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Overall Equipment Effectiveness: A Crucial Component
in Process Performance Improvement

It is crucial that organisations

implement robust serialisation
processes to curtail counterfeiting.
Currently, pharmaceutical manu-
facturers are investing considerable
efforts into complying with government
and industry standards for quality,
traceability, and safety. Various
serialisation machines are being
employed to ensure the traceability
of products from the manufacturer to
the end customer. However, alongside
this investment in traceability and the
challenges that counterfeit medicines
present, companies must strive to
maintain effective machinery and
equipment for timely production and
quality products.

With the increased demand for
pharmaceutical equipment and
machinery, decision-makers have
become careful when it comes to capital
investments and purchasing decisions
in order to achieve cost-optimisation.
Overall equipment effectiveness
(OEE) is one of the most fundamental
factors that should be considered while
making key purchase decisions, such
as the acquisition of pharmaceutical
inspection machines.

OEE, a term coined by Seiichi
Nakajima in the 1960s, determines the
effective utilisation of equipment in a
manufacturing environment.

This article provides an overview
of the various components that are
involved in measuring the OEE of
pharmaceutical products.

In addition to OEE, validation,
verification, and routine performance
monitoring are reviewed to ensure

that a piece of equipment conforms
to regulatory requirements during
its lifecycle. These measures are
elaborated below.

Validation and Verification

Numerous organisations have defined
validation and verification. In the
pharma purview, according to the
21 Code of Federal Regulations Part
820 - Quality System Regulations of
the Food and Drug Administration
(FDA), “validation means confirmation
by examination and provision of
objective evidence that the particular
requirements for a specific intended
use can be consistently fulfilled”? and
“verification means confirmation by
examination and provision of objective
evidence that specified requirements
have been fulfilled”?

The meaning of validation is
restricted to the demonstration of the
suitability of a method or process for its
intended purpose. On the other hand,
verification involves the determination
of whether the previously validated
method is suitable for use in the given
specific experimental conditions.

Validation is performed to confirm
whether the equipment conforms to
the design specification, and if the right
equipment has been selected. However,
the on-site validation is performed
only once - at the time of installation
of the equipment, or whenever the
equipment undergoes modification
(revalidation). Conversely, verification
is conducted annually to confirm if the
equipment is functioning in accordance
with the expected specification or has
enhanced specification requirements.
The internal quality assurance (QA)
team of a company plays a critical role
in coordinating this activity, alongside
an external independent third party.

Routine Performance Monitoring

Routine performance monitoring
involves a series of performance
verification checks completed at
frequent and regular intervals. Operators
and production executives evaluate

whether the equipment is operating
within the set limits using various
tests. The internal QA or production
team regularly perform these tests
during production, or before and after
product changeover. The frequency of
these tests varies.

OEE

The International Society for Pharma-
ceutical Engineering document states
the following:

“Levels of OEE performance are
highly variable, and it is important
to set expectations accordingly. A
continuous processing plant in oil or
chemicals will often have OEE rates of
90% or more. A multi-product, sterile
pharmaceutical packaging line will
often have OEE rates of less than 10%.
It is, therefore, important to recognise
realistic and achievable target levels for
the equipment in question.”

OEE is calculated using the following
formula:* OEE (%) = Availability rate x
Performance rate x Quality rate.

*  Availability rate* (the percentage of
time in which a machine is ready
to produce, works correctly, and is
not in the process of changeovers
or adjustments). It is a measure
of how often a system is up and
running. It is often referred to as
uptime, which is calculated as the
ratio of actual, versus planned,
production time.

+ Performance rate* (the ratio of
output compared to an output
standard). It is a measure of
the maximum output achieved
when compared to the designed
output and can be described as
performance. Performance is the
ratio of net runtime to runtime.

*  Quality rate* (the ratio of the
good output compared to the
actual output). The manufacturing
industry sometimes refers to this
as the first pass yield, which is
a computation of the good units
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produced as a percentage of the
total units produced, or the ratio of
the good count to the total count
produced.

OEE Parameters

When it comes to the benefits of using
inspection equipment, executives
should consider these factors:

*  Availability
Contributes to the reduction of
rework. Timely identification and
rejection of defective products
can prevent damage to equipment,
and thus prevent unscheduled
downtime.

*  Performance
Contributes towards the quick set
up of production equipment and
informing the production team of
scheduling downtime.

*  Quality

Contributes toward the timely
identification of a deviation in
process parameters and setting
the course of corrective action.
Hence, this parameter helps in
reducing start-up and production
reject rates.

Considering the above, we can
surmise that OEE is most effective
when utilised to determine the scope
and steps of process performance
improvement, rather than the output
of an individual machine or component.

