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Abstract – Pressured by the growing economy and competitive environment, organizations increasingly seek for 
excellence, not only for its results but also for the processes. A set of sustainable processes supported by efficient 
management enables organizations to improve product quality, reduce costs and improve customer service.   

It is in this context that the opportunity to work on a project to increase overall productivity in Unit A using Lean 
methodologies. The Unit A, which develops its activity in the poultry industry, as well as being undeveloped in the 
management of operational teams, had a high waste ratio in key activities such as internal logistics. 

Through a literature review on the Lean methodologies, especially those relating to Kaizen Change Management 
(KCM) and Total Flow Management (TFM), this dissertation presents solutions to solve the identified problems. 
Approaches such as Daily Kaizen and tools such as supermarkets, borders of line, kanbans and Mizusumashi were 
the key to obtaining the final results. 

The results obtained confirm the effectiveness of the methodologies used and reward all the effort invested in the 
fight against Muda and in the pursuit of operational excellence. However, the continuous improvement work does 
not end, there are still improvement opportunities to identify and solve in order to obtain exceptional results. 

Keywords – Kaizen; Lean; Poultry Industry; Total Flow Management; Mizusumashi; Daily Kaizen. 

As a result of the financial crisis that hit the Portuguese 
and European economy, the population has restricted 
themselves to first need and low-cost goods, where the 
avian sector is included. Supply has to respond to a 
growing demand, leading to increased competition faced 
by companies, which are fighting for lower operational 
costs that bring competitive advantage. The search for 
higher productivity brings a better utilization of 
resources, making production with more quality, less 
cost and higher service level. These characteristics are 
brought by continuous improvements and Lean 
methodologies that are associated to operations, 
processes and logistics optimization. 

Unit A, associated to chickens’ slaughter, is facing an 
exponentially growth. To increase production Unit A 
management team has decided to use Kaizen 
methodologies, aiming to achieve higher productivities 
and better quality without losing service level. 

Kaizen, which means change for better and reflect 
continuous improvement, is applied with every person in 
the organization, everywhere and every time thinking in 
improvement and using Lean tools. With this 
commitment and through top management vision, 
companies will reach the essential 3 factors to success, 
Quality, Cost and Delivery (QCD). 

1.1 Kaizen Institute (KI) 

Kaizen Institute is a consulting company that provides 
services to help leaders of organizations to reach their 
goals of QCD. In Unit A, KI services were requested to 
create a culture of continuous improvement and to get 
higher productivity. This way, the methodologies applied 
in Unit A are the ones used by KI. 

Figure 1 – Kaizen Management System (KMS) 

To develop their knowledge structured KI created the 
Kaizen Management System (KMS). It is through this 
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model that KI drives their work and searches for 
continuous improvement. As shown in Figure 1, KMS 
includes Kaizen Foundations, Kaizen Change 
Management (KCM), which deals with organization and 
resources, and The 5 pillars (TFM, TPM, TQM, TSM and 
IDM) that correspond the tools to implement 
improvements. Finally, at the top are the goals and 
predicted results of a continuous improvement strategy. 

Although Kaizen Foundations and KCM are transversal 
to all improvement projects, the pillars are not. This way, 
this case study will particularly use TFM. 

The 3 main Kaizen Foundations are standardization, 
elimination of Muda (the Japanese word for waste) and 
5S (Imai, 2012). Waste exists in any activity that 
consumes resources, but doesn’t add value to the 
process (Womack & Jones, 1996). Thus, there are 7 
types of Muda: overproduction; keep inventory; waiting; 
unnecessary motion; transportation; rework due to 
errors or defects; and over-processing (Ohno, 1988; 
Sowards, 2008; Rave, et al., 2011; Kaizen Institute, 
2014b). Although known as waste, not all Muda activities 
can be eliminated (Melton, 2005). 5S, commonly known 
as the process of Housekeeping are related to 5 steps 
named with Japanese words that begin with an “s” (Seiri, 
Seiton, Seiso, Seiketsu e Shitsuke) (Buesa, 2009) that 
allow the creation of a proper workplace to implement 
Lean practices (Melton, 2005). In English these 5 steps 
mean sort, systematize, sweep, standardize and self-
discipline. 

KCM is the system responsible for the organization and 
implementation of a strategy of continuous 
improvement. It is divided in three complementary 
levels: Daily Kaizen; Project Kaizen; and Support Kaizen 
(Kaizen Institute, 2014a). 

It is with Daily Kaizen that starts the creation of a 
continuous improvement culture. The first purpose is 
that natural teams get organized to plan the working day 
and start measuring their indicators in order to propose 
intern measures to improve the indicators. The second 
purpose is to organize the workplace (with 5S), 
standardize processes and structured problem solving. 

