P-23/ GAG-101
ToTo8 T EtOH Dehydration
5143
P-21b/C-102 $-163
S-130  Distillation
s-119
20.78 MT/h
P-21a/ G101
s-135  Distillation
C 5133 v
6233 °C
-205 07 MT/h (2319 ) P24/V-107 Product
EtOH Storage (7-day Capacity)
$125 r
P-20 / HX-103 S-140
19 vor0d Heat Exchanging
Storage P22/ HX-104

Cooling

. Intelligen, Inc.



Citric Acid Production

C-Source

Reg Buffer

139841.09 kg/batch

Wash

.
Water-lag———»
+

Water-1b®———

b e o

5111 ii E

+
5-109 P-G/ 5T-101
P-5/V-103
P-11v-101 P-3 1Y-102 e ‘
Mixi P-2 I PFF-101 P-4/ C-101 |§| Storage Heat Sterilization 5113
txing Filtration Storage
0 lon Exchange
Amm Sulfate - -
| Fermentation Section |
o
’ Went-3
Other Salts +Hf > _ =
P-8/5T-101 S-116 . Air Filtration
+Ho Heat Sterilization + N N
P-7 1v-104 |—> _ b -
ixi Air NS N * | Vent-4
Mixing | B I + 5117
Water-2 g113  P-107AF-102 5114 : | h
Air Filtration | oL s o
Sulfuric Acid P9/ GA01 P-11/FR-107 } B
. Fermentation Storage
Gas Compression (?
Vent6 , T N ¥ 5118
Water-4 Vents Lime ?
| ‘ ) ) | - Biomass wﬁtler_g, 385441 .58 ko/batch
5124 -1 + +
. ) i |—4 5-119
A Wastet P-16 / RVF-102 -120 ' +H T by
P-17 IV-107 : Product Recovery P15 / V106 P-14/RVF-101

Gypsum Formation

433055 24 kg/batch

Product Precipitation

| I1solation Section |

Biomass Removal

5123 . S-128
562615.59 kgibatch § fr . = . — Water-5 |
vater-s Gypsum Water Wapor | N N T
S-125 » {-
509355.29 kg/batch o |
P-21/RDR-101 Product

P-20/ RVF-104
Product Recovery

P-18 / RVF-103
Gypsum Removal

P-19/CR-101 Ag-iaste-2

Continuous Crystallization

Air-2

24285575 kg/batch

Rotary Drying

54796.33 kag/batch



Soybean Oil to Biodiesel

161

Reaction section

101 Y s

Pump
P4 1THKCAD! o e
Methanol sorageans PTIPAN
Pump
s113 T
PAOINKADT  P1) :
sV o P11/FSPA01
Mng iting
P2/PA st M9 Flow Spiting
Pump
]
P5ITNCA .
Catly sorage ark P4IPACS
Pump
P12/HK101
oo P3/R101
2R sin
P3P0 Reactar
Pump
S
P4 ITCID
SoyBean torage tank P3/PADG
Pump

s

P4BIP-118
Pump

P15 102

Heatng
PA41DC01

Centiugation

PATIP07
Pump

O
s 08
Coing
Pa20/10x102 Biodiesel refining section
warg
o1
st pasicocin
Vacume Sy
sie
st
s s
P29IHKA04 P30/HX-105 31PN P3TIV-A04 5150
1% Heaing Hesing Pump VRLASH P38IpA15
P-26/DC-104 Pump
ot Canstgaton 1.
Mising Vesse! P39/ TNK-A04 15 S
» ping Ve '
P-16/R102 $12% ‘Storage. 4255.05 g
Reactor 137 P43IPATT 2
P-19/DCA02 §132 Pump.
Congaion
s
S5
$152 P40/ TNK-105
Glycerol Purification Section soage
sin
s
st ,
01 Cengaion 2814
Fe Punp iy P21IP10
Mixing Vesssl Healing P32/C101
7 rume
b2 MEOHDSTLL
Moin s st
P
e
pa22ip08
Paaipite
s Patioi0z
pump
20T
wose ok
sis pazipate
; Pt M6 pump
Songe
Pasipata
Pumn
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Food Processing
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7]

SuperPro Designer - [cheesPres1] [_[O]
File Edit UnitOps Tasks “iew “Window Databanks Help = =]

2' iButler Making j pe=) I et i 5 TS ;Main Branch j @liﬁ}l%lahll
D[] (@ v le| 8] &2

L] — IT
Integrated Cheese-Making Plant )
Y
@ —
<&
Milk =
- ]
Starter/Renin Cheese Making Salt 6
L]
=
STRG-10Z /v-102 i vl
Milk Storage  HTNATT/HKAD  CLRADT / H102 STRG0T /v-101  FXN-IOT/RA0T CsPLaat / SP-oi 1BLTAM /78401  Cheese 7
Pasteurization Cooling Cheese Vat Cheddar Tower  Whey Removal FXN-102/R102  Cheese Packaging e
Block Former ‘_A
al
[~
Butter Making 4)
— > ’—% —
5109 s T ! 5
HTN-102 / H<-103 CLN-102 / Hx<-104 CSPL102 7 SP102 & i
STRE-102 /4102 Pasteurization Cooli [ 1 g . = |
Whey Storage (o gel Dol STRG-104 / -104 ooina N Whey Butter Maker Ry B
ream Separation Cream Storage STRG-105 /%105 5121 Catan Filling —
Cream Storage
5133 S-IT‘ZS WPC Mﬂking
o
5123 o 2 -
5120 =
[\__r__, WPC
FILL-107 4 FR-101
CUF-101 / UF-101 STRG-105 /V-106 giz4 SPDNGAD!/SDRAD Bags Filling
Ultrafiltration Retentate Storage Spray Drying CsL1at /5o
Powder Silo
=
Demin. Water
Yeast Off-Gas
CRO-102 ¢ RO102 EtOH Making
Reverse Osmosis Lig. wWaste 4 HTHADE £ H-105 5141
+ + Heating
5112 5128 5TRG-107 /v-107 Ethanol
Azeotr. Et0OH Storage
> STRE-108 7 v-108 CFGN-102 /D502
CRO-101/ RO101 FRMN-102 / F-102 Beer Well Biomass Removal - 3122 DSTLAD01 / C-101
Reverse Dsmosis Fermentation Distillation Lin Wiaste 4 -
4] | I —
Document was successfully saved on disk. MUk i

<> Intelligen, Inc.



Consumer Products
and
Beverages
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Beer Production

Malt
@

12.00 MT/batch

Ambient Water
&

went-1

35.00 m3/batch

P11 Wil

s-101

Spent Grain
m

150.00 kg/batch

Wolatiles
m

5458 'C
108.30 m3/batch

Vent-2
Corn Grits 1z 4 T
& q |
M £8.27 m3/batch +
6.00 WT/batch + " Sparge Water R
e | | s-108 4| 112.47 m3/batch
Clarified Wort H
Solids Bin g ; '67.53 MT/batch ﬂ:’_—“—’ 12;1'23;::0( ™ 4 [ 1
,,,,,,,, : m3/batc "
; 4 : oA =110 ERTERM * P84 MK Hopped Wort P-9 I WhP-1
: 5 : Mash - L Trub
- : PS5/ MK-1 ; Lauter Tun p— Wort Bo Whirlpool
Corn Grits M s-102 s07 | Mashing | cT-200h Grant Tank
: :
: : 51
1 Brewhouse
P4/ 28102
Solids Bin
5128
P-11 /W1 L
Water Tank
Website for composition of barley and corn
18.00 °C 127 P10/ HXA
515 : . 7fid=2013
{105 15 marmaten o | Heat Exchanging http:fw ww nutritionanalyser. com/food_compositions7fid=2013
5108
P-12 / Chiller-1 4
Cooling Brewhouse Water
Oxygen
&
Vent-3
z
Diluent Water
n n Went-4 &
Tz Fermentation & Aging
NN
s-120
P2 M0 “east and Trub
Wort Oxygenation RO
atcl
105.25 kg/batch T Green Beer P-15/ Chiller-2 " PAT TMX-102
P14 1 ” Chillin P-16 7 CT-101 500 °C Dilution Fs /PR
P P-14/FR-1 9 " - 106.51 m3/batch Beer n
Yeasi Fermentation
Fitered Beer
126,22 m3/balch
Vents
=

S-113

TTE

15.00 °C 1.00°C
P-20/Pz-101 (25 10 m2/batch }
Pasteurization

P19/ FBT-1

Filling & Packaging

s-118

tered Beer

P-22/ Chiller-3

P-24 / GBX-101
Tunnel Pasteurization

200811.62 Bottles/batch

@
0.5L Bottles

50L Kegs

Empty Kegs

Labels
©

502.03 Kegs/batch

12Pk Beer Cartons

P-25 7 LB-101

16734.30 Cartons/batch

Labeling

P-26 / BX-101
Cartoning

Empty Cartons



5101
8-102
+
5-103 & H
+ |
5104 & M o
+- 3
+
+ k
P-1/V-101
il Phase Prep
5105
ater-Ll-1
5107 @ )
5-108 @& >
5-108 & »

L

S-110
S-111

5112 5-106

S-113

"
Quench Water
5114

P-2 iV-102

Base Main

Shampoo Manufacturing - Batch Mixing of Materials

é :
5116 :
e @] Filled Bottle

P-3/V-103 P-4 /FL-101
WIP Tank Filling
Empty Bottle

@ Intelligen, Inc.



Water / Environmental
Perspective
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Industrial Wastewater Treatment

Inflj)ent ITI
\—’7\

T

i

5-110

+m]
g5122 Ligquid Effluent

— —
1 & P9/ GMF-101
2k Filkration

ABT-Emiszions Polpmer CIrf-E mizgionz
— 7 503
P-1 4 Me-101 +— 0 oy FHIZ
bimirig JA PR Y :
Sludge Recycle 5104 P-2 / AB-101 P-4 / CL-101
& Aerabic Biodxidation Clarification
541
P-E /FSP-101
Flaw Splitting
5116
5117
Air Out
{)_
. —| HE
S P8/SLDR-101  Dried Sludge
Air [n .
Sludge Diving
P-7/BF101 .
Belt Filtratian |

’ Intelligen, Inc.



Water Purification and Wastewater Treatment

96 m3/h

Inlet

with Wastewater Recycling
=

T'!?'!?

5.102 P-1 4 Gac-1m
GAL Filter

S105 P2/ INX-101

Cation Exchange P& /DG1M
Degasification

=
5117

Water Purication Section

e
5101 Peg / INX-102

Anion Exchange 5-1

Sulfuric: Acid Mitric Auwcid

* &

5-135 B
5121
P-7/RO-1M +'11'I :E X
P3/UF101 5112 Reverse Dsmasis _ |- ——{b 5138 e a¥a
Ultrahltration P17 Fabrnication Plant
Flows Cantraller
5-1
| ]
85% ‘
: o | 5125 Cal@H]2
Rec. Yield 5-130 .
5131 S-136 ; L|_J |—¢
71 m¥h —— L.
5-134 L 3127
gq3p 18 /A0102 ¢ — P12 / CL-101 >
) Reverze Dzmosis P14 / GMF-101 i P-11 ,.J'_-\.-'.'| |:|_'|
I%I &M Filtrati Solid W aste F13/0C10M Clarification Neutralization
firation Centrifugation

Wastewater Teatment Section



Air Pollution Control Process

=1
N

I

P/ O P-2 / BHF-101 ‘
Gas Eyn:lu:uan_1 0z Baghousze Filtration 104

!

