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Improving Production Capacity in a Discrete Production Industry 

Abstract 

Increasing production volumes in the discrete production industry is often challenging without 

endangering the organization's capacity to remain financially stable. This is primarily caused 

by increased capital utilization due to the exponential growth in inventories of finished goods 

and work in progress (WIP) production. Increases in output, however, are typically 

accompanied by significant resource investments, often at the price of not improving the 

productivity of already available resources. 

The Kaizen Institute project with Company A, a manufacturer of hydrotherapy spas, was 

developed to accelerate production growth sustainably. The current dissertation focuses on the 

project undertaken with the primary goal of raising the factory production capacity by 

achieving long-term stability,  using Kaizen Lean instruments like Basic Stability and Line 

Design. Through the creation of flow and the elimination of wastes, these methodologies seek 

to improve processes. Other management support tools were developed, including Material 

Requirement Planning (MRP), an application for tracking production data and dashboards of 

indications. 

The period of the project in consideration is one year, from January to December of the current 

year. Nonetheless, the attempts undertaken between March and June are relevant to this 

dissertation. The indicator for the project was the number of packaged spas, which averaged 

nine per day in the beginning scenario and eleven per day at the project's conclusion, indicating 

a production increase of 22,2 percent, with some sectors experiencing more significant gains 

than others. Overall, the outcomes were favorable, with the administration of Company A 

recognizing the value of the implemented improvements. The results were sustained by 

promoting a culture of continuous improvement. 
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1 Introduction 

1.1 Context 

This document is based on an optimization project implemented by Kaizen Institute Consulting 

Group (KICG) in a Portuguese company manufacturer of hydrotherapy products. The project 

aimed to increase the company’s manufacturing capacity to respond to the increasing demand 

for their products. The project's implementation happened for four months and was 

implemented and supervised in the client facilities in Vila Nova de Gaia, Porto.  

Company A, which will remain anonymous for confidentiality reasons, is one of KICG's clients, 

and it is dedicated to produce high-quality hydromassage swim spas and spa baths for indoors 

and outdoors. 

Using a series of procedures based on the Kaizen philosophy, these actions were started to 

achieve incremental process improvements over time. With the assistance of natural teams, 

conditions were also established to allow for the long-term maintenance of accomplishments. 

1.2 Kaizen Institute Global Consulting 

The Kaizen Institute Global Consulting (KICG), which logo is shown in Figure 1, was founded 

by Masaaki Imai in 1985, is the pioneer and global leader in advancing the spirit and practice 

of kaizen. Its international team of experts is committed to create a world in which everyone, 

everywhere, and every day can improve their job and themselves. The Kaizen Institute assists 

firms in achieving higher levels of performance on the global market in ways that are simpler, 

quicker, more effective, and less expensive (Coimbra 2013). 

 

Figure 1 - Kaizen Institute Consulting Group Logo 

KICG's consulting services focus not just on diagnosing a company's problems but also on 

implementing the solutions. This is accomplished by utilizing the Kaizen Business System, 

which is the instrument that enables businesses to adopt a kaizen growth mindset. The Kaizen 

Institute encourages its clients to develop leaders throughout their entire organization who are 

capable of maintaining continuous improvement. The Kaizen Institute establishes a global 

community of kaizen and lean practitioners. 

Porto, Lisbon, and Coimbra are the locations of offices kept open by the Kaizen Institute 

Portugal. It currently has x employees and has grown from one year to the next, with significant 

hiring of trainees and consultants in March of 2022. 
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1.3 Company A 

Company A is a Portuguese manufacturer of high-quality hydrotherapy items, such as spa baths, 

as Figure 2 shows, and swim spa baths (named Swimmers). The production is highly 

changeable, with a total of 140 references produced last year. 

 

Figure 2 - Example of a spa from Company A 

In the year of 2021, Company A invoiced €6.5M, with a gross margin of €2.2M (33%), due to 

the production of a total of 1858 spas. 94% of these were exported mostly to France. 

Company A contacted the Kaizen Institute so that KICG's consulting services may assist in 

increasing the production of spas in a sustainable manner, in response to the increased demand 

for spas. 

1.4 Project Objectives 

Company A intends to produce an average of twelve spas every day to meet customer demand. 

As increasing manufacturing capacity in a discrete production industry is the objective of this 

project, the number of spas produced per day will be the primary Key Performance 

Indicator (KPI) utilised and evaluated for making decisions. 

