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Abstract 

In this work, developed at Panrico’s factory in Mem Martins, particularly in bread production line, some 
continuous improvement strategies were applied with the objective to increase the Overall Equipment 
Effectiveness and capacity of the production line by reducing defective product and small stops. The 
methodology used at Panrico’s factory, for continuous improvement projects, allowed to identify the 
product defects, to re-establish basic production conditions, whenever deviations occurred, and to 
identify the critical areas responsible for the most common defects. The most frequent defect found 
was “broken bread” and the area between the oven and the cooling chamber was where the majority 
of the defects occur. The improvement actions that were taken, to solve the problems found in that 
area, enable to reduce the percentage of broken bread for the bread 500g and for the bread 850g 
from 1.3% to 0.50% and from 1.6% to 0.57%, respectively. It was proven that it is important that 
everyone within the organization know the impact of this continuous improvement actions so that 
everyone can contribute, with different responsibilities, to the same goals. If all workers understand the 
continuous improvement philosophy, and its implications, it is expected to reach better results. 
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1. Introduction 

 

1.1. Total Quality Management 

With time, consumers have become more and 
more demanding, forcing companies to pay 
more attention to quality. Thus, emerges the 
concept of Quality Management that, by 
involving every worker within the organization, 
focuses on the implementation and control of 
manufacturing systems that are able to 
generate products that meet the needs and 
desires of the client, ensuring the consistency 
of product features, and minimization of waste. 
Nowadays, the quality factor is distinctive to 
reach the success and has to be worked every 
day regarding some basic concepts of Total 
Quality Management (TQM) like costumer 
focus, people development an involvement, 
continuous improvement and learning and 
results orientation (Saraiva). 

1.2. Continuous Improvement 

Continuous Improvement it is not just a tool 
that allows to increase the productivity of any 
business. It is also a philosophy that involves 
the participation and devotion of everyone in 
the company to constantly seek for aspects 
that need to be improved (the wish to reach 
perfection but that is never achieved) (Drozda 
et al., 1993). This kind of approach implies 

small changes in the process. The use of a 
methodology in this type of projects, like the 
Methodology of Analysis and Troubleshooting 
(Toledo, 2010), it’s useful because it helps 
everyone to understand what the problems 
and the proposed alterations are.  
The continuous improvement tools used in a 
manufacturing environment that strongly 
depends on manpower, must be simple and 
user-friendly: 

 Pareto Diagram 

In these diagrams, the frequency of each 
problem is represented for decreasing order of 
relevance. Once the most common problem is 
identified, the causes that originate this 
problem should be recognized using other 
quality tools like 5 Whys Analyses and 
Ishikawa Diagrams. 

 Ishikawa Diagram 

This diagram is a visual representation of the 
causes of a specific problem. Before the 
construction of this diagram, it is necessary to 
do a 5 Why Analysis. This type of analysis it’s 
used to identify the causes of one problem by 
doing several (usually 5) questions. After the 
identification of the causes, they are classified 
using the 5M Analysis according to their origin: 
material, methods, machine, manpower and 
environment. Once the causes are identified 
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and classified by origin, the Ishikawa Diagram 
can be constructed (Heizer & Render, 2008). 

 Overall Equipment Effectiveness 

Overall Equipment Effectiveness (OEE) it’s a 
process indicator (KPI) that evaluates the 
efficiency of production lines. It is very useful to 
identify losses and thus reduce production 
costs, improving efficiency of the 
manufacturing process. It can be used both as 
a comparison, as evolution indicator of the 
production process and all the people involved 
in the manufacturing process should be 
familiar with the term. It is a simple tool that 
helps to eliminate or reduce losses through 
process improvement solutions. 

