Design of a comprehensive
methodology for the

lean manufacturing
implementation in the
colombian context

Disefio de metodologia integral de implementacion de manufactura
esbelta en el contexto colombiano

©
=
©
=
o
(%)
©
&
—
)
c
)
oo
c

Desenho de uma metodologia abrangente para a implementagéo
da manufatura enxuta no contexto colombiano

Cesar Amilcar Lopez Bello!
Luz Angela Ospina Jiménez?

Received: June 5™ 2021
Accepted: August 25" 2021
Available: September 6™, 2021

How to cite this article:

C.A. Lépez Bello, L.A. Ospina Jiménez. “Design of a comprehensive methodology for
the lean manufacturing implementation in the colombian context,” Revista Ingenieria
Solidaria, vol. 17, no. 3, 2021.

doi: https://doi.org/10.16925/2357-6014.2021.03.10

Research article. https://doi.org/10.16925/2357-6014.2021.03.10

' Maestria en Ingenieria, Facultad de Ingenieria. Universidad Distrital Francisco José de
caldas. Bogot4, Colombia
Email: clopezb@udistrital.edu.co
ORCID: https://orcid.org/0000-0001-7123-0469
CvLAC: http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.
do?cod_rh=0000166618

2 Maestria en Ingenieria, Facultad de Ingenieria. Universidad Distrital Francisco José de
caldas. Bogot4, Colombia
Email: laospinaj@correo.udistrital.edu.co
ORCID: https://orcid.org/0000-0002-7442-1225
CvLAC: https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?-
cod_rh=0001732059

(cc) ()

BY


mailto:clopezb@udistrital.edu.co
https://orcid.org/0000-0001-7123-0469
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0000166618
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0000166618
mailto:laospinaj@correo.udistrital.edu.co
https://orcid.org/0000-0002-7442-1225
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001732059
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001732059

2 Design of a comprehensive methodology for the lean manufacturing implementation in the
colombian context

Abstract

Introduction: This article is a product of the “Design of a comprehensive methodology for the Lean
Manufacturing implementation in the Colombian context" research, carried out during 2019, 2020 and 2021 in
Bogota, Cundinamarca.

Challenge: Existing Lean Manufacturing implementation methodologies do not take into account the organiza-
tional culture aspects of the country in which it is being developed, making it difficult for its full implementation.

Objective: Present a comprehensive implementation methodology that increases the successful Lean

Manufacturing application in the Colombian industry.

Methodology: This article presents the review and analysis of the existing implementation methodologies and
the results of the analysis of problems in implementation processes in the Colombian industry, as well as the

comprehensive implementation methodology designed.

Results: To achieve a successful Lean Manufacturing implementation in the Colombian context, it's necessary
to carry out an adequate implementation process' follow-up, the company's Senior Managers commitment, the

definition of appropriate leaders for the implementation process and the adequate personnel training.
Conclusion: This project seeks to develop a flexible methodology that adapts to organizational conditions.

Originality: This research integrates key success factors associated with the Colombian context in the imple-
mentation’s methodology.

Limitations: The size of the sample to diagnose the Lean Manufacturing implementation degree in the

Colombian industry, from which the key success factors are taken to be included in the methodology.

Keywords: Methodology, Implementation, Lean Manufacturing, Production Management.

Resumen
Introduccion: El presente articulo es producto de la investigacion “"disefio de metodologia integral de imple-
mentacion de manufactura esbelta en el contexto colombiano”, realizada durante los afios 2019, 2020 y 2021

en Bogota, Cundinamarca.

Problema: Las metodologias de implementacion de Manufactura Esbelta existentes no tienen en cuenta los
aspectos organizacionales propios de la cultura del pais en el cual se esta desarrollando, dificultando asi su

completa implementacion.

Objetivo: Proponer una metodologia integral de implementacion que permita incrementar la aplicacién exitosa

de la Manufactura Esbelta en la industria colombiana.

Metodologia: En este articulo se presenta la revision y analisis de las metodologias de implementacién prexis-
tentes y los resultados del andlisis de problematicas en procesos de implementacion en la industria colombia-

na, asi como la metodologia integral de implementacién disefiada.

Resultados: Para lograr la implementacion exitosa de la manufactura esbelta en el contexto colombiano se
requiere un adecuado seguimiento al proceso de implementacidon, el compromiso de los altos mandos de la
compaiiia, la definicion de lideres apropiados al proceso de implementacién y el entrenamiento adecuado del

personal.

Conclusion: Este proyecto busca proponer una metodologia flexible que se ajusta a las condiciones organi-

zacionales.

Originalidad: Esta investigacion realiza la integracion de factores claves de éxito asociados al contexto colom-

biano en la metodologia de implementacion.
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Limitaciones: El tamaio de la muestra del diagndstico del grado de implementacion de la Manufactura Esbelta

en la industria colombiana de donde se toman los factores claves de éxito a incluir en la metodologia.

Palabras clave: Metodologia, Implementacion, Manufactura Esbelta, Gestion de Produccion.

Resumo
Introdugéo: Este artigo é o produto da pesquisa "desenho de uma metodologia abrangente para a implemen-
tagcdo da manufatura enxuta no contexto colombiano”, realizada durante os anos de 2019, 2020 e 2021 em

Bogota, Cundinamarca.

Problema: As metodologias de implementagao do Lean Manufacturing existentes nao levam em consideragao
os aspectos organizacionais da cultura do pais em que esta sendo desenvolvido, dificultando assim sua plena

implementagao.

