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Abstract:

The article presents the results of the research on the level of implementation of Lean instruments in the ceramics
industry. The research was carried out in ceramic factories in Poland and Germany. Based on the results obtained,
the most commonly used Lean instruments in the ceramics industry were defined. The dependence of the use of
Lean instruments on the size of the enterprise was also determined. It was established that the Lean activities
undertaken in the ceramics industry are focused solely on the implementation of individual methods and tools,
without a pre-defined goal. This approach in the ceramics industry is ineffective, but unfortunately it is most often
used in the implementation of the Lean philosophy, especially in small ceramics enterprises.
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INTRODUCTION

The ceramics industry is exposed to many factors that de-
termine its profitability, in particular in the case of pro-
ducers of ceramic accessories. Mutual competition of do-
mestic producers on the internal and external market, too
high labor costs, as well as the lifting of restrictions on im-
ports to European Union countries of cheap and usually
fired once (i.e., characterized by greater absorption and
lower mechanical strength) ceramic products from Asia,
especially from China led to the liquidation of many small
and medium-sized ceramic plants. Therefore, ceramic
companies cannot afford non-conformities, defects, alter-
ations, overproduction, processing, unnecessary waiting,
wasted traffic, excess inventory, etc. One of the key ele-
ments of increasing efficiency in a manufacturing enter-
prise is continuous improvement and improvement of
production processes. Mass production gave way to lean,
i.e., lean, agile and sustainable production. Currently, we
are dealing with a shift from an economy of scale based
on low unit costs of producing identical products to an
economy of scope, where the low unit cost is the result of
producing a diversified assortment of similar products

with modern production organization and advanced man-
ufacturing technologies [1, 2]. As a consequence,
knowledge and experience become of key importance in
the aspect of changes in the enterprise, which are now a
continuous — permanent process. Importantly, the
changes made do not take place in a relatively stable and
predictable environment, on the contrary, in a turbulent
environment rich in unpredictable events (e.g., the Covid-
19 pandemic) [3]. Enterprises that have introduced lean
cells into their work practice significantly increase their ef-
ficiency by changing the rules of organization and man-
agement. Literature data [4, 5, 6] for various industries in-
dicate that large savings can be achieved through
changes, often low-cost.

LEAN MANUFACTURING

Examples of the application of the Lean concept in many
industries show an increase in work efficiency, which
proves the legitimacy of using this methodology [7, 8].
However, there is a real risk associated with the selection
of the appropriate Lean instruments in the process of im-
proving the enterprise [9, 10, 11, 12].
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An improperly selected set of tools may contribute to the
emergence of many problems in a given work environ-
ment, and thus — to the deterioration of the company's
functioning, despite the fact that the assumed, expected
result was achieved in another company from a different
industry [14, 15, 16]. Therefore, entrepreneurs need ap-
propriate knowledge for the solutions they implement to
bring the expected results. Each industry is characterized
by individual conditions in terms of production technol-
ogy, organization and work techniques [17, 18, 19, 20]. It
is practically impossible to develop a uniform improve-
ment methodology for all production companies. An im-
provement in the functioning of a given enterprise may
take place when the most important factors influencing
the company's management are taken into account. Also,
the selection of techniques and tools should be individual,
taking into account specific technical and organizational
requirements [21, 22]. That is why many organizations
strive for Lean Manufacturing (LM), which is a standard in
the automotive industry [23, 24, 25] and for other indus-
tries in this ceramics industry it is a new production para-
digm that focuses on reducing all types of waste and im-
proving efficiency and resource use [26, 27, 28]. The goal
of LM is to respond quickly to customer needs in terms of
providing high-quality products with minimal - rational ef-
fort, minimal inventory, minimal time needed for produc-
tion, logistics processes, sales and minimal production
area of the space [29, 30]. The conducted literature stud-
ies have shown that there are many publications on the
Lean Manufacturing concept in various industries [28].
The use of the Lean methodology as well as supporting
tools has been widely described [4, 31]. However, the
problem of using the LM concept in the ceramics industry
has not been sufficiently researched. Lean publications in
the ceramics industry focus on large ceramic companies
with high-volume and mass production [32].

