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Abstract: Manufacturing Execution Systems (MES) are computerized systems used to measure production
performance in terms of productivity, yield, and quality. In the first part, performance indicator and overall
equipment effectiveness (OEE), process robustness tools and statistical process control are described. The
second part details some tools to help process robustness and control by operators by preventing deviations
from target control charts. MES was developed by Syngenta together with CIMO for automation.

Keywords: Manufacturing Execution System - OEE - Process robustness - Production performance -
Statistical process control

1. Introduction

Automation in the chemical process in-
dustry has allowed more productivity and
generated lots of data. Automatic process-
ing of these data is needed for continuous
improvement of productivity and quality.
Some methods and concepts for productiv-
ity improvement and robustness tools will
be described and illustrated in this article,
starting with performance indicators and
cycle time followed by examples of sta-
tistical process control on quality. Finally
real-time monitoring and examples of pro-
cess deviation will be detailed.

2. Overall Equipment Effectiveness
and Performance Indicators

Overall Equipment Effectiveness
(OEE) is a common performance indi-
cator used in industry, which is based on
three categories: Availability, Performance
and Quality (Eqn. (1)). This article illus-
trates how Management Execution System
(MES) can be used to monitor OEE for
batch production and continuous produc-
tion.

OEE = Performance X Availability

x Quality [%] M
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OEE is monitored only at the produc-
tion line bottleneck. This first section will
focus on Performance and Availability.
Quality measurement and statistics are de-
scribed in another section.

2.1 Batch Production

According to International Society of
Automation (ISA) Standard 88.,!"! batch
production is defined as a succession of
operations. OEE is measured at the unit
with the highest cycle time of the produc-
tion line which is the bottleneck.

For batch production, Performance is
measured for each batch and is equal to the
ratio between target batch cycle time (OEE
100%) versus measured batch cycle time.
This ratio cannot be higher than 100%. The
time difference between target and current
operation time is recorded as a delay. As
the target OEE calculation method is not
well defined in the literature,'” the follow-

ing method is used. Target cycle time (or
minimum achievable cycle time) is the
sum of the minimum time of each oper-
ation. According to our observation target
cycle time is lower by 1-5% than minimum
measured cycle time.

A batch cycle time representation ex-
ample is given in Fig. 1 where the batch
cycle time is divided into operation times.
Each operation can be then displayed indi-
vidually (Fig. 2), helping the identification
of production loss root causes. The per-
formance of each operation in the batch
is measured and consolidated to give the
performance of the entire batch.

The background green zones in Figs
1 and 2 represent the minimum operation
time OEE 100%. When measurements are
displayed in the orange zone, it demon-
strates that a minor deviation was record-
ed. When they reach the red zone, it shows
that a major deviation occurred.

Fig. 1. Batch cycle
time histogram
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Fig. 2. Operation
cycle time histogram.
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Major OEE loss records should be an-
alysed by the operational team to ensure
productivity robustness. Minor deviations
are generally not analysed.

The cycle time evolution can be fol-
lowed using a moving average. The varia-
bility can be monitored with basic statisti-
cal tools such as mean value, standard de-
viation, minimum and maximum values...

2.2 Continuous Production

For continuous production, productiv-
ity is measured using product flow rate at
the input or output of the unit. Performance
is the ratio of measured versus target flow
rate.

Availability is defined as the ratio of
operating time/planned production time.
Loss of availability is detected when the
flow is equal to zero. This happens when
no production is planned on the equipment
and this record should not be treated. Fig.
3 represents the schematic view of produc-
tivity loss for continuous process.

In Fig. 4 continuous flow rate ver-
sus time is displayed. OEE target flow is
5200kg/h. Each flow rate reduction or stop
generates an OEE loss, which is then sum-
marized in a table.

2.3 OEE Productivity Loss Analysis

Once OEE is measured either on a batch
or a continuous production, a production
record loss table is generated. The cause
of each production loss must be assigned
to a specific cause by the operational team.

An analysis of the main causes of pro-
duction loss can then be performed on
different time frames (weekly, monthly)
which allows continuous improvement of
productivity. Fig. 5 illustrates an example
of a weekly OEE productivity loss report
split into different categories.

3. Quality: Statistical Process
Control on Defects

Quality can be monitored using MES
following direct data or variability of qual-
ity parameters.

The main quality indicator is Right

First Time (RFT), which represents the
amount of product aligned with the specifi-
cations. RFT evolution versus time can be
monitored. To improve the product com-
pliance rate, the cause of defects should
be analysed: the number of noncompliant
criteria or near misses (within specification
but between than 80% and 99% of mini-
mum or maximum specification limits) are
counted and visualised in a pie plot to aid
defect cause identification (Fig. 6).

After RFT tracking and defect caus-
es identification, the process variability
is measured. The variability is monitored
using average and moving average of the
finished product (or by-product content),
standard deviation and 6-sigma indica-

tors (Process Performance Pp = Upper
Specification Limit — Lower Specification
Limit/6 Standard deviation and Process
Capability Cp). Fig. 7 illustrates a
well-controlled by-product with a Process
Capability Upper (Cpu) higher than 1.67
(typical over quality value according to
6-sigma Pillet M, 2011).5!

