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ABSTRACT

This research was conducted in a manufacturing
company that has been experiencing a low-productivity
problem for the last four years in the production area
of aqueous adhesives, whose productivity values are
lower than the expected value (5 kg/mh). Accordingly,
a strategy for improvement based on the Lean
Manufacturing methodology was considered necessary
in this study, so the Kaizen methodology and the 5S were
selected. This was carried out in stages that consisted,
first, of a situational diagnosis, followed by the design,
implementation and evaluation of the results. These
stages were executed in 7 months, from January to
July 2019. Upon application of the Lean Manufacturing
methodology, the productivity results were evaluated and
an average value of 5.58 kg/mh was obtained. It is worth
mentioning that in 2018, before the application of Lean
Manufacturing, the average productivity value was 4.37
kg/mh.

Keywords: Lean Manufacturing; productivity; 5S and
Kaizen.

INTRODUCTION

Aqueous adhesives are widely used as additives or intermediate
products in different industries, such as the wood, paper, and
bottling industries, among others. The emergence of new com-
panies in this field is the result of an increasingly competitive
market. Therefore, companies need to apply strategies that help
them remain competitive and position themselves in the national
market in order to survive as an industry, where not only quality
is a determining factor, but also the improvement of the produc-
tion system by eliminating activities that do not add value to the
process or to the customer.

The manufacturing company under study, which manufactures
aqueous adhesives, has to achieve certain objectives and goals,
in addition to making the right decisions to ensure the company's
permanence in the market and a high profitability that will result
in benefits for its workers and shareholders; however, productiv-
ity has been low in the last 4 years. New methodologies based
on process improvement, such as Lean Manufacturing, which
increases productivity by eliminating waste, must be applied to
reverse this situation.

The Lean Manufacturing methodology is defined as a manage-
ment model of excellence and continuous improvement that fo-
cuses on the elimination of waste that does not add value to the
product and is comprised of different tools. 5S and Kaizen tools
were applied in this research, for which a literature review of Lean
Manufacturing was undertaken, followed by the design, imple-
mentation and evaluation of the results with statistical methods.

The Lean philosophy is considered innovative and relevant with-
in companies, since it allows optimizing production processes by
eliminating activities that do not add value in the different stages
of operations and that do not provide benefits to the company.
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This elimination is applied from the start to the end
of production, which improves economy and saves
resources.

Optimizing processes and improving productivity by
reducing downtime translates into increased profits,
improved product quality and a culture of change
in people’s thinking, in order to achieve efficiency
in the production process, that is, to produce more
with fewer resources and less effort.

All production and service processes must be eval-
uated in order to generalize the results obtained to
other organizations and identify where this meth-
odology needs to be applied, essentially to provide
solutions to problems through continuous improve-
ment. Lean Manufacturing is implemented through
six steps: formation of a Lean implementation team,
training, diagnosis (identification of waste), Lean
methodology application, analysis of results and
elaboration of action plans focused on the reduction
of process time to achieve cost reduction, defect re-
duction, improvement of the organization's profita-
bility, among others.

Our general objective is “Apply Lean Manufacturing
(5S and Kaizen) to increase productivity in aque-
ous adhesives production area of a manufacturing
company”. Based on this, the specific objectives
are “Analyze the current productivity situation of the
aqueous adhesives production area of a manufac-
turing company”, “Apply the Lean Manufacturing
methodology in the aqueous adhesives production
area of a manufacturing company” and “Evaluate
the productivity after applying the Lean Manufactur-
ing methodology in the aqueous adhesives produc-
tion area of a manufacturing company”.

JUSTIFICATION

The adhesives manufacturing sector is growing and
is expected to make significant progress in the com-
ing years, as it offers benefits such as equivalent
and sometimes better performance than other prod-
ucts used in assembly and surface sealing, with
advantages in terms of cost reduction. Adhesives
are also used as intermediate products and inputs
in a variety of industrial products, such as labeling
adhesive, laminating adhesive (toilet paper), card-
board adhesive, among others; therefore, aqueous
adhesives production has become an attractive
business.

At present, the number of aqueous adhesive man-
ufacturing companies offering quality products and
services has increased, resulting in a competi-
tive market. Therefore, this research focuses on
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applying an improvement strategy through Lean
Manufacturing (5S and KAIZEN) and evaluating
the impact on productivity growth.

HYPOTHESISIS

« H, = Productivity in 2019 is equal to

0

productivity in 2018.

« H, = Productivity in 2019 is higher than
productivity in 2018.

