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Abstract: In the current industrial and business scenario, competitiveness predominates due to consumer 

demand. Markets, with the increasing globalization, stand out due to the quality of products and services. These 

must be associated with fair pricing to ensure consumer satisfaction. Therefore, companies need to adjust to this 

global era by adapting their production systems in order to be able to respond quickly and efficiently to new 

projects or even to new challenges. The Lean production concept appears as a response. Based on a set of 

tools and methodologies, its main objective is the reduction of waste, whether physical or time based. This 

project involved three tools included in the Lean concepts, Visual Management, the 5'S and the Single Minute 

Exchange of Die or SMED. The Key Performance Indicator tool or KPI's was also part of the used tools. SMED is 

a tool that manages the reduction of wasted time associated with the format exchanges that occur in the 

production system. The 5’S tool is based on pillars that contribute to a clean and tidy workplace, reducing work 

accidents, stocks and physical and time based waste. KPI’s are tools used to measure the performance level of 

the system. Visual management is a tool that shows the state of the system in real time. This project was 

developed at a bottling center for alcoholic beverages.  Its objective was the diagnosis of the current production 

system, through the study of methods and time, identifying its limitations and the sources of waste as well. Based 

on the obtained data, solutions and their impact on productivity have been developed. 
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1. Introduction

The industrial and business context is more and 

more marked by the competition, whether by 

responsiveness or even by the cost of production or 

services. Innovation is the key word for the 

companies to be different by finding different ideas in 

order to further satisfy the needs and expectations of 

the customer. Innovation can be implemented in 

distinct ways. Two of these ways are: 1) the 

product/service innovation; creating something 

different from the usual way, 2) product innovation with 

faster, simpler and cost efficient processes. The Lean 

Manufacturing philosophy appeared to strenghten the 

methodology of improving the product processes by 

finding a continuous way of improvement. 
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2. Historical Background

In the 1940s, in the 20th century, Japan began to 

develop alternatives to mass production. Those 

alternatives did no longer represent an effective 

response to the demand of international markets. 

Taichi Ohno created Toyota Production System - 

TPS, by managing the production system 

differently (1). 

Some authors defend that the philosophy of Lean 

Manufacturing evaluates from the production 

system developed by Taichi Ohno, according to 

Monden (2), to this philosophy concepts and 

management tools were associated, resulting in the 

TPS development until Lean Manufacturing was 

reached. 

3. Lean Manufacturing

The main objective of this philosophy is the 

extinction of waste. Womack & Jones (3) divided 

waste into seven categories. In the production 

system, Womack & Jones defend that it consumes 

material, human and financial resources 

production. 

Waste as defined by Flinchbaugh (4) is all and any 

object that does not aim the delivery of a product to 

a customer on the agreed date with the required 

quality at a fair price. 

KPI-Key Performance Indicators 

The performance indicator´s main function is to 

assess whether the activities inherent in a process 

are correct or not and whether the end products 

achieve the specific objectives (5).  

Any production related index can be an indicator of 

the value chain performance, examples among 

others (3) are equipment set-up time, stocks, 

production rate, stop times or waiting times. 

OEE-Overall Equipment Effectiveness 

Nakajima, the creator of this method defined the 

existence of six principle waste in an equipment (6). 

These waste can be due to fails/malfunctions, 

adjustments/setups; production stops, reduced 

production speed, low income and quality. The 

calculation of these waste has been defined by this 

author as: 

OEE = Availability x Performance x Quality 

Visual Management 

Hall (7), developed and defined the visual 

management concept. The author describes the 

method as a map representing the real conditions of 

the company, for all those who know how to interpret 

the visual physical signals generated by this tool. 

Shingo (8) defends that there are several forms of 

visual management; in fact various forms of 

availability such as information, quality signboards or 

production control, standardized worksheets, 

physical marking of areas, Andon. 

5'S 

The method is composed by a 5 step application with 

a defined order which need to be respected. Each of 

the steps is associated to a Japanese word. All of the 

steps start with a “S": Seiri, Seiton, Seiso, Seiketsu 

and Shituke. The first three steps’ objective is to 
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achieve what has been intended and the last two 

are to guarantee the maintenance method; in other 

words, to guarantee that the three first steps 

maintain over the time (9). 