Project Kaizen tends to solve concrete problems that 
offer clear improvement opportunities. Through 
multidisciplinary teams and using the tools of the 5 
pillars, the improvement process is designed and 

implemented. It is with Kaizen Project that organizations 
give improvement jumps, maintaining the level reached 
with Daily Kaizen and natural teams. Support Kaizen 
does the link between top management and all the team-
leaders, monitoring the inter-relation of Daily and Project 
Kaizen, and defining the strategic improvement 
orientation of the organization. 

Chapter 3 of the bibliographic review details the tools 
within TFM that will be used in this case study.  

Unit A is a chicken slaughter product transformation 
center. The main activities of Unit A are slaughter, 
automatic cutting and deboning, preparation and 
packaging of chicken parts, and the processing of 
prepared poultry. The purpose of KI is to improve 
productivity of the cutting machine and of the several 
packaging machines, in order to reallocate human 
resources in excess to other activities and increase 
production. As shown in Figure 2, the process in Unit A 
starts with the slaughter, where the chickens are 
classified as A or B, depending on their conditions to sell. 
Generally, class A will be sold in bulk, whereas class B 
will be cut and sold in parts after transformation or 
preparation and packaging. 

This paper focuses on the implementation of level one 
Daily Kaizen and of a Mizusumashi (or logistic train) to 
provide logistics to packaging and automatic cutting. 

3.1. Lean Thinking 

An effective and efficient production has to have several 
factors, from the production planning of the order book 
to the process flow. Waste level in all value chain should 
be reduced without harming operation costs and service 
level (Martens, 2004). Increasing efficiency with highest 
productivities brought by leveling and reduction of 
resources should be achieved through four fundamental 
aspects: Quality; Cost; Delivery; and Motivation 
(Bardhan & Thouin, 2013). Thus, there is a need for 
Lean methodologies. 

Taichi Ohno and Eji Toyoda created the Toyota 
Production System in the Toyota plant, matching the 
occidental mass production with the Japanese 
production processes (Monden, 1983; Ohno, 1988). 
They created a system that brought huge productivity 

growth through focus in quality 
assurance and waste elimination. This 
new paradigm enabled Toyota Motor 
Company to grow and assume itself 
as a leader in the automobile market 
(Melton, 2005; Shah & Ward, 2003; 
Liker & Morgan, 2006). Later on, with 
the book “The Machine that Changed 
the World”, was created the idea of 
Lean Production associated to Toyota 
methodologies (Womack, et al., 
1990). Until this time this concepts 
was only to be applied in the 
automobile industry although the book 
“Lean Thinking: Banish Waste and 

3. BIBLIOGRAPHIC REVIEW 

Figure 2 – Process Diagram of the activity at Unit A 
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Create Weatlh in your Organization” (Womack & Jones, 
1996) demonstrated that it could be adaptable to all kind 
of industries. 

Although with better performances and successfully 
implemented in Japan (Hu, 2013), this methodologies 
were difficult to implement in the occident due to cultural 
aspects related to organization, discipline and focus 
(Hines, et al., 2004). Lean Thinking is composed by 3 
main steps: definition and identification of the value 
chain; elimination of waste through all the activities that 
belong to the value chain; and flow creation (Hines, et 
al., 2004). According to Melton (2005), Lean Thinking 
could be the vehicle to deliver value to customers. 

3.2. Total Flow Management tools 

3.2.1. Border of Line, Kanbans and Supermarket 

The border of line is the place, close to the operator, 
where all the necessary production materials are placed. 
Good border of lines should make possible to almost 
eliminate Muda of motion, reducing the distances 
between operator and the tools and materials needed to 
production (Cerqueira, 2013). Supply should be done by 
the opposite picking side in order to fulfill the First In First 
Out (FIFO) method (Gonçalves, 2012). This method is 
related with process flow and has the goal of reducing 
work-in-process by using elder material. This is one of 
the philosophies of Just in Time Production (Herrmann, 
et al., 2008).  

The separation of production from logistics brings the 
need of communication between both. Kanbans is a tool 
created to solve the difficulties brought by the care or 
excess of material at the moment of production. The goal 
is to have the right quantity at the right place and at the 
right time (Hernandez, 1989). 

Kanbans could be defined as a system that controls the 
productive process and the materials flow (Baykoq & 
Erol, 1998). 

 

Figure 3 – Operation of Kanban system (Dias, 2012) 

As shown in Figure 3, kanbans run in the opposite 
direction of material flow, along with the information flow. 
Thus, it is the tool that gives the order to supply, which 
in this case corresponds to the material that went from 
Process A to Process B (Dias, 2012). 