The output of 8.4 units per day from spas in the final three months of 2021 will serve as the 

baseline for the project. To increase the quantity from 8.4 to 12 units (a 43 percent spas output 

increase), Company A hired the consulting services of the Kaizen Institute to improve the 

factory's production capacity. While some areas of the factory are prepared to produce 12 spas 

every day, others are not. In this project, the portions lacking this capacity will be examined in 

depth. Throughout the project, KICG followed its methodologies, which always start with a 

detailed analysis of the factory's operation. 

To reach this level, the team was expected to conduct several multidisciplinary projects 

involving personnel of both the Kaizen Institute and Company A. Some of the initiatives that 

will be discussed in Chapter 4 of this study were deemed disruptive because they caused a 

paradigm shift in the workplace. 

1.5 Dissertation Structure 

The dissertation consists of five chapters. In this chapter, both companies involved are 

introduced along with their previously planned objectives. 

As for the next chapter, a theoretical framework of the Kaizen methodology is presented, 

regarding the flow of information and materials and the TFM model. This information is 
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transmitted to contextualize the concepts used and best practices for applying the referenced 

model. 

Furthermore, in the third chapter, the company's production process is examined, along with 

the initial scenario and key components of the project. 

The fourth chapter addresses the design and implementation of solutions, including the phases 

of initiative execution and the most significant difficulties and opportunities encountered during 

the process. In addition, the indicators and solutions identified to evaluate the influence of the 

execution of the ideas on the company are analysed, as well as the outcomes reported over the 

project's duration. 

Finally, in the fifth and last chapter, conclusions are elaborated regarding the project's evolution 

and outcomes. In addition, there are offered some ideas and suggestions to be implemented in 

the near future, following the work developed until now. 

 



Improving Production Capacity in a Discrete Production Industry 

4 

2 Theoretical Background 

In this chapter, the methodologies employed during the dissertation project will be discussed, 

as well as other methods that were not used directly but were significant to the development of 

the various initiatives and are therefore relevant to the document. 

2.1 Kaizen Business System 

The Kaizen Business System (KBS) is the foundation for all approaches used to support 

sustainable development and continuous improvement in organizations with whom KICG 

regularly collaborates. 

The objectives of KBS are to increase the value of businesses by pursuing excellence in 

operations, excellence in changes, and excellence in growth via the following five points: 

• Growth – increase in revenue, return on invested capital, increase in cash flow; 

• Quality – Reduce expenses through improved quality management; 

• Costs – Gross margin expansion and operations margin expansion;  

• Delivery – Decrease delivery lead times;  

• Quality – Reduce costs through improved quality management. 

2.1.1 Toyota Production System 

The Toyota Production System started from its need (Ohno 1988). After the Second World 

War, the market for the sale of automobiles declined significantly. The necessity of producing 

many types of cars in small quantities with low costs took Toyota to try to eliminate all kinds 

of muda (Japanese word for waste). Toyota's purpose was to step aside from the mass 

production paradigm introduced in the United States of America by Henry Ford and produce 

the vehicles that the market demanded. 

In the beginning, it wasn't easy (Ohno 1988). The Toyota Production System was built around 

getting rid of all waste. The system needs two things to hold it up: just-in-time and 

autonomation, which is automation with a human touch. 

The Just in Time system emerged to reduce the problems caused by stock imbalances. 

Generally, intermediate stocks are generated due to overproduction muda, considered the worst 

of the seven types of muda because it can lead to other types of waste. 

Just-in-time means that, during a flow process, the right parts for assembly get to the assembly 

line at the right time and in the right amount. If a company sets up this flow throughout, it can 

get close to having no inventory (Ohno 1988).  

Kaizen methodologies are based on Ohno achievements in Toyota lean processes. 

2.1.2 Kaizen Fundamentals 

Masaaki Imai spread the word Kaizen in his book “Kaizen: The Key to Japan's Competitive 

Success”. This term is composed of two Japanese words. "Kai" means change, and "Zen" means 

better. Together, they represent change for the better and continuous improvement (Imai 2012) 

The ideology of Kaizen is built on five fundamentals. They are: 

• Add Value to the Costumers; 

• Waste Elimination; 

• Gemba Orientation; 

• People Involvement; 

• Visual Management. 
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The following dissertation's subchapter will detail these Key Elements of the Kaizen Ideology. 

Add Value to the Costumers 

Quality First is one of the most essential Kaizen principles. Value is created when products are 

made with quality. This belief is almost universally accepted, in contrast to many other Kaizen 

ideas that are less consensual. It can be resumed in three topics (Coimbra 2013): 
1. Market In – Before introducing a product, research the market. To build a product that 

meets market needs, you must first understand people's needs and expectations. 

