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IDEA GENERATION
Project Screening, Strategic Planning

PROCESS DEVELOPMENT
Evaluation of Alternatives 

Common Language of Communication

FACILITY DESIGN
Equipment & Utility Sizing and Design

MANUFACTURING
On-Going Optimization, Debottlenecking 

Production Scheduling, Capacity Analysis

Development Groups

Development Groups
Process Engineering
Corporate Environmental
Tech Transfer

Manufacturing

The Role of Process Simulation and Scheduling Tools in
Product Development and Commercialization 
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Water Purification
Wastewater Treatment
Air Pollution Control

BioPro Designer

SuperPro Designer

BatchPro Designer

EnviroPro Designer

Biotechnology
Bio-Fuels 

Fine Chemicals
Pharmaceuticals
Food Processing
Mineral Processing

Who is Intelligen, Inc.?

Established in the early 90’s - MIT spin off 

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

Established in the early 90’s - MIT spin off 

SuperPro Designer

• Detailed M&E Balances
• Equipment Sizing
• Cost of Goods Analysis
• Cycle Time Analysis
• Technology Transfer
• Environmental Impact

SchedulePro

• Production Planning
• Production Scheduling
• Capacity Analysis
• Facility Design
• Debottlenecking
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The Realm of SuperPro Designer: 
Detailed Analysis and Evaluation of Single Processes
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• 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

SuperPro Designer Functionality



Intelligen, Inc.

User Interface of SuperPro Designer
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Double-Click

Detailed Modeling using Unit Procedures and Operations
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Flexible Operation Models (Charge Operation)
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Selected Outputs of SuperPro Designer 
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Operations Gantt Chart
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Operations Gantt Chart – Exported to MS Project
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Equipment Occupancy Chart
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Resource Demand (Purified Water)
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Labor Demand
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Resource Inventory (WFI)

100%

30%
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Material Balance Report
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Financial Reports
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SuperPro Examples
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Process Modeling for R&D Planning 
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 Raw Materials   

 Equipment       

 Labor           

 Consumables     

 Lab/QC/QA       

 Waste Trtm/Disp 

 Utilities       

Breakdown of COGs (100 MT/year at 3 g/L)

Raw materials
$0.88/g
39.6%

Facility
$0.54/g
24.4%

Consumables
$0.65/g
29.1%

Total COGs = $2.22/g
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Small Molecule Pharmaceuticals

and 

Fine Chemicals
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Manufacturing of Biologics
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Inoculum Prep  

P-1 / TFR-101

T-Flask (225 mL)

P-2 / RBR-101

Roller Bottle (2.2 L)

P-5 / SBR1

First Seed Bioreactor (1000 L)

P-6 / MP-101

Media Prep

P-7 / DE-101

Steri le Fil tration

P-9 / MP-102

Media Prep

P-10 / DE-102

Steri le Fil tration
P-8 / SBR2

Second Seed Bioreactor  (4000 L)

P-11 / PBR1

Production Bioreactor (15000 L)

P-12 / MP-103

Media Prep

P-13 / DE-103

Steri le Fil tration

S-001

S-002

3.64 L/batch 

S-003

S-011

S-012

S-013

S-014

S-015

S-016 S-017

945.69 L/batch 

Vent-4S-018

S-019

S-020

S-022

S-021

S-023

3798.91 L/batch 

Vent-5

S-025

S-024

S-026

S-027

S-028

Vent-3

P-14 / V-101

Surge Tank

S-030

15185.02 L/batch 

P-17 / V-103

Centrifugation Pool Tank

P-20 / V-107

Storage

S-029

P-21 / DF-101

Diafi l tration

S-043

S-044

S-041

P-24 / C-102

IEX Chromatography

P-25 / V-109

IEX Pool Tank

IEX-Equil

IEX-Wash

IEX-WFI

IEX-El

IEX-Strip

IEX-Waste

12594.01 L/batch 

S-049

Amm. Sulfate

P-26 / C-103

HIC Chromatography

P-27 / DE-106

Dead-End Filtration

P-30 / V-110

Storage

P-31 / DF-102

Diafi l tration

P-32 / DE-107

Final Polishing Filtration

P-33 / DCS-101

Freeze in 50L Plastic Bags

S-050
1345.25 L/batch 

HIC-Equil

HIC-Wash

HIC-El

HIC-Reg

HIC-Waste

9743.99 L/batch 

S-051

S-172

S-056

S-058 S-057

S-060

S-059

761.97 L/batch 

S-061

S-062
Final Product

761.97 L/batch 

IEX-Rinse

P-15 / DS-101

Centrifugation

P-16 / DE-108

Polishing Fitler

S-031

S-033

S-032

S-035

S-034

P-3 / BBS-101

Bag Bioreactor (20 L)

