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Abstract 
The manufacturing and services industry have been going through a process of change due to the 
opening and enlargement of the markets, the consequent increase on competition and the accelerating 
pace of innovation. These bring about an imperative and urgent need of adaptation by the institutions 
to the daily challenges that threaten their survival.  Therefore, the existence of practical models to 
support the restructuring of production processes becomes central to their improvement of the 
production process. Along these lines, Lean Thinking emerges, whose objective is to create, develop 
and maintain a set of tools and methods that guide people and processes into increasing the value of 
the product in a continuous way, eliminating waste and anomalies of the system. The present case study 
was carried out in the wood processing unit of Covelo and Pinto, Lda.  The diagnosis of the production 
system was made according with the analysis of methods and times, as well as the application of the 
Value Stream Mapping tool (VSM), which allows the restructuring of the production methodology. 
Posterior to identifying the limitations and sources of waste of the production system, there were 
developed countermeasures based on Lean Thinking, some of which are the introduction of continuous 
flow by implementing the FIFO system and andons, and the application of SMED. Through the proposed 
countermeasures, it is estimated that both the lead time and its variability will be reduced exponentially, 
thus contributing to the efficiency and effectiveness of both the production system and the institution 
itself. 
Key Words: Lean Thinking; Production Management; FIFO; SMED; Continuous flow; Value 
Stream Mapping; VSM 

 
 
1 Introduction 
 

Nowadays, the growing competiveness of 
the global markets and the accelaration of the 
innovation pace force institutions into an 
imperative and urgent adaptation to the 
challenges posed daily that threaten their 
survival. 

Acknowledging that, Lean Thinking is 
recognized globally in the more diverse 
industries and services as the approach that 
seeks to maximize, in a sustained and 
continuous way, the creation of value for the 
customer, by eliminating non-value-added 
activities present along the value chain. 

The present study intends, through the 
application of Lean principles, to study the 
current production system of the wood 
processing line of the company under study, 
Covelo and Pinto, Lda., and to contribute to 
make the value chain more flexible, efficient and 
competitive for companies in this sector. 

Thus, aiming at the reduction and elimination 
of the various wastes and existing problems, the 
first step was to know the reality of the 

productive system in question and collect 
information through the study of methods and 
time. The VSM, a tool used for mapping and 
characterizing the value chain, was used to 
qualitatively represent material and information 
flows, as well as their interaction, which led to 
the identification of the problems, analyses of 
root causes and possible countermeasures to 
solve them. It was then verified that, in the 
productive system under study, the lead time 
had an excessive high percentage of non-value-
added activities due to the adopted system, 
characteristically "pushed". In this way, the 
concept and practices of the continuous flow 
were the appropriate method to proceed in 
order to contribute to the reduction of the wastes 
and consequent reduction of the lead time. In 
addition, the SMED methodology was used to 
reduce the setup process and, thus, reduce 
downtime. 
 
2 Historical Background 
 

The introduction of concepts on 
management goes back to antiquity: large 
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projects, such as the Great Wall of China or the 
Pyramids of Egypt, involved thousands of 
workers, thus management and planning were 
fundamental [1]. Afterwards, the perfectioning 
of the steam engine by James Watts in Britain 
in the late eighteenth century enabled power 
supply to a wide range of machinery, which 
drove the transition from handcrafting to 
industrial production, leading to an exponential 
increase on both production and management 
[2]. 

Frederik Taylor, aiming at economic 
efficiency, introduced science to production 
management. His theory, entitled "Scientific 
Management" was based on the 
standardization of work sequences and time 
and motion studies, in order to quantify and 
control work and workers [3]. The creation of 
this deterministic and predictable model led to a 
growth in production efficiency by eliminating 
superfluous work steps and increasing 
productivity via an improved remuneration 
system directly and exponentially proportional 
to the volume of production. Taylorism quickly 
spread throughout the United States, moreover, 
mass production turned the country into one of 
the largest manufacturers in several industries 
[4]. 

In contrast to the period of prosperity in 
which the mass production system was created, 
Toyota's production system was developed at a 
time of limited resources in Japan, reason why 
it pursued maximum economic efficiency based 
on waste reduction [3]. 