2. The Next Operation is the Costumer – Every organization becomes a chain of suppliers 

and customers with this mindset. As a result, suppliers must send the product to the 

next sector without defects. 

3. Upstream improvement - This is the idea that every defect is caused by something 

higher up in the process chain and that the way to uncover the true source of the error 

or difficulty, the root cause, is to search upstream of the location where it was detected. 

Waste Elimination 

The primary premise of Pull Flow is waste elimination. Taiichi Ohno was the driving force 

behind the development of the Toyota Production System. He began to classify any non-value-

adding activities as waste. Ohno was the first to notice the amount of muda in the gemba. Muda 

is the Japanese word for waste. He classified waste into seven types of muda: 

1. Defects - Quality defects and nonconformities are not only problematic for clients, but 

they also necessitate expensive rework frequently. 

2. People Waiting – Productivity drops, and lead time increases when a worker is out of 

work due to imbalances. 

3. People Moving - Any movement of the body that is not directly related to adding value 

is muda. 

4. Too much processing - Work that goes beyond what the client has requested. This 

occurs due to both insufficient machines and a lack of operator standards. 

5. Material and Information Waiting – While the material is waiting to be transformed 

or delivered, its value remains unchanged.  

6. Material and Information Moving – Also known as transports. Material and 

information movement is frequently caused by a lack of border line organization and 

bad layout design. It requires labor, but it is a non-value-adding activity. 

7. Overproduction - Stocks increase when the production rate exceeds the demand or 

when the processes are not balanced. 

Toyota tried to get rid of all muda by developing a new operations system based on eliminating 

the seven wastes. They then used this system in all of their supply chains. The company has 

done amazing things, and it's all because they have strong beliefs and do a lot of practice and 

reinforcement. 

Muda is part of the 3M’s: muri, mura, and muda. Muri represents the loss of time and energy 

waste, and mura means variability. By eliminating all the 3M´s, the efficiency and flow, are 

easily improved. 

Gemba Orientation 

Gemba is the Japanese word for Shop Floor. It represents the place where the adding-value 

activities occur. Depending on the type of business and activities, it can be the shop floor, an 

office, etc. Gemba orientation is applying Kaizen at this place. According to Taiichi Ohno, it is 

crucial to go to the Gemba because: 

• It is where things are happening. 
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• Taking a close look at the real world 

• Checking the real things, like tools, materials, and information makes up that reality. 

• Using data that has been seen and proven to be true. 

In the Gemba, it is possible to involve people (as described in the following fundamental) and 

implement improvement actions. 

People Involvement 

During implementation, it's important to get everyone in the company involved in making 

improvements. This will make the changes last longer. 

It is not easy to change habits. “For each type of improvement or change, there is a habit to 

alter. For each habit, there is a group of people who will need to drop old habits and adopt better 

ones.” (Coimbra 2013). 

Involving everyone, it becomes easier to break paradigms, change habits, reduce costs and 

increase client service level. 

Visual Management 

Visual communication is simpler than written communication. The standards in Kaizen are 

made with visual support. In contrast to the text-based standards and instructions we see in 

many gembas, a standard based on pictures, drawings, and creative word pictures is easy to 

understand and can be learned quickly.  

To increase value, it is necessary to identify and reduce waste in the workplace. Visual 

Management is one of the effective strategies for eliminating waste; It is a Lean Tool that makes 

crucial information accessible to everyone. It displays the information through visual signals 

rather than words, making it easier for all project stakeholders to comprehend. To maximize 

efficiency, value, and clarity, the design should be displayed to facilitate quick comprehension 

and communication among stakeholders (Singh and Kumar 2021). As more information is 

made visible, so are the problems, making it easier to receive a reaction or a resolution. Imai 

(2012) emphasizes the significance of making problems evident; issues not identified in their 

earliest stages might significantly affect effects. 

Overall, the Kaizen methodology can be performed and put into practise most effectively by 

following these five fundamentals. 

2.1.3 Kaizen Business System Tools 

Daily Kaizen 

Daily Kaizen helps to inspire and integrate all corporate employees in the improvement 

activities, to increase process control through the definition and analysis of KPIs (Key 

Performance Indicators), and analyze the organization's work procedures. It also aspires to 

encourage all employees with an attitude of continuous improvement. 

It is implemented by establishing daily meetings between the various teams at the different 

levels of the organizational charts. The objective is for the person leading a meeting to engage 

in the meeting from the level above so that all information necessary for scaling is 

communicated vertically and horizontally in the organizational chart. 