S-004

15.15 L/batch 

S-05

S-006

Bioreaction   

Primary Recovery  Protein-A 

 IEX Chrom   HIC Chrom  

 Final Filtration   

P-4 / BBS-102

Bag Bioreactor (100 L)

S-007

59.11 L/batch 

S-008 S-009

S-010

235.91 L/batch 

P-18 / C-101

PBA Chromatography

ProtA-Waste

46590.92 L/batch 

ProtA-Reg.

ProtA-Elut.

ProtA-Wash

ProtA-Equiil .

P-19 / DE-109

Polishing Fitler

S-037

S-039

 Chemical Virus Inactivation 

P-28 / V-108

HIC Pool Tank
P-29 / DE-105

Viral Exclusion Filtration

S-052

1142.85 L/batch 

S-053

S-054

Viral Exclusion   

S-055

S-036

P-22 / V-111

Virus Inactivation P-23 / DE-110

Polishing FIlter

S-045

S-046

S-048

767.59 L/batch 

S-047

S-038

3836.66 L/batch 

S-042

767.42 L/batch 

S-101

S-102
S-103

S-104
S-105

P-34 / MP-104

Media Prep

S-025b

S-024b

P-35 / DE-104

Steri le Fil tration

S-026b

S-028b

S-027b

S-106

S-107 S-108

S-109

S-110

Monoclonal Antibody Production
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Fine Pharmaceutical Processes

Tablet Manufacturing
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Pharmaceutical Tablet Manufacturing
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Pharmaceutical Fill-Finish

Vial Manufacturing
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Pharmaceutical Vial Manufacturing
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Production of Bio-Fuels 
and 

Biomaterials
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P-3 / GR-101

Grinding
P-4 / FSP-101

Sieve

Fine Particles

P-5 / SC-101

Screw  Conveying

P-8 / V-101

Thermal Hydrolysis

S-105

HP Steam

60.00 MT/h 

P-10 / HX-102

Cooling
P-12 / MX-101

Mixing

Hydrolase-1

1.93 MT/h 

P-13 / V-102

Enzymatic Hydrolysis

S-109

P-14c / MX-102

Mixing

S-121

158.33 MT/h 

 Corn Stover to Ethanol      

P-19 / V-104

Storage

P-21a / C-101

Distillation

P-21b / C-102

DistillationS-130

43.97 MT/h 

  Distillation Section  

2,000 MT/day (Dry Basis)

P-6 / GP-101

Fluid Flow

S-101

201.16 MT/h 

P-9 / FT-101

Flash

S-107

S-136

P-1

Corn Stover Transportation

Feedstock

166.66 MT/h 

P-25 / EV-101

Multi-Effect Evaporator

P-25a / MX-103

Mixing

S-137

161.09 MT/h 

VLP-Steam-1
39.11 MT/h 

P-7 / HX-101

Heat Exchanging

S-114

37.91 MT/h 

S-122

201.16 MT/h 

S-129

201.16 MT/h 

S-133

23.19 MT/h 

P-20 / HX-103

Heat Exchanging

S-102

20.78 MT/h 

S-125

44.89 °C
205.07 MT/h 

S-135

62.33 °C
205.07 MT/h 

P-22 / HX-104

Cooling

S-140

P-24 / V-107

EtOH Storage (7-day Capacity)