The foundation of Toyota dates back to 
1918, when Sakichi Toyoda established himself 
in the weaving business with the invention of the 
automatic loom, which gave the machine the 
ability to stop whenever an abnormal condition 
occurred. It allowed the operator to control 
multiple machinery at the same time - a principle 
that is known today as jidoka. The loom’s patent 
would later be sold, thus providing the 
necessary funds for the foundation of the 
automobile manufacturer. 

Kiichiro Toyoda, inspired by mass 
production, adapted, not only several 
components of the American models to his first 
automobile, but also, the basic concept of 
Fordism - producing cars in the shortest 
possible time through continuous flow on the 
moving assembly line. This system, shaped to 

                                                      
 
1 SMED – Single-minute exchange of dies 

the domestic market, becomes the origin of the 
later perfected Just-in-Time (JIT) [5]. 

Furthermore, Taiichi Ohno, Toyota's head of 
production after World War II, was responsible 
for the development of the Toyota Production 
System (TPS). At the time, Ohno focused on the 
problematics of the mass production system, 
which were the batch production, resulting in 
high inventories that accumulated space and 
absorbed capital, and the inability to 
accommodate consumers' preferences with 
product diversity [6]. In order to achieve a viable 
small volume production on several models, 
Shigeo Shingo applied the economy of motion 
to the change of models. This methodology 
known as SMED1 transformed the setups from 
hours to minutes and contributed to the small 
volume production of a considerable variety of 
cars at competitive costs. 

It should be noted that in the 1950’s and 
1960’s one of the disadvantages to the 
competitiveness of Japanese products was the 
products’ poor quality. Accordingly, William E. 
Deming introduced quality control tools in 
Japan, while argueing that quality was free and 
would improve productivity [5], since rework 
would decrease, as a result of a continuous 
effort to improve and reduce variability, by 
eliminating the defect causes. This philosophy 
of continuous improvement, that the Japanese 
called Kaizen, was decisive for the success of 
the Japanese organization [7]. 

The success of Toyota's production system 
was recognized nationally in the 1970’s, by 
becoming synonymous of the exceptional 
production practices in Japan, therefore 
adopted, partially or totally, by the remaining 
Japanese manufacturers. Later it received 
international recognition through the IMVP2 
study, which resulted in the publication of the 
book “The Machine That Changed the World” 
by Woomack, Jones and Ross. The authors 
coined the term “Lean” to better promote the 
concept and break the stigma from the West in 
relation to the adoption of practices previously 
developed by Toyota [6]. 
 
2.1 Lean Thinking 
 

Lean is a management philosophy derived 
from Toyota's production system (TPS) that 
promotes a culture of continuous improvement 

2 IMVP – International Motor Vehicle Program 
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and maximizing value, by eliminating waste [8, 
9].  

Lean Thinking is based on two pillars: One is 
the transformation of the process - Just-in-time 
(JIT), - the production of what is needed, when 
it is needed, in the exact quantity needed, 
through a continuous flow, which is pulled by the 
customer in order to provide the best product; 
The other pillar is the adaptation to this new way 
of working, done through jidoka, namely, when 
the man is separated from the machinery, he is 
able to detect when abnormal conditions occur 
and stop the work in order to prevent the 
production of defective products. 

These two pillars are based on fundamental 
elements that lead to the transformation and 
constitution of the Lean culture, particularly 
kaizen (continuous improvement), heijunka 
(level production), standardization and stability 
[10]. 
 
2.2 Lean Principles 
 

In Lean Thinking [8], Womack and Jones 
present a guide-to-action procedure to drive any 
kind of industry through Lean transformation. 
This process consists on the following five 
fundamental principles: 

1. Specify the value; 
2. Identify the value stream; 
3. Set the continuous flow; 
4. Let the customer pull; 
5. Search for perfection. 

Essentially, the shift from a classic to a Lean 
production exists when constant elimination of 
waste and continuous search for perfection, 
allied with continuous flow pulled by the client, 
become the essence in the culture of 
management [8, 11]. 
 
2.3 Mura, Muri, Muda 
 

Lean thinking focuses on the elimination of 
inefficiencies present along the processes that 
constitute the value chain. Taiichi Ohno 
categorized these inefficiencies as the “three 
M's”, namely: Muda – waste, Mura - irregularity, 
and Muri - overload. 