SMED-Single Minute Exchange of Die 

The SMED tool was developed by Shingo Shigeo 

as a stepwise methodology to be followed to 

reduce the time of format or setups changes. A 

setup for SMED is defined as the time from the 

output of the last piece, from a certain format of an 

equipment, to the first piece without defects of the 

next format. This tool must be applied following 4 

phases that aim the time identifying and reduction 

of the operations setup constitute (8). 

Kaizen 

Kaizen is the tool considered as the Lean thinking 

pillar and should act overall through tools 

developed by this philosophy. This tool, Kaizen, 

defines that a continuous improvement should be 

found. 

4. Case Study Description

This thesis aims to analyze the impact of the 

application of tools included in the Lean 

methodology in the food industry, more specifically 

in a bottling central, Goanvi Bottling. This young 

company has three filling lines, two bottles and a 

bag-in-box. Both bottle filling lines produce various 

bottle shapes and makes it necessary to stop for 

different formats. One of the lines is designated as 

line 1, it is the line with the highest cadence and it 

is composed of a larger number of equipment. Line 

2, the other line, is a more recent and compact line 

consisting of only one filling and one finishing block 

(labeling). This study fulfilled several phases, in a first 

phase the production data and all the manufacturing 

processes of both bottle filling lines were analyzed. 

After this phase all the problems or critical points 

were identified; afterwards it had been evaluated and 

solutions were proposed. In the next phase some of 

the proposed solutions were implemented and 

consequently their product process impact had been 

evaluated. 

5. Diagnosis

In order to carry out a more complete diagnosis, the 

production sheet records had to be adapted, 

recording all the reasons that cause line stops and 

the respective time. Only after the implementation of 

this measure it was possible to start analyzing the 

production data by calculating the monthly indexes, 

the performance and quality indices of both lines with 

which the OEE indicator was found. Later this will 

lead to a comparison with the implemented Lean 

measures. 

The data for the month of June is represented in table 

1. During this month there were no changes of format

in line 1 meaning that this line always produced the 

same format. However, there were several 

exchanges of references. In total this line worked 298 

hours, with stops of 55.6 hours. The availability index 

counted the registered stops. The non-registered 

value related the micro-stops translates into the 

performance indicator. During the month of June, line 

2 had a production during 262 hours, registering a 

stop log of 52,13 hours. 
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Tab 1. June production register 

In July, two format exchanges were made at line 1. 

For two days, this line produced the 0.25L format. 

Afterwards another exchange was made for the 

0.75L format. This has increased a stop time into 

83.20 hours. The opposite was recorded in line 2, 

with a stop reduction value of 30.32 hours; a 

relative value because, due to a preventive 

maintenance stop, there was a product reduction 

time of 172 hours. 

Tab 2. July production register 

 The month of August was marked by a stop of line 

1 due a programmed maintenance intervention; the 

same as realized in line 2 in July. The production of 

line 2 reflected by this stop with an increase in the 

number of references to be produced. 

Tab 3. August production register 

As in July, in September two format exchanges 

were made in line 1. As showed in tab.4 a format 

exchange was made from 0.75L to 0,25 and vice-

versa to produce again in format 0,75L. Comparing 

with the previous month the stop value increased due 

to this exchange. 

During this month there was a significant increase in 

hours of production, motivated by the orders increase 

its fulfillment of the delivery deadlines forcing to 

overtime production resort. 

Tab 4. September production register 

It is important to analyze in detail each of the factors 

that influence the calculation of the various filling 

lines indicators. Based on the factors that affect the 

availability calculations, major reasons were 

registered related to the stops of each of the lines 

during the four months of analysis. 