Objetivo: Propor uma metodologia de implementagao abrangente que permita aumentar a aplicagao bem-su-

cedida do Lean Manufacturing na industria colombiana.

Metodologia: Este artigo apresenta a revisao e analise das metodologias de implementacao existentes e os
resultados da analise de problemas nos processos de implementagao na industria colombiana, bem como a

metodologia de implementacao integral desenhada.

Resultados: Para alcangar o sucesso da implementagdo da manufatura enxuta no contexto colombiano, é ne-
cessario um acompanhamento adequado do processo de implementagédo, o comprometimento da alta diregao
da empresa, a defini¢ao de lideres adequados para o processo de implementagéo e a formagao adequada dos

pessoal. .
Concluséo: Este projeto busca propor uma metodologia flexivel que se ajuste as condigdes organizacionais.

Originalidade: Esta pesquisa integra os principais fatores de sucesso associados ao contexto colombiano na

metodologia de implementagao.

Limitagbes: O tamanho da amostra do diagndstico do grau de implementagdo do Lean Manufacturing na
industria colombiana, a partir do qual sdo retirados os principais fatores de sucesso a serem incluidos na

metodologia.

Palavras-chave: Metodologia, Implementag&o, Lean Manufacturing, Gestao da Produgao.

1. INTRODUCTION

Globalization has managed to make companies adopt technologies that allow pro-
duction costs to be reduced, improve productivity and flexibility, broadening their
value chain by optimizing resources and activities. This is because resources are not
being used efficiently and most of the activities carried out are not sufficiently effec-
tive, as they generate waste, which creates problems that result in higher costs.

As the contemporary market is becoming increasingly competitive worldwide,
manufacturing organizations are under immense pressure to pursue operational
excellence and improve their performance in order to reduce their costs and pro-
vide higher quality products in shorter time frames. Lean manufacturing principles
and techniques have been widely used by manufacturing organizations to gain a
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competitive advantage over their rivals [1]. Lean manufacturing is an approach to
manufacturing management that strives to make organizations more competitive by
increasing their efficiency and decreasing costs by eliminating non-value-added steps
and inefficiencies from the process [2]; [1].

Lean Manufacturing tools are independent, but they have a common goal; they
seek to improve profits and eliminate as much waste as possible. These tools contain
basic guidelines for their implementation, but it is essential that at the time of imple-
mentation not only the theory alone is understood, but also the particular processes
of each company and the necessary adjustments are made to ensure the success
of its implementation. This requires constant adaptation and learning [3], especially
in Colombian companies where cultural behavior directly affects their improvement
systems.

The Colombian manufacturing industry is no stranger to the need of remaining
competitive at a global level since the import and export index in Colombia increased
8.5% in annual percentage average from 2001 to 2019 [4]. Colombian companies, in
their eagerness to be competitive and meet the needs of their customers, have inno-
vated processes to reduce production costs, increase productivity, improve flexibility
and expand the value chain, among others. Likewise, changes have been observed in
relation to social and institutional aspects, which go beyond the company itself, and
these have adopted philosophies that allow the continuous improvement of all the
links that make up its value chain.

One of the main objectives in strategy formulation and implementation is the
creation of sustainable advantages for companies. De Oliveira and Fensterseifer [5]
argue the need to understand why some companies perform better than others op-
erating in similar market and competitive situations. These performance differences
can be attributed to differentiation in internal factors, such as knowledge and other
strategic assets, which have an impact on the overall company's performance. This
mindset is embodied in the "Resource-Based View" (RBV) approach that considers
companies as different amalgamations of both productive and strategic resources as
well as capabilities that lead to different performance potentials.

Since each company has its characteristics, it is viable to design a production
management model that includes the fundamental theoretical concepts and the vari-
ations required to achieve an implementation methodology tailored to the needs of
each company. Therefore, with the objective of adapting the principles, approaches,
and tools of Lean Manufacturing to the Colombian context, the idea of proposing a
methodological process that takes into account pre-existing methodologies and suc-
cess and failure factors in the implementation processes in the Colombian industry
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arises, thus achieving a complete implementation of the Lean Manufacturing philos-
ophy in Colombian companies.

Therefore, in order to support Lean Manufacturing implementation processes,
this work presents a methodology for Lean Manufacturing implementation that un-
derstands each company's particular processes and adapts to them to guarantee its
successful implementation in the Colombian industry.

1.1 Literature review or research background

A systematic literature review involves the study of selected articles searched in dif-
ferent databases and sources [6]. According to Hong and Easterby-Smith [7], the
literature review is a necessary step in structuring a field of research and progressing
our understanding of any emerging research area.

1.1.1. Methodology

In order to search for information related to the review of the state of the art, the
following keywords were established: methodology, lean manufacturing, implemen-
tation, and Colombia. The following electronic databases were used to search for
information: Sciens Direct, Taylor & Francis Online, Sage, Oxford, Scielo, and Dialnet

Two search processes were carried out between 1999 and 2021; in the first
process the words: methodology, Implementation, and Lean Manufacturing were used
and a total of 19,646 results were identified in databases; in the second process the
words: methodology, Implementation, Lean Manufacturing, and Colombia were used
and a total of 750 results were identified.

Within the results obtained in the two search processes carried out, it was pos-
sible to identify that there is a great variety of information related to the subject and
that this has increased in the last 10 years, as shown in the graph below.

