Lean Manufacturing Model

A New Use of Simulation Technology in the BioPharma Industry

Achieving sustainable manufacturing improvement for pharmaceutical and biological
products has been difficult in the past due to the complexity of processing and the lack of
tools. OpStat’s lean model can be used to make improvements in existing operations,
analyze capacity in new and existing installations, and plan for the future based on
demand scenarios. The model is like a dynamic value stream map so analysts and
engineers can see material moving through all work centers/equipment in the process.

Material, Information & Financial Flows are Visible

Statistics on throughput, cycle

time, yield & service levels
[END TO END PROCESSING OF LOTS |

DEMAND

SIGNALT ||

5[01‘&1_73 MEAM CYCLE TIME [days): MTL

AVAILABLE TO FULFILLMENT

SL.3

[ 5TND DEV OF CYCLE TIME (days) | | 11.3
MRK CYCLE TIME (days) | |52
MIN CYCLE TIME (days} | |8

Flexible graphical summaries on performance
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Chemistry and protein based product forms — e.g., API, tablets, capsules, liquids,
lyophilized vials & syringes, inhalers, transdermal patches - may be configured by your
own employees after training and benchmarking to actual metrics.

Validated Equipment & Rules
Current and proposed validations as well as all cleanout and sterilization rules by product
are maintained in Excel spreadsheets for ease of use.
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Detailed Processing Through Equipment

Models are configured hierarchically for supply chains and manufacturing streams
down to work centers and individual sets of equipment as required.
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Variability and planned/unplanned
downtimes in all processes, as well as in
demand, is incorporated in the monte carlo
simulation employed.
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In this example, the 5 day freeze-dry cycle ends, but the
cart is being cleaned; start of unload & capping is delayed

Resource Utilization: People & Equipment in both Manufacturing & Labs

The utilization of critical skilled personnel and of individual sets of equipment in each

is tracked, as well as confidence intervals
Effectiveness (OEE) is also calculated for

Manufacturing Equipment & Product

of results. Overall Equipment
each set of equipment.

Lab Equipment
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BALANCE 1 61.2%
0.622 CENTRIFUGE 1 16.2%
— CIRCULATING BATH 10 0.8%
LRl DEGASSER 1 1.0%
10 GC 2 13.9%
HEADSPACE AUTO 3 0.1%
HPLC 1 12 18.5%
HPLC 2 10 50.1%
HPLC 3 8 26.8%
LIQ VOLDISP 1 9.0%
LOAD CELL 1 15.6%

OpStat Group Inc. has a proven track record with pharmaceutical and biological

companies. Founded in 1986, our staff is expert in operational improvement, and uses
simulation tools for analysis of operations. We have adapted our simulation models to
be licensed to companies focused on lean operations.

oOpStcac

© 2006. OpStat Group Inc. All rights reserved.

www.OpStat.com

OpStat Group Inc.

54 Danbury Road #337

Ridgefield CT 06877

Telephone: 203.431.3905

Email: LeanPharma@OpStat.com