Graphic 1. Top 5 stops, line 1 

Line 1 Line 2 

Availability 71,90% 80,10% 

Quality 98,60% 98,99% 

Performance 47,20% 57,50% 

OEE 33,50% 45,60% 

Line 1 Line 2 

Availability 68,60% 82,40% 

Quality 97,05% 98,80% 

Performance 45,20% 57,80% 

OEE 30,00% 47,10% 

Line 1 Line 2 

Availability 76,60% 84,40% 

Quality 97,44% 98,70% 

Performance 48,10% 60,40% 

OEE 35,90% 50,30% 

Line 1 Line 2 

Availability 75,20% 84,00% 

Quality 98,38% 98,99% 

Performance 46,30% 56,00% 

OEE 34,30% 46,60% 
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Graphic 2. Top 5 stops, line 2 

The reason that causes major line stops is the time 

spend in the exchange of references. After 

analyzing this process the conclusion was that it is 

wasted time, essentially due to a lack of 

organization and working methods. 

A team has been constituted to study the format 

exchanges process. This process is a very 

significant factor related to the stops since it 

involves several hours, although it does not occur 

every month. 

In a first phase the format exchanges of all the 

equipment were registered and timed related to line 

1. The critical point was a stop of four hundred and

sixty one minutes of the filler. In a second phase 

several format exchanges of both equipments of 

line 2 were timed. The analysis of these data 

showed that the format exchange of the filling 

equipment is done in seventy four minutes while 

the labeling equipment format exchange requires 

thirty minutes. 

The conclusions of the study related to time and 

format exchange operations of both lines was that 

these procedures are performed in a disorganized 

way with a requirement of numerous employee 

displacements. The warehouse where the formats 

are stored is confusing and disorganized; this causes 

the employees spending too much time in searching 

the components.  

Nonconformity is also another reason for high line 

stop time.  There are two reasons that lead to no 

activity period of these lines; the bottle removal 

procedure and the incorrect production due to 

essentially communication errors. 

The faults/tunings are the reason that represent a 

major number of stops. This is an unpredictable 

factor. However, the way of solving it can make the 

difference. Since this is a very representative point 

related to the line immobilization time, it was decided 

to follow the resolution of some malfunctions. One of 

the conclusions was that part of the repair time was 

spent in looking for materials or components to solve 

the malfunctions. A lack of organization in the 

working tools, components and stock materials was 

notary in the workshop area and this makes it difficult 

to repair faults. 

If we look to the factors that influence the quality 

calculation indicator, six reasons are registered as 

stated in graphic 2. 

Graphic 3. Nonconformity facts in both lines 

The bottle removal procedure consists in the removal 
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of the first bottles of the filling equipment this occurs 

whenever there is a sanitation of this equipment. 

The goal is that the bottled wine does not contain 

traces of water that makes it dilute.  From line 1 two 

hundred and seventy bottles are withdrawn and 

from the other line sixty bottles. After this process 

the first bottle of the production is analyzed to 

validate the method. This procedure involves a time 

stop of the equipment as already mentioned in the 

availability and reprocessing of the withdrawn 

bottles. 

The remaining nonconformities shown in figure 2, 

with the exception of filling with incorrect levels, are 

mostly coming from miscommunication. In other 

cases due, nonconformities occur from the way 

materials are prepared for production, without any 

place or order to identify it.  

The performance indicator of both lines shows the 

lowest value of all those elements that contribute to 

the calculation of the OEE. The reasons for this 

reduced value are not easily identified; it can be 

obtained from a number of random factors that 

cause OEE Lines micro-stops. 

However, several days of production were noticed 

and several micro-stop motives of the lines were 

identified. 

One of the factors, which has already been 

mentioned, is the time spent searching for material 

to supply the lines. Another point is that the labeling 

equipment needs to be stopped to be supplied 

showing an inefficient way of performance due to 

this process. All other equipment can be supplied 

during its working process. 

Since the food industry has demanding 

standards/norms, the cleaning of the equipment is 

an essential pillar for the prevention of possible 

contamination. Therefore, whenever there is a 

broken bottle, it is mandatory to stop the equipment 

so that it is cleaned. Inadequate organization and 

cleaning devices arrangement causes an inflated 

time stop of the equipment. 

