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Process Insight Consulting

=
Process Insight

We help you maximise the value of your data by driving practical
application of stats into the heart of your business

« Exploiting the power of JMP ® to solve your toughest real
world problems

« Data Analytics for non — statisticians
o “We speak human!”

* Engaging the total organisation in problem solving



Johnson Matthey Divisions

JMED
Johnson Matthey

Johnson Matthey is a speciality chemicals company and a world leader in advanced
materials technology.
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Fine Chemicals

- API
Manufacture

- Catalysts &
Chiral
Technology

- Research
Chemicals

Emission Control
Technologies

- Auto Catalysts

- Heavy Duty
Diesel

- Stationary
Emissions
Control

Precious Metal
Products

- Refining,
recycling &
management

- Noble metals,
metal joining &
Colour
Technologies

Process
Technologies

- Catalysts

- Davy
Technologies

- Tracerco

New Businesses
- Fuel Cells

- Battery
Technologies

- Water
Technologies

- New Business
development
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Manufacture Active Pharmaceutical Ingredients
(APIs) for world wide supply

Major products are alkaloids derived from the
opium poppy (opiates) and synthetic opioids.

World’s largest supplier of opiate APIs with the
widest product portfolio of opiate products for
the pain relief market

The largest consumer of “poppy” raw materials
(morphine, thebaine and oripavine)
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The Supply Chain

Grow poppies Harvest Poppies Separate seed & Transfer in to plant
(UK & Portugal) pelletise straw from containers

Project Scope

~ Codeine Phosphate

Codeine Sulphate

Codeine Alkaloid Pure

ISolvent extract Purify product, recover
I\/Iorphine in belt solvent & isolate

: extractor Morphine as

I “CPS” (concentrated

CPS is the raw Dihydrocodeine
materials for the

manufacture of
many opiate

e e e o e o e e

' Poppy Straw) / products
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The Problem & Benefits Q i‘verovement

Macfarlan Smith

e Big investment made but plantnot 2
delivering to target capacity

e Critical business need to increase
output but process chaotic

- Extremely difficult problem to
solve!

e But solution will deliver huge value
to the business
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Project Scope
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Lots of Data to Collect & Analyse

b

* Flows through the plant
e Yield through the plant

qV) (q0) (qe]
4&; e Field "&; e Bulk density "&; e Downtime hours
0 e Variety o ° Morphine content () °Equipment breakdown
e Fertiliser * Belt speed e Processing delays
%D e Pesticide C *Gate Height 8 e Technical delays
«=— o Drill date (O ¢ Morphine rate C e Cleaning times
; e Harvest date 0L °*Poppy straw rate (O e Tar formation
O «Weed content - e Solvent rate E e Filtration issues
6 e Seed content o e Solvent ratio S e Percolation issues
- e Pelletising conditions d e Recirculation rate ‘-IC—J e Separation issues
* Morphine content Q °*pH [ -
e Sugars e Concentrations throug
% S (T «C ions through v
O e Starches b the plant oo
o = =
L C
g8
oo

Data stored in lots of different systems which we can bring (
together in JMP and easily update using simple scripting
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Initial Plant Control Findings

Operators can change extraction
conditions to satisfy various plant

Straw fed from silos to a
hopper above the
extractor

N 1 {
4 % - , 4
aRlicEN . :
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y o “ \ 2 3 |
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= o 3 A
7 il
&
s ’
I
J v
. '\ !‘
Akl ]

Solvent charged Rate to the extractor is

to the belt to controlled by adjusting
extract the belt speed and gate Target = 0.26%
Morphine height Morphine post

extractor JMP



Link to JMP to show charts below
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T32 AMA (%)

Calculated rate of AMA to the belt
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from Model (kg/hr)
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Implications of Poor Control

Morphine concentrations and flows to the
purification stage are not in control:

Over concentrate — yield lost to waste stream
and increased risk of choking plant

Under concentrate — under utilised equipment &
lost capacity

[ XS

T32 AMA Content (%)
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0651 Control chart of Tank T32
g concentration
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Dilution Water Flowrate
I

Solvent Flowrate to belt {(I/hr)
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Initial Data Analysis Summary
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A

Morphine rate and Solvent feed into the
plant are not well controlled

®

Morphine concentrations and solvent flow
from the extractor are highly variable and
off target




Contents O ‘wrRovEmENT

Macfarlan Smith

e Macfarlan Smith & Process Insight Consulting

e The Morphine supply chain

e Define the problem

e Collecting plant performance data

e Using JMP to analyse data sets

e Bring the process under control

e Future work using JMP
D



CONTINUOUS
Improvement Approach QO ivrrovement

Macfarlan Smith

Split improvements into 3 stages:

1. Control feeding rate and therefore Morphine into the
plant

2. Demonstrate concentration & flow control

3. Optimise concentrations & flows to maximise output
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Macfarlan Smith

Split improvements into 3 stages:

1. Control feeding rate and therefore Morphine into the
plant

2. Demonstrate concentration control

3. Optimise concentrations & flows to maximise output
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Initial Data Analysis Findings — Feed Rate

Dilution Water Flowrate

o071 Bulk density v charging rate Parameters thought to control charging rate
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Initial Data Analysis Findings — Feed Rate

Conclusions:
Existing method for calculating straw feed rate is flawed....
...... Needs a new approach