Dust Remowal

5-1

05

5-106

b ]
N 5107
——

N
P3/CA01  S-108
Ahzorption

Acetone Remowval
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Mineral Processing
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:@:Supelpm Deszigner - [MineralProcessing]

File Edt UnitProcedures Tasks View ‘Window Databanks Help

=181 x]
=181 ]

DEEG s 2B 02 B eEae SR T

b IPrimary Processing

jE‘ $ 20w aa ”Main Branch

j@anaﬂ

bom T E i o8 || waiting for Simulstion To Start...

M|u |

5107
Main Feed

P-1/HP-101
Hopper
Makeup H20

P-14 /4101
Stoich. Reaction

|<1 175 -

ploe /|4 |

[~
o
12 |

Dirawe & rectangle or a square [hold Shift key down)

i Slall”J m & @ »“ 4, America Onling

|F|ectang|e /8q
T
™y o
P&/ PM-101 g
Fluid Flow o
da
5-108 o
-
|
i
A |
* S5-104 Q - B
— pa 5-101 &,
—H— P-4 / CSP-105-105
P-3/GRA01 Hydracyclone i
Rod Ball kill
I
5-123 T |Secnndﬂm Section |
5122 IE-—‘
S-119 ‘ coz
g H————— E S-116
e ' s-121
P13/ RVF-101 S-118  PA1/C5P02 P10/ GE-101 ¢
Rotary % acuum Filtration : Waler Leach 5420 Kiln
5124 :
5117
i ®
' | -
| v
| F—; FileM aker Pro | . Erails-1 - Microsaft ‘Word | Sent ltems - Microzaft Outl... “@ SuperPro Designer - [ \) J@%!’E
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Modeling, Scheduling, and
Debottlenecking of Multi-Product
Facilities

The Realm of SchedulePro

@} Intelligen, Inc.



Process and Business Integration

i §

Supply Chain

Plant-B

Suite-1 Suite-2

Step-1 Step-1
v v
Step-2 Step-2

: :

Step-n

Step-n

@ Intelligen, Inc.



Modeling and Scheduling of Multi-Product Facilities
< Intelligen Suite >

T e T T [ schedulePro - [Two-MAB-Line-Facility] =1
DEE@ /B 8 e 8 SR 2 Euli Edit Recipe Resourcéé Schs:du\e View Reports DataBanks Window Help _ =]
5 [Biorcaction Section IR E $ 2 & % A [Mensanen =15 e % a8 DeE!2RE =2« x?]

b owm ot 5 ) G o 0 | [Weting for Simuaton To Star e SchedulePro Project

%J;;C,‘::,; Start Date and Time Sl M [ Bl Bty s

&g Bioreaction Section i ] [os 00 1625 day > I Display Relative Times

it P-1/ Media Blending (v-101)
@ P-2/ Media Sterilization (DE-101)
& P-5/ Fermentation (R-1)
B Recovery Section
&g Purification Section
£ Mab2
-~ Materials
&P Facilities
£ (P Simple-MAB-Site
- Labor
i Staff
5 Utilities
@ Equipment
& Work Areas
Transfer Panels
-[E Storage
B+ Material Supply Systems
[ Production Schedule
e Mabl-1
¢ @ Mabt-1-1
T . @ Mabl-1-2
Equil Buff H Mab1-1-3
¢ o Mabi-1-4
% Mab2-1

Scheduler Settings

Monoclonal Antibody Production

Media

Campaign Sequence
10 =

= X B

Campaign

S0

P& /AF102
At Fitation

WFl 5104

[Recovery Section

P1/vA0
Media Blending P2/DEAN

scheduled

Media Sterilization
Coll Waste

Bioreaction Section|

5115

P5/VA02

o Fermentation

Diafitraion

P-8/V-103
Storage

5109

P4 7AFA0
P3/ G101 At Fitration
Air Compression

[FEAE s oL P NYg[g0O0D0 /5>

Equipment

Wil

A, Sulate

b2 o
e

e NaOH-2
————— 1

i Mab2-1-2
Mab2-1-3
- Mabz-1-4
i Mab2-1-5

h——
k¢ HIC Buif Lo
b HIC Buit High
L

B wha 5127

.
P18 /C103 PA4/V-104
HIC Addiion of Amm. Suliate

P12/ 0102

lon Exchangs Chiom. P11/DF102 & ‘[ C-100b
513 Disfiation
5126 il day| [ Tue [Wea] Thu Fri | sat [ sun [Mon] Tue [Wed] o[ Fri | Sat [ sua [Mon] Tue [Wea | Thu | Fri [ sat |

wk Mar 27, '06 Apr 03, '06 | Apr 10, '06
S114

Ll | le ‘ | >

Readngdocurent o k. Dol Tl 1 Ready

SuperPro Designer % E. :ﬁ SchedulePro

Detailed Analysis Recipe DB Modeling, Scheduling
and Evaluation of and Debottlenecking of
Single Processes Multi-Product Facilities

. Intelligen, Inc.




SchedulePro Production Suite (Architecture)

WebTracker

Management (view data)

i
H
H
[+]}

Local Files SchedulePro
'E S ot-dpp - SeheukePro -=EN
@ - P

B Tem bkl bt Mairrr Gt b
e A i vy aie w iy =] M
& Hatsisk ScbwbdmgHir Schwie Il Domi e o e i T

S e T Operators (Plant Floor)
L N — Enter status updates
' £ ] ' SQL/Application
Server

_- ~ == UserAccess Control
= =l and Auditing

Production Planning & Scheduling

@ Intelligen, Inc.



Communication with Other Systems
Web Tracker

Your

"

| Application |

Your
| Analytics

Configurable Text Files (ERP)

Recipes

Resources
Campaigns/workorders
Inventories

MSuperPro

Custon | {——)
Mapping

—

API

NET API

SchedulePro )

o . s
o e s o e ] (=
H k o teee pranceen
W i . n LT e b v
# it e .
-
i !
oo
1
HE- | Emm =
vl fiowiia s W | O -
-
i
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Recipes in SchedulePro
(According to ISA S-88 Guidelines)

&4 Two-Protein-Line-Facility.scp - Sche

dulePro

—

B |-

----- AL Materials

any number of recipes

-g® Facilities
-9 Biotech Facility

(ﬂ] Labor

Operation Sequence

Timne in E

Plant Air (0.08 kgh)

P-2(DE-1[L1)
Madis Stariization

FILTER-1

P-5(R-1[L1)

amena:

ton

Transfer in ag. Media

Ferment

File Edit Recipe Resources Schedule View Reports Connectivity Window Help a f
A recipe is
"ad - . - -
O E o | & | B E % | | <% Automatic - £k ? visualized with a
24 SchedulePro Project Uit Frosad block diagram and
|_:_|{‘_‘|':I Recipes it PIEEEELTE a Gantt chart
I_:_|{‘_‘|':I Proteinl M ame P-5 in Recipe |Froteind
EIEHE Bioreaction S?Ctmn ] Description Fermentation
------ I:l P-1/ Media Blending (BT-1 [L1]) ] [—]
& P-2/Media Sterilization (DE-1 [L1]) Equiprnent A-1[L1] = . |\ // =
. =LY
i P-5/Fermentation (R-1 [L1] sifiiaices | A recipe consists of — V/ :
ﬁ-»g Recovery Section Frocedurs S ee unit procedures - =
ﬁ-’g Purification Section ] organized into 3 e =
1 H H Transfer to DE Filter - =
E]@ Proteind A project may Include sections P-1:CIP-1 Cleaning Step #1 (82316 ko). ) o = £.1:CIF-1 Cleaning Step #1 Waste (333 16 kgl ()

5107 Ferment Emissions (2.54 kg)

P |
P |
..... E Staff - P-5:CIP-1 Cleaning Step #1 (83282k). (..) EZ[‘:’S”“D‘EMG’ 1 *T] P5CIP-1 Cleaning Step #1 Waste (89382kg). ()
S [= Pl
----- E} Utilities o8 SP
----- £ Equipment Operation Cycle # I Aux. Equil Duration I FIOEIID
PRS1 105328 ko) Col Wasie 017 43k0)
@ Work Areas Transfer in ag. Media 1 ] Gantt Chart for Recipe: Proteinl (Two-Protein-Line-Facility.scp) = | B |
..... Transfer Panels Ferment 1 i File Edit Preferences
_____ & Storage Transfer to Diafiter 1 (0B Epesiee -
: ClP-1 1 Duration | Start Time | End Time| * | ! ‘ : | ? [ ¢ E 5 ES
----- ﬂ'l‘ Material SLIFIFI|‘_‘,." S‘_‘,."StEI"I"IS =T - Task @ ® ®) IE |15|z4‘31|4c‘4s|55|54‘?1|m|ss|1c4‘112|1zc‘123|136|144‘ [
Eﬁ Production Schedule ! [ Protein1 13828 [0.00 138.28 ] -
: . 2 He1@T-1L1D 6.62 0.00 6.62
1*. Proteinl-1 8 [Hr-2 @E-1[L1D 4.00 137 337
11 Protein2-1 10 Bl ®-1[L1D 6035 137 6172
11 Transfer inag. Media | 4.00 137 337
12 Ferment 48.00 337 33.37 00 1)
i ili 13 Transfer to Diafilter 5.10 3337 38.47 = [ Teansfey to Diafiler (5.0 h)
ReCIpes Utlllze 14 CIP-1 123 38.47 39.72 [ czafizsm =
resources of facilities 13 SIP-1 200 3972 6172 1l s=aleoon
6 [#P-7 (DF-1 [L1D 633 3337 39.72 [ ]
19 P8 (ST-1 [L1D) 10.23 5337 63.60 ]
| 25 P-9 (UF-1[L1]) 482 3847 63.28 |
28 FHP-10(C-1 LD 6.07 62.03 65.10 [ |
1 | 35 P11 (OF-2 [L1]) 2087 6235 032 ]
40 P12 (C2[LID 6.00 90.32 96.32 B
Ready 46 [ P-14 BT2 L1 5.06 95.57 101.63
- 31 [Hr-15(C-3 L1D 13.81 97.07 110.88 - L]
‘| ’ | =