Another point that generates micro-stop is the 

dispersed way in the production area which refers to 

filling in documentation. 

It was previously mentioned that communication 

errors could generate products in nonconformity but 

in addition to this they are also a reason for 

consequent line micro-stop. 

6. Proposals

As a first step it was proposed to implement the 

SMED tool as a way to reduce the time of the format 

exchanges of the lines. The study began with the 

fillar format exchange of line 1. The internal and 

external operations were divided based on the time 

collections and operations performance during the 

analysis period. After this step, it was noticed that the 

operations of component exchange were proceeded 

by a displacement to the warehouse so that the old 

component format was taken and the new 

component format was brought up. Entered in phase 

2 of the SMED, the operations of displacement to the 

warehouse, were converted into external, meaning 

that they take place before and after the equipment 

stop. This means, automatically a reduction of the 

equipment's stop of 28 minutes. In other words 6% of 

the total stop time. This method’s last step, a 

proposal was made to make an arrangement and 

organization of the format storage, using the 5'S tool. 

As an assistance support to the pre-preparation of 

the components it was also proposed the creation of 
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a check list, in order to avoid errors and to reduce 

the time spend with external operations. 

The reduction of the time of the internal operations 

conducted to a detailed study. Due to this study the 

proposed solution was the admission of one more 

employee to perform the simply tasks, avoiding 

unnecessary displacements from others. All of the 

formatting operations of this equipment were 

performed only by one maintenance operator. This 

measure allows the reducing of displacements of 

the operator and consequently some tasks can be 

carried out in a shorter time. The filler nozzle 

changeover operation takes place in less 76 

minutes than the current time, which represents a 

time reduction of 17.3% in the change. Another of 

the operations that both operators would carry out 

is the rise / fall of the filler process. The 

performance of both employees represents a 

reduction of 26 minutes compared to the initial 

setup. Based on the same intention, the reduction 

of internal operations, an analysis was made to all 

the exchange components adjustments. A proposal 

was made to have a quick tighten. This proposal 

requires some test to have a better impact forecast 

of this measure.  

Figure 1. Initial tigthen 

Figure 2. Proposed solution for tighten 

The implementation of these measures has been 

accepted. Two changes of format were made with 

the new measurements. A later analysis concluded 

that the study of SMED in this equipment. The result 

was a time reduction of 53.5% of the set-up time 

realized now in 3 hours and 39 minutes. 

It has been proposed that the SMED tool would also 

be applied to the two pieces of equipment that 

compose the production line 2. A number of format 

changes were observed and timed. Following the 

steps carried out on line 1, the internal and external 

operations were distinguished. Displacement to 

warehouse occurred also, as in line 1, during the 

format exchange. The previous preparation of the 

exchanges is useless due to the fact that the format 

changes in this line are more common.  

The construction of a support vehicle was proposed 

to contain the formats of this line, placed next to each 

intervened equipment. 

Another proposed measure was the construction and 

implementation of a system of rules that facilitates 

the operations of adjusting heights of the filling 

equipment, to be used by labeling monoblock which 

proceeds this operation in an electronic form.  
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Figure 3. Ajusting heights rules system 

In both means it is impossible to measure with 

certainty the impacts of its implementation; some 

tests to validate its success should be done. 

However, after the proposals for improvement were 

applied, several changes of format were analyzed. 

The conclusions validate the success of the 

improvement of the applied solutions; a reduction 

from 75 minutes to 36 minutes has been verfied in 

the filling equipment and a setup time reduction of 

10 minutes in the labeling monoblock, which 

represents a reduction of 57% of the initial time. 

Another of the problems detected during the 

analysis phase was the disorganization of the 

workshop sector. In order to solve it, it was decided 

to implement the 5'S tool in this area. All the phases 

of this tool were implemented, starting with the 

screening of all workshop materials. The second 

phase created solutions to sort out and organize 

the workshop materials. The next step consisted of 

cleaning the entire area analyzing also the sources 

of dirt. The following phase had the objective to 

maintaining the continuity of the previous phases; 

creating cleaning and organization procedures. 