Improvement 1 — New Feed Rate Method O TWrrovemens

Macfarlan Smith

Bulk Density

l ) Hopper

= Gate Height |
2 S
T N,
&> / Extractor

____ SRRECETEEEEE

Belt Speed

JMP
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Improvement 1 - Feed Rate Model

[y
[y
N |

[y
2

R Squared value shows
how much of the
variability the model
explains — nearly 90%

feed rate tonnes/day Actual
re)
|

RMSE=0.4868

6 LE— N N A L—
6 7 8 9 . ] ] . [l
feed rate tonnes/day Predicted P<.000RSq=0.89 Prediction Profiler in JMP

=
©9.853719
©[9.528974,

§10.17846]

feed rate
nes/

P value indicates model
is statistically
significant

28 49.81 Straw bulk
Belt Speed Gate Height density
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1. Control feeding rate and therefore Morphine into the

plant
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2. Demonstrate concentration & flow control

3. Optimise concentrations & flows to maximise output
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Split improvements into 3 stages:

4 )
1. Control feeding rate and therefore Morphine into the

plant

9 Complete)

2. Demonstrate concentration & flow control

3. Optimise concentrations & flows to maximise output
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IMPROVEMENT
Dilution Water Flowrate

Current Concentration Control Method

Macfarlan Smith

Bulk Density _l v l
@ @
Solvent Flowrate il
Gate Key Concentration Key Concentration
v v  Height ; control point control point
~—7 Target 0.26% Target 0.55%
— HE34 HE35
( Belt Speed) /
\/ Ly
Many process
variables T32 T
dn
| 1 R =
Recirc. P34 P48
Rate

7

* Multiple key concentration control points
* Many critical process variables
e Continuous processing plant with lots of interactions

JMP
* No understanding of the effect one change has on another
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Improvement 2 - Current Control Method O rrovement

Dilution Water Flowrate
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Improvement 2 - Current Control Method

Dilution Water Flowrate
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Improvement 2 - Current Control Method

Bulk Density

-
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Improvement 2 - Current Control Method O rrovement

Dilution Water Flowrate
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Current Control Method

Dilution Water Flowrate

D Morphine rate to
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Improvement 2a — Morphine Control Method

1. Set a constant Morphine

feed rate to the plant

_ ensit
using JMP model Y
Sol te
Gate
| v v Height
2. Match this
with a
constant Belt Speed
flowrate of
solvent to
the extractor
Recirc. P34
Rate

Target to

concentration &
flow here

/

. 4

~—

stabilise

P46

JMP based feed rate model gives us the tool to stabilise

concentration

—
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Dilution Water Flowrate

T

Control Basis:

Sample straw and analyse for

H  Morphine. Adjust feed rate to

maintain a constant Morphine
flow in

P48 P50

JMP
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C

Improvement Result for Morphine Control
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Prediction Profiler
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Improvement 2b — Ratio Control Method

Dilution Water Flowrate

2. Vary Morphine feed rate
to the plant using JMP ensit
model Y |
SO'E;IE Target to stabilise q ﬂ
Gate concentration & e
o U] Height fow here Control Basis:

3. Maintain a ‘ Sample product stream
constant H' and adjust feed rate to
flowrate of Belt Speed ] ..
solvent to ~ - maintain a constant
the extractor Morphine concentration

Recirc. P34 P46 P48 P50
Rate 1. Sample tank and \
calculate the ratio of ~
target concentration P
to actual

JMP based feed rate model still fundamental to plant control

JMP
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Improvement Results in JMP
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Split improvements into 3 stages:

4 )
1. Control feeding rate and therefore Morphine into the

plant

9 Complete)

[2. Demonstrate concentration & flow control

Complete]

3. Optimise concentrations & flows to maximise output
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Macfarlan Smith

Split improvements into 3 stages:

4 )
1. Control feeding rate and therefore Morphine into the

plant

9 Complete)

[2. Demonstrate concentration & flow control

Complete]

3. Optimise concentrations & flows to maximise output




Improvement Results

Normalised AMA Output rate for 1.6% straw (tefyr)
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Rate Increase

20
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30
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O

Rate increased
incrementally over

_~ several weeks all the

time using JMP to
analyse data and
ensure key
parameters remained
in control



Control — Automated Data Clean Up & Dashboards ©
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Macfarlan Smith

Split improvements into 3 stages:

4 )
1. Control feeding rate and therefore Morphine into the

plant

9 Complete)

[2. Demonstrate concentration control

Complete]

[3. Optimise concentrations & flows to maximise output ]
e

Complet
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Next Steps — Vertical Integration of Cl work

N
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Macfarlan Smith
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We Could Not Have Done This Without JMP O ivrrovemenT
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e Pin point the issues in a fog of data w
\. ’
[

e Visualise the data to easily spot patterns, trends
& outliers

e Powerful modelling, profiling & what-if '
simulation

[
=
e Easy communication of process issues through ? %

simple visualisation

e Ease of data clean up, manipulation & dash-
boarding
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Process Insight Consulting

=
Process Insight

We help you maximise the value of your data by driving practical
application of stats into the heart of your business

« Exploiting the power of JMP ® to solve your toughest real
world problems

« Data Analytics for non — statisticians
o “We speak human!”

* Engaging the total organisation in problem solving
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