To be efficient, this supply should be associated to an 
optimized warehousing. The Supermarket is a place to 
store where at least all A references are achievable from 
the corridor, have a proper place to store, and are visible 
and identified with visual management. The introduction 

of the supermarket brings a much better service level 
from the intern logistics, substantially reducing stock-
outs. What is consumed is associated to a Kanban that 
gives order to replenish. Thus, instead of analyzing 
average consumption levels, the Kanban system allows 
to replenish immediately after utilization. From an 
intuitive view it is possible to understand which 
references need to be replenished by just looking at the 
supermarket. 

Given that the supermarket is a store place, there is still 
Muda. Thus it is extremely important to be well 
dimensioned, according to its consumption, 
replenishment time and the service level related to 
security stock. This kind of exercise should be done to 
all references on an individualized way. 

3.2.2. Mizusumashi 

Motion and transport are both Muda and can´t be 
completely eliminated. Thus, the goal of Mizusumashi, 
or logistic train, is to concentrate all the waste in one 
operator (Kaizen Institute, 2014b). 

The Mizusumashi driver is the responsible for the 
replenishment of the borders of line, transporting the 
materials from supermarkets to production area. He is 
also responsible for the information flow that origins all 
the replenishments (Dias, 2012). 

Mizusumashi operates cyclically, which means that in 
each cycle it strolls supplying all cells. Only with the route 
and cycle time defined it’s possible to dimensioning the 
depth of the border of line, according to time 
consumption (Cerqueira, 2013). 

The lower the time cycle the lower the depth of the 
border of line and vice-versa. 

Thus, it should be agreed a time cycle between logistics 
and production. On one hand it should allow to have a 
neat border of close to the operator. However, on the 
other hand, it should guarantee a time interval 
sufficiently long that allow the Mizusumashi operator to 
do all the tasks concerning flow of information, picking at 
the supermarket and supplying (Rother & Harris, 2001). 

The methodology used for each one of the processes 
studied in this paper follows the next 5 steps: 

 

Figure 4 – Improvement project methodology 

1 - Goals definition

2 - Observation and 
caracterization of the initial state

3 - Solutions designing and 
development

4 - Implementation

5 - Measure benefit 

4. IMPLEMENTATION OF CONTINUOUS 
IMPROVEMENT 
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The processes in study are the implementation of Daily 
Kaizen level one and the introduction of Mizusumashi. 
This chapter details the first four steps of Figure 4 for 
each one of the improvement processes. 

4.1. Daily Kaizen level one 

The first and second steps are done at the same time, 
so the process starts with characterization of the initial 
state and goal definition. 

Daily Kaizen level one is about team organization, it is 
much associated to intern and team management 
measures. It was noted that there was not a visual work 
planning for operators and that the daily objective was 
not being accomplished. Furthermore, daily 
performance was not being measured and, although 
there was a suggestion system, it was not being used 
given that solutions were not being analyzed.  

There are two main goals for this improvement process. 
First, Gemba teams become themselves the source of 
improvements, which may result in a productivity 
increasing. Second, these teams could monitor and 
develop improvement measure brought by the 
organization as Project Kaizen. 

Given that, Daily Kaizen is being implemented at the 
same time as Project Kaizen, in this case it is difficult to 
dissociate the improvements. Thus, the metric that 
evaluates Daily Kaizen is an audit that measures how 
teams are using the tools provided. 

The process used in Unit A was to form 5 pilot teams that 
would be the example for a posterior implementation to 
all Gemba teams. These 5 teams were selected based 
on the potential of improvement, adaptability to change 
and leader characteristics. 

The methodology used to implement level one on the 
pilot teams was: 

 Formation in Kaizen foundations and Daily Kaizen 
concepts; 

 Designing the board that supports daily meetings; 

 Coaching and changes to first solution; 

 Creation of audit grid and audit; 

 Results publication. 

The board constructed for one of the pilot teams 
(packaging team B22.1) is shown at Figure 5. 

This board contemplates 3 major tools: working plan; 
performance indicators; and PDCA improvement cycle. 
The working plan contemplates the day objective, the 
real production and the deviation. There were created 
also a frame that associate persons to tasks. 

The performance indicators monitor important metrics 
for the teams. In this case, the selected indicators are: 
accomplishment percentage of the objective; efficiency; 
daily production; productivity; stop times; waste of raw 
material; nonconforming units; complaints number; and 
work accidents. With the daily analysis of all these 
metrics, the team will start understanding the reasons for 
variability and deviations. This will lead to the creation of 
improvement measures to fight such variability. 

