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The problem... =

>1300 Strategic Manufacturing Requirements
Off-Patent API e
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Contract Manufacturing Organizatidn (CMO)
CMO = cGMP manufacturer

\_ ms - 12 CMOs, 27 sites
14 Toll Manufacturers, 23 sites
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Would an Uber Approach Help? =

Buyers

(‘?asgg_:‘ m) Objectives@

Uber

. : : Suppliers
Mission: Provide transport solutions that PP

mutually benefit both buyers and suppliers .
in a rapidly changing environment. Ability @ «
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Manufacture of Pharma API

Atropine (antidote); Albuterol (bronchodialator; #10 prescription);
Ciprofloxacin (antibiotic); Propofol (anesthetic); Midazolam
(anesthetic); Ceftriaxone (antibiotic;part of penicillin/ceflosporin
derivatives). Famotidine (antacid); Neostigmine (muscle
strengthener; used with atropine); Lisinopril (ACE inhibitor; #1
prescription)

Mission: Provide transpert manufacturing
solutions that mutually benefit both buyers and
suppliers in a rapidly changing environment.
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Uber for Chemical Supply Chain @

Synthetic Path
Manufacture of Pharma API % |

& -

Buyers *%}LQ e
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/é MCSKESSON
Transformations

Requirements@

‘ Suppliers

Abilit cffatheon.
i -'
y @ - JM SNAPS&\GON

CHEMISTRY

Types of
Things
@ CentreOne
Contract Manufacturing )

S
Instances T o 4 o ﬁrﬂ
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Agenda: =

Manufacture of Pharma API !

 Problem |
e Solution
* Pilot

[Transformations }

Types of
Things

Instances
of Things
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MBSE
Lightning

Minimalistic, Formal “Systems Model” ==

Manufacture of Pharma API
>
Attribute Sub-System ﬂ Force, Mass, Energy or Information
Attribute °
l" ? /_j l
N wion o ] Attribute
ﬁu Do, 35 ﬁH Behavior . . Sub-System Attribute
— e Requirement : /'y
. [
Transformations * ! 1 N "-
. 0.1 equiv, 0. A = Vo
o ~ Aoul‘ll\nanf& o ) ropine. Attribute Physical Physical Attribute Physical Attribute -7 'I’
~— ' - Attribute [ Archetype Archetype | Attribute Archetype | Attribute -
: / H H
] ]
J [}
- o
OH
0. [ | o
OH ° OH
Asset
Registry

Instances
of Things
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Minimalistic, Formal “Systems Model” @-\w'

Manufacturer U.S. Sites / Locations
Albemarle Fine Chemistry Services 2/ MI, PA
Manufacture of Pharma API oot e ne Chemicals (8F) el
Seqgens PCl Synthesis 1/MA
Sterling Pharma Solutions 2/ NC, WI
Pfizer CentreOne Multiple / MI*
——— Snapdragon Chemistry 1/MA
peonMatther ™ Best estimate: |y yn
Evonik 50-60% of US CMO sites| 1/In*
Millipore Sigma (non-domestic CMOs excluded) 3 /MO, WI
Lonza 1/NJ
AMRI 5 /1L, MO, NY, WI
[ Transformations ] Bachem Americas 2/CA
Cambrex 1/1A
Recro Gainesville 1/GA
Regis Technologies 1/1L
Siegfried 1/NIJ
Ortec 3/SC

Hovione New Jerse

Types of
Things

Instances
of Things

1
i

Asset
Registry

set Instan

ces |

As

diitii

i
i
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Minimalistic Solution “Activity System” &~luzg

Performance———

Acquisition Supply Operation

| Stakeholder

: .
Uber Manufacturing Model Based Acquisition

; Needs
(Buyers)

System Sub-System RFP &
8 J \ :

.

.

. 1 o
------------------------------------------------------------------------------------------------------------------------------------------------

Objectives: :
J Al : Manufacturing
\ J

Attribute Physical Physical Attribute Physical Attribute [~
Attribute | Archetype Archetype | Attribute Archetype | Attribute -
4

» Optimize Capacity Utilization Solutions
» Expedite & Explicate RFQ/RFP f /
- S Asset
LCapablllty Objectives —PL Assets )—P\ LTS
Asset : |
Registry Supply

(Asset Owners)

- A
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Agenda:

* Problem
e Solution

* Pilot
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mee (TSN

Translate Objectives to Systems Model e e

<

) <
..»
j

2

z

=1

System Features:

Architecture

« XX, XXX KG(n) of API(n) over time(n) N\ e

API(n) may not use manufactures in region X or Y

Minimize cost of API(n)

API(n) Must use “> x site” and “> y supplier”
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System Requirements

Albuterol Route 1

OH O OH O OH O
CH CH
~H3 ~oH3 CH;
° DMSO, HBr o t-BuNH, g
> —_ >
isopropanol DME
OH
07 "CHs o S T
OH
OH OH
1. BMS

DME, MeOH

\

2. MeOH, AcOH
Distillation
HO

MBSE
Lightning

ok L [ | N
Round !‘\ .'