Unit Procedures in SchedulePro

24 Two-Protein-Line-Facility.scp - SchedulePro E@ﬁ
File Edit Recipe Resources Schedule View FReports Connectivity Window Help
[ @ MO % B 5B %] B E %] aomc . %
ﬂ Schedu.IePrD Project “ | Uit Brocedure
=-£93 Recipes
"{jj Proteinl Mame P& in Recipe |Proteing
g];r;:l;feactmn Section DRI A unit procedure
..... $ P-1/Media Blending (BT-1 [L2) Equipment | includes one or @
ki Procedure Size / assigned a pool of one or
. EHE Recu:u\rer}r Section . . .
&) g Purification Section Mao. of Cycles ) multiple equipment units
..... & P-11 / Diafiltration (DF-2 [L2]) Procedure Details for P-3
..... @ P-12 /Ion Exchange Chrom. (C-2 [L2]) _ Properties | Main Equipmert Pool | Work Area Pool I Scaling |
..... & P-14 / Addition of Amm. Sulfate (BT-2 [L2]) Dperation Sequenc
----- ‘;‘ P-15 / HIC (C-3 [L2]) ) Facilty /
..... & P-16/ Storage (BT-3 [L2]) | — | Biotech Faciity ~) ypei [] |Fementor / ~|
..... & P-17 / Diafiltration (DF-3 [L2]) B
----- @ P-19/ Final Polishing Filtration (DE-2 [L2]) Operation [C] Shares Equipment Pocl with Pracedure P-1
..... ﬂ Materials Tranefer in ag. Media [ Must Use the Same Equipment as Procedurs
- Facilities Ferment [] Do not Share Equipment with Other Procedures
EIEa Biotech Facility Transfer to Diafitter [ Require Staggered Use of All Equipment
..... @ Labor CIP-1 [ Require Same Equipment for Ertire Campaign
_____ & Staff SIP-1 Equipmert in Pool
..... @ Utilities Available Equipment
----- H Equipment R-1[L1] R-1[L7] in Biotech Facil
% ‘nﬂ?ﬂrihreas :] R-2 {LZ} En Biotech Facilgi
----- Transfer Panels
----- = Storage
----- B Material Supply Systems b
9@ Production Schedule

1;_ Proteinl-1 * |4

Ready

[v oK | [ cancel] [ Hep |




Operations in SchedulePro

Operation: CIP-1 in P-35 =5
Heating/Cooling | Power I Material Inputs I Material Outputs
General Duration | Scheduling I Aundliary Equipment I Transfer Panels I Staff I Labor

@ Duration Calculated (= Constant

Constant 75.0000

[ Scales with Batch Size

Tetal Mominal Duration 75.00 min

[ Rate-based Tem

Operation durations may be
fixed, rate dependent or linked to
other operations

Operation: CIP-1in P-5

Cperation: CIP-1in P-3

S5

Material Outputs

Heating/Cooling I Power | Material Inputs I

General | Duration I Scheduling | Aupdliary Equipmert Transfer Panels I Staff I Labar

Auwndliary Equipment for CIP-1in P-5

) Specify Type Air Fitter

Available Included

[ Biotech Faciity -

p S T 3
CIP-5k-2 {in Biotech Facility)
CIP-Sk-1 {in Biotech Facility)

AF-1]L7] "
AF-1[L2] —
AF-2L1]
AF-2 L2
BT-1[L1]
BT-1[L7]
BT-2[L1] o
BT-2 [L9]

BT-3[L1] :
e Aucxiliary equipment is
i associated with

C-2[L2] operations
G300 -

m

lse All Compatible [

Heating/Cooling | Power I lati
General Duration | Scheduling Im reiations

Scheduling precedence

bor

Operation Scheduling
() Starts with Batch Start

E—

@ With Respect to Ancther Operation in this Procedurs

Reference Operation ’Tlansferto Disfitter

Link Relation ., (FS) Starts with end of reference operation

(7) With Respect to an Operation in Another Procedure

Reference Operation | Trznsferto Digfiterin procedure P-5

Link Relation

[ Additional Links (Advanced)... ]

Time Shift (+ = delay, - = lead)

Fixed Time Shift 0.00

Maximum delay/lead

[ Intemuptible 0.00 h

Ise Flexible Shift 12.00

Mazdimum total break time

Limit Mumber of Break Instances to 1 times

Set Minimum Time Between Breaksto | 1.00 h

Operation Can Shift or Break for:

[ Facility Closure [ Utilities Availability
Equipment Availabilty [] Labor/Staff Availability

Outages

Material Availability {Fate-based or Inventary)

[7] Operation Can Be Scheduled within Periods of Facility/Equipment Outages
lgnore Outages Only  Operation Is Started During Nomal Operating Hours

lvs]lvn L] g2] v ok | [X Cancel] [(2) hep |

v |lv» [ L ][ L2 ] [v oK | [ cancsl]

() Heb |




Planning Campaigns

& Two-Protein-Line-Facility.scp - SchedulePro o
! File Edit Recipe Resources Schedule View Reports Connechivity Window Help
DEEC| & =l a 5 E S| EE % adtomatic - G . e
= Campaign Setup
g SchedulePro Project Sielmalilr St
e Reci - -
B {j;cg:_}steinl Start Date and Time Schedule Start Cul ID/Amourt | Time/Sequencing I Options I Advanced I Comments
-
) £ Protein2 12/26/2012 || 0000 12/26/2012 || 0000 Recipe and 1D
----- . Materials Scheduling Horizon Schedule End Del D
2P Facilities 1825 e 1/48/2013 | [06:16 Camp-3 Set from Recipe
. @-EP Biotech Facility
EX:ii]| Production Schedule Campaign Sequence Recipe [F‘rﬂtein'l vl
B.*;_ Proteinl-1 Bz o2- # - § | BF o E Mominal Batch Size Z200.0000 L of Fermertor Broth
1% §r o ¢ " E 00.0000
- - Proteinl-1-1 B A= o v W gg x | e % ¢
i Proteinl-1-2 Recipe No of Batches Amaour
Proteinl-1-3 5 13200.0
Proteinl-1-4 5 12500.01
t roten Display Calar Set from Recipe
- Proteinl-1-5
E -l Preteinl-1-6 < | m Batch Name Ease Proteini-2
=% Protein1 Batch Starting S No. 1
. artir uence MNo.
i Protein2-1-1 Batch Sequence 9=
Protein2-1-2
[— Use Mames from File
Protein2-1-3 B - X | W2 = O
o8l Protein2-1-4 Batch Duration Start(N Amourt
-l Protein2-1-5 138.28 h | 12/26/2012 00)

»

(@ Set Number of Batches 1

4

138.28 h | 12/29/2012 00)
138.28 h | 11172013 00:0
138.28 h | 1/4/2013 00:0 (™ Set Order Amount 2200.0000 L
138.28 h | 172013 00:0 }
138.28 h | 1102013 00

Protein2-1-1 16413 h | 12260212 13 Batch Size

Protein2-1-2 162.28 h | 12/30/2012 12

oL 16228 1 | 17372013 120 Specify Batch Size for Campaign  Maximum based on equipment  |n/a

Protein2-1-4 18413 0 | 1772013 12:01 _ PP ———

Protein2-1-5 162.28 h | 11112013 12; (£ Set Batch Size tletietubll L Set to Maimum
4| I (@) Set Scale Factor 1.0000

Ready | Recalculate @‘

oK) (3% Consl




Scheduling Campaigns and Batches

Constraints Considered by SchedulePro

Facilities & Work Areas .
—— Hard Constraints

Equipment (Main and Auxiliary) |

Resources (Labor, Utilities, Raw Materials) Optional

Constraints

Inventories of Supply, Intermediate, and Output Materials
-

@ Intelligen, Inc.



Visualizing the Results

.| Equipment Occupancy

PO -] fmeaten | (2 automatic  ~| B - B2 - - Proteintt 1B e EH-O O - @ @

|_
Occupancy ClP-sk 2 oooecfp - A

Equipment CIP Sk 1 | | s 3 P HEE ]

BT-1[L1]]]
Chart R-1IL1]]
DE-1[L1]{]}-
ST-1[L11}--
DF-1[L1]¢--
UF-1[L1]}--
C-1[L11{--
DF-2 [L1]}--
C-2[L1]f-- e —
Gantt BT-2[L1]}- ] Proteinl-1-1
C-3[L1]t-- . [ Proteinl-1-2
Chart E BT-3 [[[I:l} B B | Proteinl-1-3
=] - Proteinl-14
£ DF-3[L1]}-- - . Protein2 1-1
ey DE-2 [L1]}-- - Protein2-1-2
BT-1[L2]}-- - Protein2-1-3
] Operations Gantt Chart (Two-Protein-Line-Facility.scp) \ R-1[L2]}-- - - - - - :::ﬁ::
i File Edit Preferences ST-1[L2] Proteinl-2-1
- DE-1[L2]-- R i - Proteinl 22
. DF-1[L2]}-- - - - - Proteinl-2-3
Duration| Start Time | End Tin * | L | 2 [ 3 UF-1[L2]}-- - -
(day) (day) (day) |1‘1|3|4|)|e|‘|s‘9|1a‘11|u‘1z‘14‘1:‘15‘1“13‘1 c-1[L21}--
] ElProteini-1 1776 0.00 1776 DF-2 [L2]}--
2 [ Proteini-1-1 5.76 0.00 3.76 C-2[L2]}--
70 [l Proteinl-1-2 5.6 3.00 876 BT-2 [L2]}--
7 HP-1inBT-11L1] 038 300 338 c-3[L21}--
i o 306 322 BT-3 [L2]}- T EER -1
9 231 3.06 557 DF-3 [L2]}-- .- T ] .
B 5 5.4 i
= =2 = day [Wed] Thu| Fri | sat [ Sun |Mon] Tue [Wed| Thu Fri | sat [ un [Mon| Tue [wed] Thu Fi | sat | sun [Mon| Tue [Wed| Thu| Fri [ sat [sun
= o u et wk Dec 26,12 Dec 31,12 Tan07,'13 Tan 14,13
57 025 338 3% -
= = - m | 3
104 125 3.60 6.83
109 025 676 701 )
s 03; 690 T3 .| WH Consumption for all recipes (Two-Protein-Line-Facility.scp) =18
120 058 1w 62| P Q- e [7]
126 1.58 718 3.76 £ L
153 135 735 870
136 0.04 367 871 T
138 5% |60 1176
206 HProteinl-1+ 876|200 1776
288 [H Protein2-1 276 050 2326
289 [ Protein2-1-1 634 |00 734
357 Protein2-1-2 6.76 430 1126
425 Protein2-1-3 676 850 1526
493 Protein2-1-4 6.76 1250 1926 =
561 [HProtein2 15 676 16.50 236 B
629 ElProteini-2 1079|1451 2530 g 2
2 H Legend
630 [ Protsin1 21 5.76 1451 2028 | — 2 z Cons. Rate (inst,)
698 [HProtein-2-2 376 17.03 2719 4 LS ‘; Ea Cons. Amt (Cumul.)
766 R X I FTE = N Cons. Rate (time-ave)
< il ] v < =
Resource
g
Chart day|1[2]3]4]5]6]7]s]o [1o]u1]12fizua]is]i6]s7]1sf1o pofo1palos [pafas]pelar fos]aay
wk 1 2 3 4 wh




Tracking the Status of Production

1| Equipment Occupancy =HICH" X

i ._'v| .Batch v| 4 Automatic | E; g ~ [none) = %vl H[. = :j'-I: - @ -3 _j - o O - @

e e L e T =

CIP-Sk-2 -t IR T TR P I N e S B
BT-1[L1] B —t .

R-1[L1] = - - : rrent ...
DE-1[L1][}--mmmrmmmmofpmmrmmm e B e ——7 Time L
ST-1[L1] 215 DN = | T IS 1 1« § SO S O
DF-1[L1] - B A
UF-1[L1] 1 SN RSRRUUS RS F N R T
(SIS 18151 SR | N U A : S S « R N | | S S S A U SO
DF-2[L1] S ocranss NN oovee: SN | oy O O S S O
C-2[L1] S Y S | S S
BT-2[L1]
C-3[L1]
BT-3[L1]
DF-3[L1]
DE-2[L1]
BT-1[L2] ]
ST-1[L2]
DE-1[L2]
DF-1[L2]

BEquipment

o=~ T~ T~ I~ I = I = B = I =
EEC - - - -]
0 0 0 0 oo g o o

-

—

-

[
3486
'F[
=

] | | |
[SS I ]

[ 3]
ARERER

[ws]
2 aS

Q
L

L ST ST S I
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Considering Delays and Visualizing Conflicts

| Equipment Occupancy = | B

=R Y T I ETOYC)

COSKI T M-
CIP-Sk-2
!

