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Abstract

Manual operations in manufacturing companies are still a common practice. This often results in high costs, high cycle times and
therefore in lower productivity, particularly for companies operating in western countries. This is why many manufacturing
companies relocated their production facilities in low age countries. This study was developed at a leading Portuguese material
construction manufacturing company. The objective was to improve the packaging and labeling processes, that were identified as
main bottlenecks in the factory. Lean was used to streamline these processes before being automated. This allowed for annual
savings of 12432 €, with human operators being reallocated to other departments where they are more useful. Furthermore, cycle
times were reduced by 42,9%, non-value-added activities were minimized, and operations with potentially high ergonomic risks
were eliminated. In addition, a reduction of 84,3% in lithographed packaging was achieved, with a cost reduction of around
36 000 €/year, which is expected to continue in the forthcoming years.
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1. Introduction study was developed at a company in the Chemical Industry,

more specifically in the production sector of materials for

Today manufacturing companies are confronted with
increasing competition, increasing technology changes and
increasing customers’ expectations. Lean plays a fundamental
role in dealing with these challenges, as it enables identifying
non-value-adding tasks, underutilized resources and, in
general, how to more with less [1]. Lean contributes for the
companies’ goal of making the right products, in the right
quantity, at right time, at the lowest cost [2]. Waste elimination
is therefore central to the Lean philosophy, and can be achieved
through the materials and information flows mapping [3]. This
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construction in Portugal. The main objective was to enhance
the effectiveness of the labeling sector of the company by
improving the procedures associated with operations and
reducing the costs inherent to the purchase of lithographed
packaging. Thus, the research objective was analyze the impact
that the implementation of several improvements will have on
the packaging sector and consequently in the organization.

This study is organized in five sections. Section 2 presents the
literature review supporting our study. Section 3 addresses the
research methodology used and Section 4 provides a detailed
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description of the identified problems, as well as the proposed
solutions and presents the obtained results. Finally, conclusions
and future work are put forward at Section 5.

2. Literature Review

The mass production system possesses extremely specific
features and guidelines, which drive the production of great
quantities characterized by little or no variety. This type of
production was developed by Ford Motor Company which, in
turn, inspired the TPS methodology (Toyota Production
System) in 1940 by Taiichi Ohno. He travelled to the U.S. to
observe Ford's manufacturing processes, with the premise of
enabling production that could be customized for the client,
thus generating greater value for the stakeholders [4, 5]. This
methodology allowed for the development of various tools
[6,7]: JIT (Just-in-Time), Standard Work, ABC Analysis, the
PDCA cycle (Plan, Do, Control, Act), and VSM (Value/Visual
Stream Mapping). JIT was developed in order to ensure that
assembly lines consumed as few resources as possible, in
addition to minimizing stocks between processes, which meant
that it constituted an excellent "weapon" to combat waste in
production [8]. This methodology was applied at several
manufacturing companies in Nigeria to study its direct impact
at a financial level, with costs reduction and an increased return
on investment [9]. Another example was carried out at a solar
radiation panels manufacturing company, with the aim to
reduce stocks and, proportionally, lower the costs of production
[10]. The application of standard work on a production line
manufacturing components for air conditioning systems in cars
allowed for an increase in OEE (Overall Equipment
Effectiveness). This was due to the improved balancing of the
workstations, as well as the elimination of non-value-adding
tasks [11]. This standard work methodology was also tested in
Indonesia in the furniture industry, with the purpose of
reducing waste and improving productivity. When combined
with VSM, it contributed to minimizing setup and waiting
times by operators, thereby increasing production [12].
Supported by the Pareto principle, ABC Analysis emerged in
the mid-nineteenth century in Italy, when Vilfredo Pareto
decided to study the distribution of wealth in the country, and
realized that 80% of this belonged to 20% of the country’s
population. After the study, he invoked his theory that 80% of
problems arise from 20% of the causes [13]. This tool
distributes products into three groups: the products of highest
consumption are classified as A (80%), whereas products
which production presents little impact are rated as C (5%); the
intermediate levels of consumption are distinguished as B
(15%) [14]. The application of ABC Analysis at an electrical
component production company in Tijuana, Mexico, allowed
for a reduction in waste as well as an increase in production
capacity [15]. With regard to other Lean Production tools, there
are several scientific articles which point to the benefits of their
use in the most diverse market sectors. The PDCA cycle has
already been used as a resource for the study in epoxy resin
production organizations, having achieved the goal of reducing
environmental impact [16]. It has also been implemented in
metalwork companies, where failures in production resources
were addressed, with a reduction in logistic operation times of