 

1.3. Metrology Control 

According the Decree 199/2008 of 8  October, 
there are some general conditions that pre-
packed products should obey, for instance, the 
contents should not be less than the quantity 
indicated in the package and a pre-packaged 
product should not have a weight error (by 
default) twice the allowed error. 
The regulation regarding Metrology Quantity 
Control of pre-packed products informs what 
are the acceptable errors, by default, for each 
nominal amount. 
The legal obligation to implement a statistical 
control of the packaging process, allows the 
continuous improvement of the process, 
leading to lower operational costs and optimize 
resources (Ancipa, 2011) 
 
 

2. Project: OEE increase in bread 
production line 
 

2.1. Panrico 

Panrico was created in Spain in 1962 and 
opened the first factory in Mem Martins, 
Portugal in 1985, where this project of 
continuous improvement took place. Now it is a 
well-known company, leading the Iberian 
market in the production of cakes and white 
bread. At Panrico’s factory, these projects are 
made by a continuous improvement team that 
carefully evaluates the production line’s 
indicators (OEE, breakdown percentage, time 
for product change, product quality, etc) and 
based on those indicators, decides where and 
how to act. 

 

 

2.2. Project Justification 

Before deciding the objective of the project, the 
performance indicators of all the production 
lines where studied by the continuous 
improvement team that decided to act in the 
bread production line and increase the OEE 
value by reducing small stops and defective 
product. The initial proposal was increase the 
OEE value from 72.4% to 77.4% (after re-
establishing basic operation conditions, 
including coating some bread molds with 
Teflon

®
) and finally for 79% after implementing 

improvement actions. 

 

3. Methodology 
 

3.1. Defects Identification 

Continuous improvement projects made in 
Panrico’s factory, follow a specific 
methodology. The first step implies the 
identification of the products’ defects. This 
identification was made only by observing the 
bread at the end of the line production. After a 
couple of observations, each one with one 
hour duration, it was possible to enumerate the 
bread’s defects: broken bread, bread creased, 
bread with dented top, bread with the upper 
part cracked, bread without the top part, bread 
malformed / low / no weight, dirty bread 
because of molds, bread dirty with remains of 
other breads, burnt bread and undercooked 
bread. Later, with this information it was 
possible to elaborate a data record sheet that 
will give information about the frequency of the 
defects before and after the improvement 
measures. This data collection occurred eight 
times and six times for the 500g bread and 
850g bread, respectively, before and after the 
improvement actions. For both bread formats, 
the data collection was made in non-
consecutive days, in the morning period, for 
about one hour. Every data was processed 
and recorded using Microsoft

®
 Excel tools. 

 

3.2. Re-establishment of basic 
production conditions 

At this point, the identification of the basic 
operation conditions that need to be re-
established, if any deviations occurred, is 
crucial before taking any improvement 
measures. After visually monitoring the bread 
production process, it was possible to 
recognize some areas were basic operational 
conditions need to be re-established.  
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Table 1- Areas and/or materials that need their basic 
operational conditions re-established and description of 

those actions. 

Areas and /or 
Materials 

Re-establishment of 
basic operational 

conditions 

Bread molds 
Coating the old molds 

with new Teflon
®
 

Long carrier prior to 
the cooling chamber 

and the curved 
carrier above the 

oven 

Replacing the Teflon
®
 

guides 

Kneading zone 
Re-programming the 
rejection of the line 

balance 

Carriers 
Align and adjust 

position and velocities 

 

Regarding the bread molds, it is normal that 
they become old due to handling and the 
number of working hours. The maintenance of 
the mold is extremely important because the 
success of cooking and demolding depend on 
their preservation. Besides, if the preservation 
of the molds isn’t the same among them, the 
process varies very much, which is not 
desirable because it causes many product and 
resources waste. Concerning the carriers 
above the oven and before the cooling 
chamber, the Teflon

®
 guides that are between 

the carriers and the metallic structure that 
supports them, were substituted so that the 
bread doesn’t became crossed along the way. 
About the line balance, this was re-programed 
so that the breads who haven’t the right weight 
can be rejected, saving resources. Finally, the 
carriers’ velocities and positions were checked 
and adjusted.  