4

Validation ;
[ v ]

Integration

Stakeholder
Needs
S
System
Requirements A

Architecture

Implementation

| Stakeholder

Il

Albuterol Route 2

OH
OH O
OH O AICI, _
Bromoacetyl Chloride H 1. t-BuNH,, i-PrOH
H -
DCM 2. HCI, H,0
Br (o}

System i

y =

OH OH

Requirement
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OH O

Decomposition to Functional Archetypes

Lightning
Round

o
OH O
-
-3 CH ¥
DMSO, HBr () ° t-BuNH, o Requiremens Vsl
- _
isopropanol Architecture Integration
OH N
1. BMS
IPA, H,SO
DME, MeOH ,S0, 11, 1,50,
2. MeOH, AcOH
. Distillation
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Functional Archetypes Encode Knowledge

Route 1
OH O OH O OH O
CH CH
~H3 ~oH3 CH;
° DMSO, HBr ) 0 ¢-BuNH, 0~
> —_—
isopropanol
OH N
07 CH, o e
1. BMS
IPA, H,SO
DME, MeOH 250, - 11; H,80,
2. MeOH, AcOH
Distillation

B6.3: Cool Solution (Assume HCl's property)

_— Temperature Management Sub-System

Jsselt Nu ber Equation output (s)
m 1n(1 = (Tps = Tao2)/ Tire = Tao2))aciCoucy
tpeh =~ GtoP
o A 374.8651086
|specic Variable A A |specific Output
TB64(C) 35
TB64(C) 5|
T THAB6.3 (C) 5|
m Tothl Aqueous (kg) B6.3 20.654|
m Aqfeous Pc2 (kg) = m (Trop d 3360741816
m Aq{eous PC3 (kg) = m (DMF + Tropic Acid + Acetyl Chiorid 5.054]
m HCY B1.9 (kg) 12.23871962
Re o | e = P uD:0r 376443.0046)
| = = » 2
_ G
Pr o | Pr= 10.19875|
» kr
7Dy
Nu i ==~ = (constant) Re™pr™ 8899.23283|
T
Dy
| Nu =——"= (constant) Re™pr" 5256.452459
» kr
3 P
= ——s
Impeller Rotational Rate 0 (1/5) w p Np Dy

296451381 z/
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sical Archetypes

Condenser

Fractionator

H;C | v - mson
Y MsOH PR
<
DCM, 35°C
OH OH
Tropine 1€
N HO
Reflux
18h °
(o]
Ho. 1. DMF (0.1 equiv.) cO. [ ¥ _
Acetyl chloride Atropine
HO. Ci
2. Oxalyl chloride
o DCM, 25 °C [¢]
Tropic acid 4
L 4 =

System

Force, Mass, Energy or Information

Behavior 7
Requirement | |

- "“‘*’" =
) L' Sub-System

Asset Instances

e

Allocation

Permutation 1
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Stirred, Jacketed
Reactor with Condenser
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Stirred, Jacketed
Reactor with Reflux

Heat Exchanger

Allocation
Permutation 2

Stakeholder \
Needs

MBSE
Lightning
Round

Validation ;
[ veress /]

Containment

Liquid ’

Stirred, Jacketed
Reactor
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HiC

January 23, 2022

N. MsOH
ﬁ DCM, 35°C
H
Tropine
HO. 1. DMF (0.1 equiv.)
Acetyl chloride
HO. —_— =

2. Oxalyl chloride

=] DCM, 25°C

Tropic acid

|

3 m""‘%
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“ﬁm
eflux
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o

PC-2
et R |

EE = E £
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The Manufacturing System i1s Complex
=

One solution:
System model size

> 5,000 nodes
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Putting it all together.

Pattern
Library

Manufacturing System Requirements Model

API Production

Goal

Functional Archetype

Material X
MoC Capacity
Moles —_—
Chemistry
Material Y Physics
Moles

-

Material A Material B |_:roduct C || Material D Product E
——>  Moles P Moles Moles Mu\es Mu\es
—

Cell 1 (sub system)

Cell 2 (sub-system)

Product G
P Moles

Material F

Moles

Material H
P Moles

Product
“» Moles

TT

System Type 2

Sub Sustem Sub Sustem.
[ 1§

l
System Type 3
System. 1 | Sub Sustem. ] 1 | Sste m.