Within the various wastes (Muda), the 
seven major wastes typically found in mass 
production are classified into the following 
categories [8, 12, 13]: 

1. Overproduction; 
2. Waiting; 
3. Transportation; 
4. Processing; 

5. Inventory; 
6. Motion; 
7. Rectification. 

 
2.4 Lean tools 
 

The application of Lean Thinking is 
achieved and supported by tools and 
methodologies that enable its implementation 
and maintenance. The following subchapters 
describe the existing tools and methodologies 
to assist its execution. 
 
2.4.1 VSM 
 

VSM, or Value Stream Mapping, is a tool that 
uses diagrams to represent material and 
information flows visually and qualitatively, and 
interactions between each other throughout the 
entire production process, from the request to 
the product delivery. 

Value stream maps are drawn to raise 
consciousness on opportunities for 
improvement. A current-state map is drawn by 
following the product’s path, from order to 
delivery, whilst a future-state map deploys the 
opportunities for improvement identified in the 
current-state map to achieve a higher level of 
performance at some future point [14]. 
 
2.4.2 SMED 
 

The SMED process aims at changing over 
production equipment from one-part number to 
another in the shortest time possible.  

It is a progressive approach implemented in 
four phases: 

Preliminary phase – Analyse in detail the 
setup procedure, to differentiate internal 
operations, which can be done only when a 
machine is stopped, from external operations, 
that can be performed while the machine is 
running; 

1st Stage – Separate the internal operations 
from the external ones; 

2nd Stage – Convert internal operations to 
external; 

3rd Stage – Improve all the setup operations 
[15]; 
 
2.4.3 PDCA 
 

PDCA is an improvement cycle based on the 
scientific method of proposing a change in a 
process, by implementing it, measuring the 
results and taking appropriate action. 
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The PDCA cycle has four stages: 
1. Plan – Clarify the problem, determine 

goals for a process and needed 
changes; 

2. Do – Implement the changes; 
3. Check – Evaluate the results in terms of 

performance; 
4. Act – Standardize and stabilize the 

change and begin the cycle again. [9] 
 
3 Case Study and Methodology 
 

This study was conducted with the main 
objective of studying the sawn wood processing 
line of Covelo e Pinto, Lda., according with Lean 
Thinking, by analyzing the current state of the 
value chain, identifying the problems and 
proposing countermeasures to become more 
competitive, efficient and flexible. 

In order to allow a global comprehension and 
a qualitative analysis of operations and 
procedures, analysis of methods, such as visual 
analysis and informal interviews were applied. 
In addition, to quantify the production system 
performance, time studies such as 
instantaneous observations and stopwatch 
measurements were used. 

 The VSM tool was used to summarize all 
the information collected visually and identify 
wastes in the production line. 

 
4 Diagnostic 
 

The wood processing unit produces a wide 
variety of products. Given that they do not go 
through the same set of equipment and 
processes, it was necessary to group the 
products by families and single out the one with 
the largest representation, so that Lean 
proposals would be as significant and visible as 
possible. According with the volume of units 
sold, it was verified that slats, bars, boards and 
pallets were the products most sought by the 
customers, which went through the same 
construction steps and equipment. 

Initially, all products are transported to the 
cutting area, where the units are sawn at cut line 
1. Afterwards, the sawn wood goes through, 
firstly, a chemical treatment and, secondly, a 
phytosanitary treatment. 
 
4.1 Characterization of the Productive 

System 
 

The production process is initiated by a 
customer order (make-to-order, MTO). The first 

step is to verify the existence of the appropriate 
raw material required for the order and, in case 
of deficit, inform the pine forest sector to 
proceed with the collection. 
 
4.1.1 Sawmill Area 
 

Provided that there is sufficient raw material 
available, the wood trunks are transported to 
the cutting zone, where they are received and 
inspected to detect and remove strange bodies, 
such as nails that may damage the cutting 
machinery. 

