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A B S T R A C T 

A continuous improvement project was carried out, for four months, in which the 

Lean methodology was applied to the food industry enabling the group to achieve 

the primary goal: to improve the OEE – Overall Equipment Efficiency of a 

production line. The goal was to minimize waste, decreasing the time spent in 

non-valor added operations, thus improving efficiency. The processes and 

machinery were object to an intense daily observation which lead to the 

identification of the major losses in efficiency. It was decided to allocate resources 

preferentially to the end of the production line – packaging processes. The root 

causes of the efficiency losses were discovered and an action plan was elaborated 

to eliminate them, or, being the elimination somehow impossible to obtain, to 

minimize them.  

In the Product A packaging machine, two improvements were implemented with 

a total investment of 1099€, leading to a monthly saving of 608€, thus having a 

payback time of two months. Other improvements were carried out in the Product 

C and Product B packaging machine that required no investment. An increase was 

achieved of the OEE value for both machines: 11% and 12% in the Product A 

packaging machine, respectively, in the 8 and 5 units bag; 9% and 13% for the 

Product C and Product B. 

Globally, the OEE increased 4,4 points and the “Resto” indicator decreased 0,6 

points, which represents a monthly saving of 555€ and an annual saving of 6660€ 

for the company. 
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1. Introduction  

 

All organizations all over the world fight against 

a common enemy: waste. Waste is defined as any 

human activity that absorbs resources but creates 

no value. Nevertheless, there is a powerful 

antidote to waste: lean thinking. The lean 

philosophy took its first steps by the hand of 

Sakichi Toyoda, a Japanese inventor known as 

the father of the Japanese industrial revolution. 

His revolutionary invention was an industrial 

weaving machine that stopped everywhere the 

thread broke, thus allowing an operator to be 

responsible not for only one machine but for 

several. Moreover, it decreased waste in the 

organization because no defective product was 

being produced, thus saving both time and 

money. [1] 

This innovation led the way to the creation of 

autonomation, Jidoka, in Japanese, which means 

automation with an human touch. Later on, the 

Toyoda family left the textile industry to dedicate 

itself to their new startup, the Toyota Motor 

Corporation – TMC, founded in 1937, where 

autonomation played a key role. TMC 

completely rejected the mass production policy 

employed by their competitors in USA – Ford 

Corporation, mainly because the production 

volumes in Japan were much smaller. Unlike 

what happened at Ford, TMC did not have the 

capacity to store large quantities of product 

therefore it had to produce exactly what the client 

ordered, when it did. [2] 

From that incapacity rose a new concept: Just-in-

Time (JIT), that along with Jidoka, constitute the 

main pillar for the house of lean, that can be 

found in figure 1 and for the Toyota Production 

System – TPS, later renamed to “The Toyota 

Way”. [5] 

In the last two decades of the twentieth century, 

the massive industrial management earthquake of 

new working methods shook organizations all 

over the work, leading later on to the 

development of Lean Manufacturing. In the 

context of organizations, Lean is related to the 

processes flexibility, to the absence of production 

surplus, to the absence of “fat” or queues and to 

the ability to fulfill orders from the client on time. 

[4]It is intimately related to the efficiency of the 

processes. The definition of efficiency is the 

amount of resources consumed in the attempt of 

being effective, which is, of fulfilling the 

requests and needs of the client. One can be 

effective while absorbing a high amount of 

resources, thus being inefficient. One can be 

efficient but ineffective, when one makes a quick 

delivery of a defective product, or a product that 

somehow does not fulfill the wishes and needs of 

the client. Therefore, being efficient implies 

reducing wastes to the minimum and lean 

thinking focuses exactly in identifying waste and 

reduce it, if it cannot be eliminated. [2] 

The ultimate goal that is settled in the minds of 

lean managers in organizations all over the world 

is to obtain perfection and perfection can only be 

obtained when there are nothing but perfect 

processes, composed exclusively of value-added 

activities. These activities have to obey the 

following criteria: it needs to add value to the 

client and therefore willing to pay for it; it must 

be associated to a physical transformation of the 
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production and it must be conducted without 

defects or waste. [7]