 

3.3. Identification of the causes of the 
most frequent defects 

To know the most frequent defect in 500g 
bread and 850g bread, two Pareto Diagrams 
(one for each type of bread) were constructed. 
For that, the data for the 500g bread that was 
collected during eight days (non-consecutive), 
for approximately one hour, showed that 255 
breads, from a total of 11480 breads 
visualized, were defective. The frequency of 
each defect it’s represented by a blue bar 
(Figure 1). Regarding the 850g bread, the 
information was collected during six days also 
for approximately one hour. A total of 5328 
breads were seen during that time, and 208 of 

that were defective. The Pareto Diagram 
construction was similar for both types of 
bread.  
Analyzing both diagrams, “broken bread” is the 
most common defect, appearing 150 times in 
the case of bread 500g and 90 times in the 
case of bread 850g, while the remaining 
defects appear much less frequently. Thus, it’s 
necessary to investigate the origin of this 
defect, identifying the critical areas of the 
process, by direct observation of the 
production line. 
 

 

 

Figure 1- Pareto Diagram that show the number of the 
total number of defects found on the bread 500g (A) and 

850g bread (B). 

 

After identifying the entrance and exit of the 
demolding machine and the entrance of the 
cooling chamber as critical areas and using 
some TQM tools like 5 Whys Analysis, 5M 
Analysis and Ishikawa Diagram, it was found 
that one of the major cause that contribute to 
“broken bread” defect, was the fact that some 
breads fall along the way between the 
demolding machine and the cooling chamber. 

 

 

A 

B 
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3.4. Improvement Measures 

Once re-established de basic operation 
conditions an identified the causes and critical 
areas where the most common defects occur, 
some improvement measures were taken. 

 Bread Demolding 

This area is responsible for many defects: the 
breads break because they come to close to 
each other, the breads fall when they exit the 
demolding machine, the breads fall and break 
the breads that come next, or the breads don’t 
demold properly and stay between the mold 
and the carrier at demolding’s exit. 

Before the bread’s molds pass through the 
demolding machine, their covers are removed 
by a carrier with a magnet. After, the bread is 
removed from the mold it is placed on the 
carrier at the exit of the demolding machine. 
The way the bread is placed on this carrier 
(first the front touches the carrier first) could 
make it dent or even break. Also, as it is 
placed on the carrier, the bread can lie down 
and break itself or break the bread next to it 
because they are very close to each other. To 
prevent this, the carrier material was replaced 
by an anti-slip material, to prevent the bread to 
slip when it is placed on this carrier, due to the 
carrier slight slope. Secondly, the carrier 
velocity was adjusted (increased), by removing 
two teeth of the cartage, so the breads don’t 
stay so close to each other as they are placed 
in the carrier. 
The reason why the bread stays between the 
mold and the carrier at demolding machine exit 
it’s because the bread, sometimes doesn’t 
demold properly, due to molds bad 
preservation. If the Teflon

®
 covering is old or 

the mold is dented, the bread has more 
difficulty in demolding and can get trapped 
between the mold and the carrier at the exit of 
the demolding machine, breaking it or 
damaging the breads that come next.  
In this zone, besides the causes of product 
defects, there are also causes of small stops. 
Where the molds’ covers are removed, near 
the demolding machine, sometimes they 
overlap and the molds cannot continue their 
way. This happens because the molds are very 
close to each other. Every time this incident 
happens, the operator has to remove the 
overlapped covers by hand, causing small 
stops and endangering his safety. To 
overcome this problem, a cell was placed at 
the oven’s exit. The cell reads the bottom of 
the mold as it passes by and when it stops 
reading it, signaling that the following mold is 

coming, the carrier at the oven’s exit, which 
transports the molds, stops. As the next carrier 
continues, it creates small spaces between the 
molds that are enough to prevent the molds’ 
covers to overlap before the demolding 
machine, avoiding small stops and the risk for 
the operators. Also, once the bread sometimes 
doesn’t demold properly, due to the molds 
preservation, the shape of the air ejector that 
helps in demolding was changed from a round 
form (more inaccurate) to a  flattened one at 
the tip of the ejector, more accurate and that 
causes less  bread fragments. 
 