It is at this time that the improvement cycle takes place. 
It is used to monitor the improvement actions that were 
planned, controlling the time for conclusion. 

There are another tools used by the team besides the 
three major ones, such as presence sheet, competences 
grid, meeting agenda and operators top + for availability. 
All these tools are used to complement the 3 major ones. 

4.2. Project Kaizen 

Project Kaizen is the process of disruptive improvements 
and is brought by the top management of the 
organizations. To implement a Mizusumashi, which is 
inserted in Kaizen Project, it is needed to have some 
space to prevent from stopping all the time. As the wash 
boxes zone and the parts chamber were essential 
waypoints, the improvement process started in these 
sections. The process used for each area also follows 
the methodology shown in Figure 4. 

Figure 5 – B22.1 Daily Kaizen Board 
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4.2.1. Parts Chamber 

This is the place where the raw material is stored before 
packaging, and also where to store some chicken to be 
cut. The parts chamber was completely disorganized, 
without any defined layout and with no system that 
allowed FIFO guarantee. Furthermore, the chamber was 
always full, which forced people to lose too much time 
inside when looking to find some reference with low 
usage or the eldest batches. 

Therefore, the main goals were to raise in 30% the store 
capacity, from 90 to 120 pallets, reduce the average 
permanence time within the chamber in 50%, from 103 
to 50 seconds. Besides this there was the need to first 
implement a system that enabled the FIFO method and 
made possible the Mizusumashi drive. 

The principal cause for these problems was the 
inexistence of any layout. So, this would be the principal 
solution. 

To design the layout, it was necessary to understand 
which references were stored more time and in greater 
quantity. For this, we started by doing a Pareto Chart, or 
ABC analysis. This tool is used to characterize all the 
references according to its rotation. The method used 
was the counting of the number of pallets inside at the 
full theoretical time during one week. The average of all 
days was the number used to do the analysis. The 
Pareto Chart is represented in Figure 6. 

In Figure 6 the bars represent the absolute frequency 
while the line represents the cumulative relative 
frequency. All references until 70% were characterized 
as A class reference. All the others were divided 
between B and C classes. The first 5 references totaling 
66 pallets in the 89, are the A class references. It is 
important to notice that the reference with more rotation 
is whole chicken to cut.  

 

 

 Figure 6 – Pareto Chart for parts chamber 

The storage place would differ according to the classes 
in order to have the advantage of better store places. 
The place inside the red line would be deposited on rolls, 
with the goal of guaranteeing FIFO. As A class 
references are the ones that need to store more quantity, 
the idea is to supply from the upper part of the Figure 
and do the picking on the opposite side. The rolls will 
guarantee that the first in is also the first out. To the other 
references FIFO was also guaranteed because all 
pallets are visible from the corridor, and as they are 

identified, the operator only needs to compare the 
batches and take the eldest. 

Figure 7 – Parts Chamber layout 

Although the capacity is only for 89 pallets the corridor 
space allowed to install racks near the walls. With some 
investment it is possible to raise the store capacity to 
121. The corridors measures were designed to allow a 
stacker and also allow the Mizusumashi to pass.  

The places reserved to whole chicken were reduced, 
given that the priority of this chamber are parts, although 
the upper row with A class reference pallets is to whole 
chicken. 

At last the class A picking zone are actually close to the 
exit to use the advantages of the best store places, 
reducing Muda motion of logistics operators. 

It is very important to understand that the computer 
design doesn’t solve the problems of layout. It is need to 
use Visual Management, through identifications, in order 
not to lose all the improvements made. 

4.2.2. Wash boxes zone 

Similarly to the parts chamber the wash boxes zone was 
extremely disorganized. The organization of this place 
had a great importance for the Mizusumashi introduction 
since this was the place that would supply directly the 
empty boxes to the logistics train. The main problems 
observed were also the inexistence of a layout that 
brings clutter and time spent within this zone searching 
for the references needed. Besides, the pallet movers 
were working inefficiently; they were walking too many 
meters per day unnecessarily.  

It happened also too many ruptures per day, i.e. there 
were missing the box references when needed by 
production and sometimes the chamber was full of 
pallets with boxes, although, not the needed ones. This 
happened because there weren’t any controlling 
systems that provide the information on what kind of 
references were required to wash according to demand. 

Therefore, the goals were to eliminate the ruptures, 
organize the workplace through a layout definition and 
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increase productivity by reducing the motion Muda 
through redefining movers’ tasks. 

The solutions that were decided to implement were: 

 Layout designing with a supermarket; 

 Implementation of a kanban system that allowed to 
control the wash flow. 

The first action to design the layout was to calculate the 
number of pallets per reference that needed to be 
reserved, i.e. the supermarket depth. Equation 1 
explains what are the parcels of this calculation. 