Gemba Walks 

Gemba Walks consist of routine visits by leaders or managers in the area of added value that 

allow direct observation of reality, verification of the Gembutsu (materials and tools used in the 

production process), and the discussion of improvements based on real and valid data. Through 

direct contact between top management and gemba, the flow of information is much more 
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accurate and frequent among all the company's employees, allowing for a more in-depth 

understanding of the difficulties and obstacles that production may be experiencing and 

allowing for more efficient and practical assistance from management members. 

Structured Problem Solving - Kobetsu Kaizen 

Kobetsu Kaizen is a structured problem-solving tool. It consists of nine steps, as shown in 

Figure 3, and its structure facilitates the resolution or attempted settlement of any problem. 

Characterizing an initial situation, which will support the investigation of the fundamental 

causes, is the first step in the Kaizen methodology. Solutions are then created, tested, and the 

outcomes are evaluated.  

 

Figure 3 - Example of 9 steps Kobetsu Kaizen  

Time Writing and Muda Hunting 

"Time writing" and "muda hunting" are tools used to describe the initial state of a particular 

process. Both technologies necessitate the direct monitoring of operations at the gemba. The 

first tool consists of making a complete description of each operator's work and timing and 

documenting the duration of each one. The second tool, muda hunting, involves writing the 

process's waste and categorizing it according to the seven types of muda. 

These tools are a part of the lean and kaizen methodologies, which argue that a complete 

understanding of the current state of processes is required for implementing improvements. In 

many organizations, administrations are disconnected from the gemba and desire to invest and 

make changes without understanding the current condition. These time writing and muda 

hunting activities should, wherever possible, be conducted in collaboration with the 

administration or the highest levels of the company's hierarchical structure. 

2.1.1 Pull Flow 

Pull and pull systems are frequently used words associated with the flow. Flow describes the 

condition of a material as it flows from one process to another. Pull, like flow, is a concept; the 

two are related but distinct. Pull regulates when the material is moved, and who determines 

when it happens is the client (Liker and Meier 2006). The material is pulled by the customers. 

Pull flow is a way to organize your entire supply chain so that materials and information flow 

as smoothly as possible. To do this, it is needed to focus on getting rid of the muda of materials 

waiting (the inventory). 

Pull-flow thinking isn't something that many people assume or believe in (Coimbra 2013). Most 

production companies today use push production. With the push system, every process makes 

as many units as possible and sends them to the next process, whether the following process 

needs them or not (Imai 2012).  

Furthermore, Masaaki Imai describes the push system as a company where operators don't 

know and don't need to know the volume and frequency of the customer needs. With a push 
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system, you make things in batches, which generates muda of moving and storing materials 

(Imai 2012). At the final assembly, operators probably put together as many products as the 

line can make. The finished products go to the warehouse to wait for an order. 

The Toyota Production System is based on the idea of "pull flow." The Toyoda family (founder 

family of Toyota) and Taiichi Ohno started to think this way. After a lot of trial and error, they 

came up with a radical new way to organize operations that still works very well. The Toyota 

Production System is the name for this (Coimbra 2009). 

2.1.1 Kanban System 

Visual tools like kanban show when something needs to be produced or replaced. In a kanban 

system, when the replenishment level of a reference is reached, the logistics operator identifies 

it through a visual sign (it can be a card, an empty box, etc.). He collects information about the 

storage location and the amount that needs to be refilled in the next cycle (Sugimori 1977). 

  The most important thing about the kanban system is that it doesn't use a system of estimated 

replenishment. Instead, it only restocks what has been sold or used, which cuts down on 

inventory (Shingo and Dillon 1989). It is a way to control the Toyota Production System and 

get the most out of it. 

Organizations have trouble adapting to this system not only when demand is high and 

processing times are unpredictable but also when there are long distances between workstations, 

automated systems, complex material flows, unreliable equipment, or many suppliers. 

The Kanban system gives flexibility and stock control. It also ensures that customers get exactly 

what they order, reducing waste from having to keep small amounts of stock (Shingo and Dillon 

1989). So, Lead Time can be shortened while waste is kept to a minimum in industrial activities 

that, because of how they work, require intermediate or final stocks to improve the level of 

service. 

2.1.2 Materials Requirements Planning 

Materials requirements can be planned using three primary categories of methods: forecasting 

approaches, qualitative or judgmental requirements planning, and based on known 

deterministic demand and known production lead times. 

When requirements are planned based on known deterministic demand and known production 

lead times, purchase orders are generated and are precise in terms of order quantity and timing. 