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 17, no. 3 / september-december 2021 / Bogota D.C., Colombia
Universidad Cooperativa de Colombia



6 Design of a comprehensive methodology for the lean manufacturing implementation in the
colombian context

1400

1200

1000

800

600

400

200

0

>

LoD
O 7 &
PP

5 O & ©
$ & 3 S
N SN

o
Q
P

——ScienseDirect ——Taylor & Francis Online Sage ——Oxford ——Scielo ——Dialnet

Graph 1. Historical search result 1999 - 2021 . 5.
Reference: the authors

A pre-selection of articles presenting information on Lean Manufacturing im-
plementation methodologies in the title, summary, or keywords fields was made from
the totality of the results obtained. Then, articles that could be repeated in the 6 data-
bases consulted were eliminated. A total of 29 articles were identified in this exercise.

Finally, each of the selected articles was read from the abstract, followed by the
introduction and general reading to determine if it described the Lean Manufacturing
tools included in the implementation methodologies and the general aspects to de-
velop a successful implementation methodology. In this last step, a total of 18 articles
that could serve as a reference were identified.

The literature review process took time and effort. Six databases were consid-
ered and a 20-year period was reviewed for each of them with 2 search processes,
totaling 46 different searches. In this search exercise, 20,402 results were retrieved,
and the preselection and selection process explained above was applied to them.
Finally, 18 articles with content describing Lean Manufacturing implementation meth-
odologies were obtained, and for this reason, they were considered suitable for the
development of the research background review, which is presented below.
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1.1.2. Lean Manufacturing

The term "Lean” was introduced by a study group of the Massachusetts Institute of
Technology to analyze the manufacturing methods of companies in the automotive
industry worldwide [8], this philosophy emerged as Toyota's Production System (TPS)
in 1950 [9]. Its main objective was to carry out operations with minimum cost and zero
waste [10]. The TPS is represented by a house whose foundations are given by opera-
tional stability and continuous improvement. The walls, on one hand, are represented
by the Just In Time system: “the right part, at the right time, in the right quantity” [11];
and on the other hand, the quality in the process, or "Jikoda" is stated with the control
of line stops, poka-yoke, visual factories, efficient work, and machinery. With these
foundations and walls, we have the house's roof, which represents high quality, lower
cost, and shorter delivery time goals.

In Colombia, the context of incorporating the model of economic openness
since the early nineties; the national government policy of the first decade of the 21st
century, which favors the signing of international free trade agreements and treaties
with different countries of the world; and the closing of trade relations with Venezuela
in between 2008-2010; are factors that have encouraged entrepreneurs in the sector
to gradually incorporate into their production processes the administrative and oper-
ational adjustments that enable them to meet the quality requirements and gain share
in international markets [12].

1.1.3. Lean Manufacturing Implementation Methodologies

Regarding implementation methodologies, the literature is very vast; however, we will
try to describe some of them, showing their techniques and results. The first one is
the one proposed by Carreras and Sanchez [13], in which they suggest a model divid-
ing it into three levels:

First level: Identifying and defining the key factors of the model: Leadership,
communication, planning, training, operational, continuous improvement, monitoring,
and measurement.

Second level: Group identified key aspects, classify them under each key factor,
and prioritize them for each of the phases in which a company is in the implementation
process.

Third Level: Defining the strategies/good practices for each of these key aspects
to follow in order to achieve a consolidated Lean implementation. The first is associ-
ated with the vital aspect defined by the commitment of the management, for which
it was determined that all Lean implementation must be endorsed by the support and

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 17, no. 3 / september-december 2021 / Bogota D.C., Colombia
Universidad Cooperativa de Colombia



g Design of a comprehensive methodology for the lean manufacturing implementation in the
colombian context

commitment of the organization. The second refers to the facilitator as responsible
for monitoring the implementation of the Lean strategy; and the third focuses on the
visualization that should be given to the company as a value chain so that each de-
partment's objectives become common objectives, which leads to a radical change
in the functional structure.

In this model, pre-operation is given special treatment, meaning that before
implementing any Lean practice, the important thing is the motivation from manage-
ment, the company's size, the determination of the complexity of the process, and the
recognition of management's expectations. In this way, according to the proposed
model, the implementation of Lean is not a short-term strategy but becomes a habit
of continuous improvement. [13]

The implementation of the Lean methodology is extremely interesting and good
contributions have been made for its implementation. The Massachusetts Institute of
Technology (MIT), in a collaboration program they have with the US Air Force, presents
amodel that describes 7 phases with its main components or actions in order to make
the transition to a Lean-type company [14]. The methodology is cyclical, which evokes
basic continuous improvement methodologies such as PDCA (Plan-Do-Check-Act)
popularized by Deming and developed by Shewhart in the 30's, only that in the MIT
model the activities to implement Lean are particularized, such as the paradigm shift
that the organization must have based on the managers' support, going on to establish
avalue flow map that clearly tells what the goals are, who is involved in them and then,
in a team effort, implement the Lean thinking and culture through activities described
in specific plans that over time allow seeing results that improve the company and that
will be reviewed in strategic planning.

Another methodology called "Enterprise Lean Model" is derived from a study
by MIT and Lean Aerospace Initiative in 2004 to enhance the best practices in the
execution of this methodology in organizations. It provides a series of steps where
the successful practices in aspects that are linked to the Lean implementation in the
company are specified. The methodology suggests metrics to monitor the results of
the changes made in the internal processes of the organization. This methodology
attempts to optimize information, human and material workflows in the processes,
providing us with metrics that respond directly to each of the 12 points to track in the
methodology. The Enterprise Lean Model, unlike the previous one, which was used to
initiate the implementation of Lean, is used more to refine and make processes work
better based on Lean concepts.

It is also possible to identify 5 basic steps to have a Lean process [15] [16] [17]:
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1. Defining what adds value in a given process.