BT-1[L1]

R-1[L1]
!

DE-1[L1]
ST-1[L1]
DF-1[L1]
UF-1[L1]

C-1[L1]
DF-2[L1]

C-2[L1] -
o |BT-2[LA} - mmpmmmemees HF---t----1--- % ------------------- m---+---- L P Proteinl-1-1
B | C3LIfomenefeoreeeees (- . e e R o
£ BT-3 [L1]f-rrmmmmmrmoeemnnoees H::I} """ - """""" =[|:|] """""""""""""""""""""""""""""""""""" p::t::1:1_4
[_ET' DF-3 [L1]f--------mmrmmmmmme e CEERITES SEETEEE  SELCRN SERRRE s I D Protein2-1-1

I 0 T e S oo R | s HEGRRRRTEE] SEEES ST SESPRRECRE (SRRERERES AR Procein-13

BT-1 [L21}-F----------- - N ] . S L S A roteinl-

R-1 [L2] - BTl 111 1) [ [0 -1 L R R P18

ST-1[L2]f---rrrmmmmrrrmmeees 18] EE] EECECEREE SEe L e | IR CRREEEEECEORS F-------1-oe R | AR

DE-1 [L2]{--f-mmremoe o] e R B [ L E B e L

DE-1[L2] f-----rrmmmpeemnne L R R L | - -

UF-1 [L2] -----rrrmmpeennnees R e e e | - R ek ot

e e oo e | [

DF-2 [L2][----eveepeeeeoee I I [ R [ S (N SR

C-2 [L2]{--e-mmmemrmmeeme oo L | Rt | - | R

BT-2 [L2]---mmmmrrmmmemmnmnsieees L [ o o -

C-3[L2]f--mmmmrmrrmme oo M- -t m------------- - -------------

BT-3 [L2] f--rovserrrresssenrcconsees JIEERT R I S [ RN BHE. [

DF-3 [L2]}----mommmpmmmmmmemmmespeo o] oo ooeeee o I St L R et I e arenrnr) I EEEerte

day Wed | Fri | Sun | Tue | Thu | Sat Mon | Wed | Fri | Sun | Tue | Thu |Sat
wk Dec 26.'12 | Dec 31,'12 Jan 07,13 Jan 14,13

-
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Scheduling Additional Campaigns

| Equipment Occupancy

=

5 | |

,_v| B 55ich .| iz

Automatic

"| lav @* & T [none)

AN |

- H:iH-00

"®0

Equipment

CIP-Sk-1

BT-1[L1]

R-1 [L1] fifess
DE-1[L1][3----

ST-1[L1]
DF-1[L1]
UF-1[L1]

C-1[L1]
DF-2 [L1]

C-2[L1]
BT-2[L1]

C-3[L1]
BT-3[L1]
DF-3 [L1]
DE-2 [L1]

BT-1[L2]}- ]
R-1L2] - -

ST-1[L2]
DE-1[L2]
DF-1[L2]
UF-1[L2]

C-1[L2]

DF-2 [L2]

C-2[L2]
BT-2[L2]

C-3[L2]
BT-3[L2]
DF-3 [L2]
DE-2 [L2]

__|}_______ R O T T T T Y

o e e e |
-l

Changeover

Time

day

Mon | Wed | Fi | S | Twe | Thu | Sat

wk

Dec 26, '12

Dec 31,'12

Jan 07, '13 Jan 14, '13

@ Intelligen, Inc.




Viewing Multiple Linked Charts

1| Equipment Occupancy

CIP-Sk-2

Equipment

R-1[L2]
ST-1[L2]
DE-1[L2]
DF-1[L2]
UF-1[L2]

CIP-Sk-1

DE-2 [L1]}----
BT-1[L2]}--

day

Wed | Tho [ Fri | sat | 5w

{1
Men | Tue [Wed | Thu [ Fri [ sat [ sm

i}
Men | Tue [Wed | Thu [ Fri | sat [ sm

Meon | Tue [Wed | Thu [ Fei [ sat [ sm |

wk

Dec 26.'12

Dec 31.'12

Jan 07.'13

Jan 14."13

m

] WFI Consumption for all recipes (Two-Protein-Line-Facility.scp)

Mags Flow in kgih

by

llls

Cons. Rate (inst.)

By ursswpa]

Cons. Amt (Cumul)

Cons. Rate (time-ave)

7| Wed

Thu | Fri | Sat

Wed

Wed | Thu

Wed

Thu

Dec 26.'12

Dec3l.'12

Jan 07.'13

Jan 14,'13

Intelligen, Inc.



SchedulePro Example

Production of Industrial Enzymes

@ Intelligen, Inc.



Industrial Enzyme Manufacturing Facility

7| Equipment Occupancy (Industrial-Enzyme-Facility.scp) || 3]

Q.| B Batch | 2 asap | B - B - & - celuiaset 2Bl e -0 0 - @@

Cellulase-1-1
Cellulase-1-2
Cellulase-1-3
Cellulase-1-4
Cellulase-1-5
Cellulase-1-6
Protease-1-1
Protease-1-1
Protease-1-3
Protease-1-4
Amylase-1-1
Amylase-1-2
Amylase-1-3
Amylase-1-4
Phytase-1-1
Phytase-1-2
Phytase-1-3
Phytase-1-4
Phytase-1-5
Phytase-1-6
Phytase-1-7
Phytase-1-8
Phytase-1-9
Cellulase-2-1
Cellulase-2-21
Cellulase-2-3
Cellulase-2-4

Equipment

day 2‘4|6‘8‘10|12|14 16‘18|20 22|24‘26‘28 30‘32‘34‘36|38‘40|42 44\4—5|4s\50 52|54‘56 58|60‘62‘64|66‘
wk 1 | 2 3 | 4 5 | 6 7 | 8 9 | 10
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SchedulePro Example

Processing of Agricultural Materials

@ Intelligen, Inc.



Processing of Agricultural Materials — Equipment Layout

Prep Tank 1 I Prep Tank 2
Iﬁﬁq
Reactor 1 Reactor 2 I Reactor 3 Reactor 4
|
|

| )
Filter 1 . Filter 2
|
|
Dryer 1 | Dryer 2
|
|
Line-1 Line-2

@} Intelligen, Inc.



Processing of Agricultural Materials

5| Equipment Occupancy =8 E=n="
.,’v| .Batch v|£ Automatic v|[§*[§* %5 * [none) v%v||‘-l[.-:j?!_--@§)-__£|§__jv°° ,@
Prep Tank 1 |4-1-
Prep Tank 2
Reactor 1
Reactor 2 || ;j:i
B c11
E Filter 1 — w1
& ] E11
& [ ] F11
3 Drver 1 ] &11
[ | =11
G-2-1
| = N I SN | = | CEX T | = R [ S
J-1-1
E-1-1
Reactor 4 f---------------- “| B-2-1 | | || G-1-1 | ............................................ o3

Fler 2o oo oot ESEE - =0 T - (A [
O S R RN EN RN | = R g N

h | 00:00 | 0400 | 0800 | 12:00 | 1600 | 2000 | 00:00 | 0400 | 08:00 | 1200 | 16:00 | 2000 | 00:00 | 0400 | 0800 | 12:00 | 16:00 | 2000
day Thu, Mar 01 Fri Mar 02 Sat, Mar 03

@ Intelligen, Inc.



SchedulePro Example

Production of Pharmaceutical Tablets
- Solid Dosage Manufacturing -

@ Intelligen, Inc.



Pharma Tablets — Single Batch Campaigns

. Equipment Occupancy (Selid-Dosage-5Single-Batch-Campaigns.scp)

E=B|EcE X2

-

| E%Dperation

v| l Automatic

- B - B - o - mi2sa

JOXO)

Equipment

Pharmacy

Blender-1

Gran-S
Gran-G
Gran-Q
CM-1
CM-2
Coater
PL-Al
PL-A2

PL-B

Blender-2 |-

Thu ‘

Sun

Tue

wk

Mon, May 03

Mon, May 10

MI12.5-1-1
C5-1-1
C10-1-1
M22-1-1
L100-1-1
L25-1-1

- Type Colors -

Changeover

@ Intelligen, Inc.




Pharma Tablets — Changeover Matrix

Changeover Matrix
M ame B40 Changeower
Statez Bazed on Product Type [Recipe Clazsification Cateqaory]
Marminal Duration 1] min
Min Time for "ldle’ State 4 day
atrix is Symmetrical
Idle 0.00 420.00 420.00 420,00
C 420.00 100.00 420.00 420,00
L 420.00 420.00 100.00 420.00
M 420.00 420.00 420.00 100.00
|« Ok | | Cancel |

@ Intelligen, Inc.



Pharma Tablets — Multi-Batch Campaigns

X Equipment Occupancy

(===

i - [E]] Buopention -] £ automat | B - B - % - uwod = % - i e-FiH-00 - @ ©
=TT TEEE TR EEE TR e
s20[ I} I | e
Ba0| [Tt [t Bt | RN BN NI EE. 1) [ R
SG|------- | I e el Rt Tt EEREE EREE SRS RRRTEREEE S | Kot St INEELL ERES SRR FEREE SRR SESRE S
1€ e s (| R S e | R e St IEERR) EEREE SRR SESRR S
B | Qe [l L
| cssl - [T (13- [ } E0- [ min BaE B .
csteo| - [ [} [0 [0 i M N | Nan [N B .
SR B By B B s B B B B B
et -0 -0 Ninm i O [0 OO I -Omm
szl -0 =rERE IEEIE1 -] B
e} IS - - B R R
2 ol gl

MI12.5-10-1-1
MI2.5-10-1-2
MI12.5-10-1-3
MI2.5-10-1-4
MI2.5-10-1-8
MI12.5-10-1-6
C5-1-1
C51-2
C5-1-3
C5-14
C10-1-1

C10-1-2
Cl10-1-3
Cl10-14

Cl0-1-8

C10-1-6

M25-10-1-1
M25-10-1-2
M25-10-1-3

L100-10-1-1
L100-10-1-2

L25-1-1
- Type Coli
Chang

u

2

B

g8 g
7]
|
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SchedulePro Example

Clinical Manufacturing of Pharma Tablets

@ Intelligen, Inc.



Three batches
of Product-1

Two batches
of Product-2

————

7 | Equipment/Staff Occupancy

\

| |

b v| ECampaign

- 4 Automatic\ I

2 B o s e B

Batch-Record

Contamer-1+1 - -

Mixer-1} -+ -
Muier-2| - -
Roller-1} - -

Press-1} - -

= Coater | - -
&
= Capsules-Paperwork | ----------
L S —
John (staffy | - -
Bill (staff) | - -
Alan (staff) 1| - -
Beth (staff) | -

Maria (staff) | -+ -

Steve (staff) | - - H ﬂ [| HHHI “I ________

Emity st | - T | D LD L | .
day 7 14 21 28 35 42 49 56 63 0 17
whk 1 2 3 4 3 ] 7 8 9 10 11

|} .......... '{ --------------- Invega-1-1
S ' ------ et
S O A N R B e L
T T T o (T -
LI R P [ .
T Staft
TSI Members

@ Intelligen, Inc.