about 20% and a decrease in the time spent accessing tools in
near 61%. [17]. The VSM and Pull System enhanced
productivity by 20% with the same number of resources at a
valve manufacturing company in Poland [18]. In order to
improve the setup times of a line producing seat cables for the
automotive sector, several tools such as SMED, 5S and VSM
were used. Besides contributing to the flexibility of production,
production times were reduced by at least 58,3% within a week
using the same number of operators, which corresponds to 210
minutes [4]. VSM has also been used to improve setup times in
other types of industry, such as the cork stopper industry and
the electrical cables industry, presenting excellent results
[19,20].

3. Methodology

Here we follow the Action-Research methodology, during
which the study is undertaken through the combination of
"action (or change) and research (or understanding)" [21].
Whenever the changes do not meet the expected objectives, the
process is restarted; namely, the cyclical activity is repeated
until the result is refined. In the search for a solution to the
problem, this methodology complements scientific knowledge
with organizational knowledge, which includes the flexibility
to implement improvements [22, 23]. Fig. 1 presents an outline
of the phases and tools pertaining to this methodology.

If results are insufficient
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Fig. 1. Phases of the Action-Research methodology [21,22,23].
4. Analysis of the Production Labeling Process

Fig. 2 summarizes the information flow in the company after
order acceptance. In brief, the entire process begins with the
customer's order. The Production Planner then transforms the
customer order into a production order by issuing the
production Kanban’s to the Production Leader. It is the latter
who distributes these production orders to the various sectors,
where the labeling activity is carried out for all the products
produced by the company. The focus of the analysis will be the
packaging area, which works simultaneously with the
production, as it is the area with most problems, due the manual
task and the amount of packaging to be labeled.
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Fig. 2. Production process flow.
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Package labelling is currently carried out manually, which
is a time and money consumption task. It requires two
operators, and depending on the department workload, a third
operator may be introduced in order to prevent the creation of
a bottleneck. Since the operation is repetitive and involves the
hauling of loads there are potential ergonomic risks for the
operators. In addition, at the time of the evaluation of the entire
process, one concluded that there were too many packaging and
label references, which impacted directly on the final costs of
the product.

4.1. Identification of Potential Problems

Throughout the evaluation of the production process,
several potential problems were detected (see Table 1). Thus,
it was essential to address these issues with a solution that
would enable adjusting the requirements of all the parts
involved.

Table Erro! Marcador nio definido.1. Problems detected in labeling
activities.

Sector Action Description of the problem
Manual procedure (high cycle
Production process time)
. Pasting of the hazard label
Labeling Mz " £
anagemen 0 High costs associated to the
costs ! .
and stocks various lithographed packages

4.1.1. Manual Procedure (high cycle time)

The activity of manual labeling required an excessive
number of human resources. As a rule, two operators were
involved in this task and, when the load of work was higher
than average, a third worker was incorporated. These operators
were allocated to sectors where human input is inevitable or
when there was a bottleneck, which is the case in the filling
section or in the solvent-based paint sectors. As many as seven
labels are affixed to the packaging and, even in the case of
lithographed packages, these must carry labels to indicate batch
information, as well as the term of validity and color (if
applicable). This task represented a cost of approximately
12,73 €/hour for the company and, when a third operator was
required, this increased to 21,80 €/hour.

4.1.2. Pasting of the Hazard Label

Tactile hazard symbols for the blind were manually labeled,
with the allocation of three operators during a 50-minute time
period for each production lot (450 units). Additional expenses
resided in the cost of the label itself, which amounted to 0,011
€/unit, as well as the price of the package, which was 1,768 €.