2. ldentifying the value stream, the chronological flow of how the process
activities add value since people are visual by nature and can place the
value activities when they can see their process flows.

3. Forcing activities to flow without interruption. Any non-value adding acti-
vities should be removed or minimized (in the case that non-value adding
activities are required the impact to the process is minimized).

Enabling the customer to pull the product or service through the process.

5. Continually strive for process perfection by reviewing the above steps again
to form a cycle and continually ensure that the process is improved.

Jing [18], in a conference for the IIE (Institute of Industrial Engineers), summa-
rized the Lean methodology. This methodology shows how the tools are common
to others previously presented, and the event called Kaizen stands out because it is
under its continuous execution that improvements are produced in the organization.

The so-called Lean Production System is consolidated by applying most of
these tools, being interdependent with each other. Arrieta, Mufioz, Salcedo, and Sossa
designed a scheme that allows seeing the general effects of the implementation of
different Lean Manufacturing tools in the Colombian Industry. [19].

According to Herrera, Herrera, Gonzélez [20] various authors have shown the
usefulness of lean tools in improving productivity, which is why it is necessary to
identify the various implementation methodologies and the tools that were used in
each one of them.

The followingis a comparison of the research articles related to the development
of Lean Manufacturing implementation methodologies. Table 1 shows the title of the
article or document, the authors, the tools used in the implementation methodology
designed, and whether organizational aspects are included in the methodology or not.

Table 1. Review of Lean Manufacturing implementation methodologies.

Tools used in the Considers
Document Author implementation Organizational
methodology Aspects

Analysis and evaluation of the Serrano A; Suarez A.  5’s, JIT, SMED, KAIZEN, TPM, Considers Organiza-
general elements of the Lean Pontificia Javeriana  Manufacturing Cells. tional Aspects
Manufacturing theory that can University.

B the poctics toneformaton, | Undergraduste

sector. Case: UPR Ltda. Monograph (2004)

[21].
(continua)
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colombian context
(viene)

Document

Author

Tools used in the
implementation
methodology

Considers
Organizational
Aspects

Tools and control indicators to
improve a process, according to
Lean production principles.

Cuatrecasas A. Luis
and Olivella Nadal
J. (2005) [22].

Continuous improvement

of cross-functional teams.
Responsibility decentraliza-
tion and function integration.
Vertical information focused
on processes.

Considers Organiza-
tional Aspects

Methodology forimplemen-
ting Lean managementin an
independent, medium-sized
industrial company.

Cuatrecasas A. Luis,
(2006) [23].

Plant layout. Description of
tasks. Job Positions. Balan-
cing Operations-Work Station.
Process workflow map.

No indication

Lean production: Current status
and future research challenges.

Alarcon C. and
Fuentes M., (2007)
[24].

Functions, processes and
inventories. Cost structure and
bureaucracy. Manufacturing
cycles, quality and innovation.

Considers Organiza-
tional Aspects

Evaluation procedure for ma-
nufacturing strategy: Applica-
tions in the metal-mechanical
industry.

Sarache Castro,
Cardenas Aguirre,
Giraldo Garcia and
Parra Sanchez,
(2007) [25].

Competitive priorities. Pro-
duction systems. Valuation.
Improvement actions.

Considers Organiza-
tional Aspects

Organizational and techno- Mercado, A.; Cor- Technological innovation No indication
logical trends in the global dova, K.; Testa, P. process control. Focuses on

Agri-Food industry and their (2007). [26]. business creation.

manifestation in Venezuela.

Lean material system for GM Mufoz, A. (2015) Company’s quality costs. No indication

Colmotores. Performance audit.

[27].

Analyses the causes and
factors that generate quality
costs.

Applying Lean Manufacturing
Tools to Improve the Produc-
tion Process of the Company.
Tampografic Ltda.

Mosquera, F.,
Cartagena, M. and
Sanchez, W. Univer-
sidad Sanbuena-
ventura. (2010) [28].

Value Chain, 5’s, JIT, SMED,
KAIZEN, TPM, Manufacturing
Cells.

Considers Organiza-
tional Aspects

Lean Manufacturing Tools
Application to Improve the
Value Chain of an Office’s Chair
Production Line.

Wilches, M. J., Ca-
barcas, J. C., Lucua-
ra, J. and Gonzalez,
R. (2013) [29].

Value chain, productivity, flow,
waste.

No indication

Conceptual justification of a
Lean Manufacturing implemen-
tation model.

Rivera Cadavid Leo-
nardo. (2013) [30].

Value chain, 5’s, JIT, SMED,
TPM, Flexible Manufacturing
Systems, Standard Work,
Jikoda, Heijunka, KAIZEN,
Little’s law.

Considers Organiza-
tional Aspects

Applying the Lean-Sigma me-
thodology to problem solving
in manufacturing processes:
Case Study

Celis, O., Estrada, F.,
and Hermosillo, F.
(2015) [31].

Lean Sigma, Problem Solving,
Experiment Design, Six Sigma.

Considers Organiza-
tional Aspects

Lean Manufacturing implemen-
tation: An evaluation method
regarding the adoption of
socio-technical and ergonomic
practices.

Tortorella, G., Lupi,
L., Pereira, E. Erna-
ni, C. (2016) [32].

Productivity, wastage.

Considers Organiza-
tional Aspects

(continda)
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Document

Author

Tools used in the
implementation
methodology

Considers
Organizational
Aspects

Leadership’s role in the Lean
Manufacturing implementation.

Alefari, M., Salonitis,
K., and Xu, Y. (2017)
[33].

Lean leadership principles
and practices that can lead to
improvements in employees’
performance.