Assigning Staff Members to an Operation

Dperation: Compress in Cormpression @
HeatingCooling I Power | Material Inputs | Materal Outputs
General I Duration | Scheduling | Aundliary Equipment | Transfer Panels | Staff | Labor
Staff Assignment for Compress in Compression
Awailable Included
| Filot Plant -| 4 I )
Beth Bill {in Filat Plant)
Emily Alan {in Pilct Plart)
John
Maria
Steve
Ilse 1 Epersuns Use Al [
) () () (22 [V ok) (X Carca) (T rn)

@ Intelligen, Inc.



SchedulePro Example

Manufacturing of Pharmaceutical Vials

@ Intelligen, Inc.



Vial Manufacturing Recipes

Water

Additives @——————— ¥

API

Empty Vials

+
s-102

+
N

P-1/300L Tank

F-2/100L Tank

Prepare Solution Buffer Tank

s-1

02

S ml vials requiring lyophilization

Stoppers

F-2/ Vial Washer
Wash Vials

P-4/ Depyr. Tunnel
Depyrogenate Vials

P-5/ Filler

Filling

cc

P8 / Lyophilizar
Lyophilization

%
P-7/ Autoclave

Autoclave Stoppers

P& / Stopper
Add Stopper

Water

-
Additives &————»

F-1/500L Tank

5-101

F-2/100L Buff-Tank

20 ml vials

P-2/ Vial Washer
Wash Vials

P-4 / Depyr. Tunnel
Depyrogenate Vials

API
Prepare Solultion Buffer Tank 5102
Empty Vials W W * '

P-5/ Fillar

Filling

—

Stoppers

P-T/ Autcclave

Autoclave Stoppers

F-& / Stoppar
Add Stopper

7 e & 100 ml Vials

P-2/ Visl Autoclave

Autoclave Vials

’ Intelligen, Inc.




Campaign of 3 batches of 5-ml vials (blue color) combined with a campaign of
8batches of 20-ml vials (green color). The two recipes share tanks and filler.

7 | Equipment Occupancy (Fill-Finish-Case-Bl.scp) [=n EoR(="
: Y| B Batch +| €2 asap -] B v B2~ & - smllyo-Doubled s Bl e B H-O O - (@ @

R | | o R 1 |1 1 1 R T e e IR
Compouadiog (511 [T} [TFIINCNEEIINCD - (LT (EFIENNENIQED - )
Fotding Tank [51] - TIEHICHIEHIE - MEHEHEHED--- s

Filler (811 [T IO IO - O EHEHE AT

acs-sup--O--0-0-0-00-0-0-0-CF
acus-2 s H-O-O- 0O 0000
Lyo-1 (s11}-[I[] [T [ -
| [T | R
Capper [S1] -+~ OO0 - ﬁ ---------------------------- [
Insp-Station [S1] |-~ Ooooocd---o0n

day | Mon ‘ Tue ‘W‘ed | Thu | Fr ‘ Sat ‘ Sun Mon‘ Tue ‘V\-’ed | Thu ‘ Fr ‘ Sat ‘ Sun

wl May 03, '10 May 10, '10
@ Intelligen, Inc.

e
-
o

mL Lyo-Double-1-1
5 mL Lyo-Double-1-2
£ mL Lyo-Double-1-3
20 mL Solution-1-1
20 mL Solution-1-2
20 mL Solution-1-3
20 mL Solution-1-4

Equipment

20 mL Solution-1-§
20 mL Solution-1-6
20 mL Solution-1-7
20 mL Solution-1-8

=

=

=

=
EERRENENEN

Lyo-2 [s11}--- [ [ ] LTI




SchedulePro Example

Manutfacturing of Consumer Healthcare
Products (Skin Moisturizers)

@ Intelligen, Inc.



Manufacturing of Skin Care Products — Capacity Analysis

LVL Platform - 359
Feeds filler 311

LYL Platform - 356
Can feed any filler

MT-5280

Dedicated to
160z / 480ml ==> Filling Time = 2.95 h
200z ! 580ml === Filling Time = 2.83 h

|

S5T-Gol

==l

STH016

'

E

NG

MT-365-Hv-1

HVL Platform - 365
Feeds fillers 311,
== BT 318, and 319.
MT-365-HW.2
HVL Platform - 367
== Feeds fillers 310 and 364.

MT-367 -HV1

—’? i
. (L ,, =
Filler 311
d
Dedicated to

100z / 300ml === Filling Time = 8.25 h

Y

o
Lzlb

STH018

==l

Filler 318

[

Dedicated to
6oz / 180ml === Filling Time = 17.06 h

E

}

ST 6027 Totes 364

ST74951 CH 8oz Filling Time = 16.25 h
4,7\ Cal Boz === Filling Time = 10.67 h
——
=
I &3 =
[\"il Filler 319
*
MT-6029-Cal ST6031-Cal L
=1k
Cal Tanks ST6033-Cal
Dedicated to
10z  30ml ==> Filling Time = 86.40 h
trx—ﬁ =
:‘ (L Filler 310
_[‘“——-i
ST-80084 Totes 310
Dedicated to

3.30z / 100ml === Filling Time = 51.69 h

Filler 364



Equipment

Production Schedule for a Three-Month Period

rsonsy DT ANIID M F—— T WD TD Em W
serone WL L NN WE OO -
s JHINEI D O MY TR 11 1 T T | ][
R T b b R
L B e B e e
riees11-HINHI 1l NN NN TN GO NN T
L SRTTTTINR 111 S 10000, (M| | s
3 T-5] Those white bars represent L DD .ﬂ:ﬂD_Dﬂ] .................... DDED]II} e
T4 clﬁﬁrnng and chang'eovertlmes. 'D'[l} "[H:I' ________________________ DD] l} ______________________
Fiec 315 [T T W 5 A 1O 11 R
e R B 1 I A e R 81 | 11 R e R mHm-
R L L e e L T T
srso M -1 S O [ e e e R R
e || | e | e | | W--1- - e e e
SRt 10 [ R AR [ ][] I R I
SPPITTTT] SN S S W BT T S B (T S SR
e | | T | e 1 I 1 e [ E— [ R R
reis I -4 |- -0 T D e e | SRR BRI P
e R N e I e |l -
sroooss - - - [ e e R R -y
| e T e T e R e e e .y
ST60271 -~~~ E:ll I Y I o o
File 3647 - N I N ——
wl| Moa Jan 03 Mon Jan 10 Mon Jan 17 Mon Jan 24 Mon_ Jan 31 Mon Feb O don Fsb 14 Mon Fab 21 Mon Fab 28 Mon_ Mar 0 Mon Mer 14 Mon Mar2l Mon Mer 28 Mon Apr (4

wi 0L/03/05 0L10F05 01/17/0 QL2405 0L/31/05 020710 02/1405 02:21/0 02280 03070 031405 03/21/05 03/280 0405
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Closer View

B Equipment Occupancy Xl

EERENEEEREIEEE EEEE——— B [ ——
S e e T R S |

1
1

MT-365-HVI S N - D1t SR - - -
1

"""""""""""" LIT1 [T rrt- HRIgEEEEREEN,
MT-G014{ f-omomroeanmceeassoeees It LIt LTI Iy-
ST-74051]  f--mmmhommmoee e =
FL-310  foo- T e C T T T1TF

ST-80084

MT-5280

MT-5129

MT-6012

ST-6027] - or P\ oG e

0 R MV
- []-

ST-A1

FL-310

Equipment

FL-364

FL-311

ST-6029 (%) Changeover —~—-- 7yl P [Tt

ST-60164

rats ] N O [

ST-GO1S S - -----| -~ oemeqeemcecfooe o - - -1 --oooleeotoneee ] . - - ooooc e

MT-365-HV?2 |

ST-BY | f----vfommmmommmmetomeeees (BN [ERRRNTRRRS SRR SRR TR TR R SRR B
MT-367-HV1 S | - Weekend Break -0 L
ST-6031 (¥)7 fommmmmbmmmmmmmemm ool

day [Sun| Mon | Tue [Wed | Thu | Fri | sar | Sun [Mon | Tue | wed [ Thu | Fri | sat | sun [Mon | Tue [wed | Thu | Fai | sar |
wk Feb 14, 05 Feb 21,03 Feb 28, 05

< I

]
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SchedulePro Example
Designing a

Two-Line Bio-Pharmaceutical
Manufacturing Facility
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Facility with Two MAb Product Lines

R - .
e T - — o - Four production

3 - ?‘\% ¥ i M v =w=] T = H H
L L P T T e e ] bioreactors feeding a

= __| single purification line.

]
§

B
i
\Hl
___f_d
|
|
i
o
|
i
G
Jﬁi i
gl
[ E
|
]
g
I
[
I
)
|
i
—+
|

1

Common Media an

uffer Prep Areas and Ultilities

Four production
bioreactors feeding a
single purification line.
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Twelve Batches of Each Product Line

HERE e Media &
YL Buffer Prep

)
L] =
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[EENTL Ta WL IRRRETRE- 1= [
NN ]
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Mab 1

e -

Mab 2




Buffer Preparation

=
&E@Zoomﬁ) - QZoomE'_.r - ||<=? b ?:Ig ‘

1P Skid 1 (USP MABD) - IH : TN W - T :!
CIP Skid 2 (USP MAB2) y

CIP Skid 3 (Capture MAB1)----- - BN (T [ — B I S

)

)

)

CIP 5kid 4 (Capture MAB2
CIP Skid 5 (DSP MAB1

CIP Skid 6 (DSP MAB2 --}- -- -
CIP Skid 7 (MP Common) |-- [lH----0I0--- 1 -l - -0 -0 BH-- - - --
CIP-Skid-BP-1 St I R R | SE B R I - - I A - - --- -
crp-skid-BR2 H -0 I}F--- -H- A1 - -k HE 1+ + e - . Hl--- o F
V-230 -- - H1- M-t - JE--

V-240-MAB2 - ---I-----}----- 1 - -
v-140-MaB1 |-} -l N
V-250 -10- -- -1 - F-----

V-260 -

V-270}-
Ingredient Addition
V-1000L-A ----
V-1000L-B |---
V-2500L-4 }---
V-2500L-B |---
v-8000L-A [[]--
v-8000L-B []--
v-goooL-c {l}-
V-8000L-D
V-8000L-E -
V-8000L-F --
v-110 |l --1--