Product

19.10 MT/h
6419.34 gal/h 

  Pretreatment Section    

P-26 / MX-105

Mixing

 Utilities Section  

Condensate-1

37.91 MT/h 

P-15 / V-110

Storage

S-120

42.83 MT/h 

P-11 / BF-101

Belt Filter

S-108
S-111

Wash-Water-1

16.00 MT/h 

P-14 / BF-102

Belt Filter

S-106

Wash-Water-2

31.88 MT/h 

P-2 / WSH-101

Corn Stover Washing

S-103

Waste Water 1

16.13 MT/h 

S-165

P-25b / FSP-105

Flow  Splitting

S-139

P-23 / GAC-101

EtOH Dehydration

S-119

20.78 MT/h 

S-143

19.10 MT/h 
S-163

S-164

1.82 MT/h 

P-27 / SG-101

Burner - Boiler

S-113

166.67 MT/h 

BB-Air-In

458.45 MT/h 

Flue Gas

200.00 °C
617.83 MT/h 

Ash

7.32 MT/h 

P-29 / T-101

Steam Turbine

9146.12 kW 

S-155

S-159
99.97 °C
1.01 bar
72.53 MT/h 

HP-Steam

179.89 °C
10.00 bar
61.78 MT/h 

LP-Steam

152.58 °C
5.10 bar
134.31 MT/h 

P-28 / PM-101

Fluid Flow

RO Water

268.63 MT/h 

S-144

S-115

28.55 MT/h 

P-14d / MX-106

Mixing

S-110

111.28 MT/h 

S-118

90.39 MT/h 

S-123

201.67 MT/h 

P-16a

P-17b / SFR-101

Seed Fermentor

P-16b

P-17a / SFR-102

Seed Fermentor

S-124

S-126

42.03 MT/h 

S-128

8.20 MT/h 

S-147

16.17 MT/h 

S-160

4.04 MT/h 

S-169

20.21 MT/h 

P-16c

P-18 / FR-101

Production Fermentors

  Fermentation Section  

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

S-170

201.99 MT/h 

S-172

25.64 MT/h 

S-175

181.86 MT/h 

S-176

S-168

20.13 MT/h 

Concentrate

58.12 MT/h 

S-112

181.88 MT/h 

S-116

161.09 MT/h 

Dry Corn Stover

80.00 MT/h 

S-134

Condensate-2

47.73 MT/h 

S-138

S-117

71.38 MT/h 

S-127

P-18b / G-101

Compressor

233.43 kW 

Air-In-1

S-132

5.53 MT/h 
P-16 / MX-104

Mixing

S-131

Amm. Sulfate

0.40 MT/h 
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Citric Acid Production 
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Soybean Oil to Biodiesel

P-12 / HX-101

Heating
P-13 / R-101

Reactor

P-14 / DC-101

Centrifugation

P-4 / TNK-101

Methanol storage tank

P-6 / TNK-103

SoyBean storage tank

P-5 / TNK-102

Catalyst storage tank

P-16 / R-102

Reactor

P-19 / DC-102

Centrifugation

P-26 / DC-104

Centrifugation
P-21 / V-102

Mixing Vessel

P-18 / V-101

Mixing Vessel

P-24 / DC-103

Centrifugation

P-25 / V-103

Mixing Vessel

P-32 / C-101

MEOH DISTLL

P-34 / C-102

H20 DISTILL

P-30 / HX-105

Heating

P-37 / V-104

VFLASH

P-28 / HX-103

Heating

P-15 / HX-102

Heating

P-29 / HX-104

Heating

P-1 / P-101

Pump

P-7 / P-104

Pump

P-2 / P-102

Pump

P-8 / P-105

Pump

P-3 / P-103

Pump

P-9 / P-106

Pump

P-46 / P-118

Pump

P-39 / TNK-104

Storage

P-43 / P-117

Pump

P-38 / p-115

Pump

P-31 / P-111

Pump

P-41 / TNK-106

Storage

P-42 / P-116

Pump

P-35 / P-113

Pump

P-23 / P-109

Pump

P-22 / P-108

Pump

P-27 / P-110

Pump

P-36 / P-114

Pump

P-40 / TNK-105

Storage

P-20 / MX-102

Mixing

P-17 / P-107

Pump

P-33 / P-112

Pump

P-44 / GBX-101

Vacume System

P-45 / HX-106

Cooling

S-101
419.30 kg/h 

S-102
53.07 kg/h 

S-103
4246.82 kg/h 

S-105

S-106

S-107

S-108

S-109

S-112

S-116

S-117

S-118 S-120

S-122
23.22 kg/h 

S-123
1.80 kg/h 

S-126

S-127
S-128

S-129

S-130

S-131
S-135

S-136

S-138 S-139 S-140

S-141

S-142

S-143

S-144

S-146

S-147

S-148

S-149

S-150

S-152

S-153
116.51 kg/h 

S-154

S-155
58.04 kg/h 

S-157

S-104

S-158
4255.05 kg/h 

S-159
487.76 kg/h 

S-160

S-161

Methanol

Catalyst

Soybean oil

HCl

NaOH

Water

HCl

Biodiesel

FATTYM

Glycerol

S-133

VaporP-10 / MX-101

Mixing

S-110

S-111

P-11 / FSP-101

Flow Splitting

S-113
S-114

S-115

Reaction section  

Biodiesel refining section   

Glycerol Purification Section   

S-121

S-156

S-124
166.08 kg/h 

S-125
7.07 kg/h 

S-134

S-151

S-145

S-132

S-137

S-119
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Food Processing
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Consumer Products
and