Consequently, lean fights for the utopia of 

dealing only with zero waste activities, meaning 

that the total time elapsed in all processes, known 

as total lead-time, and the time spent in value-

added activities is exactly the same. The value of 

the OEE – overall equipment efficiency, gives 

the lean managers information about the 

efficiency of a machine, a process, or a set of 

processes. It is obtained by the multiplication of 

three rates: availability, performance and quality, 

and the mathematical formula used to calculate 

them are displayed on equation 1 to 3. [6] The key 

questions asked are: is the machine/process/set of 

processes working less than it should? is the 

machine/process/set of processes working at the 

speed it should? and finally, does the product 

have the desired level of quality?. Therefore, 

organizations with a lean management fight to 

produce exactly what the client wants, when he 

wants it through a continuous flow of product in 

a pull production technique. [3] The food industry, 

and specifically the company in his case study, 

does not work completely with pull production, 

because although the work is built-to-order, 

sometimes some inventory is made.

 

 

                  Fig. 1 - House of lean. [1] 

 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦(%) =
𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑡𝑖𝑚𝑒

𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒
× 100 

 

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 (%) =
𝑟𝑒𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
× 100 

 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 (%) =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑛 𝑑𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑢𝑛𝑖𝑡𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
× 100 

 

 

(2) 

 

(1) 

(3) 
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2. Framework of the project  

The improvement project took place at the 

company “Grupo Panrico S.A.U”, a bread and 

cakes producer and distributer, in the Mem-

Martins plant. Today, the company is the leader 

of that segment of market, in the Iberian 

Peninsula and it is the second largest producer of 

cookies in Spain.. The time as well as the 

resources available for a project of this sort are 

necessarily limited, therefore they must be 

applied where they are most needed, and thus 

where the efficiency losses are bigger. The OEEs 

of the six lines were analyzed and are displayed 

in figure 2, for the month prior to the beginning 

of the project – October 2014.  

 

Fig. 2 - OEE values for all the production lines in the plant  

- October 2014. 

 

Even though the line 2 has a lower OEE value 

than line 5, when a Pareto diagram is constructed 

for all the losses of efficiency in the factory for 

all the lines: setup-time, scrap, malfunctioning, 

stops and unidentified losses, the one that stands 

out is the unidentified losses in the line 5. Also, 

all the losses of the line 2 represent a much lower 

percentage. Furthermore, the  

 

Line 2 has a monthly production of about 5.5 

times inferior to the one of the line 5. Having 

taken this information into account, the 

production line chosen as target for the project 

was therefore line 5 

In this line three different products are made: 

Product A, round-shaped cakes with chocolate 

chips, Product C and Product B, both bread-like 

products.
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3. Methodology 

 

The methodology used in this continuous 

improvement respects entirely the methodology 

followed in every similar project in any 

production line of the company. The method is 

composed of six steps that were followed 

sequentially. The first step is the identification of 

the source of the defects in the production line. 

The second step is the reestablishment of the 

basic conditions in the critical areas and then 

create the standards. The third step is the 

identification of the root causes that lead to the 

most frequent defects. The fourth step is the 

decision-making process about which 

improvement actions to implement in the 

production line in order to minimize the root 

causes identified. The fifth step is about 

obtaining results directly from the processes that 

were targets of the improvement actions. The 

sixth and final step is about concluding on the 

improvement achieved and elaboration of a list 

of future work. This list is made of ideas that 

were discussed but not implemented due to lack 

of time, resources or both. This methodology was 

carried out using several quality tools: 

Ishikawa’s Diagram – it allows the systematic 

identification of the relationship between a 

problem and all of its possible causes. This 

causes are categorized in one of the 4M’s, 

Machine, Method, Materials and Environment; 

Pareto’s Diagram – graphical  

method that allows the prioritization of the 

problems found in the processes based on the 

80/20 rule. This rule stats that 80% of the 

problems come from only 20& of the causes; 5 

Why – it is a method for extracting the root 

causes of a defect or problem. It consists of 

asking repeatedly why a certain problem is 

happening and therefore removing the layers of 

symptoms that hide the true root of the problem, 

in where the implementation of a corrective 

action will take place. 