THEORETICAL FRAMEWORK
Adhesives

Adhesive is defined as the application of all the forc-
es that oppose the division of molecules of differ-
ent contexts; therefore, adhesion is the resistance
that opposes the separation of bodies (Bilurbina &
Liesa, 1990).

Aqueous Adhesives

Water-based adhesives are solutions of polymers
(of vegetable or synthetic nature) dissolved in wa-
ter and are characterized by having a slower setting
speed than solvent-based adhesives, since water
takes longer to evaporate than organic adhesives
(Gonzaéles, 2014).

Water-based adhesives are one of the best alter-
natives to those using organic solvents, which are
much more toxic and polluting (Gonzales, 2014).

Lean Manufacturing

Lean Manufacturing is understood as the search
for the improvement of the manufacturing system
through the elimination or reduction of waste or
muda, consisting of all actions that do not add value
to the product or service produced by activities that
consume resources without creating any value and
for which customers are not willing to pay (Womack
& Jones, 1996).

The Lean Manufacturing methodology aims to min-
imize waste on an ongoing basis to maximize pro-
cess steps, focusing on cost reduction and minimi-
zation of waste and materials in the supply chain
(Vinodh & Dino, 2012). This can be summarized in
the following objectives:

» Leverage the use of organizational assets;

* Improve external and internal customer
satisfaction;
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Eliminate waste (activities that do not add
value) in the manufacturing process.

The Pillars of Lean Manufacturing

Total Quality Control

Total quality control is quality assurance from
the earliest stages of product development.
It is designed to ensure that products or
services meet quality requirements, which is
accomplished involving all employees in all
processes, thus giving rise to organization-
wide quality control, considered to be the
most important quality of Japanese quality
control (Ishikawa, 1997).

Quality control is applied to an organization
mainly to know the specifications set by the
product engineering and to provide assistance
to the manufacturing department, so that the
production reaches these specifications. As
such, it is concerned with the collection and
analysis of large amounts of data that are
then presented to different departments for
subsequent evaluation.

Continuous Improvement

Continuous improvement is the permanent
goal of organizations, as it focuses on
problem solving. The PDCA cycle, today
considered an essential improvement tool,
was introduced by Deming, who described it
in 4 steps (Socconini, 2018):

- Plan: A change or test
improvement.

aiming at

- Do: Test the change or test, preferably, on
a small scale.

— Check: Review the results - what have
you learned?

- Act: Adopt the change, abandon it, or go
through the cycle again, possibly under
different environmental conditions.

Just-In-Time (JIT)

Taiichi Ohno, executive vice president of
Toyota Motor Corporation, developed the
just-in-time production system seeking cost
reduction through the elimination of waste.
Based on concepts developed by Henry
Ford and Walter Shewhart in the 1920s and
1930s, Ohno developed a philosophy of
manufacturing excellence that surpassed
all previous ones (Rajadell & Sanchez,
2010).
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Productivity

Productivity is the correlation between
production and the optimal use of financial,
material and human resources to achieve
organizational objectives, increase the quality
of services and goods produced a pursue
the development of employees (Rodriguez,
1999).

Effectiveness

Effectiveness is the ability of an organization
to increase profits by different means,
including the capacity to achieve the desired
effect and the management of the inputs and
outputs of the environment, such as politics
and others (Fernandez & Sanchez, 1997).

Efficiency

Efficiency is achieved when the objectives
set are attained with the minimum amount
of inputs. For instance, we can increase
efficiency in a workday by eliminating breaks
and reducing lunch time, which would
increase production; however, it is possible
that the number of errors will also increase
due to employee fatigue, i.e., an efficient
production system of inefficient products
will have been achieved. Therefore, it is
proposed that productivity is a relationship
between effectiveness and efficiency
achieved, monitoring manufacturing costs in
which effectiveness is doing the right thing
and efficiency is the way of doing things well
(Huertas & Dominguez, 2015).

The 5 S:

The 5S are a methodology for improvement
that originated in Japan. It consists of
sorting, order and cleanliness of the area,
standardization of processes and personnel
discipline, so that they become habits in the
work areas and a culture of labor improvement
is achieved. This method can be applied to
any field and in all work areas of a company
(Barcia & Hidalgo, 2013)

o Seiri: Sort. Determining and differen-
tiating all that is really necessary or
essential for our work area. Essen-
tial elements are kept, to later classify
them while disposing of the unneces-
sary. Thus reducing elements at the
workplace, and keeping only those es-
sential to complete the processes and
tasks with maximum effectiveness and
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efficiency (Aldavert, Vidal, & Lorente,
2017).