Beverages



Intelligen, Inc.

Beer Production 
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Water / Environmental 
Perspective
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Industrial Wastewater Treatment
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Water Purification and Wastewater Treatment
with Wastewater Recycling 

85% 
Rec. Yield

96 m3/h

71 m3/h
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Air Pollution Control Process
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Mineral Processing
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Modeling, Scheduling, and 
Debottlenecking of Multi-Product 

Facilities

The Realm of SchedulePro 
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Suite-1

Step-1

Step-2

Step-n

Suite-2

Step-1

Step-2

Step-n

Plant-A Plant-B Plant-C

Supply Chain

Process and Business Integration
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Recipe DB

SuperPro Designer SchedulePro

Detailed Analysis 
and Evaluation of 
Single Processes

Modeling, Scheduling 
and Debottlenecking of 
Multi-Product Facilities

Modeling and Scheduling of Multi-Product Facilities
< Intelligen Suite >
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SchedulePro Production Suite (Architecture)

SchedulePro

Production Planning & Scheduling

Local Files

WebTracker

SQL/Application 
Server

User Access Control 
and Auditing

Management (view data)

Operators (Plant Floor)
Enter status updates
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Communication with Other Systems 

SchedulePro

Recipe DB
MS Access

ODBC

SQL
Server

Web Tracker

ODBC

.NET API

API

Your 
Application

Custom 
Mapping

SuperPro

Configurable Text Files (ERP)

Recipes
Resources
Campaigns/workorders
Inventories

Your 
Analytics
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Recipes in SchedulePro 
(According to ISA S-88 Guidelines)

A project may include 
any number of recipes

Recipes utilize 
resources of facilities

A recipe is 
visualized with a 
block diagram and  
a Gantt chart

A recipe consists of 
unit procedures 
organized into 
sections
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Unit Procedures in SchedulePro

A unit procedure 
includes one or 
multiple operations.

A unit procedure is 
assigned a pool of one or 
multiple equipment units
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Operations in SchedulePro
Operation durations may be 
fixed, rate dependent or linked to 
other operations

Auxiliary equipment is 
associated with 
operations

Scheduling precedence 
relations
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Planning Campaigns
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•  Facilities & Work Areas

•  Equipment (Main and Auxiliary)

•  Resources (Labor, Utilities, Raw Materials)

•  Inventories of Supply, Intermediate, and Output Materials

Constraints Considered by SchedulePro

Hard Constraints

Scheduling Campaigns and Batches

Optional
Constraints
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Visualizing the Results

Gantt
Chart

Equipment 
Occupancy 

Chart

Resource
Chart
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Tracking the Status of Production

Current
Time
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Considering Delays and Visualizing Conflicts

Conflict



Intelligen, Inc.

Scheduling Additional Campaigns

Changeover
Time
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Viewing Multiple Linked Charts
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SchedulePro Example

Production of Industrial Enzymes
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Industrial Enzyme Manufacturing Facility
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SchedulePro Example

Processing of Agricultural Materials
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Processing of Agricultural Materials – Equipment Layout

Prep Tank 1 Prep Tank 2

Reactor 1 Reactor 2 Reactor 3 Reactor 4

Filter 1

Dryer 1

Filter 2

Dryer 2

Line-1 Line-2
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Processing of Agricultural Materials
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SchedulePro Example

Production of Pharmaceutical Tablets
- Solid Dosage Manufacturing -
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Pharma Tablets – Single Batch Campaigns



Intelligen, Inc.