4.1.3. High Costs of the Various Lithographed Packaging

The lithographed packaging represented a high cost in the
context of the product. In addition to this expense is the cost of
changing the lithography, which includes any and all changes
to the label, whether this is related to image, language or
legislation. This occurs rather frequently and, when it happens,
it implies eliminating the packages in stock, as well as
designing new lithography and the production of packaging.

The problem is compounded by the fact that IML (In Mould
Labeling) labels are only valid for a one-year period due to
static electricity concerns. In 2016, the company spent as much
as 5200 € on changes to the image on product packaging; in
2019, this expenditure amounted to approximately 7000 €.

4.2.  Proposals for Improvement

Table 2 presents the problems identified and the solutions
proposed for improvement that were implemented by the
organization.

Table 2. Description of the problems detected.

Problems Proposals for improvement

Manual Procedure (high cycle time) Automation

Pasting of the hazard label Incorporation of symbols on
packaging by the supplier
Replacement of lithography
with labeling performed at the
company

High costs associated to various

lithographed packages.

4.2.1. Automation

A proposal of automation in the labeling sector was
analyzed with a view to reducing human interaction in the
labeling task. Other objectives included in this proposal resided
in the improvement of the process itself, exponentially
reducing the likelihood of failures and freeing operators who
can be allocated to other sectors. To this end, the company
purchased a 3-head labeling machine (see Figure 3), which can
label in one single passage. The equipment consists of two
stainless steel tables: one for feeding and the other for
packaging output (with a capacity for up to 60 x 5 L packages,
35 x 15 L packages and up to 30 x 27 L packages). In this
context, only one operator is required for operations in the
labeling sector.

Fig. 3. Labeling machine implemented.

In order to obtain a labelled package, the machine operator
now simply collects the packages from the storage area, feeds
the machine and waits for the labeling. The removal of one
worker from the labeling sector enabled savings of 4,87 €/hour
for company. Furthermore, when there is a greater workload,
during which 3 operators were previously required, the savings
now amount to 11,29 €/hour. This means that, at the end of a
one-year period, during which two operators are released, and
estimating % of the time required for labeling by the third
operator, the amount of savings achieved is 12432 €/year. This
saving comes from the allocation of the auxiliary operator to
another job (€ 9350.40), plus € 3081.6 due to the extra operator
that was needed during the 3 months of greatest workload in
the labelling sector. The automation of this labelling process
not only allowed a cost reduction but also a productivity
increase. Table 3 presents a comparison of the production rate
values in units/minute for packages up to 1L (increase in rate
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of 42,9%) and for larger labels (increase in productivity of
75%).

Table 3. Manual rate vs machine rate.
Manual labeling Automatic labeling

Variation in production
rate
Packagingup to 1 L: +

Packaging up to 1L: 7 Packaging up to 1 L: 10

units/minute units/minute 42.9%
1 L< Packaging <27 L:  1L<Packaging <27L: 1L <Packaging <27
4 units/minute 7 units/minute L:+75%

4.2.2. Incorporation of Symbols on Packaging by the Supplier

After observing and analyzing operators at work, one was
able to conclude that the time dedicated to the pasting of the
tactile hazard symbol for the blind was too long. The follow-up
made it possible to obtain gains of 14,44 € for each production
batch, without having to allocate operators to the task (see table
4). With the direct incorporation of the symbols now executed
by the packaging supplier, savings are expected to be 288,8 €
for the 20 batches produced over a one-year period.

Table 4. Cost ratio per production lot (450 units).

Packaging without Packaging with tactile Savings
tactile symbols symbols
1,768 € (package cost) 178 S igg('];ﬁi cost)
- N S
450 units =795.6 € — 801 €
0,011 € (label cost)
*450 units Not applicable
—495€ 14,44 €
14,89 € (cost of 3
operators for 50 Not applicable
minutes)
Total = 815,44 € Total = 801 €

4.2.3. Replacement of Lithography by Labeling at the Company

There were initially 75 different packages, 51 of which were
lithographed. Through the use of JIT tools and ABC Analysis,
we were able to reduce the number of lithographed packages to
8, which represents a decrease of 84,3%. The ABC analyses
allowed to focus, at least, on the 80% of the problem and get a
compatibilism with JIT methodology, because the company
now has basic package for most products labelled in order of
requires. A comparison of costs is presented in Table 5, which
provides the example of 15L packages, assuming a time period
of 12 seconds for the operator to perform the task, and a
printing cost of 0,045 €. Table 6 presents the cost of a 4 L
package (the time required for label pasting is now 15 seconds).