Seiton: Set in order. Placing what is
necessary in an easily accessible place,
placing useful things in order according
to Safety/Quality/Efficiency criteria.

« Safety: They should not fall, they
should not move, they should not
be in the way.

e Quality: That They do not get hit,
rust, mix or deteriorate.

« Efficiency: Minimize lost time (Var-
gas, 2004).

Seiso: Shining. It intends to encourage
the attitude of cleanliness of the work
place and maintaining the classification
and order of the elements. It should be
supported by a strong training program
and the supply of the necessary ele-
ments for its implementation, as well as
the time required for its execution (Var-
gas, 2004).

Seiketsu:  Standardize.  Constant-
ly maintaining the order, cleanliness
and hygiene of the work area. It is
achieved by cleaning regularly, keep-
ing everything in its place and in order,
establishing procedures and plans to
maintain order and cleanliness (Vargas,
2004).

o Shitsuke: Sustain. Getting into the hab-
it of applying the 5 S’s in the work area,
respecting and enforcing the rules of
the work area, always using protective
implements and maintaining cleanli-
ness, so that they become daily habits
(Vargas, 2004).

Kaizen:

The word Kaizen means “to improve”. When
applied in organizations as a continuous
improvement in the way of doing things, it
generates an impact in the work place, as
well as in the personal, family and social
environment.

A culture of continuous improvement, which
includes all workers, is a complementary
effort towards performance improvement at
all levels of the organization, directed towards
the satisfaction of cross-functional goals such
as quality, costs and human potential, in order
to achieve greater customer satisfaction (Gil,
Monzon, Celma, & Giner 1996).

There are 10 basic principles in the
application of Kaizen, which resulted
from various experiences in different
Japanese companies. It became known that
training and competence development of
employees should encourage Kaizen culture
development, where principles should be
internalized and applied quite naturally.

According to Atehortua (2010), the Kaizen
principles are:

55

Sustain

45s
Standardize

Shining

2S
Set in order

35

Figure 1. The 5S Lean practices.
Source: Prepared by the authors.
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1. Focus on customer requirements.
2. Constantly make small improvements.

3. Openly identify, recognize and address
problems.

4. Encourage open communication.
5. Form “Kaizen” work teams.

6. Conduct Kaizen projects involving mul-
ti-functional individuals.

7. Maintain good working relationships.

8. Encourage self-discipline by means of
recognition.

9. Maintain communication with employees.

10. Promote the development of competen-
cies in all employees.

METHODOLOGY

Productivity Analysis

The values of the last 5 years are used for the pro-
ductivity analysis (Table 1). Only in 2014, productiv-
ity exceeded the value of 5.00 kg/mh, which is the
value expected by the manufacturing company.

Table 1. Productivity Results by Year.

Year Prokdgl;cmt;:nty
2014 5.23
2015 4.75
2016 4.60
2017 4.87
2018 4.37

Source: Prepared by the authors.

Productivity Determination

The following formula is used to determine produc-
titvity in the company:

Production of the month (Kg)
Total man — hours (mh)

Productivity =

Production in the aqueous adhesives manufacturing plant
" Production personnel + administrative production personnel

The methodology for the application of Lean Manu-
facturing 5 S and Kaizen is shown in Figure 2.
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Selection of the Workteam

Production personnel and personnel from the con-
tinuous improvement area are selected to conduct
and support the activities for the application of Lean
Manufacturing tools (5S and Kaizen).

Training

The team selected is trained in Lean Manufacturing
and the stages of its application; instructors from
the Lean Six Sigma Institute of Mexico are in charge
of training.

Assessment of the 5 S’s

An assessment of the current situation of the 5 S’s
in the aqueous adhesives production area was car-
ried out using a check list format to process the
data. The images of the current situation are shown
in Figure 3.

Application of the 5 S

The application consisted of following the guide-
lines of the 5S Implementation Handbook, provided
by the Continuous Improvement area, which is sum-
marized in the following steps:

a. Lay out elaboration (5S drawing). Delimitation
of the zones or areas where the 5S are to be
implemented.

b. Regarding 1S: Alist of necessary items is creat-
ed and unnecessary items are removed.

c. Regarding 2S: All the necessary items, includ-
ing equipment, machines, furniture, tools, ma-
terials, among others, are located and labeled.

d. Regarding 3S: All necessary items are kept
clean, a cleaning plan is implemented and com-
pliance is monitored.

e. Regarding 4S: It is verified that labels and
markings comply with the standardization rules
set forth in the 5S Implementation Handbook.

f. Regarding 5S: 5S audits are carried out and a
person responsible within the area is designat-
ed to address issues.