Considers Organiza-
tional Aspects

Wooden pallet manufacturing
process improvements. Case
study.

J. C. Herrera Vega,
G. Herrera Vidal,
and C. |. Gonzélez
Polo (2017) [34].

5’s, Standard Labor.

No indication

Lean Manufacturing tools im-
plementation diagnose, based
on the operations strategy in
some Colombian textile and
apparel companies: case report.

Gonzélez, H.,
Marulanda, N.,
Echeverry, F. (2018)
[35].

Kanban, 5S, Kaizen, Just-in-Ti-
me, Overall Quality Manage-
ment.

Considers Organiza-
tional Aspects

Production line improvement
for the automotive industry via
the Lean philosophy.

Azevedo, J., S4, J.,
Ferrerira, L., Santos,
G., Cruz, F,, Jimenez,
G.and Silva, F.
(2019) [36].

Lean Sigma, Problem Solving,
7 Wastes.

Considers Organiza-
tional Aspects

Lean manufacturing model for
production management to
increase SMEs’ productivity in
the non-primary manufacturing
segment.

Flores, S., Limay-
manta, J., Eyzaqui-
rre, J., Raymundo,
C., and Pérez, C.
(2019) [37].

5"s, KANBAN

Considers Organiza-
tional Aspects

Methodology design to incorpo-
rate Lean Manufacturing tools
in risk management in order to
reduce occupational accidents
in service companies.

Tortorella, G., COm-
bita, J., -Monsalvo,
J.,Vidal, L., -Herrera,
Z.(2020) [38].

5’s, visual management, Stan-
dard Labor and KANBAN

No indication

Reference: the authors

During the last few years there has been progress in the design of Lean
Manufacturing implementation methodologies. Different variants have been gener-
ated, but generally, common tools are used, such as: Kaizen, Value Chain Maps, 5's,
Just-in-Time, SMED, Total Productive Maintenance, Heijunka, Six Sigma, Poka-Yoke,
among others.

The organizational aspects identified in the different methodologies are related
to the organizational structure rather than to the strategic guidelines or the organiza-
tional culture factors.

1.1.4. Lean Manufacturing in the Colombian Context
Colombia was a late starter in the implementation of Lean Manufacturing tools with-
in companies. According to Arrieta, Botero, and Romano [39], only implementation
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initiatives have operations in the country, such as General Motors - Colmotores, Tetra
Pak, Unilever Andina, and Siemens. These companies have implemented some of this
philosophy's tools.

In the process of implementing Lean in Colombian companies, some of the
initiatives have been successful, while difficulties have arisen for other organizations,
with negative results or failure to meet expectations. Two reviewed case studies eval-
uating the level of implementation of Lean tools in SMEs in the Aburra Valley [39],
in the textile sector and in the industrial sector [40], found that companies have not
developed a Lean culture and philosophy, and therefore, the use of tools is reduced.
The least implemented tools are the Electronic Document or Information Exchange
("EDI"), supplier certification, Kanban, 5's, Six Sigma, SMED, and TPM. However, there
are tools such as statistical process control and benchmarking that have been ben-
eficial to companies.

Lean Manufacturing has been implemented in other continents, achieving
continuous improvement of organizations for more than 40 years. Since it was im-
plemented in Japan during the mid-1970Q's, there are few cases that have been imple-
mented and documented in Colombia. According to Valencia & Plazas [41] in a certain
way, the tools that have been successful in Japanese companies may face some
barriers in Colombian companies, among which are the management of information
systems, customer-supplier relationships, organizational culture, labor stability, and
staff turnover. Moreover, such cases are limited to some industrial sectors.

The implementation methodologies reviewed have similar aspects, such as
leadership, planning, continuous improvement, and follow-up. 63% of the reviewed
methodologies take into account organizational aspects, however, none of them took
into account the implementation success factors related to the country's context.

The Lean Manufacturing tools included in the most common implementa-
tion methodologies are: Kaizen, Value Chain Maps, 5's, Just-in-Time, SMED, Total
Productive Maintenance, Heijunka, Six Sigma, and Poka-Yoke.
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2. METHODOLOGY AND RESOURCES

2.1. Evaluation of the Implementation Level in
Colombia

2.1.1. Survey

To evaluate the level of implementation and the tools applied in Colombian companies
in order to identify the problems to be solved with the methodology designed for this
document, a qualitative survey was conducted based on seven case studies of or-
ganizations located in Cundinamarca, which have implemented Lean Manufacturing
philosophy tools.

The companies were selected from a list of names compiled out of the arti-
cles reviewed; the list had a total of 15 companies. It is important to keep in mind
that sampling was non-probabilistic for convenience since the companies surveyed
were the ones that made this study possible. Initially, they were contacted and only 7
companies agreed to participate. The survey was conducted by telephone with those
directly responsible for the Lean tools' implementation process, who were familiar
with it, its results, and the problems encountered during its implementation.

The survey was based on one previously applied by Leon, Marulanda, and
Gonzalez [42] with some variations, this one has four sections.

1. Company's general information, Lean Manufacturing implementation sta-
tus, tools applied, and benefits achieved.

2. Monitoring and control strategies information that enabled the implemen-
tation of Lean Manufacturing.

3. Requirements and characteristics prior to Lean adoption.

4. Problems encountered during Lean Manufacturing tools' implementation.

With the information collected, data was tabulated and the important and re-
curring aspects of successful implementations were identified. This information was
supported by related bibliographic sources.