 Cooling Chamber Entrance 

Previously, it has been identified the 
demolding area as the area where some 
breads fall. However, by observing the 
production process, it seems that some breads 
also fall in the passages between carriers, 
along the way from de demolding machine and 
the cooling chamber.  
In order to confirm this suspicion, the number 
of breads that fall at the exit of the demolding 
machine and at the entrance of the cooling 
chamber was recorded. So, there was one 
person near the demolding machine and other 
near the cooling chamber’s entrance, doing the 
count. This count was made eight times for 
bread 500g and five times for bread 850g and 
in each counting, a total of 720 breads were 
seen. The difference between the number of 
breads that fall at the cooling chamber’s 
entrance and the number of breads that fall at 
the demolding machine’s exit indicated that if 
some breads fall along the way. In the 
passage of the carrier that arises from de exit 
of the demolding machine to the curved carrier 
above the oven, it was found that many breads 
fall due to a big gap between the two carriers. 
To avoid, or decrease this event, a rod was 
introduced to soften the bread transition 
between these two carriers. 
 

3.5. Standardization 

It is very important that all the improvement 
actions that were taken can be controlled. 
Thus, a list of procedures usually used in the 
factory called ELIL- Estándares de Limpieza, 
Inspección y Lubricación was made. The aim 
of this list is to control the critical issues 
fortnightly or monthly and ensure that 
everything is working well. 

The continuous improvement group decided 
that such inspection would be done by the 
production operators and transmitted to 
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maintenance workers whenever any 
irregularity was detected.  

 

3.6. OEE Value 
 

There are different ways to calculate the value 
of OEE however, the one that it’s used at 
Panrico is: 

   ( )  
           

              
 

Where useful time is the necessary time to 
manufacture a product according its 
specifications, excluding wastes (this is related 
to the nominal capacity of the production line 
and it is provided by the equipment 
manufacturer) and open line time is the 
operation time that considers the time loss due 
to wastes, small stops, breakdowns and 
product outside specifications. The value of 
this KPI is estimated every day for every 
production line. Usually, to the increase of the 
production efficiency is associated a financial 
gain, so Panrico estimated that there’s a gain 
of about 590€ for each one percentage point 
increase of the OEE value. 
 

3.7. Payback Time 

Payback time is a simple and useful tool of 
analysis, easy to apply and to understand. It 
refers to the period of time required to recover 
the investment. In a very simple way, it can be 
estimated by dividing the costs (or investment) 
by the gain that is expected to be obtained. 

 

4. Results 

The data collected with the purpose of study 
the frequency of bread’s defects, before the 
implementation of the improvement measures, 
showed that 1.3% of the bread 500g was 
broken. Supposing an average production of 
4875 breads/day, for bread 500g, it means that 
there were about 62 broken breads /day. 
Concerning the 850g bread, assuming an 
average production of 10123 breads /day and 
knowing that 1.6% of the breads were broken, 
before the application of the improvement 
actions, it was found that there were about 165 
broken breads each day. After introducing the 
improvement measures, the percentage of 
broken breads drop to 0.50% and 0.57%, for 
the 500g bread and for the 850g bread, 
respectively.  

The results represented in Table 2 show that 

the percentage of broken bread is higher for 

the 850g bread, than for the 500g bread, and 
the reduction of broken bread is also higher for 
this type of bread. 
 

 
Table 2- Percentage of broken breads and percentage of 
reduction of broken breads, before and after introducing 

improvement actions for the 500g and 850g bread. 

 
% Broken 

Bread 
Reduction 

 
500g 
Bread 

850g 
Bread 

500g 
Bread 

850g 
Bread 

Before 1.3% 1.6% 
0.78% 1.1% 

After 0.50% 0.57% 

 

 

 

Figure 2- Pareto Diagrams obtained, after improvement 
actions,  for  bread 500g (A) and bread 850g (B). 

Analyzing the two Pareto Diagrams, ( Figure 2) 

it’s visible that for the 500g bread, the most 
frequent defect is no longer “broken bread” but  
instead is the “bread with the upper part 
cracked”. Nevertheless, for the 850g bread, 
“broken bread” is steel the most frequent 
defect. 
As it was seen, one of the main reasons for the 
bread to break it was the fact that it fall when it 
exits the demolding machine and along the 
way between the demolding machine and the 
cooling chamber. The information collected 
before the improvement actions showed that, 
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in average, 1.7% of the 500g breads fall at the 
demolding machine exit and 4.7% of the 
breads appeared fallen at the cooling chamber 
entrance. Therefore, 3.1% of the breads fall 
along the way between the demolding machine 
and the cooling chamber. Regarding the bread 
850g, before the improvement measures, 1.7% 
of the breads fall when exiting the demolding 
machine and 0.15% fall along the way 
between the demolding machine and the 
cooling chamber. For both types of breads, 
after the improvement actions, the number of 
breads that fall along the way decreased 
(Table 3 ).  