Subsequently, the raw material is inserted 
into the cutting line, initially passing through the 
drum chipper, that removes the pine bark from 
the logs, so not to damage the cutting saws of 
the remaining machinery. Afterwards, the logs 
are transported to the long brandsaw, where the 
desired width is defined; and proceed to the 
trimmer P3, where the length is fixed. Finally, 
the multirip saw P4 defines the desired 
thickness of the final product. 

In this first section of the value chain, it is 
verified that only 20% of the production time is 
of value-added activities, 21% is in 
transportation and the remaining 59% in 
inventory with the constitution of the stacked 
lumbers. 

The high percentage of inventory time is due 
to the pack size of the stacked lumbers, which 
is set according to standards. The percentage 
of non-added-value absorbed in transportation 
is a result of the non-optimized layout of the cut 
line 1 that has space between processes and, 
consequent, transportation must be included, 
however, the current layout probably can not be 
changed immediately. It was also observed that 
there were stops between sectors to report 
changes in production and there were, 
sometimes, misunderstood communications 
due to background noise that resulted in errors 
in the production. Moreover, often, when the 
pouch was already constituted, there were 
waiting times until the operator of the truck 
arrived to transport the stacked lumber to the 
chemical treatment, denoting 
miscommunication between sector and 
operator. 
 
4.1.2 Chemical Treatment 
 

Upon the conclusion of the cutting process, 
the desired pieces were transported into pallets 
to the chemical treatment area to make the 
wood more resistant to deterioration and reduce 
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the action of fungi and insects. This section of 
the value chain shows that 96.49% of the time 
the product is in inventory, 1.09% it is in 
transportation, 1.06% in standby and only 
1.36% in value-added. The waste in this section 
is mainly a result of the production system 
implemented between isolated processes, 
based on the concept of pushed production, 
which reflects the interrupted transportation with 
accumulation of inventory between sectors. 
 
4.1.3 Phytosanitary Treatment 
 

Susequent to the chemical treatment, the 
pallet timber is transported to a hermetically 
sealed phytosanitary chamber where a heat 
treatment (HT) is performed. During the 
treatment, the wood is subjected to a specific 
temperature curve over time, with the purpose 
of completely eradicating any living organism 
present, an action that reduces the weight of the 
wood and strengthens it. After the 
transformation process, the final product is 
taken to the park for later delivery to the 
customer. It is verified that in this section of the 
value chain, 20.55% of the time is value-added, 
with the percentage of not added value activities 
distributed by 4.91% in transportation and 
74.54% in inventory. The high percentage of 
non-value-added time in this section of the 
value chain is essentially due to the 
implementation of the production system 
without flow, disrupting the transport, with the 
accumulation of inventory between processes. 
 
4.2 Current-State VSM and Analysis 
 

For the characterization of the current VSM 
(Figure A 1), in addition to the above data, such 
as lead time and value-added time, one of the 
most relevant indicators of the state of a line is 
the process cycle efficiency, PCE. 

The PCE is calculated by the ratio between 
the value-added time and the total time of the 
process, the lead time. A process considered 
perfect that Lean encourages any organization 
to pursue is one that achieves a PCE value of 
100%, where all activities are carried out in the 
transformation process add value. 

In Figure 1, it can be verified that the current 
productive system has a PCE of 13.06%, given 
that the rest is the result of the accumulation of 
several wastes. It should be noted that the 
accumulated inventory between isolated 
processes is the one that absorbs the longest 
production time (71.64%). In this way, there is 

great potential to improve this value chain, by 
reducing the various wastes, since it is possible 
to reduce a total of 56 hours and 26 minutes 
(86.94%) at most. 

 
4.2.1 Productive System Limitations 
 

Through the study of the value chain, which 
culminates in the value stream map of the 
current state of the product family and its 
subsequent analysis, it was verified that the 
lead time is 64 hours and 58 minutes, a very 
long period considering that only 13.14% is 
responsible for value-added activities. The low 
PCE is the result of the accumulation of several 
wastes, being the inventory accumulated 
between isolated processes, which absorbs the 
longest production time (71,64%). In this way, 
there is great potential to improve this value 
chain by reducing the various wastes present. 