Pharma Tablets – Changeover Matrix
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Pharma Tablets – Multi-Batch Campaigns
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SchedulePro Example 

Clinical Manufacturing of Pharma Tablets
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Three batches 
of Product-1

Two batches 
of Product-2

Staff
Members
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Assigning Staff Members to an Operation
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SchedulePro Example

Manufacturing of Pharmaceutical Vials 
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5 ml vials requiring lyophilization

20 ml vials

Vial Manufacturing Recipes  
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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.
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SchedulePro Example

Manufacturing of Consumer Healthcare
Products (Skin Moisturizers)
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Manufacturing of Skin Care Products – Capacity  Analysis
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Production  Schedule for a Three-Month Period



Intelligen, Inc.

Closer View

Cleaning

Changeover

Weekend Break
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SchedulePro Example

Designing a  
Two-Line Bio-Pharmaceutical 

Manufacturing Facility 
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Facility with Two MAb Product Lines

Four production 
bioreactors feeding a 
single purification line.

Four production 
bioreactors feeding a 
single purification line.

Common Media and Buffer Prep Areas and Utilities

MAb1

MAb2
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Twelve Batches of Each Product Line

Mab 1

Mab 2

Media &
Buffer Prep

CIP Skids
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Buffer Preparation
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Buffer Preparation – Closer View
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Inventory of Buffer B14
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Flexibility for Schedule Generation

Equipment
Pool

Flexible
Start Time
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Operating with Fewer Buffer Prep Vessels
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Sizing of Purified Water Systems 
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Sizing Shared Utilities (WFI)

Purified water is used for:
• Buffer preparation
• Cleaning
• Directly in the process 

Systems Consist of 
• Still
• Surge Tank
• Circulation system
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WFI Distribution System
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WFI Demand as a Function of Time 
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WFI Demand as a Function of Time 
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Inst. Peak = est. 
pumping & piping 
capacity

Peak cumulative 
amount = est. 
tank size

Peak avg. 
rate = still 
capacity

WFI Demand as a Function of Time 
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Tank Volume versus Still Rate
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  Max Instantaneous Demand = 79 m3/h

  Long Term Average Rate = 7.5 m3/h 
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Tank Size = 150,000 L;  Still Capacity = 15,000 L/h
Still On/Off Limits = 35 and 100%

WFI Inventory
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Sizing of Wastewater Systems 
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Bio-Waste Collection and Treatment
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Generation of Bio-Waste

Three-day 
cumulative 
generation.
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Accounting for Transfer Panels 
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Transfer Panel Constraints

   Jumper1   

   Jumper2   

   Jumper3   

   Jumper4   

A

B

F

G

C1

C2

C3

K

L

M

N

P

Q

C5

C6

C7

P-1 / V-101

Blending / Storage

P-1 / V-101

Blending / Storage

P-1 / V-101

Blending / Storage

P-1 / V-101

Blending / Storage

P-1 / V-101

Blending / Storage

P-1 / V-101

Blending / Storage
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Detailed Representation of Transfer Panel
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Use of Transfer Panels
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SchedulePro Example

Capacity Analysis for an 
API Manufacturing Facility 
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Chemical Step 1

P- 1 / R1

Pre-Cle an

P- 2 / R2

Pre-Cle an

Acetonitri le-1

S-102

S-103

P- 3 / R1

Di ssol ve K
P- 4 / R2

Di ssol ve T  / Rxn

Acetonitri le-2

K Input

S-106

S-107

S-108

S-101

S-104

S-109

S-110

S-111

S-112

S-113

S-114

S-115

P- 5 / R2

Aque ous  Work  Up

S-116

S-117

S-118

P- 6 / R1

Bi carb Pre p

S-119

S-120

S-121

S-122

S-123 S-124

P- 7 / R1

LiOH Pre p

P- 8 / R2

V-L i and Workup

S-125

S-126

S-127

S-128

S-129

S-130

S-132

S-133

P- 9 / R1

V-L i and  Workup

S-134

S-131

5916.78 kg/batc h
5273.72 L/batch P- 10 / R2

V-L i and Workup

S-135

S-136

S-137

S-138

S-139

S-140

S-141

P- 11 / R1

V-L i and Workup

S-142

S-143

S-144

S-145

S-146

S-147

P- 12 / R2

Na CI Sl tn Prep

S-148

S-149

S-150

P- 13 / R2

Precip itat ion

S-154

S-155

S-151

S-152

S-153

S-105

S-156

S-157

S-158

S-159

S-160

S-161

P- 15 / BCF BD- 101

Ba sket  Cent rif ugation ( BD)