V-120f-----
GSP-101|-----

0l <

Equipment

day

/ 5 6 ‘)8 3[] 2 F, Eny 4 F, F, 4 A
Kl I ﬁ
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Buffer Preparation — Closer View

o [=] ']
File Edit Update Chart Preferences
&E@ZoomTo = lil’Zr:'om By -~
Durati . . F | »
Task ation | 3tart Time| End Time - - _
W W @ tl2fa]efs]ef7]efs[0]n
! |ElBuffrB14 6.60 0.00 6.60 | |
2 | EBuffer B14 Preparation (V-|6.62 0.00 6.69
3 Manual Setup of Tank 1.00 0.00 1.00 Manual 82tup of Tank (1.00 h)
4 Add Purified Water 0.92 1.00 1.92 ] 260 Purifisd Water (082 1)
3 Add Salts and Agitate | 2.00 1.92 3.8 D 6 Salts and Asitate] (2.00 h)
6 Transfer to Holding Tank 127 342 iig ] Teansfer to Hplding Tank (1.27
7 CIP Tank 1350 5.19 6.69 ank (1.50 1)
4 | 2
Ready
CIP-Skid BP-2 |- ]]--|] -
V-230
V-240-MAB2
£ V-140-MABI
E V-250
=1 V-260
= V-270
Ingredient Addition |:.:| -
V-1000L-A --------- |- B oo BN o S B R B
V-1000LB --------- [ - B oo B EN - oo S Lo B o R R
vasoo-Al--———-—- -1l o+ ' e e e
V-2500LB --------- [ - B oo R N - B | o R o B
v-g000L-A[] [}-----
v-s000L-5 - ----
V-8000L-C
v-goooL-D|--[[ [ T}-
V-8000L-E }---------
V-8000L-F | ---------
h 672
day 28
(]

AP
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Mass in kg

Inventory of Buffer B14

T B B R S e B S sEETEE! EEREI [RRPES REREES FRPERE B - 8500
8000 R A — - RS | Ik o L 8000
75701 JE EEEEES [SEEERE ERRERS| SR & R B e e | RS e B Y B R RERT EEREEE - 7500
7000 JE EEEEES SEEERE ERRRRS| SRR ¥ R B E e e L RS B R RERT EEREEE - 7000
6500 1 ------f--=nn-]-mnnmcfonnd s RS BT e e b IEE e | B A 5 Y R PR EERTE L 6500
6000 1----------=-]-=-==-f -t - S BE T Rt b EEE e b R RERT EEREEE - 6000
5701 JE EEREIE EEERE EESERS BN - S N E R S | SRS R RERT EEREEE - 5500
5000 4--------m-od-mnomefoeee - NI R - I | ERE N - RS ) N N -so00 | =
4500 4------mome{--oo oo} =-{-{-= -5 —=---|-= il s B A A D L4300 | @
B L ER B EASERRES & SR % Y CEERR S ER R B SYEEERRE R R BEnhn] EECEEE RS - 4000 E Jm |
3500 1 --=--nf--nmnemmmmnfenenns S R BT B S R S o B N B R 5 Y R PR EERTE - 3500
£110/1JE EEREIE [EREER ERRRRS SRR ~H-t- 1 i (SR B o R LRt EEREEE - 3000
y 5701 JE EEREIE [SEEERE ERRRRS SRR ~H-1-- S O [ERRE B 1t S CRERTI EEREEE - 2500
2000 -----nf--nmne-mmemnfeneans ---H-t-----4---1 R T R o B R 5 [CETE IR SRR A L 2000
1500 1----==--==qfrmsmmfenme —-H-1- b e et - 1500
(1115 EEEEEE EREEEEE EEREE) ERRREE s R S A s L L Eh CEPEEE] EEEEEE SERErS EREE] SEREES SR - 1000
T O e B R T TR (IR FEURI URRPRE SRR FEPRES ST RS R e - 500
h | 120 | 240 | 360 | 480 | 600 | 720 | 840 | 960 | 1080 | 1200 | 1320 | 1440 | 1560 | 1680 | 1800 h
day| 5 |10 | 15 |20 | 25 |30 [ 35 |40 [ 45 |50 |55 |60 | 65 | 70 | 75 day

75 | 80
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Flexibility for Schedule Generation

r

Operation: RIP in Buffer Preparation

=5

Heating/Coaling I Power I

Materal Inputs I Materal Outputs

General

Duration | Scheduling | Aundliary Equipment Transfer Panels I Staff I Labor

Operation Scheduling
() Starts with Batch Start

@ With Respect to Another Operation in this Procedure

Reference Operation [Tlansfer — v]

Link Relation l"j.. (FS) Starts with end of reference operation "]
(7)) With Respect to an Operation in Ancther Procedure

Reference Operation

Transfer out in procedure Buffer Preparation
Link Relation

[ Additional Links (Advanced)... |

Time Shift (+ = delay, - =lead)

Ficed Time Shift 0.00
Use Fleble: Shift 10.00 Maodmum delaylead
[T11s Interruptible 0.00 h Maximum total break time

Limit Mumber of Break Instances ta 1

1.00

Set Minimum Time Between Breaks to

Operation Can Shift or Break for:

Facility Closurs Litilities Availability

Materal Availability (Rate-based or Inventory)
Equipmert Availability Labor/Staff Availability

Outages

["] Operation Can Be Scheduled within Periods of Facility/Equipment Outages
lgnare Outages Only F Operation |s Stated During Momal Operating Hours

T W 3 e ||

[v oK | [ Cancal

(&) Hep |

Equipment
Pool
Procedure Details for Buffer Preparation \ l ﬁ

Properties | Main Equipment Pool | Wors Area Pool I Scaling | \ /

Facility

[EP e [ |Batch Generic B

[ Shares Equipment Pocl with Procedurs

] Must Use the Same Equipment as Procedurs

] Do not Share Equipment with Other Procedures

|| Require Staggered lse of Al Equipment

|| Require Same Equipment for Ertire Campaign

Equipment in Pool

Available Equipment x % T e

Adding Ingredients constraint W-27450 (8000 L) {in BP)

Dummy for E11 & A16 reple!ﬂish V-27460 (2000 L) in BP)

gl“;‘g?g;";_m & AG replenish V-27470 (8000 L) (n BF)

RIP Skid 3 V-27480 (8000 L) {in BP)

V-27430 (1000 L) V-27450 (8000 L) {in BP)

V-27440 (2500 L) 5

V-27560 (1000 1) V-27500 (8000 L) {in BP)

V27570 (2500 L)

[« OK | [2€ Cancel] [ Heb |

Y

Flexible
Start Time
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Operating with Fewer Buffer Prep Vessels

B Equipment Occupancy

E%Zoom'l’o o QZDDmE}r T ||E<¢i> <'1._"=|_L> ‘

CIP Skid 1 (USP MAB1

CIP Skid 2 (USP MAB2) |-- e -0 IIIII [100- - 4- -1 - ---

)
:| -
CIP Skid 3 (Capture MAB1) |--- NI --- - [
)
)
)

CIP Skid 4 (Capture MAB2
CIP Skid 5 (DSP MAB1

CTP Skid 6 (DSP MAB? - - D IIIIIIII
CIP skid 7 (MP Common) ---[Hil---{ -0 -l --1--- W11 -- W -} [}
RIP SKid 2 T HET
RIP Skid 3 |-{] +---
v-27030 |- I
V-27040 MAB2 | ---

= V-27040 MAB1
2 V-27050

g3 V-27060 | -----
= V27070 f----------
I -

Ingredient Addition .]]
V-27430 (1000 L) ---- | H----
7-27560 (1000 L) t--- H----
7-27440 (2500 L) |--- | H----
7-27570 (2500 L)
7-27450 (8000 L) |[|]]]
7-27460 (8000 L)
7-27470 (8000 L)
)
)
)

===

7-27480 (8000 L
7-27400 (8000 L
7-27500 (8000 L
V-26110}--

h

day

. I R e e ]




Sizing of Purified Water Systems
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Sizing Shared Utilities (WFI)

Purified water 1s used for:
* Buffer preparation

* Cleaning

* Directly in the process

Systems Consist of
* Still
* Surge Tank

* Circulation system

@} Intelligen, Inc.



WFI Distribution System

re || RP || RP Waeh not wash in LSC

P
1 MF2 MP1

Loop 2
L J

GFmez=

] Sttt Rt iy Al ks i Al ltes. sunlsiinn Mtk il et h 4
L h 4 L4 r L h
cP cP cP CT30 cP cIP cIF
osP osP CL30 usr LsP CT40 040

GF ) & 30 P
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Mass Flow in kg/h

WFI Demand as a Function of Time

83000 4
80000 -
73000 4
0000 4
63000 4
60000 -
53000 ~
50000 4
45000 4
40000 4
33000 -

30000 {--{-4-H--t -
25000 1--{-F-H--F -1
20000 1--1-- 4t - -
15000 71+

10000 -

3000 <

936

1008

1032

1036

1104

1128

1224

1206 | h

39

42

43

44

46

47

51

54 |day
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WFI Demand as a Function of Time

Mass Flow in kg/h

x|
EffzoomTo ~ O zoomBy ~
L e S 5 F180000
L il I B T T e S e - 170000
L S B o MCOLRtotE SEEEREPEREES EEERPRRERERS DEFSERCEREEE ERPRRERPERS EERSERRESSEE L 160000
F 1 e Rt T S e S T S R EAELIAEER L 150000
L e el A T ! S e T e - 140000
L Lo S e e B e L R L 130000
G000 ---------=-J--emmmmeme oo fl et e 1 120000
e B | Sy i A B T B e 1 110000
SLE 1 B | T LOCnY| NEEREREREERS EPRPESPERRRS SRR FER B EESEEERRE ERR EEPEEEEEERE S L 100000 §
@
T I I o000 | 2.
40000 4o ge o b A A 180000 | =
35000 -----n-mme e fe b b e e e e -4 70000
30000 1-----1-----4f--+ - W {4 e A -+ 60000
25000 {----H----H-4--+- S+ - A --1 50000
20000 {--- -kt SHRY- - b -1 40000
15000 4---{--f--{ k- AHo- A -4 R -£---F- A4 - THE- PR - =0 b= HAf--H-A-- 4 - -4 30000
10000 1 20000
5000 -1 10000
h 528 552 624 h
day 22 23 26 day
| i
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WFI Demand as a Function of Time

Bl HPW Consumption fo E x|
: Inst. Peak = est. Peak cumulative
E ZoomTo ~ Q\ Zoom . . .
pumping & piping amount = est.
TO000 === 7| capacity @00 [ [ tank size @ | [ 180000
85000 --------eeo1 - e e - 170000
80000 f-------mmmrfmmmmm oo / ------------------------------------ - 160000
73000 qoemmmmmoerrr e ERREEpAsEwRRENbEsema e s wwasw i 150000
I T S R B R EEE ARRCEEES B R IRRREICOCEEE! SUCEEEEROCED - 140000
I s SAit Rttt [EEEERRETEEES EPPRPRRUREE SEPPRRPRCES IESRLRRS Sl GEREEEERS FEEEEEEE - 130000
60000 §-----mmm oo S I e | RECERRE it ERECCEEEED T 120000
=
D 55000 -t Peakavg. | /1 | | | 1 110000
c rate = still =
il LR Rl ety | L | R G EERC | BB B | R B B ELEERCCEEED SCCREEROOEE - 100000 | B
E EET11/ IS SERRRRPRRERE ERRRE § BN BEN B SR | capacity |l oL L 90000 | 2.
L =
Bttt I & R 11 A Iy It AU Gt 1 A I S/ Il | R -1 80000 | &
L] & Ao b N N e -1
< |35000 70000
30000 -4+t AF AN N -~ 60000
25000 1----4----H-4--+-FHHH -4 A AN --+ 50000
20000 ----ob--- A4 -1+ N -1 40000
15000 +---$ll--F-- - k- Al - A £ -F - B34 -1 NERE G- -4 F- A1 -1 30000
10000 1-- 'MrT 20000
5000 -1 10000
h| 43 456 480 504 528 552 576 600 624 h
day| 18 19 20 21 2 23 24 25 26 day
| | i
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Tank Volume versus Still Rate