When analyzing the current VSM, it is 
observed that, firstly, there is no communication 
between the different processes and, secondly, 
the material flow demonstrates a production 
characteristically pushed, which results in the 
accumulation of inventory between sectors and 
in the duplication of processes in transportation 
(there exists always two shipments and two 
discharges of the raw material to reach the 
downstream sector). In order to identify the root 
cause of the production system’s problem, the 
excessively long lead time was analyzed by 
using the “5 whys” tool represented in  Figure 2. 
This tool consists on the practice of asking 
repeatedly “Why?” and answering the same 
question whenever a problem is encountered, 
to go beyond the symptoms and identify the root 
cause. 
  

Figure 1 - Time Distribution of the Value Flow 
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5 Countermeasures 
 
5.1 Introduction of Continuous Flow 
 

In order to reduce the total production time 
and inventory levels, it was necessary to create 
a system that would connect isolated processes 
efficiently through the following improvements: 

                                                      
 
3 Andon is a visual management tool that highlights 
the status of a process. 

1. Change in the behavior of loads and 
discharges in the phytosanitary treatment, 
since the current system prevents the search 
for continuous flow and encourages the 
accumulation of inventory; 
2. Application of FIFO between the cutting 
process and the chemical treatment in order 
to reduce the inventory between these two 
isolated processes; 
3. Integration of andons3 in the productive 
system to improve the communication 
between processes; 

 
5.1.1 Change in the Behavior of Loads and 

Discharges in the Phytosanitary 
Treatment 

 
Currently, the phytosanitary treatment 

functions only with shipments at the end of each 
day, which reflects on flow interruption and 
accumulation of stock. This behavior results 
from the need to meet urgent production orders, 
delaying the start of the chemical treatment for 
4PM. In order to reduce waiting time, stock and 
transport duplication, it was proposed that, at 
the end of the chemical treatment, each pallet 
should be transported directly to the 
phytosanitary chamber in a one-piece-flow4 
loading system. The change in the loading and 
unloading behavior results in a time reduction 
between the chemical and phytosanitary 
treatments from 25 hours and 15 minutes to a 
maximum of 8 hours, a reduction of 31.68%, 
which is done by eliminating waiting times, 
stock between processes, and "batch" loads 
and unloads. 

 
5.1.2 Application of FIFO between Cutting 

Process and Chemical Treatment 
 

FIFO (First In, First Out) is a tool to regulate 
a pulled system between decoupled processes, 
when it is not practical to inventory all possible 
items in a supermarket system. In this system, 
the removal of an item in the FIFO line by the 
consumer process automatically triggers the 
production of product in the supplier process. 

The application of the FIFO system between 
the cutting process and the chemical treatment 
allows a greater fluidity of the products between 

4 One-piece flow indicates the flow of an item from a 
value-added process directly to the next value-added 
process, without passing trough activities that do not 
add value, such as waiting times or batches. 

Figure 2 – “5 Whys” 

 
Lead time is too long! 

Non-value-added activities represent 86,94%. 

Real Problem 

Perception of the problem 

Excessive inventory between process, waiting 
times and interrupted transport. 

Cause 

The loading of the phytosanitary chamber 
only starts at the end of the day, and all the 

inventory is accumulated until that date. 

Cause 

To respond to urgente customer cases. The 
lead time of an order is 3 to 4 days, any 

customer needs below this time is considered 
urgent. 

Cause 

There is no continuous flow between 
processes. The various processes function as 
isolated islands where continuous flow is not 

developed. 

Root Cause 

Why? 

Why? 

Why? 

Why? 

 
Reduce lead time in order to eliminate 

urgent cases, by introducing continuous 
flow! 
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these two isolated processes, reduces and 
controls the inventory. In this stage of the value 
chain, there is a reduction on the lead time from 
10 hours and 5 minutes to a maximum of 40 
minutes in the case of existing 5 inventory 
pallets timbers waiting to enter the chemical 
treatment, a reduction of 93.39% of time. 
 