Closing the Performance Gap

Tablets/capsules manufactured by the
pharma industry are packaged into a
blister using a blister-packing machine.
Because these tablets/capsules are
manually fed into the hopper of a
packaging machine, there are chances

4’ Technology

of errors/defects. These errors/defects
may include:

Incorrect products

Foreign particles

Broken products

Duplicate products
Crushed/cracked products

Only body/cap in capsule
Changes in shape, size, and form
Spots or discolourations

NGNS

Extensive data collected (by inter-
viewing customers) on the number of
extra hours spent to correct/address
the errors/defects. We found that during
a typical eight-hour shift, almost 1.5 h
was spent on the rework process as
defective products were being packed.

Actual completion time of one shift - 8 h
(480 min)
Rework time in one shift — 1.5 h (90 min)
Quality = Actual time /
(Rework time + Actual time)

= 480 / (90+480)

= 0.8421

= 84.21%

i.e., one day per week of production was
lost due to rework. This translates to 48
days lost per year of annual production.

The solution was to reduce manual
intervention and install a camera-based
inspection system on the blister-
packing machine. This ensures that no
defective product is packed, ultimately
reducing the amount of lost time (due
to rework).

Solution - Cutting Out Manual
Intervention

An inspection system on a blister-
packing machine is positioned right
after the tablets/capsules are dropped
from the hopper into the cavities of the
base foil.

Areference image of correct packaging
of the tablets/capsules is used as the
benchmark. A camera continuously
takes images, and software-based
image algorithms compare these
images with the reference image. Any
defects or rogue products cause the
camera to provide a reject signal, and
the defective blister gets rejected at the
end of the line. Thus, all the defective
blisters are automatically collected in
a separate rejection bin without any
manual intervention. This eliminates
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the time-consuming process of manual
visual inspection.

Another set of interviews conducted
with customers (from the same set as
earlier) who installed an inspection
system on their blister-packing machine.
It was observed that the installation
of inspection system resulted in
approximately 15 mins of rework per
shift. The calculations mentioned below
are self-explanatory which increased
the quality of outcomes.

Actual completion time of one shift -
8 h (480 min)
Rework time in one shift — 15 min
Quality = Actual time /
(Rework time + Actual time)

= 480 / (15+480)

= 0.9696

= 96.96%

i.e., one day in each month of
production is lost, which translates
to only 12 days lost per year of annual
production. Therefore, a straight 36
days of production gain was achieved.

Result

By reducing manual intervention and
installing an inspection system on their
blister-packing machine, our customers
were able to reduce error rates, which
ultimately led to the improvement
of the production process. This can
translate to increased availability and
performance rates of the machine,
which may eventually improve the OEE
of the blister-packing machine.

As we know, measurement of
perfor-mance is essential, because it
identifies performance gaps between
current and desired performance and
provides an indication of progress
towards closing the gap. By using OEE,
we can work on reducing this gap up
to a certain level.

Despite the emphasis laid on
process control and consistency by
the FDA guidelines, inconsistencies are
often observed in many facilities. These
inconsistencies mean non-compliance
to the current good manufacturing
practices, and this non-compliance can
lead to process inefficiency and loss of
productivity.

Conclusion
OEE is an essential factor that helps

to ensure effective purchase decision-
making. The OEE concept, however, only
scratches the surface of the process
involved when choosing appropriate
pharmaceutical inspection equipment
to improve production cost-effectively.
It is imperative that buyers expand their
knowledge on this subject.

Vision inspection systems help the
industry to minimise the production
downtime and higher reject rate due
to false rejection. Therefore, it is evident
that quality and, consequently, the OEE
can be improved substantially. This,
in turn, can considerably contribute
towards enhancing production and
revenue.

These systems can ensure that
all the products are inspected and
adhere to standards. Simultaneously,
these systems can identify and
remove non-conforming products. The
capabilities of vision inspection can vary
from fundamental to complex systems.
The latest vision inspection technologies
not only inspect each label in real-time,
but also track foreign objects such as
plastic, bolts, and washers on the tablet
counting machine. Such capabilities
help companies to avoid unnecessary
product recalls and their associated
costs.

Apart from the detection of defective
products, inspection equipment can
help achieve better runtime data.
Buyers can achieve superior OEE if they
can determine the causes of potential
defects and take preventive actions
accordingly.

The OEE of a plant is usually
compared to the world-class OEE.
Typically, OEE can be benchmarked at
60%; this score indicates a substantial
scope for improvement and a possible
target. However, a score of 100% is
considered a perfect production, under
which, only good units are produced
in the shortest time and without any
stoppages. Thus, the monitoring of OEE
is highly beneficial; it is a vital aspect
of the quality control process that
increases efficiency and profitability,
and enhances production processes.
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