4. Mass Balance and Yield
Measurement

Mass balance and yield process perfor-
mance can be monitored using MES. Each
chemical consumed or produced is de-
clared in the MES database which allows
the calculation of the ratio between chemi-
cal production and raw material consump-
tion. Moreover the assay can be extracted
from Laboratory Information Management
System (LIMS), giving such values for
each consumed and produced chemical.

Fig. 8 and Fig. 9 represent the evolu-
tion of produced and consumed material
quantities, respectively, versus target on a
monthly basis or batch per batch.

Using the above data, the ratio of
consumed raw material versus produced
chemicals can be calculated and allows
efficiency tracking and deviation control.
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Fig. 3. Schematic
view of loss of pro-
ductivity flow for con-
tinuous process.

Target

\_,—’v

Productivity loss

Deviation zone

Time

Fig. 4. Continuous
productivity loss.
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Fig. 5. OEE Loss Pareto analysis.

Fig. 6. Quality analysis on noncompliance criteria occurrence.

5. Execution Supervision and
Process Robustness

Production dashboards are used to
monitor production performance live.

Such tools help to control the process as
it allows early deviation detection to keep
them as low as possible.

5.1 Continuous Production
Robustness

Typical dashboards used to monitor
plant performance are speedometers with
high/low limits and histograms. Parameters
which are followed are direct measures:
flow rate, temperature, pH... and indirect
measures such as mass yield (ratio of flow
in/out) versus rate for yield calculation or
quality.

Fig. 10 and Fig. 11 illustrate the flow
rate of the continuous evaporator with the
yield of evaporation using those speedom-
eters.

For a parameter that has to be constant
versus time, horizontal working zones are

commonly used. For example, tempera-
ture can be monitored during raw material
dosing in continuous or batch production.
The standard conditions are displayed in
green. Small deviations are displayed in
yellow and main deviations are in red. Fig.
12 represents constant pH monitoring with

working zones.
In the case of deviation from the opti-

mal working zone, action needs to be tak-

Fig. 7. (Top) Evolution of by-product versus batch number with 0.25% upper limit and average;
(Centre) evolution of capability versus batch number with limits and average; (Bottom left) popu-
lation distribution by occurrence of by-product value; (Bottom right) cumulative population histo-

gramin %.

en, which are then detailed on screen to fix
the problem. Fig. 13 is an example of such
process deviation from standard operating
conditions and the key actions to be taken.
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Fig. 8. (Left) Production evolution in blue compared to planning in green versus time on monthly
base; (Right) Batch production quantity representation versus batch number.
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Fig. 9. (Left) Raw material consumption evolution in yellow compared to planning in green versus
time on monthly base; (Right) Batch consumption quantity representation versus batch number.
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Fig. 10. Flow and yield dashboard on continuous evaporation unit.

~

(~ Flowrate Distillation (en Kg/h) (* Mass Yied . (en %)

sgsiggsg2ec c8g8iggsgsec
k Semaine année 2016 k Semaine année 2016
J J

Fig. 11. Weekly dashboard on continuous evaporation unit.

5.2 Batch Production Robustness

For batch production, a reference called
the ‘golden batch’ must be replicated to
ensure productivity and quality. Typical
parameters which could be followed are
temperature, pressure, cumulated dosed,
distilled chemical...

Fig. 14 illustrates a crystallisation
cooling temperature profile compared to a
reference with a band of deviation. In case
of deviation, the temperature curve leaves
the green and yellow band to enter the red
deviation zone.

Alarms are recorded as process devia-
tions. The time spent outside the standard
working zone is recorded as well. The de-
viation causes should be analysed further
to improve reproducibility. Such a graph
helps the operators to follow a dynamic
profile, which can prevent a minor or a
major deviation.

In Fig. 15, a cooling profile deviation
at a low temperature of -5 °C occurred,
caused by brine network overconsumption.
Brine power consumption was exceeding
the chiller power and the reactor could not
be cooled at the expected rate.

The main process control parameter
was the amount of each chemical dosed
per batch to ensure reproducibility. In Fig.
16, histogram representation of the amount
dosed per batch with deviation helped op-
erators to establish the limits. Further sta-
tistics can then be performed to monitor
the variability. This type of histogram is
displayed during each batch dosing step.

6. Conclusion and Outlook

In this article, some examples of MES
were presented to facilitate deviation mon-
itoring and to prevent such deviations from
becoming significant. These tools can help
productivity and economic performance
measurement and to control the process
better. It was observed that using such in-
dicators engages the operational team in
the continuous improvement process by
empowering them in the decision-making
process. It was observed that using all of
these tools led in two to three years to more
than ten percent productivity increase and
fewer process deviations.
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Fig. 12. Constant pH monitoring with control limit.
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Fig. 13. Constant temperature monitoring with detected deviation and actions to be followed.
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Fig. 15. Example of cooling minor deviation at low temperature due to
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Fig. 16. Histogram representation of chemical dosed with deviation zone.
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