5.1.3 Adapting the Changes of the 

Productive System to the Working 
Methodology 

 
Furthermore, another reason for the flow 

interruptions between the processes, and, 
consequent, waiting times, is the 
miscommunication between the operator of the 
forklift and the remaining process operators. 
The proposal is to install an andon that consists 
of a signal transmitter at the end of each 
process and a signal transceiver on the forklift. 
This system allows to control the light signal at 
the end of each process and at the forklift, 
depending on the state of the process. For 
example, the red signal may alert to problems in 
the process, yellow could indicate ongoing work 
in the process and green would mean the 
completion of the process, ready for collection 
and transportation. Consequently, to the 
operator’s response to the situation, a button 
would clear the order, both on the forklift and on 
the end of each process. This type of system 
allows the forklift operator to decide the 
following action, while concluding the current 
one without wasting time on unnecessary 
movements – it improves workers’ 
communication by eliminating waiting times and 
supporting cross-sector flow creation. 
 
5.2 Setup Time Reduction on the Multirip 

Saw P4 
 

The change in the size of pieces to be 
reproduced is constant in a production system 
such as the wood transformation unit, which, in 
addition to the standard measures available, 
has the flexibility to produce any piece of a 
desired size. It was verified that the multirip saw 
P4 has the longest setup operation, an 
operation executed daily, limiting, in this way, 
the cadence of the line. In this sense, it is 
important to review this activity in order to 
reduce its duration and, consequently, to 
increase the production time available.

Stage 1: Separating Internal and External 
Setup 

It is noted that, by structuring change-over 
operations, removing the external operations 
from the procedure, anticipating the process of 
collecting the necessary tools to perform the 
change-over and subsequent resetting, it is 
possible to reduce 4,91% of the setup time. 

 
Stage 2: Converting Internal to External 
Setup 

At this stage, it was sought to reduce the 
time spent by screwing and unscrewing screws 
and eliminating the duplication of processes, 
namely, cleaning, which could be optimized by 
cleaning only once in greater depth. 

In this way, it is possible to reduce 20.71% 
in the second stage of the SMED methodology 
by converting certain internal operations to 
externals. 

 
Stage 3: Streamlining All Aspects of the 
Setup Operation 

In order to optimize the setup time, it was 
found that it was possible to carry out parallel 
operations while the equipment was switched 
off and awaiting for the cutting disc to stop. For 
instance, perform in parallel the activities of 
opening the protective cover 1 and 2, raise the 
disc shaft to the TDC and lower the multi-saw 
head to the BDC. 

The replacement of the cutting disc is 
currently carried out by removing the cutting 
disc from the machinery and temporarily placing 
it on the floor. Thereafter, the new cutting disc, 
which has been transported on the only 
movable support in use, is assembled, after 
which the used disc is transferred from the floor 
to the support. In order to create a flow between 
these operations, it is imperative to place a 
second mobile support next to the multirip saw, 
so that it is available to immediately receive the 
used cutting disc, therefore, eliminating its 
passage through the ground. 

In this third phase, by improving internal 
operations, it is possible to reduce 11.98% in 
relation to the the last phase. 
 

The application of the SMED methodology in 
the multirip P4 allows a reduction of the setup 
time in 33,65%, which allows a reduction of 
19,56% in downtime and, consequently, 
increases the availability of the cut line 1, 
promoting a greater flexibility in the sector. 
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5.4 Future-State VSM 
 

In order to efficiently contribute to the issue 
of the lead time of the production line and, 
consequently, of the system, several 
countermeasures were developed. 

These countermeasures allow the flow to 
increase among the various activities, to reduce 
unfavorable factors, such as inventory, 
downtime and lead time, and to promote the 
increase of productive capacity. 

Thus, through the analysis of current and 
future VSM (Figure A 2), the following 
improvements were recognized: 
• Reduction of 56,10% lead time and 97,96% of 
variability; 
• Reduction of 64.50% of non-value-added time; 
• Reduction of 69.89% of time in inventory; 
• Reduction of 48.80% in transportation time; 
• Reduction of 51,58% waiting times; 
• Improved communication between sectors; 
• Reduction of 33.38% of the setup time of the 
multi-saw P4, contributing to the increase of the 
availability and the reduction of the downtime 
from 17,84% to 15,32%. 

 
To conclude, given that Lean Thinking’s 

main purpose it to reach the optimum point of 
production, this future VSM intends to support 
analyzes and studies to come in order to identify 
new problematics, waste and improvement 
opportunities, and solve them, always in search 
for the perfect condition. 
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 Appendix A 
Current and Future State Map 
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