After the initial observations, one had   the 

necessary information to conclude that the 

packaging processes of the production line are 

the critical ones. Thus the focus was set on those 

processes in other to obtain a complete 

identification of the root causes of the most 

economically relevant defects. After the 

establishment of the working method, the first 

task was obtaining the data from the line. In this 

project, the data was organized by machine and 

by type of defect. The   time   spent on one 

observation was set to one hour and in each 

observation was calculated an OEEmachine. This 

value was obtained  using Equation  4. 

 

 

 

 

𝑂𝐸𝐸𝑚á𝑞𝑢𝑖𝑛𝑎 =
(𝑝𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 × 60) − (𝑝𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 × 𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑤𝑎𝑠𝑡𝑒𝑑) − 𝑠𝑐𝑟𝑎𝑝

𝑝𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 × 60
 

(4) 
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4. Results 

 

The identification of the origin of the defects in 

the packaging processes was accomplished 

through daily intense observations, Gemba 

Walks being the name generally given to this 

methodology by the Lean community. For 

organization purposes, the data concerning the 

Product A machinery was separated from the 

data concerning the bread-like products: Product 

C and Product B. The causes of efficiency losses 

on the Product A packaging machine were 

identified:  rejection by cadence, referring to the 

segregation of two packages not completely 

separated which are directed to a plastic 

container that works as a segregation receptacle; 

cake cutting on sealing process, referring to the 

non-conformity that results from the knife 

cutting the cake instead of sealing the package in 

which the resulting defective package is also 

directed to the segregation container; package 

improperly tied, referring to the nonexistent tie in 

the package or package wrongly tied; missing 

cake in the package; empty bag.  The data was 

arranged by frequency on an hour basis in a 

Pareto diagram, for both 8 and 5 unit packages.  

 

Fig. 3 - Pareto diagram for the efficiency losses on the Product A packaging process 

 - 8 unit format. 

Efficiency loses on Product A packaging process - 8 unit format   

 

Fig. 4 - Pareto diagram for the efficiency losses on the Product A packaging process  

- 5 unit format. 
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From the diagrams one could conclude that the 

most relevant causes for inefficiency on the 

Product A packaging machine are: cake cutting 

and package improperly tied, and therefore 

elected as the primary targets for improvement. 

In order to decrease the frequency of the 

improper cake cutting, it was introduced a 

pneumatic system in the packaging machine with 

two cylinders with a purpose on maintaining the 

cakes in the proper place so that they will not be 

cut by the sealing knife. This action proved to be 

very effective as it decreased the frequency by 

half.  

In order to decrease the frequency of the 

improper tying, it was decided to change the 

brush immediately previous to the tying machine. 

The function of the brush is to help flatten the top 

of the package’s film in order to deliver a smooth 

surface for the tying machine to work perfectly. 

It was noticed by the team that the brush was not 

working efficiently thus causing defective 

packages. The system is composed by two 

brushes: a lower and an upper one. The lower one 

was completely worn out so it was decided to 

throw away the lower one and use the upper as 

lower. The upper was then replaced by a new one 

in everything equal to the old one but with a 

diameter of about 2 cm bigger. This decision was 

based on the need to realign the axis of the motor 

that is connected to the brush system, raising it 2 

cm. The realignment is expensive and using a 

brush that is wider in diameter causes the need to 

raise the motor. This action proved to be very 

effective as it decreased the frequency of 

wrongly tied packages by 80%. The causes of 

inefficiency on the bread-like products 

packaging machine were identified: the bag does 

not open; error in the dater; bags without plastic 

ties; missing cakes in the package. The data was 

arranged by frequency on an hour basis in a 

Pareto diagram, for both products: Product C and 

Product B. 

 

Fig. 5 - Pareto diagram for the efficiency losses on 

the line 5 packaging process – Product C. 

 

 

Fig. 6 - Pareto diagram for the efficiency losses on 

the line 5 packaging process – Product B. 

 

From the diagrams one could conclude that the 

most relevant causes for inefficiency on the 

packaging machine are the interruptions of 

production. The main occurrences responsible 

for these interruptions are the breakdowns that 

compel the machine to stop and also the 

inefficiency of the slider of the table containing 

the bags. It was noticed that the weekly work 

sheet for inspection and lubrication of this 

machine contained a very poor and undetailed list 

of operations, thus giving rise to a behave that 

neglected some areas and pieces. Therefore it 
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was decided to reformulate this work sheet under 

the light of the recommendations of the 

manufacturer and also to create another just for 

monthly lubrication purposes.  