300 25
250
20
& 200 =
£ 15 5
2 £
E ~ |~ Tank Volume (m3)
3 150 £ .
>° S —=— Still Rate (m3/h)
=== 10 :'==
= 100 »
5
50
0 0
0 5 10 15 20 25 30
Averaging Interval (h)

> Max Instantaneous Demand = 79 m3/h
> Long Term Average Rate = 7.5 m3/h
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WFI Inventory

_ 150000
_ [ 140000
gL 130000
L 120000
JLEF 110000

Mass Flow in kg/h

Tank Size = 150,000 L; Still Capacity = 15,000 L/h
Still On/Off Limits = 35 and 100%
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Sizing of Wastewater Systems
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Bio-Waste Collection and Treatment

M B % Gy

L ]
“1
BIOWASTE BI?_‘::‘Q?TE
Wash aea 2x800L 2:x3500 L 2xBO0L & TANK 3
Sink Bineactor Bioreacior Bioreactor :
Floor drain Chase 1t foor COOLING
. WATER
- -

§
1xMFUnit | [ 1x15ma 1% 15 md 1x15m3 1x1Bm3 CIP US30 = _/
F-28311 Bioreactor Bioreactor Bioreactor Bioreactor 1 CP = !r‘//y k

Rirse |
I I I I I |
CIP US40 !
1t CF .
Rinse :
e Lo e

Centriige Filter Unit
CE-220 F-2640

INACTIVATED
I I Floordrin — Ground foor b 8
Jazmay

BIOWASTE
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Mass Flow in kg/h

Generation of Bio-Waste

Three-day
cumulative

19000 ] ] generation. | <00
18000 1 g nepannsnnapunsnnsnennspll 2000
17000 4-o-oomm el e el e e e - 8500
11 e | o O s e - 8000
15000 4---mom e el H - Y e - 7500
14000 4------- el e e - 7000

e 1 o] S O ISR | NS N o N A IO 0 Y N IS | N O A A SN - 6500

0 o] PR SRRt SO | SO S 1 e N S O U IO O RO A | 1 S O | A S - 6000

R 1) 07 N U SR AU | S YA O O A O U O A AN | Fss00| =
10000 Fso00| @
9000 - 4500 | 5
8000 - L1000 | &
7000 4 - 3500

6000 t 3000

5000 - - 2500

4000 - L 2000

3000 | L 1500

2000 - - 1000

1000 1--1--{-1|-+ - o0

h 1206 | 1440 | 1584 | 1728 || h
day 54 60 66 72 |[day
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Accounting for Transfer Panels
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Transfer Panel Constraints

P-1/V-101
Blending / Storage

P-1/V-101
Blending / Storage

P-1/V-101
Blending / Storage

C3

Jumper1 ‘

-
L
-

.\
~ .
N

.
\.
©
i
.
.

Jumper2

Jumper3

Jumper4 ‘

A/
.
e
~/
.
.
@ ’
S
~.
~.
~.
~.
)
7’
e
e
.
4
4
‘,
N
s

N
N
~
N
R
e
R
-
L
N
N
N
N
N
N
@
ol
Lo
-

K .

P-1/V-101

Blending / Storage

M P-1/V-101

C5

Blending / Storage

C6
N
Cc7
P-1/V-101
Blending / Storage
P
Q
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Detailed Representation of Transfer Panel

Transfer Panel Properties x|

Properties I Topology Connectivity | Exclusive-Use Components I

Ports-Set1 Bridges Paorts-Set2
WA -] Y1z
] — T3rd
1 TR []E1 - = =
w2 ! 2 Operation Details for CIP-2 in 9K Prep14020 x|
%EB > — Ei Labor I HeatingCooling I Power I Matenal Inputs | Materal Outputs
G OH General | Duration | Scheduing |  Audliary Equipment Transfer Panels | staff
L1S1 CJ Transfer Panels for CIP-2in 9K Prep14020
152 — vk
W53 L — Awailable — Ltilized in Sequence
154 LI M »
Facility ‘ e
| DownstreamLSM ste =l TP-14000 {n DownstreamL SM-si
Connect Al TP-14060 {in DownstreamlL5M-site
Transfer Panels A =
[TP-13100 = o
Altemative Paths for TP-14000
v 0K | Hcamee| B —
= ExXE S
Ports-Setl | Ports-Setl Bridges Bridges Ports-Set? | Ports-5Set2
{primary) (secondary) (primary) (secondary) (primary) (secondary)
1 c1 J2 B
vea | ve | 2| 2| v oK | X cancel| (@) Hep |
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Use of Transfer Panels

.| Equipment Occupancy

«_f'| Ly Operation - | £e

Automatic

.| @ - @ * B, - DownstreamLSM-1

Equipment

TP-14060/B - Y1-Y2 - C4
TP-14060/C2-Y3-Y4-7J

TP-14060 /B - Y1-Y2 - H|---{]
TP-14060 | ---

TP-14000/C1-J2-B
TP-14000/C2-J3-F
TP-14000/W -J12-F
TP-14000/C1-J1-A

TP-14000/W - J10 - B ---1

TP-14000/W-J9 - A
TP-14000

TP-13120/M-Y1-Y2-C3
TP-13120/M-Y1-Y2-L
TP-13120/G-Y1-Y2 - C3
TP-13120 /N - ¥1-Y2 - C3
TP-13120/B - Y1-Y2 - C3
TP-13120/F - Y1-Y2-L
TP-13120

CIP-14600

CIP-14620

CIP-13620

CIP-15600

CIP-15620

h

day
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SchedulePro Example

Capacity Analysis for an
API Manufacturing Facility
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sates

|

B ——

sn

ParR:
- DssdweT IR

by sm

RoIR

BerbPep

Chemical Step 1

PR
VLimdWorkup

RorR
Veiand Workup

P1oIRY
aen R

45—

s

Pr2iRe
NaCISPrep

ont
ROR [
WimdWorkup VLimdWorkup
S5
sn
s

P
FateTank
P15 8CFED- 1
Raiva u
Ensket Contifgaton(ED)
SumyTark
P17/SHORAD
v heredrying
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s109

s110 s

s101
sz
S04 s
P-1/RY
Free base HCV-V P2/R1
Water Removal
s
s107 s105
s
sn3
sny SN
S8
s19
s20
P-4/R2

H Solution Pref

S5

MP P2, 0ne module, staggered mode, 4 12 m3 reactors, 1 25 m3 tank, one dryer, need back-up be cause drying is tight. This leads to 57 M1

Chemical Step 2

s10

s2

su1
su2
su3
sus
P-6/R1
W Aque ous Workup
st
P-8/R1 sus
sue
W Bicarb Workup 150
sB5 s sur
su0
P5/R2
W Formation and Aqueous Workuj
PTIR2
s W Bicarb Workup
PR m—

5160

s

s167

s169

P15/ R1

Reactor Rinse

S0

P/R2 P/ T-5kL
Distilatior Precipitation b

P10/ TCF-in

Heptanes Wash Tank

P11/ BGFBD-101
Basket Centrifugation (8D

P-16/R2

Reactor Rinse

sS4 s

P-12/ TCF-Qut
Filtrate and Washes

s166

P-13/ SFDR-101

Sphere Drying

st64
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Chemical Step 3

Gramvgsan
sm
sm
- »
e R19/RT
oo
sw .
su
sim
e
Fat
sotmpsceres o
sto
I
S16 RE/MX101 b
I Indine Mxer
.
pr
s
s
s
sto
m
S| e
osota o0

s

PL15/BCFBD01
ket Canrfasion 8D)
RA7ISHDRA0!

Sher 0y

s

R2/BCFEDAN

kol Carrigaion B0)
7.8/SHOR 101

Shee Dying

R SL101
s Sore

FraPrdst
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Balancing the Synthesis Route

Batches Required for 35,000 kg of FP

SM —>»| sStep-1 [ Int-1 === 32 batches of Step-1
975kg Cycle Time=7days 1500 kg

Int-1 —>»| Step2 [ Int2 m===> 63 batches of Step-2
752 kg cycle Time=5days 700 kg

nt2 —>| Step-3 > FP ===> 125 batches of Step-3
350 kg cycle Time = 3 days 280 kg

Max Annual Operation = 48 weeks
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Annual Campaigns for the three Steps

x|
R' I | & Batch - | £ |Automatic - |E§' [=r i % . IInt-1 ﬂ@ 23 X
I
32 batches of Step-1
MW -------------------------------------------
E 63 batches of Step-2
E I T I ]
S| Traine2 [ [TTTTTO T TEOTOU TP TET PR CRL OO TRL T TR OO Legend |
%; Int-1
d [ | Int2
FP
125 batches of Step-3
v | [
day| 28 | 56 | 84 | 112|140 [ 168 | 196 | 224 | 252 | 280 | 308 | 336 | 364 | 392 | 420 | 448
wk| 4 | 8 |12 |16 |20 [ 24 |28 | 32 |36 | 40 | 44

48 | 52 | 36 | 60 | o4
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S weeks of
changeover time

20 batches of Step-3 in Train-1

H Equipment Occupancy x|
**I | & Batch - ‘ 3 ‘Autumatic TN\RT - % v||7_1 ;I@ L DE_E n;-
| | | [ |
32 batches of Step-1 \ v/
Train-1 TR i
% 63 batches of Step-2
E _ | | | |
£ | tea> | [T OO |
=)

105 batches of Step-3

rein | (T |+~

day| 28 56 | 84 | 112 | 140 | 168 | 1506 | 224 308 | 336 | 364
wk| 4 3 12 16 | 20 | 24 | 28 32 36 | 40 | 44 | 48 52 |56
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Inventory of Intermediates and Final Product

Int-1 inventory

Inventory of Int-1 Silo (Pharma Plant), for all recipes x|
BN zoom o -~ @ Zoomey -

150004 L L L] b 1s000

16000 -t----1--} 16000| .
FP inventory
140004---- L 12000
2 T - .
12000 12000 H Inventory of FP Silo (Pharma Plant), for all recipes x|
E‘n 10000 1---- --F 10000| QZJ
c @ EmeTn - Rmeny - I
% 80004---- P 8000 | = Legend [
Inv. Ame — -
= 60004---- .-} 6000 é 35000 / -epe--- F+ 35000
40004 +-1-o1- 4000 300004 fo L / —oofb- 1 30000
20004--- -} 2000
o [250004--foocbo oo 25000
= 5
oo
2y day E 200004 eeefoe oo e e S0000] @
wk wk w /“ w
@ =1
=
= «

100004 - -F---fommcfene Lot b 10000)

Int-2 inventory o 200 T e e b b s000

day| 28 | 5 2 224|252|2 21| |d
M Inventory of Int-2 Silo (Pharma Plant), for all recipes x| 2Y| 28 | 56 | 84 |112]140| 168|196 224|252 | 280|308 | 336|364 392| |day

wki 4 [ 8 | 1216|2024 28 32|36 |40 |44 |48 52|36 |wk
SN zoom 10, - W zoompy -

3000 b L 3000
70004 ----1----- [ [ - RS R R ) S Y L 7000
60004 ---- + 6000
=]
Jé 50004 ---- b 5000 gz,
£ @
@
@ [4000{ 4000) = = I
] = Inv. Amt
= |30004---- r 30000 @ Inv. Amt Limitz
20004 ---- r 2000
10001 -- 1000

day
wk
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Long-Term Planning Using Simplified Recipe Representations

irst High Volume Product - 2Campaign Second High Volume Product — 1 Campaign

Linel

1 Month for Cleanout
& Changeover

o I B [ [ [ [Ty

Time Blocked Out for
Previous Activities

Lined __:—

Two Low Volume Products — 1 Campaign each iJ Scheduled
Maintenance — Time

— ................ N Blocked Out

Line5

s T [

mo | Feb Mar Apr May Jun Jul Ang Sep Oct Nov Df:-c Jan Feb
mo Feb '07] Mar '07 | Apr '07 | May '07 | Jun'07 | Jul'07 | Aug'07 | Sep'07 | Oct '07 | Nov '07 | Dec '07 | Jan '08 | Feb '08
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SuperPro Example

Cycle Time Reduction
and Uncertainty Analysis
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Overall Chemistry

Quinaldine + Hydroquinone ==> Product

Pilot Plant Scale
55 kg/batch

Project Objectives

Annual Throughput > 36,000 kg

Manufacturing Cost < $250/kg

@ Intelligen, Inc.