1 |
System Type 2

Sib System
[

Su Svstem.

In Connector

Out Connector

Requirement

-«
dl

Fitting Type Fitting Type
Diameter Diameter
Function 1 Function 2

Requirement

2

Analysis

January 23, 2022
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Allocation Permutation 1

Result
)
tﬂ(&% & [r = = o
? Quantita@ . | Allocation !

| Constraint,

1 Constralnt

Allocation Permutation 2

|,A_Ilacati)n-
I Constraint,

| [ Allocation ' 1 { Allocation !

I Constraint,

Aﬂysical Archetype: Class A

Physical Archetype: Class B

Physical Archetype: Class C

[ MoC ] [ Capacity ] [ MoC ] [ Capacity ] [ MoC ] [ Capacity ]

: )

Reactor w/Heat

Reactor Heat Exchanger

Exchanger |
~Selaile! [ omponent omponent
TG Y i
f

Asset — S _
Registry e
Manufacturlng Capabllltles
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Pattern Functional Archetype

Putting it together: Solution FiInding  [uay  wesx 270

Moles — —
Chemistry

. ‘ . Material Y Physics
q Find Manufacturing Solution y
Product “ABC”: Manufacturing System Req( ixements Model J Moles
~ . . Jtes emerge API Production In Connector Out Connector
eature = > e 3 hute Gesl Find Equipment Candidates Fitting Type Fitting Type
L \ Diameter Diameter
Cell 1 (sub-system) Cell 2 (sub-system) Function 1 Function 2
Material A Material B |_:roduct C |_:/Iateria| D Product E Material F Repeat ana|0g0u5 Auto-Allocation f Requil;lement f—- Requirzernent —
Moles b Moles Moles Moles Moles Moles . . . S S
|_, — — S T system using its linked a_rchectypef m
l | the Archetype Pattern Library
' ; -
System Type 2 System Type 3 System Type 2 Allocation Permutation 2
Sub Svstem. Sub Sustem. Sub.Systemn, Suth System. Sub System. Sub Svstem. Suh Svstem. Sub System. Sub System. Suh Svstem. Suth System. Sub Svstem. stuﬁlt
Result [~ Allocation ¥+ Result
% Test c
Allocation Allocation A or 3 Tndidate Allocation ! { Allocation
Permutation 2 Permutation 1 Test 1.2
Result Result 9 OC3 O are O O
Asset: #191 el Physical Arctiftype: Class A Physical Archetype: Class B Physical Archetype: Class C
Asset: #333 3 o 0D A, o be MoC Capacity MoC Capacity MoC Capacity
In Connector JJOut Connector In Connector | |Out Connector In Connector | |Out Connector
~ A ~ A N ~ I I 1 I 1| 1 I 1| 1
(| B O ] S D O C O C O Fitting Type Fitting Type Fitting Type Fitting Type Fitting Type Fitting Type
:H-‘ ‘:H-“ —l— Diameter Diameter Diameter Diameter Diameter Diameter
[ I = | Y| | il — -
'E — ( | S Component 1 § Component 2 Component 1 Component 2
i —_— 1 - f | | I | | | | 1
\ - ] = r = Attribute 1 Attribute 1 Attribute 1 Attribute 1
Attribute 2 Attribute 2 Attribute 2 Attribute 2
— ‘1 /
\ |
Asset ] A Parameter Value Actuals
Registry - _u_. ,,~ LT . — R
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Summary
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Needs Roles

Systems Modeling Facility
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Next Steps =L

e

* “Occam Systems Incorporated” to commercialize the solution
— Simplify the modeling method
— Improve model integrity checking

— Re-platform to completely cloud infrastructure

« Seeking new pilots beyond chemistry
— Verify extensibility of:

 Business case
Method & automation

— Increase the types of manufacturers in the Asset Registry

www.incose.org/iw2022/ www.OccamSystemsinc.com Bob@OccamSystemsinc.com 21



w2022
. r|r|u l| INCOSE

I‘ R : : :
» '”/l Torrance, CA, USA Premier Systems Engineering Workshop

Jan 29 - Feb 1, 2022

Questions?

www.incose.org/iw2022/

MBSE
Lightning
Round

www.OccamSystemsinc.com / Bob@OccamSystemsinc.com