 
Table 3- Number of breads that fall before and after the 

improvement measures, for 500g and 850g breads. 

 

Number of breads 
that fall between the 
demolding machine 

and the cooling 
chamber

1
 

Reduction 

 
Bread 
500g 

Bread 
850g 

Bread 
500g 

Bread 
850g 

Before 149 15 
2,7% 0,01% 

After 18 14 

 
However, for the 850g bread, the decreased 
was less significant than for the 500g bread. 
That could be explained by the bread size:  as 
it is heavier, the 850g bread has more difficulty 
in falling down.  
The decrease in the number of broken bread 
and in the number of fallen breads in the case 
of 500g bread proved that there was a relation 
between these two incidents. Though, 
regarding the bread 850g, the number of 
broken breads decreased but the number of 
breads fallen doesn’t decreased that much. 
So, the improvement measures taken to 
improve the demolding might have had some 
positive impact in the broken bread.  
Nevertheless, one would expect a more 
significant improvement if the molds were 
replaced by new ones, as planned. However, 
because they have not reached the production 
department by the deadline, the impact of this 
change was not accompanied. Yet, the 
measures taken to overcome the incidents 
observed in bread production line reached the 
desired effect. 

                                                           
1
 Considering an average production of 4875 and 

10123 breads/day, for bread 500g and bread 850g, 
respectively. 

The results obtained from the study of the 
numbers of breads that don’t demold properly 
and stay in the molds showed a big variability 
in that data values that can be explained by 
the molds conditions. Nevertheless, these 
results must be considered. As it may be seen 

in Table 4, the planned actions had positively 

influenced the demolding procedure. In fact it 
was observed a reduction of 0.30% and 0.56% 
for bread 500g and 850g, respectively. 
 

Table 4- Percentage of breads that don’t demold 
properly and remain in the molds, before and after the 
improvement action, for bread 500g and 850g bread. 

 
% of breads 
that stay in 

molds 
Reduction 

 
Bread 
500g 

Bread 
850g 

Bread 
500g 

Bread 
850g 

Before 5.0% 2.6% 
0.30% 0.56% 

After 4.7% 2.0% 

 
The improvement measures had impact on 
OEE. The initial value was 72.4% then, by the 
end of March, this value increased to 78.8% 
(due to recoating some 500g and 850g molds 
with Teflon

®
) and finally it arises to 79.4% (by 

the end of May) owing the improvement 
actions. 
To calculate the OEE value, the quantity of 
product waste is not considered so. To 
determine the overall gain of the project, the 
gain related to the reduction of broken breads 
was also estimated. Considering that the 
production cost is 0.45€ and 0.60€ for bread 
500g and 850g, respectively, the gain obtained 
per year is 5.3 K€ for the 500g bread and 20 
k€ for the 850g bread. 
Finally, the gain related to the reduction of the 
number of fallen breads was determined. This 
incident is not a defect but it demands an 
operator always straightening them before they 
are sliced and packaged, occupying time. 
Considering that the value of manpower is 
0.06€/bread and 0.07 €/bread, for 500g bread 
and 850g bread, respectively (this values are 
estimated by Panrico). The gain obtained by 

reducing the fallen breads is resumed in Table 
5. 
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Table 5- Gain related to the reduction of fallen breads, 
for bread 500g and bread 850g. 

 

Number of 
breads that fall 

between the 
demolding 

machine and the 
cooling chamber 

Manpower gain 
(€)/year 

 
Bread 
500g 

Bread 
850g 

Bread 
500g 

Bread 
850g 

Before 149 15 
2.525 20 

After 18 14 

 
The total gain of the improvement project is the 
sum of all gains previously estimated. The gain 
of re-establishing basic operation conditions is 
45696 €/year and of implementing the 
improvement measures is 4251€/year. 