 𝑝𝑎𝑙𝑙𝑒𝑡𝑠
𝑟𝑒𝑓.⁄ =

Avg  𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
ℎ𝑜𝑢𝑟

⁄ ∗ 𝐿𝑇 + 𝑆𝑆 (1) 

The result of Equation 1, for each reference, is rounded 
to the upper integer due to prevention. Lead Time (LT) 
was obtained by Equation 2, and Security Stock (SS) 
was calculated doing a proportion to 15% of the average 
daily production. 

 𝐿𝑇 = 𝑤𝑎𝑠ℎ 𝑡𝑖𝑚𝑒 + 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 ∗ # 𝑜𝑓 𝑏𝑜𝑥𝑒𝑠 (2) 

Lead Time is associated to replenishment time. The 
wash time is 3 minutes and the cycle time is 3 seconds. 
The number of boxes per pallet depends on the 
reference. The data obtained is shown on Table 1. 

With the supermarket depth calculated it was possible to 
start designing the layout format. The first solution is 
illustrated in Figure 8. The assumptions for designing the 
supermarket were: all references have to be close to 
each other in order to reduce Muda associated to 
picking; at least has to be reserved the quantities in 
Table 1 for each reference; the remaining space would 
be used for eventual promotions or when the reference 
consumption is focused at certain time, that means 
faster consumptions than the calculated with equation 1. 

Table 1 – Supermarket depth 

 

The third column of table 1 makes the connection 
between the references and the number in Figure 8. The 
space inside the red line is reserved to the supermarket 
and the red rectangle is the picking zone. 

With the layout defined it was necessary to change 
movers’ actuation zone. Instead of being responsible for 
one wash machine each mover would be responsible for 
one zone, i.e. the clean zone or the dirty zone. Reducing 
substantially the traveled distance each one of the 
movers gained free time. This extra time would be 
applied to help Mizusumashi in picking activities and 
washing the carriages.  

Figure 8 – Layout of wash boxes zone 

The last necessity was the controlling of the information 
flow in order to always wash the reference in need. The 
solution was to apply one Kanban system for washing. 
The concept is that every mover that leaves the wash 
zone transporting some reference has to place a Kanban 
of that reference from a board (that has Kanbans to all 
kinds of references) to one box below. The clean zone 
mover would collect them from 15 to 15 minutes and give 
to the dirty zone mover that would distribute those 
references by the two machines. This distribution is also 
done in a board inside the dirty zone that with a circular 
system guarantees that the first reference needed is the 
first to be washed. When the mover supply the machines 
put the respective Kanban in a box below and also from 
15 to 15 minutes take all the Kanbans to the clean zone. 

All the solutions described above were implemented 
successfully. The performance of the wash boxes zone 
improved although was the organization of the area that 
substantially increased. The ruptures started decreasing 
and the supermarket allow that at least that quantity of 
references were ready to supply production. The 
Kanbans system provided the wash zone with capacity 
to adapt to variability and understand the consumption 
of boxes inside the production area, being the main 
responsible for the decreasing on the box ruptures. 

4.2.3. Mizusumashi 

There were logistics operators completely dedicated 
associated to each packaging line. These operators 
were responsible for: 
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 Transporting dirty boxes to wash zone; 

 Bring clean boxes from clean wash zone;  

 Supplying the line with raw material to pack;  

 Transport whole pallets with final product to the 
chambers.  

To each line there were 1,5 people dedicated, one 
person to the first three points and half a person to the 
last one, i.e. one person was doing two lines. Cutting had 
also two operators exclusively dedicated to 
transportation, supplying to the cutting exits with clean 
boxes and moving the raw material from the exits to the 
parts chamber. 

The distances travelled without transporting any product 
were too many and there were times without doing 
anything. These are typical situations of transport and 
motion Muda. 

The goal was to increase 50% in logistics productivity, 
i.e. having into account that were 14 people in 
transportations (1,5 for each one of the 8 packaging lines 
and 2 for cutting) the goal was to reduce them to 7 
without losing service level. 

To implement the Mizusumashi for empty boxes there 
were 5 steps: 

 Definition if the operating mode; 

 Design the circuit; 

 Definition of cycle time; 

 Define how to flow information; 

 Calculate the depth of the border of line. 

It was decided that the Mizusumashi would transport half 
pallet in each carriage, and that those carriages would 
be the proper borders of line. Instead of transferring the 
empty boxes to pallets the whole carriage would be 
deposited close to the line. This measure would increase 
the amount invested although with the times associated 
to the transfer of boxes would be impossible to fulfill the 
cycle times needed. 