Application of Kaizen

Changes are made to improve the production pro-
cess of the best-selling product through the imple-
mentation of a Kaizen. The implementation com-
prises the following stages.
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LEAN MANUFACTURING

Y

i |
58 application Kaizen
l application
Evaluation of 5 S application Evaluation of Kaizen
results application results

Productivity ¢ J

improvement

Figure 2. Implementation of Lean Manufacturing.
Source: Prepared by the authors.

Photos of the Current Situation of the Aqueous Adhesives Manufacturing Plant

Figure 3. Current situation of the aqueous adhesives manufacturing plant.
Source: Prepared by the authors.

a. The problem in the production process of Results of the 5 S
aqueous adhesives is identified, which is the
excessive manufacturing process time of the a. The results of the 5S diagnosis, carried out be-
best-selling product. fore the start of the Lean Manufacturing appli-
cation in January 2018, are shown in Table 2
b. The manufacturing process of the product is and in the images in Figure 4.
described, consisting of 10 stages in the pro-
duction process. b. The results of the 5 S audit, conducted after ap-

plying the Lean Manufacturing methodology, in
the months of April to July 2019, are shown in
Table 3 and in Figure 5.

c. A cause analysis is performed using the brain-
storming and Pareto techniques. The root cause
is the excessive cooling time of the reactor used
in the manufacturing process due to lack of

. . . Results Obtained from Kaizen
maintenance ( excessive scale build-up).

Table 4 shows the results of applying Kaizen to ad-

dress the problem encountered (excessive manu-

facturing time of the product with the highest sales

turnover); the application of Kaizen reduced man-

e. The implemented activities are followed up and ufacturing times by up to 2 hours and 23 minutes
their effectiveness is evaluated. (Table 4).

d. Anaction plan, including maintenance activities, is
drafted in collaboration with the maintenance area
of the equipment used in the production process.
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Table 2. Results of the 5S Assessment.

Pillars of 5 S Assessmentof 5S
18 Sort 3.0
28 Set in order 2.5
38 Shining 2.7
48 Standardize 2.2
58 Sustain 3.5
Average 2.8
Source: Prepared by the authors.
Results of the 5 S assessment
1S - SEIRI -
SORT
5 - SHITSUKE - 2'S- SEITON -
SUSTAIN SET IN ORDER
45 - SEIKETSU - 3S-SEISO -
STANDARDIZE SHINING
@5 S

Figure 4. Results of the 5 S assessment.
Source: Prepared by the authors.

Table 3. Results of the 5 S Audiit.

Months (2019) 5 S Audit Score
1 April 4.0
2 May 4.0
3 June 4.5
4 July 4.5

Source: Prepared by the authors.

‘ 5

Photos taken after the application of LM tools in the aqueous adhesives plant

i T e T

Figure 5. Results of the 5 S assessment.
Source: Prepared by the authors.

Productivity Data

Table 5 shows the productivity data obtained in the
aqueous adhesives production area for 2018 (be-
fore applying the Lean Manufacturing methodology)
and the productivity data for 2019 (after applying
the Lean Manufacturing methodology) (Figure 6).

HYPOTHESIS TESTING

Pursuant to the hypothesis statement and the data
shown in Table 5, Minitab software is used to eval-
uate the null hypothesis at a significance level of a
= 0.05; Student’s t-test and the box plot are used to
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Table 4. Results of Applying Kaizen.

Kaizen Tools Months Manufacturing Time
(2019) (hours)
January 20:15:00
Before applying Kaizen February 20:04:00
March 20:10:00
April 18:19:00
May 18:46:00
After applying Kaizen
June 17:26:00
July 17:09:00

Source: Prepared by the authors.

Table 5. Productivity Data for 2018 and 2019.