2.1.2. Results

Each of the companies surveyed had a variety of tools implemented, according to
their particular needs. Not all the tools were implemented in their entirety, but they
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were implemented in some of the company's processes. In this particular exercise,
the visual factory was identified as the most generalized tool, followed by 5S's and
Manufacturing Cells, as can be seen in Table 2.

Table 2. Lean Tool Implementation Ranking.

# of Companies % of companies
Tool that carried out the that carried out the
implementation implementation

Visual Factory 7 100%
5S's

100%
86%
86%
1%
57%
57%
57%
57%
57%
43%
43%

VSM - Value Stream Mapping

Manufacturing cells

TPM - Total Productive Maintenance

Seis Sigma

SMED - Single Minute Exchange of Dies

Kanban
Jidoka

Kaizen

Poka-Yoke

Wlw|dMd|d|DdIDdMO|O O |

JustinTime

Reference: the authors

Just-in-Time is the least implemented tool in the companies interviewed be-
cause of the lack of delivery control from suppliers, which means that Kanban must
be kept in the company's own facilities or in the suppliers' facilities.

According to the survey's results, in order to achieve success in a process of
implementing the Lean philosophy in Colombian companies, it is necessary to have
the commitment of investors and the organizations’ top management. According to
Ledn, Marulanda, and Gonzalez [42], "Regarding small and medium-sized companies,
Lean experts should be consulted to train both owners, leaders, and supervisors in
the Lean key aspects, and these latter should be the ones who carry out the training
and coaching to operators and employees in general. Good leadership ensures and
drives skills creation or improvement in work teams, allowing the implementation to
be enhanced with available tools, generating innovative ideas, and integrating new
technologies into the process. This is why in the Lean implementation, this ability
should be trained and developed in supervisors and mid-level managers.”

Each tool's implementation will depend on each company's capabilities and the
resources' availability. Therefore, it is necessary to be clear about which resources
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are available in order to define a work plan and adequately monitor the use of such
resources.
Indicators must be managed to monitor and control the project's progress, as
they are necessary to evaluate the implementation's efficiency and effectiveness.
Awareness and training processes are vital during the project's implementation;
they should be carried out with the support of the organization's leaders to ensure the
philosophy's adoption and appropriation.

3. RESULTS

A comparative table was developed as a result of the above reviews, comparing the
lean manufacturing tools included in the research articles and those implemented in
the surveyed companies.

Table 3. Results comparison.

Organizational

Source Most common tools
aspects

Key Success Factors

Literature Kaizen, VSM - Value Stream Map-  Organizational Structure No indication

review pin, 5’s, Just-in-Time, SMED, TPM
- Total Productive Maintenance,
Heijunka, Six Sigma, Poka Yoke. ~ SWOT strategies

Organizational context

Survey Visual Factory, 5S’s, VSM - Value Organizational Structure  Senior Management Commit-
Stream Mapping, Manufacturing ment
Cells, TPM - Total Productive
Maintenance

Organizational Culture
Establish a work plan according
to resources availability.

Establish management indica-
tors that allow project follow-up.

Awareness-raising and training.

Reference: the authors

Based on the considerations of the previous chapters, one identifies that Lean
tools can be implemented independently of each other and can be implemented at
different stages of the project. Additionally, the need to take into account the cul-
tural factors of each country was identified, since they determine some behaviors
in the organizational culture that can prevent a successful Lean Manufacturing
implementation.

The implementation methodologies reviewed have similar aspects, such as
leadership, planning, continuous improvement, and follow-up. Some of them take into
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account organizational aspects, however, none of them took into account implemen-
tation success factors related to the country's context.

3.1. Methodology Proposal for the Implementation of
Lean Manufacturing in the Colombian Context.

Considering the above, and according to the success cases of Lean implementation
in the Colombian companies interviewed, we have defined the following methodology
proposal for the implementation of Lean Manufacturing in the Colombian context:

Total Support from
Management and Investors

Leaders' appointment

Training

Tool Implementation

Adjustments

lllustration 3. Lean Manufacturing Implementation Methodology Proposal.
Reference: the authors

3.1.1. Full Management Support

The first step in this methodology, or steps to follow for the Lean implementation in
the organization, is to have the unconditional support of the company's management.
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Business' Priority.

High Mid Low

Leaders

Mid Level

Initiative's Position.

Followers

lllustration 4. The importance of the initiative for the organization.
Reference: the authors

As can be seen in lllustration 4, it is crucial to analyze where the organization is
in relation to the initiative being taken. It is desirable to be at least in the lower left box,
where the initiative is important to the business and therefore has 100% support from
top management. To have a point of reference: Toyota would be in a great position in
terms of the Lean initiative since they are pioneers of this production system.

3.1.2. Leader Appointment

Leaders play an extremely important role within organizations for implementing Lean
at different company levels. To apply this methodology it is necessary to modify the
organizational structure and create positions to lead and manage the implementation
process.

The general leader of the process must have the knowledge of the tools, and
their leadership is essential. These are the leader's main functions:

Defining the vision and how to get there. (Strategy)

+ Knowing that 85% of Lean Manufacturing is leadership is of utmost impor-
tance, the remaining 15% is nothing more than the correct application of
the concepts.

+  Adapting their behavior according to the working conditions, equipment,
organization, etc.
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Learning with their team in the workplace (better known as Gemba by the
Japanese) is also important for the leader to learn with their team.

Using the tool of the ("5 whys") which consists of asking why 5 times in
each situation.

Pick the Internal Team.

There are different models for work team selection; among them Gordon Raber men-

tions a series of steps that are important [43]:

> o -

Stating the requirement.

Analyzing the profiles that are needed.