The depth of the border of line is inversely proportional 
to the cycle time. The biggest difficulty in Unit A is that 
there is not enough space to big borders of line and the 
cycle time needs to be the shortest possible because of 
the huge rate of units per time. So, the cycle time has to 
be the minimum possible to maximum reduce the space 
occupied close to the lines. 

Equation 3 shows how to calculate the minimum cycle 
time. 

 𝐶𝑇 = 1,2 ∗  𝐸𝐶 + # 𝑆𝑡𝑜𝑝𝑠 ∗ 𝑡
𝑆𝑡𝑜𝑝⁄  + # 𝑜𝑓 𝐶 𝑢𝑠𝑒𝑑 ∗ 𝑡

𝐶⁄   (3) 

 CT – Cycle Time 

EC – Empty Cycle 

t – Time 

C - Carriage 

 

To calculate de Cycle Time it is firstly necessary to 
design and define which are the circuits and secondly to 
measure de rate of units per time to each stop point. 

The initial circuit is the one shown in Figure 9.  

 

Figure 9 – Initial Mizusumashi Circuit 

After the circuit designing, it was possible to measure the 
maximum rates of units per time to each one of the 
stopping points. These values are addressed in 
Appendix 3. 

It is important to notice that in this circuit the points that 
need to be provided with clean boxes are all at the first 
half of the circuit and the points which need to collect 
dirty boxes are all at the second half. The reason is that 
the circuit begins with the picking of clean boxes. This 
design was chosen in order to reduce couplings and 
decoupling that are associated to Muda. 

Table 2 provides the necessary data to solve equation 3. 

Table 2 – Data to calculate minimum Cycle Time 

EC 

(s) 

# 
Stops 

time / 
stop 

(s) 

# 
Carriages 

/ cycle 

time / 
carriage 

(s) 

CT 

(s)  

222 15 15 10 15 
597     
(10 
min) 

As the space to the border of line is reduced the cycle 
time has to be equal to the minimum so it would be 10 
minutes. 

With the cycle time calculated it was necessary to define 
how to process the information flow. The creation of 
another kind of Kanbans was the solution. The 
denominated production Kanbans provided information 
to production: which box reference is needed, for which 
line and which quantity. The process to flow information 
follows the following sequence: 

 The need for another reference is signalized when 
one of the carriages gets empty; 
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 The Kanban with the information should be put in 
the carriage; 

 The Mizusumashi driver should coupling the empty 
carriages collecting the respective Kanbans; 

 The Kanbans are left in a box inside clean wash 
zone; 

 When Mizusumashi starts the cycle again the 
logistics operator does the picking and prepares the 
carriages for the next cycle. 

The only thing missing to start implementation was the 
calculation of the border of line depth. 

The equation 4 is the one used to calculate it. 

 # 𝐶𝑎𝑟𝑟𝑖𝑎𝑔𝑒𝑠 = 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑖𝑛 2 𝑐𝑦𝑐𝑙𝑒𝑠 + 1 (4) 

The total number of carriages per line equals the 
consumption in two cycles plus one transport unit that 
means one more carriage. The consumption in 2 cycles 
means that after being required, the carriages will only 
be supplied after 2 cycles because the logistics operator 
inside the clean wash zone receives the production 
Kanbans and prepares it for the next cycle. The extra 
transport unit is to prevent the lines to enter in rupture. 

The data related to each border of line is also 
contemplated in Appendix 3. 

Due to short cycle times there was a need for another 
Mizusumashi to supply all the points with empty boxes. 
So, after the implementation of the first Mizusumashi the 
methodology used was repeated to the second one. 

The second circuit designed can be seen at Appendix 2. 
The data to the rate per unit time, the borders of line 
depth, and the table with the data to calculate the cycle 
time are illustrated in Appendix 4 and Appendix 1 
respectively. The minimum cycle time obtained for 
second circuit was 14 minutes. 

The implementation of a Mizusumashi to raw material 
was the step after. The Mizusumashi itself was not yet 
implemented, although there was a reorganization of the 
logistics to provide production with a dedicated team that 
prepared and transported the raw material to the lines. 
The responsibility of the supply with raw material 
changed from the line coordinators to the logistics team. 
However, this new team had no knowledge about raw 
material. Therefore, it was needed to improve the 
planning to the lines to provide important information to 
logistics team. 

This new planning started providing information about 
the time predicted to end each product, the number of 
boxes of raw material needed to pack each product per 
client and the order of packaging. 

It only started supplying the initial circuit. It started with 
two people, one inside the chamber picking and 
preparing the pallets to supply the lines and another that 
transport the pallets to the lines and brings back raw 
material from the cutting lines. 