The last phase was to implement an audit system 

performed by the maintenance manager, ensuring 

the success and continuity of this tool. The 

implementation of the 5'S in the workshop also 

consisted in the creation of a pilot area, to be used 

as an example for all operators with the goal of 

implementing this tool in the future. 

Looking into the bottle removal procedure we can say 

that it influenced negatively the quality indicator of 

both lines. An alternative to this method was 

analyzed and several different procedures were 

tested. It was concluded that with a mechanical 

alteration of both filler monoblocks it was possible to 

carry out a complete purge of the equipment without 

the need to fill and remove bottles. 

The equipment was then fitted with a tubing. A test of 

the filling of both equipment was made and the wine 

was removed through this conduit into a 200L 

container. The compliance and the validation of this 

method was checked with the bottles analyzes from 

each of the filler. This new procedure implies a 

monthly reduction of ca. 5670 units of nonconforming 

products in line 1 and of 1260 units in line 2, reaching 

an average daily increase of 17 minutes of productive 

time. 

After some problems were found in the period of 

analysis a proposal was made to implement the 5'S 

tool; problems that interfere with the line performance 

indicator. This implementation has not been 

concluded yet. However, in a first phase, the objects 

with little interest had already been sorted out and 

removed from this area. At the moment the sorting 

out and organization is being continued. At a first 

stage the micro-stops were analyzed due to 

equipment cleaning. To reduce the time, during these 

interventions, cleaning devices and residences 

collection were placed near the most critical points. 

Included in this step, a zone was created to carry out 

all the production records, avoiding that the operators 

moved between equipment. 
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To minimize errors and the time spent in the 

material search, production preparation zones 

were created with the identification of the materials 

for each of the lines. The implementation of a new 

label supply procedure and the installation of a 

bench for the preparation of these materials is one 

of the aimed measures to reduce the micro-stop 

supply. 

Aiming for continuous improvement, it was decided 

to implement the visual management tool. Screens 

have been placed in several areas with pertinent 

information and production indicators. This 

measure aims to reduce errors caused by 

communication failures; combined with this 

measure a daily meeting was proposed, to analyze 

the daily and future production preventing possible 

errors. In order to have a knowledge of the 

success/impact of the implemented solutions, new 

indicators were analyzed after four months of 

measures.  In graph 3 the comparison of the 

availability index is visible, there is a noticeable 

increase of this indicator in both production lines. 

These values are the results of the SMED and 5’S 

tool implementation at the workshop, reflecting a 

decrease in equipment setup time and a decrease 

in the average repair time. This scenario allows a 

monthly production increase of 173,882 units. 

Graphic 4. Availability key indicator comparison 

The micro-stops value is intrinsically represented 

by the performance indicator, this value also 

presents a significant increase, as a result of the 

visual management and the 5’S tools 

implementation. This average value can even 

increase with the final analysis. 

Graphic 5. Performance key indicator comparison 

The quality key indicator follows the same trend as 

the performance key indicator. It also reflects the 

introduction of 5'S tool; although the large increase 

of this indicator was due to the bottle removal 

procedure change. 

Graphic 6. Quality key indicator comparison 

The average value of OEE reflects the values 

presented in the indicators already analyzed. During 

the analysis period in line 1 it was 33.4%, a very 

different figure from the now registered figure of 

47.5%.  The same happened in line 2, which 

registered 47, 4% and whose current average value 

is 60.6%. These numbers are quite significant and 

they can reach a higher value during following 
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months, as shown by the trend analyzed. This 

reflects that the tools have not only an immediate 

but also a gradual effect recognized in the months 

following its implementation; also part of the 5'S 

tool. 

Graphic 7. OEE general key indicator comparison 

7. Conclusions

Regarding the main objective of this study - The 

application in a company of the Lean 

methodologies and the respective caused impacts 

through the OEE index - it is possible to state that 

it was perfectly achieved. The development of this 

project enabled the diagnosis of the Goanvi Bottling 

production system. Taking into account the 

logistical and financial availability of the company, 

this project identified also critical points and 

developing solutions as well for Goanvi Bottling. 
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