The reformulation consisted of adding operations 

to the pre-existing list: inspection of motors and 

v-belt drives; inspection of cylinders, valves and 

compressed air intake areas; check the oil level 

of the air lubricator, replacing if necessary; 

inspection of gear wheels, chains and rails. The 

new work sheet included the following list of 

operations: lubrication of chains; lubrication of 

the slider of the bag table; lubrication of the 

duckbill system. 

 Moreover, it was decided to add three register 

points to the “Launching and product change 

Checklist – packaging area” : clean photoelectric 

sensor above the duckbill system; check the 

height sensor of the table of the bags; check if the 

safety sensor is on when the machine is started.  

Finally, it was decided to implement a cleaning 

OPL – One Point Lesson with a daily frequency, 

for the table containing the bags. It was attested 

that the absence of a cleaning standard allowed 

the creation of a dust film between the surface of 

the table and the bag sensor which gave rise to a 

decrease in the efficiency of the rotation.  

The method created is composed of two steps and 

is preferably done in the end of the production, in 

all of the four tables. The first step is to use a fine-

grained sandpaper file and then to clean them 

using regular paper and an alcohol based solvent.  

The reorganization of the work sheets as well as 

the actualization of the production Checklist 

serve the purpose of decreasing the number of 

breakdowns, thus decreasing the number of 

interruptions. Moreover, with a more dedication 

inspection of the machine, a monthly lubrication 

of the slider of the table and the OPL it is 

expected a decrease in the number of stops due to 

the table rotation inefficiency.  

These actions proved to be very effective as it 

was observed a decrease of about 50% on the 

number of stops. A positive evolution is expected 

because in this case, the improvement is highly 

dependent of the workers. With the systemization 

of the method, there will be less lapses of 

memory, and also, by perceiving the 

improvement that comes from the procedure, the 

workers will be motivated and will work together 

to comply with the OPL. This improvement will 

logically have a positive impact on the OEE 

value of the line because by decreasing the 

number of stops, the available time for 

production is automatically bigger thus 

increasing the disponibility rate.  

As there was no investment made on material or 

staff, the Pay-Back time value cannot be 

calculated. 

In the end of the project, the improvement index 

was obtained for both packaging machines and 

for all four products. In Table 1 is present the 

OEE value before and after improvements as 

well as the improvement index obtained.  

 

 

Table 1 - OEE values before and after the 

improvements. Improvement indexes for all products. 

Product 

Im
p

ro
v

em
en

t 

in
d

ex
 

Product C 9% 
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Product B 13% 

Product A – 5 

units 
12% 

Product A – 8 

units 
11% 

 

It was also obtained the global OEE value of the 

month corresponding to the end of the project – 

March. In the following figures will be establish 

a comparison between the efficiency indicators 

of November and March.  

 

Fig. 7 – Evolution of OEE (%) between November of 

2014 and March of 2015. 

 

 

 

Fig. 8 – Evolution of Losses (€) between November 

of 2014 and March of 2015. 

 

5. Conclusions 

 

The increase in efficiency observed in both 

packaging machines originated the increase of 

the OEE value of the production line. Through 

the analysis of the figures 7 to 9, one can 

conclude that the OEE value increased 4,4 

percentual points. Also, the Residue indicator, 

the one chosen as target, increased 0,7 percentual 

points that represent a monthly saving of 555€ 

and an annual saving of 6600€. The calculations 

presented in this work were obtained through 

extrapolation assuming the production volume 

constant and equal to the one of October.  

Naturally, this project does not claim whole 

responsibility for the increase in the OEE. It was 

observed that the breakdown index decreased 1,3 

percentual points. The project cannot claim direct 

responsibility for the entire decrease, however, it 

is legitimate to assume that the actions 

implemented had some influence. 

Moreover, there was no planning regarding the 

indicators Setup Time or Teamwork Rest, nor the 

actions implemented could have had any positive 

influence on them. Thus, these improvements are 

external to the project. Finally, the scrap value 

increased 1,1 percentual points, which can be 

explained by an increase in the production value 

of March. 

In May, it was gathered data from both packaging 

machines and it was proved that the 

improvements were being maintained. 
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