P- 14 / T 2

Filtrat e Tank

P- 16 / T 3

Was h Ta nk

S-163

P- 17 / S HDR-101

Sphere Drying

S-165

S-166

S-164

S-168

S-169

P- 19 / R1

Cl ean R1

S-170

S-171

S-172

P- 20 / R2

Cl ean R2

S-173

S-174

S-175

S-176

S-177

P- 18 / V -10 2

Slurry Ta nk

S-162 S-167
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Chemical Step 2

P-1 / R1

Free base  H CV-V

S-101

S-102

S-103

S-104

S-105

S-106

S-107

P-2 / R1

Water Rem oval

S-108

S-109

S-110 S-111

S-112

P-3 / R2

Vesse l Pre -Clean

S-113

S-114

S-115

P-4 / R2

H Solution Pre p

S-116
S-117

S-118

S-119
S-120

P-5 / R2

W Form ation and Aqueous  Workup

S-122
S-123

S-124

S-125

S-121

P-6 / R1

W Aque ous Workup

S-126

S-127

S-128

S-129

S-130

S-131

S-132

S-133

S-134

S-135 S-136

S-137

S-138

S-139

P-7 / R2

W Bicarb Workup

P-8 / R1

W Bicarb Workup

S-140

S-141

S-142

S-143

S-144

S-145
S-146

S-147

S-148

S-149

S-150

S-151

P-9 / R2

Distillation

S-152

S-153

S-154

S-155

S-156

P-10 /  TCF-In

Heptanes  Wash Tank

P-11 / BCFBD-101

Bas ket Ce ntr ifugation (BD)

P-12 /  TCF-Out

Filtrate  and Was he s

P-13 /  SHDR-101

Sphere Dry ing

P-14 /  T-15kL

Prec ipitation

S-158

S-159

S-160

S-161
S-162

S-163

S-164

S-165

S-166

P-15 /  R1

Rea ctor Rinse

S-167

S-168

S-170

P-16 /  R2

Rea ctor Rinse

S-171

S-172
S-173

S-174

S-169

S-175

MP P2, One module, s tagge red mode , 4 12  m 3 reactors, 1 25 m3  tank , one  dry er, nee d back -up be cause  dry ing is tight. This  lea ds  to 57 MT/yr
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Chemical Step 3

P- 1 / R1

Pr e-Clean

Cle aning Solven

P- 3 / R1

W rxn to Y
P- 4 / R1

Re move Te mpo

MTBE

W In put

S- 106

S- 107

S- 108

S- 101 S- 11 3

P- 15 / BCFBD-10 1

Baske t Centr ifugatio n (BD)

P- 17 / SHDR-101

Sph ere Drying

S- 164

S- 169

P- 19 / R1

Cle an R1

S- 170

S- 171

S- 172

P- 18 / T- 300L

Disso lve  Tempo

S- 178

S- 179

S- 180

S- 182

P- 22 / T- 1kL

Sod ium Ascorba te Prep

S- 183

S- 184

S- 111

S- 104

S- 103

S- 109

S- 11 4
S- 11 5

S- 11 6

S- 11 7

S- 11 9

S- 11 0

P- 5 / R3

Pr ecip / Distill

P- 6 / MX-1 01

In-Lin e Mixer

S- 105
S- 120

S- 121

S- 122

S- 123

P- 7 / R2

He ptane  Tank

S- 11 2

S- 11 8

S- 102
S- 124

S- 125

S- 126

P- 2 / BCFBD-101

Baske t Centr ifugatio n (BD)

P- 8 / SHDR- 101

Sph ere Drying

P- 9 / R4

Pr ecip / Distill

P- 10 / MX-101

In-Lin e Mixer

S- 128

S- 129

S- 130 S- 131

S- 132

S- 133

S- 134

S- 135

S- 136

S- 137

Aqu ous Waste

P- 11  / SL-10 1

Solids Sto rage

S- 127

S- 138

Final Pro duct
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Balancing the Synthesis Route