Publishing the requirement.

Interviewing the candidates.5. Selecting the candidate for the team.

The team is critical to the success of the initiative within the organization. It is

recommended to form a working team as follows:

Lean Manufacturing Leader
Lean Coordinator

Lean Engineer

Analysts (Research and Timing).

After an Action Work Out (AWO), it is very common to have additional people

in the production lines. One of the initiatives adopted here is to take the person who

best grasped Lean ideas and tools, they join the team. That way, the tacit knowledge

created based on lived experience can be used to transmit it to new areas where the

new AWO will be carried out.
Therefore, when selecting the internal team, it is very important to fulfill the

following characteristics:

Ingenieria Solidaria

Lean requires a team that is committed and willing to learn.

They must be willing to work and understand that real learning takes place
in the workplace.

Theteam must be multidisciplinary and their roles have to be clearly defined.
Goals should be clear for each of the team members.
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3.1.3. Training

The next step is to train the entire organization, introducing the initiative and the ben-
efits and challenges that the organization will face by implementing it. After defining
the vision, objectives, and goals, developing a training plan for all levels of the organi-
zation is fundamental in order to start speaking the same language. Initially, a training
sequence is defined, starting with department leaders, then employees, coordinators,
supervisors and operators, so that the support of this initiative comes from manage-
ment. The other people who join the list of trained employees start creating what is
called the "snowball effect”, which means that once the idea is approved and adopted
by the organization, the initiative gains momentum and the benefits start growing
exponentially.

EDpt.Leaders. ] [Administrative} ECoordinators] [Supervisors } E Operators }

lllustration 5. Training Sequence.
Reference: the authors

The training plan should not only have a sequence. A training plan that contains
all the tools that have been defined to be implemented should be established.

The following are some of the advantages of Lean training at all organizational
levels:

+  Ensure that the entire organization understands and speaks the same
language.

+  To obtain basic knowledge in the training room in order to execute more
accurately in the workspace (Gemba).
To explain the rules on which the methodology is based before
implementation.

3.1.4. Tool implementation - Action Work Out

The next step of the methodology is the Action Work Out, which is going to the work
area and applying the tools discussed in this paper. The steps to follow to perform the
AWO are: - Familiarize yourself with the Process:
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Becoming familiar with the Process.

It is very important that the team performing the AWO knows the process that will be
carried out, for the team member to be able to identify the operations that add value
and those that do not when observing operations and recording times. To do this it
is necessary to read the procedures and instructions to see which operations are the
ones that really need to be carried out, which are surplus, and which are not being
carried out.

Identifying the 7 Wastages in the Workspace

Through process visualization and monitoring, the waste generated in diverse com-
pany processes will be identified.

Takt Time

The Takt Time of the operations should be measured in order to know how often a
product unit should be produced, according to the demand. This Takt Time, under-
stood as the rate at which a production line should be flowing depending entirely on
the customer's demand and the time available for operation would explain how often
a product should be produced in a specific process. For this purpose, the following
formula should be applied:

Takt Time = (Time Available) 7 (Units required (demand))

Time Taking

Time taking is vital, because this is where we can detect other wastes in which opera-
tors incur and that do not add value to the product, such as crane time, transportation,
defects, etc. It is important to make around 10 samples when taking times which will
be taken 10% by the process' engineer, 10% by the area supervisor, and the remaining
80% by the Lean team that was previously appointed; the purpose of this is that the
process owners of such areas can become aware of their wastes and activities that
do not add value to the operation, and that many times, due to the blindness of the
workshop, are not able to be detected.

Once the times are taken, it is necessary to analyze them and see the differ-
ences between operators.
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At the same time, when times are taken, using tools such as spaghetti chart,
standard work combination sheet, 7 ways, is important to analyze exactly which ac-
tivities add value and which don't.

Identifying Operations
When taking operation times at workstations and performing the analysis, identify
each of the operations that are carried out, these may be:

Manual operations that add value. These are the ones that transform the
product and for which the customer is paying. It is important that the time
spent on this type of activity is the highest share.

Manual operations that do not add value. These are the operations that the
operator performs manually but do not transform the product and therefo-
re do not add value. It is necessary to try reducing the percentage of time
that is lost performing these operations.

+ Machine time. These are the machinery operating times, and it is imperati-
ve to identify and separate these activities so that the operator can perform
other operations while the machine is working.

+ Walking does not add value. In many organizations, it is very common to
see an operator leaving his workstation in order to go pick up material, look
for a measuring instrument, and so on. This is one of the most common
types of waste and it is important to be able to pinpoint it.

Therefore, when taking time, it is important to be able to analyze and try to
eliminate all activities that do not add value. This is because, if the Takt Time is not
being fulfilled, eliminating these activities can help in producing within it.

Eliminating Non-Value Adding Activities.

Once non-value-adding activities have been established, they need to be eliminated
from our process. If, before the AWO we were not complying with the Takt time, once
we eliminate all those operations that do not add value, we will be able to produce
within it.
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Defining Standard Operations
Once the operations that do not add value have been eliminated, we must determine
the sequence of operations that each operator has to follow, in order to produce units
consistently within the Takt Time. When defining the sequence of operations, we have
to remember that the operators are the ones who carry out the operation and that
they are the ones who know it deeply.

There are many purposes of following a sequence of operations, among them
we can mention:

+  Decreasing the number of malfunctioning parts.
+  Facilitating the operation.

+  Tovisually manage the operation.

+ Improving and facilitating supervision.

+  Make it easier to train other operators.