Table 5. Cost of one 15-L package, lithographed vs not lithographed.
Lithographed package Package without lithography

. 1 * Package: 1,85 € . 1 * Package: 1,38 €

. 1 *IML Label: 0,31 € . 1 * Printing: 0,045 €
(cartridges) + 0,105 € (1
label)

. Operator: Not applicable ] Operator: 0,022 €/12 seconds

. Cost of one lithographed . Cost of one package without

package: 2,16 € lithography: 1,56 €

Table 6. Cost of one 4-L package, lithographed vs not lithographed.

Lithographed package Package without lithography

. 1 * Package: 0,63 € . 1* Package: 0,54 €

. 1 * IML Label: 0,19 € . 1*  Printing: 0,045 €
(cartridges) + 0,069 € (1
label)

[ Operator: Not applicable . Operator: 0,028 €/15 seconds

. Cost of one lithographed e
package: 0,82 €

Cost of one package without
lithography: 0,69 €

Considering an average of 400 packed packages per day, the
reduction of expenditure for the company is 150 € which, at the
end of one-year period (240 days), is translated into an amount
of savings of 36000 €.

4.3.  Analysis of Results

The improvement of the labeling sector allowed for an
increase in productivity of 42,9% for packages of up to 1L, and
75% for packages between 1L and 27L. Table 7 presents the
added value obtained through the proposals implemented in
this study.

Table 7. Gains promoted by the improvements implemented.
Proposal for Quantitative/qualitative gains

improvement
. Cost reduction of between 4,87 €/hour
(removal of one labeling operator from
A . the labeling sector) and 11,29 €/hour
utomation

(removal of two operators from the

labeling sector);
. Increase in production rate of 42,9% for
packages up to 1 L and 75% for
packages between 1 L and 27 L.
Reduction of 14 ,44 € for each
production lot;

. No operators allocated.

Replacement of .
lithography with labeling
at the company

Incorporation of symbols e
on packaging by supplier

Cost reduction amounting to 150 €/day.

The proposed objectives were achieved through the
automation of the labeling tasks, as well as by means of the
tools of ABC Analysis and Just-in-Time. These tools allowed
the company to reduce labor costs, thus saving 12,432 €/year.
Furthermore, the elimination of 84,3% of lithographed
packaging represents an additional reduction of 36000 €/year.
It is estimated that the payback of the machine will be reached
after 51 months (4 years and 3 months) when compared to
direct labour costs, as it had a cost of € 52 300.

5. Conclusions and Future Work

This study was developed and grounded on the Lean
methodology during 6 months. Lean is recognized as one of the
most effective methodologies to improve production processes.
Lean was used in this study to in package labelling sector of the
company. We follow the idea of “streamline first and then
automate”. This approach resulted in reduced operation times,
increased production rate and in better use of human resources.
, a method of improvement through which problems and
methods of action in production are scrutinized in order to find
a solution that will ensure quality and greater efficiency,
constantly seeking to use fewer resources. The objectives
determined by the company were achieved by means of
labeling automation, which allowed for an increase in
productivity of 42,9% for packages of up to 1 L, and an increase
of 75% for packages between 1 L and 27 L, using only one
worker to operate the machine. In addition, there was a cost
reduction of 84,3% unassociated with the lithographed
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packaging, which represents 36,000 €/year in savings. The
prospect of a continued reduction in the costs obtained can be
sustained in the long-term, thus making the process susceptible
to constant improvement. Future work should contemplate the
printing of labels on a transparent base (unlike the current white
base), which will substantially reduce the cost of yellow ink
cartridges.
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