Batches Required for 35,000 kg of FP 

32 batches of Step-1

63 batches of Step-2

125 batches of Step-3

Int-2

Step-3    FP

350 kg 280 kg

Int-2

Step-2    Int-1

Int-1Step-1    SM

700 kg752 kg

1500 kg

Cycle Time = 3 days

Cycle Time = 7 days

Cycle Time = 5 days

975 kg

Int-2

Step-3    FP

350 kg 280 kg

Int-2

Step-2    Int-1

Int-1Step-1    SM

700 kg752 kg

1500 kg

Cycle Time = 3 days

Cycle Time = 7 days

Cycle Time = 5 days

975 kg

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

125 batches of Step-3

32 batches of Step-1

63 batches of Step-2
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20 batches of Step-3 in Train-1
5 weeks of 
changeover time

32 batches of Step-1

63 batches of Step-2

105 batches of Step-3
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Inventory of Intermediates and Final Product

FP inventory

Int-1 inventory

Int-2 inventory
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Long-Term Planning Using Simplified Recipe Representations  
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SuperPro Example

Cycle Time Reduction 
and Uncertainty Analysis 
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Overall Chemistry

Quinaldine  +  Hydroquinone  ==>  Product

Annual Throughput 36,000 kg

Manufacturing Cost      $250/kg

Project Objectives
≥

Pilot Plant Scale
55 kg/batch
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Scenario 1 

Equipment Available

Two 1,500 gal reactors (R-101 and R-102)
One 4 m2 Nutsche filter
One 10 m2 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.

Batch Size
Number of Batches per Year
Annual Throughput

Scheduling (Time) Bottleneck

246 kg
116
28,536 kg < 36,000 kg

R-102 (74 h cycle)

Scenario 1 (continued)
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Scenario 2 

Equipment Available

Three 1,500 gal reactors (R-101, R-102, R-103)
One 4 m2 Nutsche filter
One 10 m2 Tray Dryer (1 kg/m2-h drying capacity)
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Batch Size
Number of Batches per Year
Annual Throughput

Scheduling (Time) Bottleneck

246 kg
139    (116 => 139)
34,190 kg < 36,000 kg

NFD-101 (56.4 h cycle)

Scenario 2 (continued)
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Scenario 3 

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

Equipment Available
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Batch Size
Number of Batches per Year
Annual Throughput

Scheduling (Time) Bottleneck

246 kg
150      (116 => 139=>150)
36,900 kg > 36,000 kg

R-102 (52.4 h cycle)

Scenario 3 (continued)
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Cost Analysis Results – Base Case 

Unit Production Cost: $237/kg  < $250/kg 

Annual Production: 36,900 kg > 36,000

Raw Materials
26%

Environmental
11%

Labor
21%

Lab/QC/QA
3%

Facility 
Overhead

39%

Cost Distribution

Raw Material Cost Distribution %

Chlorine 2.72

Na2CO3 6.30

Water 2.73

HCl (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

HCl (37% w/w) 0.34

Nitrogen 10.24

TOTAL 100.00
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Uncertainty in the 
Pharmaceutical Industry 

Operational Parameters

Resource Availability

Raw Materials

Market Demand

Regulatory Approvals

Uncertainty and
Variability in:

Affecting Process
Evaluation Indices

Plant Throughput

Product Quality

Manufacturing Cost

Profitability

Environmental Impact
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Monte Carlo Simulation

SuperPro Designer

   Crystal Ball  

 Excel / VBA 
Value of SuperPro 
Output (Decision)
Variable - Forecast

Value of
(Uncertain) 
Variable 
Input to SuperPro
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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.
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Uncertain Variables: Raw Material Cost

        Variable       Base Case     Distribution      Variation   

Quinaldine Cost ($)               32 Normal          S.D. = 6

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

P-1

P-3

P-5 P-1

P-7

P-9

P-11

P-12

P-13
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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

 Variation in Reaction durations can affect the process cycle time 
and consequently the annual throughput and unit product cost.



Intelligen, Inc.

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

 Variability in filtration fluxes can affect the cycle time and
annual throughput of the process.
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Monte Carlo Simulation

SuperPro Designer

   Crystal Ball  

 Excel / VBA 
Value of SuperPro 
Output (Decision)
Variable - Forecast

Value of
(Uncertain) 
Variable 
Input to SuperPro



Intelligen, Inc.

Forecasts: Determining the Certainty of the objective

The main product cost will be 
below $250/kg within 93 %
certainty

The number of batches will be
above 147 (corresponding to 
36,000 kg/yr) within 74.8 % of 
certainty
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• 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

SuperPro and SchedulePro Suite: 
Process Modeling Applications and Benefits
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