Once the AWO process has progressed, implementing tools should be carried
out in the following way:

Kaizen-Continuos Improvement
—M— Flexible Process Standard
Work Job

Knowledge. IISTeYSeE rel
Systems | IEEYSIRE.

Teams N —
Value Total Reliability
Ll Stream SMED Production d
map Maintenance bility

Discipline.
Sense of

Relevance.
Improvement ! Order and ; -
0 ponunmes 5's Cleanliness. Jidoka Guaran‘teed Heuunka
pp Ergonomics Quality

lllustration 6. Continuous Improvement. [30],

Just because we are producing below Takt Time and following a sequence of
operations to standardize the process, we should not stop working to improve our
process continuously, we must remember that a lot of discipline and continuous work
is required to be able to maintain the right level. In the world of Lean Manufacturing, a
metaphor is made using a diet. It is hard for a person to lose weight and be in shape;
but once they do, they have to keep exercising and eating healthy in order to stay
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at the desired level, and this is where it is very difficult to maintain. The same thing
happens with Lean, in order to be able to work below Takt Time, we have to follow the
standard operation routine (diet) while at the same time observing the operation to be
able to detect any of the 7 wastes that appear in the process. That is why continuous
improvement, better known by the Japanese as Kaizen, is of great importance in the
organization to ensure success when implementing Lean.

3.1.5. Implementing Required Changes

“Mr. Ohno was passionate about TPS. He would say that he had to clean up and
identify all the problems that existed in the workplace. He usually complained if he
couldn't tell if there was a problem in a work area."[44], Fujio Cho, President, Toyota
Motor Corporation.

All the areas of opportunity in a work area that have been found during an AWO
must be addressed, and the necessary changes must be made in order to eliminate
the problems' root cause. It is very common to see problems in organizations that are
not aired, and are solved without letting the whole company know the reason or the
cause of the problem. Normally they try to hide it, but in Toyota Production System
(TPS) culture it is completely opposite, making it very important to visualize the prob-
lems so that they do not happen again.

So far, we have presented works from different authors that present method-
ologies to carry out an implementation, and we have also presented a proposal of a
methodology that allows the implementation of Lean Manufacturing in the Colombian
context. In addition, we have found a good compendium of experiences where, one or
more Lean tools have been developed but now the question that arises is, how to de-
termine the Lean strategy' development level in the companies, and how to know if the
Lean Manufacturing methodology' execution process is being carried out correctly.

3.1.6. Results

Once the process previously mentioned in this work has been carried out, it is essen-
tial to be able to highlight the results obtained during the Lean tools' implementation.
A visual way to show these results is by using a tool called the Objectives Sheet.
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Date Takt Time

Team's name Work Area

0,
Measurem|  p o | Objective | Datel | Date2 | Date3 | Dated | Result 7% of
ent Unit change

Area

Inventory

Route’s Distance
‘Walking Distance

Cycle

'Volume
# of Workers.

lllustration 7. Objective Sheet.
Reference: the authors

The illustration above shows us all the parameters we should measure before
starting a workout, and establishes a goal to achieve. At the end of the AWO, depending
on the time frame, which can be a few hours or more than a week. Here we can see
parameters such as: Cycle time, lead time, number of operators, inventory, travelling
distance of a piece, liberated space, etc.

4. DISCUSSION AND CONCLUSIONS

The implementation methodologies reviewed have similar aspects, such as lead-
ership, planning, continuous improvement and follow-up. The most common Lean
Manufacturing tools included in these methodologies are: Kaizen, Value Chain Maps,
5's, Just-in-Time, SMED, Total Productive Maintenance, Heijunka, Six Sigma and
Poka-Yoke.

63% of the methodologies reviewed take organizational aspects into account.
However, none of them took into account implementation success factors related to
the country’ s context.

Each of the companies surveyed in Colombia had a variety of tools implement-
ed, depending on their specific needs. Also, not all tools were fully implemented and
only some of them had been implemented in some of the company's processes.

The implementation methodologies reviewed have similar aspects such as
leadership, planning, continuous improvement and follow-up. Some of them take into
account organizational aspects. However, none of them took into account the imple-
mentation's success factors related to the country's context.

The success factors identified in the survey, according to the survey applied in
the Lean Manufacturing implementation processes in the Colombian industry are: Top
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Management Commitment, work plan according to the resources available, manage-
ment indicators that allow the follow-up of the project and an adequate awareness
raising and training process.

Lean tools can be implemented independently, and this implementation can be
done at different stages of the project. Additionally, there is a need to take into account
cultural factors in each country, since they determine some organizational culture
behaviors that can be obstacles to a successful Lean Manufacturing implementation.

During this project, a methodology for Lean Manufacturing implementation
was developed, based on pre-existing methodologies' literature and successful cases
of Lean Manufacturing implementation in Colombia.

With the experience gathered, we can conclude that this methodology can help
other organizations in the Lean Manufacturing implementation and above all, that the
methodology outlined in this document is flexible rather than rigid, it will depend on
the organization in which it is applied.

4.1. Future Research

During the research process, it became evident that there is a possibility of wast-
ing the knowledge gained through experience. It is proposed as follow-up work to
create a system in which knowledge management can be applied within the Lean
Manufacturing implementation methodology for the Colombian context, so that ex-
pertise and insights gained by team members are not wasted, making them available
for other members of the organization.

The results of the survey showed that the suppliers’ development and the orga-
nizational culture modification are difficult aspects to deal with. Therefore, as a future
research, we propose the characterization and adequate development for suppliers in
the Lean Manufacturing implementation, starting from the country's logistic systems
to achieve an adequate implementation of JIT in Colombia.
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