EXPERIMENTAL

The research was carried out in the ceramics industry of
the small and medium-sized enterprises sector. 100 ques-
tionnaires were sent to selected ceramic companies from
Poland and Germany. As part of the survey process, 63
questionnaires were returned. Despite the high rate of re-
turn, not all questionnaires were completed correctly or
were only partially completed. 43 correctly completed
questionnaires were qualified for further research. The
aim of the research was to determine the level of
knowledge and implementation of Lean instruments in
the ceramics industry as well as the selection of a research
sample for research on the impact of the level of imple-
mentation of Lean instruments on the operational effi-
ciency of plants producing ceramic accessories. The pilot
survey consisted of simple 9 questions (Table 1). Addi-
tional tenth question concerned the consent to conduct
detailed research on the level of implementation of Lean
instruments on operational efficiency.

The research group comprised 14.9% micro enterprises,
38.3% small enterprises, 14.9% medium enterprises and
17% large enterprises.

Table 1
Pilot questionnaire questions

No Question

1 Whatis the size of your company?
Are ceramic accessories one of the manufactured prod-

2 ucts?

3 Is the concept of waste elimination and continuous im-
provement known and applied?

4 Is the concept of slimming the flow of material and infor-
mation known and applied?

5 Are there known and used tools focused on optimization
and improvement of work efficiency?

6 Are the effectiveness, efficiency or productivity factors of

production known and applied?

Are the rules related to the analysis and evaluation of
7  the functioning of organizational units known

and applied?
8 Does the company have defined goals to achieve?

Are you familiar with Lean Management instruments?

RESULT AND DISCUSION

Among the research group, as many as 46.8% of the sur-
veyed ceramic companies do not know the concept of
eliminating waste or the concept of continuous improve-
ment, of the remaining ones, the majority (34.0% of the
research sample) know and apply both concepts. The con-
cept of slimming the flow of material and information is
known by 66% of the surveyed companies, but only 41.9%
of them use it in practice. 21.3% of enterprises do not
know the effectiveness, efficiency or productivity coeffi-
cients of production, in the remaining group the majority
(54.1%) use these coefficients in their activities. As many
as 40.4% of the surveyed enterprises do not know and an-
other 38.3% do not apply the rules related to the analysis
and assessment of the functioning of organizational units
when knowing them. This is definitely to the detriment of
the level of organizational culture in the surveyed group
of enterprises. The vast majority (over 60%) of the sur-
veyed companies have defined or partially defined (98%)
quality and cost targets (Figure 1).

100% — —
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development
all goals are defined goals are partially defined M no goals are defined

Fig. 1 The level of defined goals to be achieved in the ceramics
industry
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It can be assumed that these are the best recognized ar-
eas in the activities of these enterprises. The situation is
worse in the areas of productivity, efficiency and safety.
This is due to the greater problem with defining appro-
priate indicators, as well as the constantly changing
Polish guidelines regarding safety standards. When it
comes to human resources development, as many as
62% of the surveyed companies do not have defined
goals. This is surprising in the conditions of the so-raised
"employee market". However, it may be caused by the
fact that there are no prospects for dynamic develop-
ment in a large part of companies — especially smaller
ones with a low level of capital and limited perspectives
at the same time.

ISO 9001 (Figure 2) is by far the most popular among the
indicated instruments. The group of instruments with
the highest recognition also includes standardization,
Just-in-time and 5S. More than half of the instruments
listed in the survey are not known by 50% of the sur-
veyed companies, and instruments such as Andon or
Hoshin Kanri are known to less than 20% of the respond-
ents. Obviously, the use of these instruments follows.
The correlation between the knowledge and the use of
Lean Management instruments, measured by the Pear-
son correlation coefficient, is 0.785 and is statistically
significant.
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Fig. 2 The level of defined goals to be achieved in the ceramics
industry

This proves that the more popular and well-known a
given instrument is, the more often it is used. Therefore,
we have a kind of indication of the need for continuous
training in this area, which allows to get acquainted with
other instruments and, consequently, to implement
them in order to achieve tangible benefits for enter-
prises. The obtained data on the use of Lean instruments
were analyzed depending on the size of the enterprise
(Table 2) and the knowledge of the concept of eliminat-
ing waste and continuous improvement (Table 3).

The research confirmed a statistically significant correla-
tion between the knowledge of the concept of waste elim-
ination and continuous improvement with the use of such
Lean instruments as: 5S (¢ = 0.382; p = 0.009), continuous
flow (¢ = 0.432; p = 0.003), standardization (¢ = 0.534; p
<0.001), TPM (¢ = 0.305; p = 0.037), ISO 9001 (¢ = 0.403;
p = 0.006) and statistical control of processes (¢ = 0.403;
p = 0.009).