Productivity 2018 Productivity 2019
Month Week (kg/mh) (kg/mh)
Week 1 4.93 5.20
Week 2 4.75 5.35
January
Week 3 4.60 5.44
Week 4 4.25 5.24
Week 5 4.42 5.54
Week 6 4.23 5.66
February
Week 7 4.60 5.48
Week 8 4.83 5.51
Week 9 4.62 5.72
Week 10 3.93 5.61
March
Week 11 3.20 5.66
Week 12 4.30 5.75
Week 13 4.05 5.95
Week 14 4.18 5.45
April
Week 15 3.84 6.25
Week 16 4.67 5.82
Week 17 412 5.06
Week 18 3.85 5.34
May
Week 19 4.08 5.82
Week 20 4.63 5.19
Week 21 4.79 5.74
Week 22 4.90 5.22
June
Week 23 4.83 5.97
Week 24 4.77 5.12
Week 25 4.10 5.36
Week 26 4.58 5.98
July
Week 27 4.27 6.12
Week 28 4.19 5.69
Average 4.37 5.58

Source: Prepared by the authors.
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demonstrate whether the null hypothesis is accept-
ed or rejected.

Statistical Normality Test

The Anderson Darling test is used for the statistical
test of normality for the 2018 and 2019 productivity
data. (Figure 7 and 8). The data were accepted as
they had a p-value > a at 95% confidence.

Student’s t-Test

After determining that the data have a normal dis-
tribution, Student’s t-test is performed for both sam-
ples. Table 6 shows the result, where a p-value < a
(0.00 < 0.05) was obtained; therefore, the null hy-
pothesis is rejected and the alternative hypothesis
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is accepted. Consequently, productivity in 2019 is
higher than productivity in 2018 due to the imple-
mentation of the Lean Manufacturing methodology.

Box Plot

The increase in productivity can be observed in the
box plot in Figure 9.

DISCUSSION

Upon applying the Lean Manufacturing methodol-
ogies (5S and Kaizen), productivity results of the
aqueous adhesives production area of a manufac-
turing company were improved. These results were
corroborated via hypothesis testing. It was thus

Productivity Results
2018 vs. 2019
8
=
£ 6
S~
La
Z2
=
50
§ WK WK WK WK WK WK WK WK WK WK WK WK WK WK
a 1 3 5 7 9 11 15 17 19 21 23 25 27
WProductivity for 2018 mProductivity for 2019
Figure 6. Productivity results for 2018 and 2019.
Source: Prepared by the authors.
Probability Plot of 2018
Normal
99
Mean 4375
i StDev  0.4048
95 ™ N 28
90 | . AD 0539
pValue 0152
80 1
g
g w0
8 wl
& 30

20 1

2018

5.0 55

Figure 7. Normality test of the 2018 productivity result.
Source: Prepared by the authors.
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Probability Plot of 2019

Normal
99
Mean 558
StDev 03127
as N 28
‘ AD 0.200
2 p-Value 0872
so {

Percentage
&

5.00 525 550 575 6.00 625 6.50
2019

Figure 8. Normality test of the 2019 productivity result.
Source: Prepared by the authors.

Table 6. Results of Student's t-Test, Productivity of 2018 and 2019.

Two-Sample T-Test and CI: 2019; 2018
Two-sample T for 2019 vs. 2018

SE
N Mean StDev Mean
2019 28 5.580 0.313 0.059
2018 28 4.375 0.405 0.076
Difference = p (2019) - p (2018).
Estimate for difference: 1.2046
95% CI for difference: 1.0426
T-Test of difference = 0(vs. >): T-Value = 12.46; P-Value = 0.00; DF = 50
Fuente: Elaboracion propia.
Boxplot of 2018 and 2019
651
6.0 |
55
@ 50
E~
©
o
451
401
3.5
3.0
2018 2019

Figure 9. Normality testing of the 218 productivity data.
Source: Prepared by the authors.
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demonstrated that productivity increases upon ap-
plying Lean Manufacturing.

CONCLUSIONS

A baseline or diagnostic study of 5S was carried out
before the application of Lean Manufacturing, ob-
taining an initial average value of 2.8. At the end of
the 5S application, an average value of 4.03 was
obtained as an audit result by reducing unnecessary
time spent searching for materials and transporting
personnel, in addition to improving the organization
and cleanliness of the aqueous adhesives produc-
tion area.

By applying the Kaizen methodology, the manufac-
turing process time of the product with the highest
sales rate in the aqueous adhesives production
area was reduced. Before applying Kaizen, the
manufacturing time was 20:15 hours and, after the
application, a manufacturing time of 17:09 hours
was obtained, i.e., the manufacturing time was re-
duced by 3 hours and 6 minutes.

The results of the application of Lean Manufactur-
ing can be used to improve productivity, sales rate,
profitability, customer satisfaction, employees’ satis-
faction and work environment in the manufacturing
company under study.
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