Each line has space reserved for two pallets with raw 
material; it works as double box, when one gets empty 
the signal is given to the logistics operator to pick one 
Kanban. This is a simple Kanban that gives the 
information that the line needs to be supplied. This 
Kanban only needs to have the name of the line because 
the picking operator has the planning that has the 
information on what are the products that have to be 
supplied and what is the sequence. 

5. BENEFIT MEASURE 

In this section the results will be analyzed and verified. 
Being Daily Kaizen associated to cultural change and 
Kaizen Project associated with broken paradigms and 
disruptive improvements, the evaluations are 
substantially different. The first one is associated to 
qualitative approaches and the second one with more 
quantitative metrics. 

In Daily Kaizen the evaluation was made with an audit. 
This audit was composed by 28 items, with only two 
different answers yes or no, regarding the usage of all 
the available tools. The average results for the pilot 
teams were 82%. This is a result that reflects the usage 
and application of the majority of the tools provided 
although there was a common difficulty to start using the 
PDCA improvement cycle. The common fact is that 
teams are supporting high working levels so the reduced 
utilization of PDCA can be justified with little time 
available to dedicate to improvement measures. 

In Project Kaizen the metrics are easier to analyze due 
to the clear goals defined initially. Regarding the parts 
chamber the objectives were accomplished. It was 
created a layout system that allows the introduction to 
Mizusumashi and got the chamber organized. It also 
allowed to fulfill FIFO and to increase capacity through 
racks colocation. 

Regarding the wash boxes zone the goals were also 
accomplished. The introduction and utilization of the 
wash Kanbans allowed to definitely control which 
references need to be washed at each moment. This 
situation combined with the introduction of the 
supermarket allowed to eliminate the ruptures of clean 
boxes in the packaging lines. The layout definition also 
generated a bigger organization reflected in reducing the 
wasted time inside wash zone by logistics operators. It 
also allowed a clear passage to Mizusumashi. 

Lastly the redefinition of the movers’ responsibilities 
allowed to add two tasks: the responsibility for the 
preparation of carriages for Mizusumashi, both in clean 
and dirty zones, and the responsibility of the controlling 
the wash Kanbans. 

Regarding Mizusumashi, the main goal was to increase 
logistics productivity in 50%. 

With this system, exactly 8 people affected to logistics: 

 Transporting – 5 people (2 Mizusumashi, 2 final 
product movers and 1 raw material mover) 

 Wash zone – 1 person making the preparation of 
the carriages 
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 Parts chamber – 1 person doing the picking and 
pallets preparation 

 Cutting – 1 person dedicated to supply cutting line 
with whole chickens 

The reduction of the final product movers from 4 to 2 was 
due to the fact that it was no longer necessary to supply 
the lines with clean boxes. 

The reduction from 14 to 8 didn’t reach the target, 
although the supplying of the second circuit of boxes 
Mizusumashi already reached more lines than the 
counted initially, eliminating the time dedicated to boxes’ 
logistics. 

The investment to the Mizusumashi was €350 per 
carriage and €10.000 for each one of the 
Mizusumashi. The whole investment was 
€46.250. The payback (Pb) is measured with 
equation 5. 

 
𝑃𝑏 =

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

# 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟𝑠 ∗ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡
∗ 12 𝑚𝑜𝑛𝑡ℎ𝑠 (5) 

Since the number of operators reduced was 6 and the 
annual cost for the company per person is €12.000 the 
payback is 8 months. This value shows that although 
there is a considerable investment amount, it is paid in 
only months. 

6. CONCLUDING REMARKS 

This paper goes thru the implementation of 
improvements associated to Lean methodology in Unit 
A. It is divided in Daily Kaizen and Project Kaizen and 
details the work done with the Daily Kaizen pilot teams 
as well as the three Project Kaizen workshops done: 
Parts Chamber, Wash boxes Zone, and Mizusumashi. 

With Daily Kaizen the goal is to provide the teams with 
responsibility for improvement through the development 
of the team board that contain tools as work planning, 
KPI monitoring and PDCA improvement plan. 

For each one of the Project Kaizen it is presented the 
three main phases through implementation, the 
characterization of the initial state and main causes, the 
solution design and the proper implementation. 

The Parts Chamber project is based on the layout 
designing and application of FIFO. The Wash boxes 
zone project is based also in layout designing although 
with the inclusion of the supermarkets in this designing. 
With the complementation of the kanban system it is 
possible to control the information flow and reduce 
substantially the boxes ruptures. 

Finally with the implementation of the Mizusumashi it 
was possible to increase substantially the productivity 
associated to logistics. Also with kanbans and with the 
definition of optimized border of lines it was created two 
circuits that will provide the logistics to the empty boxes 
throughout all Unit A. 