Table 2
Values of correlation coefficients x? and ¢ — Youla for the use
and knowledge of selected instruments depending on the size

of enterprises
Use Knowledge

Instruments X2 & p X2 & p

5S 8.001 0.413 0.005 - - -
One Piece Flow 9.370 0.447 0.002 8.039 0.414 0.005
SMED 5.860 0.353 0.015 2.910 0.249 0.088

Standardization 10.431 0.471 0.001 - - -
Pull system 6.702 0.378 0.010 7.875 0.409 0.005
TPM 11.232 0.489 0.001 4.362 0.305 0.037
VSM - - - 0.535 0.107 0.465
Kanban - - - 6.212 0.364 0.013
T 1.238 0.162 0.266 0.002 0.006 0.965
Jidoka 0.063 0.037 0.802 4.801 0.320 0.028
Kaizen 8.240 0.419 0.004 7.466 0.399 0.006
Heijunka 0.482 0.101 0.487 2.162 0.214 0.141
Andon - - - 2.628 0.236 0.105
Hoshin Kanri 0.063 0.037 0.802 3.966 0.291 0.046

1SO 9001 16.558 0.594 0.000 - - -

Business Process
Reengineering
Process
visualization
Statistical process

- - - 16.558 0.594 0.000

0.482 0.101 0.487 6.937 0.384 0.008

22.913 0.698 0.000 7.466 0.399 0.006

control
Report A3 0.621 0.115 0.431 13.725 0.540 0.000
Six Sigma - - - 4.009 0.292 0.045

Table 3

Values of correlation coefficients x? and ¢ - Youla for the use
and knowledge of selected instruments depending

on the knowledge of the concept of eliminating waste

and continuous improvement

Instrument Use Knowledge

X2 ¢ p X2 ¢ P
5S 6.850 0.382 0.009 0.915 0.139 0.339
One Piece Flow 8.773 0.432 0.003 9.288 0.445 0.002
SMED 2.878 0.247 0.090 2.751 0.242 0.097
Standardization 13.427 0.534 0.000 - - -
Pull system - - - 10.185 0.466 0.001
TPM 4.367 0.305 0.037 9.312 0.445 0.002
VSM - - - 3.345 0.267 0.067
Kanban - - - 8.039 0.414 0.005
T 2.128 0.213 0.145 1.864 0.199 0.172
Jidoka 0.152 0.057 0.696 4.086 0.295 0.043
Kaizen - - - 3.418 0.270 0.064
Heijunka - - - 3.345 0.267 0.067
Andon - - - 0.937 0.141 0.333
Hoshin Kanri - - - - - -
1ISO 9001 7.618 0.403 0.006 - - -

Business Process
Reengineering
Process
visualization
Statistical process

- - - 7.618 0.403 0.006

7.618 0.403 0.006 6.003 0.357 0.014

control
Report A3 0.937 0.141 0.333 5.573 0.344 0.018
Six Sigma - - - 0.077 0.041 0.781




206 Management Systems in Production Engineering 2021, Volume 29, Issue 3

Enterprises confirming their knowledge of the concept of
waste elimination and continuous improvement used the
indicated instruments more often. A similar relationship
was noted in the case of the knowledge of the instru-
ments indicated in the survey.

CONCLUSION

The conducted research was aimed at obtaining infor-
mation on the level of knowledge and the scope of imple-
mentation of Lean instruments in the ceramics industry.
The obtained results showed large share of enterprises -
especially small ones that do not use Lean instruments. In
the case of medium and large enterprises, the most fre-
quently used instruments turned out to be: 5S, continu-
ous flow, standardization, pull-system, TPM, ISO 9001 and
statistical process control. In this group of ceramic plants,
plants using the indicated instruments have an advantage
over non-users. In other cases, large enterprises do not
use the indicated instruments or there is an advantage of
non-applying enterprises over the users. This confirms the
assumptions that in ceramics industry does not use sys-
temic Lean solutions, but only individual tools, especially
in the group of small enterprises employing up to 50 em-
ployees. The studies carried out have limitations. The ce-
ramics industry is characterized by a very wide range of
products and technologies. Based on the literature [4, 8,
19] and own research [33, 34], it can be concluded that
the implementation of Lean is best in enterprises with a
fixed assortment of production and large production se-
ries, e.g., the production of ceramic tiles [32], ceramic
blocks or electrical insulators [35]. Against this back-
ground, manufacturers of ceramic accessories have a sig-
nificantly difficult process and implementation industry
related to a large range of products produced in small pro-
duction batches that often change in terms of volume,
where the critical point determining the effectiveness of
the entire process is the forming stage. Further research
will focus on analyzing the impact of Lean reference in-
struments on the operational efficiency of ceramic acces-
sories production in the SME sector.
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