 
 

Table 6- Gain obtained with the implementation of 
improvement measures 

 Gain(€)/year 

Re-establishment  of basic 
operation conditions (OEE) 

45 696 

Improvement measures 
(OEE) 

4 251 

Manpower gain 2 545 

Broken bread gain 25 259 

Total 77 751 

 
5. Payback time Value 

 
Knowing that the costs of re-establishing the 
basic operation conditions were 18 762€ and 
that the costs of the improvement actions were 
2 196€, it was possible to estimate that the 
payback time would be 3 months. This is a 
good value because it indicates that will take 3 
months to return the investment. 

 
6. Future work 

 
The molds are storage in a metallic shelf that 
has a metal plate on the bottom and metal 
beams on the sides and on the backside. 
The way the molds are arranged, on one hand 
prevents them from falling through the spaces 
between the posts, but on the other hand they 
can became dented if they are "dumped" in a 
hurry, which is not convenient, and is one 
cause of molds damage. 
As future work, it will be studied the possibility 
of placing a metal plate (similar to the one that 
is on the bottom of the shelf) on the backside 

of the shelf so that the molds don’t became 
laterally dented. 
Also as future work, it was proposed to make 
some marks to help in the adjustment of the 
carriers, before the slicing machine. These 
marks should be identical in all zones that 
need to be adjusted. This means that the mark 
(for instance, a number or a letter) for one type 
of bread should be the same in every place, of 
the production line, that need adjustment. This 
would prevent mistakes and would help to 
standardize the production line. 
 

7. Project: Breads’ overweight 
reduction 
 

Alongside the project to increase OEE, other 
one was occurring in the same production line: 
a project with the aim of reducing the 
overweight of the products (in mass). 
One of the actions of re-establishing basic 
conditions was the activation of the rejection 
function of the line balance, in the knead zone. 
The masses weight oscillation, due to 
malfunctioning of the divider machine, and the 
lack of mass rejection after the balance caused 
quite a waste of resources and bread at the 
end of the line, for non-compliance in terms of 
weight. For that reason, and to reduce the 
number of breads rejected at the end of the 
production line, the mass weight was 
increased. 
The activation of the mass rejection right after 
the balance prevented the bread rejection at 
the end of the production line, which allowed 
saving some resources. However, as the 
divider machine continued to function 
improperly, the mechanic interior of the divider 
machine was replaced. After that the weight of 
the masses could be corrected and the 
overweight problem should be resolved. 
Unfortunately, it was impossible to monitor the 
result of changes implemented during the 
internship in Panrico however, the action of 
verifying breads’ overweight, at the end of the 
line, was performed by other employees who 
will decide the necessary adjustments until the 
desired result is achieved. 

 
8. Conclusions 

 
Nowadays, there is a great need to improve 
and seek for perfection. For that, there are 
methodologies that help to anticipate possible 
flaws and solve the problems founded. After 
accomplishing this project at Panrico’s factory, 
it became clear that the continuous 
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improvement concept is very important when 
answering the consumers’ expectations. 
Factories like the Panrico’s factory, where the 
manufacturing processes are greatly 
dependent on manpower, communication is a 
big issue. Workers empowerment in projects 
like this is very important because usually are 
the workers that detect the problems and help 
in their resolution. For them, knowing that their 
opinions are listen is motivating and 
contributes to the company’s success. 
Nevertheless, there are some people that are 
not familiar with this way of work and are 
skeptical about changes. Therefore, it’s very 
important teach them, give them confidence 
and trust and prove them that their contribution 
is for them and for the company. 
In addition, the process indicators are very 
relevant and useful for making wise decisions.  
In spite of the advantages of this type of 
projects, sometimes implementing 
improvement actions it’s not easy. 
Occasionally, there are limited resources that 
narrow the possibilities of improvement, which 
means that have a predetermined 
methodology and use simple improvement 
tools, don’t mean that this projects will always 
succeed. Patience, persistence and critic 
sense must be part of continuous improvement 
projects. 
Looking for perfection, trying to do always 
better, trying to improve with the goal of 
increase the production efficiency or the 
product quality, to produce spending fewer 
resources, optimization and innovation are all 
concepts that must be present when searching 
for continuous improvement. 
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