=% SuperPro Designer - [SynPharma-L57]

File Edit Unit Procedures Tasks Yiew Window Databanks Help o =l |
2' |Pmduct Synthesis v| @l $ |f&|ﬂi‘l|&l|aﬁl IMain Branch vI @liﬁl%laﬁl ‘
Dl 2B k0o B S 7R
: : : =
Synthesis of a Pharmaceutical Intermediate Compound T
Iy
@ <>
® I
€02, Ciz, T Product Synthesis NalH | [=]
Quinaldine I Wazh —
—— o
" Emissions —
Chicrine 31 Methancl b S
1 7
Organic Phaze Hydroguinane L
M

i Na2CO3 ¢ c113 z
HCI P4 R-100 ’ Aqueous Phase NF'-td HhN ?;ljt--l E1 Waste <_A
Chiorination, 5alt Formation P.3/B-102 Hisehe Pt r£ 5119 ab
Cardenzation —
4
washe? o ° Isolation and Purification |1l
|-}

¢ I it —
¢ MR NaOH2 =4
25

e 5110 )
P-8/MNFD-1 5122

wiaste-2 Nutsche Filtration
5136

lsopropanal

S-‘II 02

"
Charcoal Fa/R-101 !
Charzoal Treatment

[4]

Final Purification

|zopropanal-2

P-7 /R-102
Precipitation

Charcoal Out

5-103

P10/ NFD-102
Mutsche Filtration

P-E / NFD-101
Mutzche Filtration P/ R-101
Product Solubilization
Crystallization and Drying T

P13/ TDR-101
M2 Tray Drving

P12/ MFD-102 Final Froduct
P11/ R-103 Mutgche Filtration waste-d
Cryztallization

| o

For Help, press F1

MM
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Scenario 1

Equipment Available

Two 1,500 gal reactors (R-101 and R-102)
One 4 m? Nutsche filter
One 10 m? Tray Dryer (1 kg/m2-h drying capacity)

Annual Operating Time < (330 days/yr)(3 shifts/day)(8 h/shift)

Are they Adequate?

@ Intelligen, Inc.



Scenario 1 (continued)

B Equipment Occupancy Chart / Multiple ( 2) Batches x|

o J+ LB RIS 1 AR 1

xR - O M-

Main Equipment

Legen |

NFD-101 -t BT N BNR B ERRR NN Rl |
£0): 11 T 00 S

n| 12|24 36|48 |60 72] 84| 06|108]120]132]144] 156168180 | 102

day 2 4 ; 3

y | B

Batch Size 246 kg

Number of Batches per Year 116

Annual Throughput 28,536 kg < 36,000 kg

Scheduling (Time) Bottleneck R-102 (74 h cycle)

@ Intelligen, Inc.



Scenario 2

Equipment Available

Three 1,500 gal reactors (R-101, R-102, R-103)
One 4 m? Nutsche filter
One 10 m? Tray Dryer (1 kg/m2-h drying capacity)

@ Intelligen, Inc.



Scenario 2 (continued)

B Equipment Occupancy Chart / Multiple ( 2) Batches x|

R o B TR U R ———
e B & I BN NN IO, S —
S | Rl [T R R | IR 5=
) 35 1) 1 S S o, -
n| 12|24 |36 48|60 | 72| 84|06 |108]120]132]144]156]168] 180
day > 4 5 3
Batch Size 246 kg
Number of Batches per Year 139 (116 =>139)
Annual Throughput 34,190 kg < 36,000 kg

Scheduling (Time) Bottleneck NFD-101 (56.4 h cycle)

@ Intelligen, Inc.



Scenario 3

Equipment Available

Three 1,500 gal reactors (R-101, R-102, R-103)
Two 4 m? Nutsche filters
One 10 m? Tray Dryer (1 kg/m2-h drying capacity)

@ Intelligen, Inc.



Scenario 3 (continued)

B Equipment Occupancy Chart / Multiple ( 2) Batches x|
5| xR D W
£ hepaor| CHE . I T TR A S
Pl I R JR TR 1
E 13038 [ SN R B BB
0005 1) R R S B B -
h |12 |24 |36 |48 |60 | 72 [ 84 | 96 | 108 | 120 | 132 | 144 | 156 | 168
day 2 4 6 8
Batch Size 246 kg
Number of Batches per Year 150 (116 => 139=>150)
Annual Throughput 36,900 kg > 36,000 kg

Scheduling (Time) Bottleneck R-102 (52.4 h cycle)
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Cost Analysis Results — Base Case

Unit Production Cost: $237/kg < $250/kg
Annual Production: 36,900 kg > 36,000

Cost Distribution
Lab/QC/QA
3%
Environmental
11%
Facility
Labor Overhead
21% 39%

Raw Materials
26%

Raw Material Cost Distribution %
Chlorine 2.72
Na2CO3 6.30
Water 2.73
HCI (20% w/w) 0.49
NaOH (50% w/w) 0.28
Methanol 1.22
Hydroquinone 6.32
Carb. TetraCh 3.67
Quinaldine 43.85
Sodium Hydroxide 1.37
Isopropanol 20.13
charcoal 0.32
HCI (37% w/w) 0.34
Nitrogen 10.24
TOTAL 100.00

@ Intelligen, Inc.



\ == Uncertainty in the

. T,é‘ Pharmaceutical Industry

g,
\O

Uncertainty and Affecting Process

Variability in: Evaluation Indices

(o

Resource Availability

\ / Plant Throughput \

_

perational Parameters
Product Quality

Raw Materials Manufacturing Cost

Market Demand Profitability
\Regulatory Approvals/ \Environmental Impact/
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Monte Carlo Simulation

Value of
(Uncertain)
Variable

Input to SuperPro

Crystal Ball

A
1
1
|
1
1
1
1
1
1

y

Excel / VBA

v

Value of SuperPro
Output (Decision)
Variable - Forecast

SuperPro Designer
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Selection of Uncertain Variables

1) Purchasing Price of the Key Raw Material
(Quinaldine).

2) Operating Parameters that Have an Impact
on the Time Bottleneck.

@ Intelligen, Inc.



Uncertain Variables: Raw Material Cost

Variable Base Case Distribution  Variation
Quinaldine Cost (%) 32 Normal S.D.=6
x|
Assumption Name: |Quina|dine Cost [S/kg] Frefs |
|
> ]
£ _
14.00 23.00 32.00 41.00 5EI 0o
» |10.00 11l] o0
Mean I Std Devlﬁ 00
0K | Cancell Enter I Gallery | Correlate... | Help |

<* Quinaldine is the most expensive raw material
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Equipment Occupancy and Material Flow

Il Equipment Occupancy Chart / Multiple { 3) Batches 5[
P-1 P-5 P-1
Ro10! S| O
\P-E P-9
Ro102{--—--- S| S~ B e

E
5
- V| ]
S ESUTEE B T B I R i B F R R
&
=
2
T T -, NU BN BN -
.g P-7 P-1
5
=i

s ST S - 1 RS .

P-12
L L e T I T [
P-13
h 24 43 72 | Q6 120 | 144 165 | 191 216 | 240
day 2 4 f 2 10
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Uncertain Variables: Reaction Times

Variable Base Case Distribution Variation

Chlorination Time in P-1 (h) 6 Triangular 4-8

Condensation Time in P-3 (h) 6 Triangular 4-8
x|

Assumption Name: ICthrinatiun Reaction Time P-1 [h] Frefs |

l
4.00 5.00 E.00 7.00 8.00

» [4.00 4 |8.00

¥119[4.00) Likeliest [6.00 Max [8.00
0K | Canct:ll Enter I Gallt:ryl Currelate...l Help |

Probability

< Variation in Reaction durations can affect the process cycle time
and consequently the annual throughput and unit product cost.
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Uncertain Variables: Filtration Fluxes

Variable Base Case Distribution Variation

Filtration Fluxes in NFD101
In P-4, P-6, P-8, P-10 200 (L/m2hr) Triangular 150-250

Cell B14: Triangular Distribution x|

Assumption Name: ICIuth Filtration Flux P-4 [Lfm2-h] Prefs |

Parmz

Probability

15EI 0o 175.00 200.00 225.00 250.00
» 15I] 111} 4 |250.00

Minliﬁmm leellestIZI]I].I]I] MaxIZEI].I]I]

0K | Can-::ell Enter I Gallery | Correlate... | Help |

< Variability in filtration fluxes can affect the cycle time and
annual throughput of the process.
@ Intelligen, Inc.



Monte Carlo Simulation

Value of
(Uncertain)
Variable

Input to SuperPro

Crystal Ball

A
1
1
|
1
1
1
1
1
1

y

Excel / VBA

v

Value of SuperPro
Output (Decision)
Variable - Forecast

SuperPro Designer

@ Intelligen, Inc.



Forecasts: Determining the Certainty of the objective

-ioix]
Edit Preferences View Run Help
5,000 Trials Frequency Chart 5.000 Displayed
025 127
P - s “* The main product cost will be
Z m 635 & below $250/kg within 93 %
] S .
£ ook 37 & certainty
.00 L 1
220,80 231.95 24311 254,26 265,42
$/Ka
» [220.80 Certainty [92.92 % 4 2R
1ol x]
Edit Preferences Wiew FRun Help
5,000 Trials Frequency Chart 4,971 Displayed
121 5 - 603
5 B S | 5 * The number of batches will be
|
5 om0 B O D L S above 147 (corresponding to
= n} 3 [
. h o g 36,000 kg/yr) within 74.8 % of
000 L : HEN g certainty
141 145 150 154 158
1 47| Certainty |74.80 9% 4 [158
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SuperPro and SchedulePro Suite:
Process Modeling Applications and Benefits

* Engineering calculations performed for you — don’t have to write all the
formulas yourself.

* Generate equipment schedules and resource charts

* Enter data in one place, generate many outputs

* Update in one place and all outputs of that application are updated

* Easy to perform throughput analysis, what-if scenarios

* Financial calculations built-in, including equipment sizing and costing

* Facilitates analysis of capital and operating cost trade-offs to optimize
profitability

* Track current production, plan future production and resource
requirements, update plans as needed

* Comprehensive communication platform

@ Intelligen, Inc.
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