With the relation of Project Kaizen and Daily Kaizen it 
was possible to initiate the process of cultural change in 
the Unit A with the continuous improvement as the 
principal pillar to the changes. 

7. REFERENCES 

Bardhan, I. R. & Thouin, M. F., 2013. Health information 
technology and its impact on the quality and cost of 
Healthcare delivery. Decision Support Systems, 55(2), 
p. 438–449. 

Baykoq, O. F. & Erol, S., 1998. Simulation modelling and 
analysis of a JIT production system. Production 
Economics, p. 203–212. 

Buesa, R. J., 2009. Adapting lean to histology 
laboratories. Annals of diagnostic pathology, 13(5), p. 
322–33. 

Cerqueira, B., 2013. Kaizen na indústria têxtil: Uma 
abordagem ao aumento de produtividade e redução de 
desperdício.  

Dias, T., 2012. Projeto de Aumento de Produtividade e 
Redução de Inventário, s.l.: s.n. 

Gonçalves, D., 2012. Kaizen Lean em Laboratórios de 
Análises Clínicas, s.l.: FEUP. 

Hernandez, A., 1989. Just-in-time Manufacturing: A 
pratical Approach. New Jersey: Prentice-Hall, Inc.. 

Herrmann, C., Thiede, S., Stehr, J. & Bergmann, L., 
2008. An environmental perspective on Lean 
Production. pp. 83-88. 

Hines, P., Holweg, M. & Rich, N., 2004. Learning to 
evolve: A review of contemporary lean thinking. 
International Journal of Operations & Production 
Management, pp. 994-1011. 

Hu, S. J., 2013. Evolving Paradigms of Manufacturing: 
From Mass Production to Mass Customization and 
Personalization. Procedia CIRP, pp. 3-8. 

Imai, M., 2012. Gemba Kaizen. s.l.:McGraw-Hil. 

Kaizen Institute, 2014a. Fundamentos kaizen, s.l.: 

Documentação interna do Kaizen Institute. 

Kaizen Institute, 2014b. TFM –Introdução ao Total Flow 
Management, Valor Acrescentado e Muda, s.l.: 
Documentação interna do Kaizen Institute. 

Liker, J. K. & Morgan, J. M., 2006. The Toyota Way in 
Services: The Case of Lean Product Development. 
Academy of Management Perspectives, pp. 5-20. 

Martens, J., 2004. Two genetic algorithms to solve a 
layout problem in the fashion industry. European Journal 
of Operational Research, 154 (1), pp. 304-322. 

Melton, T., 2005. The Benefits of Lean Manufacturing. 
Chemical Engineering Research and Design, 83(6), p. 
662–673. 

Monden, Y., 1983. Toyota Production System – An 
Integrated approach to Just-In-Time. First ed. 
s.l.:Institute Industrial Engineers. 



10 
 

Ohno, T., 1988. The Toyota Production System: beyond 
large-scale production. s.l.:Productivity Press. 

Rave, J. P. et al., 2011. Identifying and characterizing of 
wastes (Muda) in transportation, processes, 
movements, and waiting time, in nine manufacturing 
SMEs incorporating the perspective of the operational 
level. Revista chilena de ingeniería, 19 (3), pp. 396-408. 

Rother, M. & Harris, R., 2001. Creating Continuous Flow: 
an action guide for managers, engineers & production 
associates. Cambridge: The Lean Enterprise Institute. 

Shah, R. & Ward, P. T., 2003. Lean manufacturing: 
context, practice bundles, and performance. Journal of 
Operations Management, 21(2), pp. 129-149. 

Sowards, D., 2008. Muda Walk to find waste. Contractor, 
pp. 64-76. 

Womack, J. & Jones, D., 1996. Lean Thinking: Banish 
Waste and Create Wealth in our Corporation. New York, 
USA: Simon e Schuster. 

Womack, J., Jones, D. & Roos, D., 1990. The Machine 
that Changed the World: The Story of Lean Production. 

New York: HarperCollins Publishers. 

 

 

APPENDIX 3 – DATA TO CIRCUITE 1 

APPENDIX 4 – DATA TO CIRCUITE 2 

APPENDIX 1 – DATA TO CALCULATE MINIMUM 
CYCLE TIME FOR CIRCUITE 2 

EC 

(s) 

# 
Stops 

time / 
stop 

(s) 

# 
Carriages 

/ cycle 

time / 
carriage 

(s) 

CT 

(s)  

324 16 15 18 15 
834     

(14 min) 

APPENDIX 2 – CIRCUITE 2 



 
 

 