The process accounts for the macro production planning, which is based on sales. It is possible 

to predict what will be produced during the next six months in a discrete production business. 

The MRP tool determines gross requirements and then "explodes" the product BOM (Bill of 

Materials – A list of all raw materials and consumables necessary to produce a reference) to 

compute dependent demand, i.e., needed quantities and the determination of required dates for 

all associated parts and components. 

This type of requirements planning is usually used in discrete production industry, which 

typically produces in small batches, like Company A does, or when the time it takes to make 

the product is shorter than the time the market wants it to be delivered. 

Regardless of the technique, the steps are similar. First, the past consumption must be 

determined. Based on the objective and time period, it is chosen a forecasting approach 

(constant, seasonal, or trend model). This selection depends on criteria and forecasting method 

characteristics (last period demand, moving average, exponential, etc.). The moving average 

method removes accidental irregularities in time series. Also, if a current consumption value is 

available, the oldest consumption value of the moving interval is used. The exponential method 
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reduces value weight as "age" increases. A weighted forecast error of the last forecast is used 

to correct the new forecast. Regression analysis uses a mathematical function to approximate 

the future.  

Once the proper method is chosen, the next step is to make a forecast and evaluate it for 

shortcoming, reliability, quality, error sources, etc., which provides inputs for the next forecast 

and future planning. In qualitative or judgmental requirements planning, needs are based on 

subjective estimates and heuristics. This method is used when the other two cannot be used due 

to data availability or quality. 

2.2 Total Flow Management 

Kaizen Institute developed the Total Flow Management (TFM) model based on 25 years of 

experience implementing lean and kaizen principles. The purpose of this model is to smoothly 

adopt the Toyota Production System inside the production facilities and throughout the entire 

supply chain. 

According to Kaizen principles, the objective of TFM is to eliminate waste identified in 

operations and build a pull value chain. Above all, TFM is focused on enhancing the flow of 

materials and information to construct a lean value chain that integrates production and 

logistical activities. In the ideal scenario, known as one-piece-flow, materials flow continuously 

through the system, from raw materials to the final product, with no waiting times, bringing the 

value-added time closer to the total crossing time of the process. 

The objective of TFM is to decrease total supply chain lead time. The measure of lead time is 

the supply chain's inventory coverage, which can be measured in days. Reducing lead time 

eliminates the muda of waiting and implies the creation of a material flow (Imai 2012). 

Moreover, the Total Flow Management model stands in five pillars, as shown by the Figure 4: 

• Basic reliability; 

• Production Flow; 

• Internal logistics flow; 

• External logistics flow; 

• Supply Chain Design. 

 

Figure 4 - Total Flow Management (TFM) model adapted from Imai (2012) 

These pillars will now be explored in a more detailed way. 
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2.2.1 Basic Reliability 

Firstly, basic reliability is related to the Toyota concept of basic stability, which says that to 

create flow, a certain level of basic stability is needed in the four Ms (manpower, machines, 

materials, and methods). The idea of stability says that it is impossible to make a balanced flow 

of materials when at least one of the four Ms is unreliable. 

Before implementing the other flow pillars (Production flow, internal logistics flow, and 

external logistics flow), it is necessary to create sustainable reliability, i.e., all the processes and 

all the people (operators, maintenance, and suppliers) are trustable. The first thing to do is create 

basic reliability in the gemba. 

2.2.2 Production Flow 

The initial stage in enhancing production flow is to execute one-piece flow, establish flexibility 

in changeovers, provide a flexible and efficient supply of components, and increase operator 

productivity. The many sorts of improvement projects or events for product flow can be 

categorized as follows: 

• Layout and line design 

• Border of line 

• Standard work 

• Single-minute exchange of dies (SMED) 

• Low-cost automation 

These Production flow tools will now be explored in more detail. 

Layout and line design 

To guarantee the performance and adaptability of a manufacturing line, its layout and design 

must be optimal. As a process is a collection of processes with value-added and non-value-

added activities, it is crucial to maximize the efficiency of all resources, whether they are human 

or mechanical. The goal is to eliminate all pauses and achieve a state of continuous motion from 

when the material reaches the line until the final product exits. Although it is the primary goal, 

integrating a unitary flow (one-piece-flow) is not always practicable due to constraints 

involving the production process that make its application problematic. 

There are two typical types of Layouts: Functional layout and line layout. Both types will be 

covered in this document. 

• Functional layout presupposes that machines are organised according to their function. 

This sort of layout is characterised by the use of large batches to decrease transfer 

between machines (typically by forklifts), as well as the existence of a significant 

amount of work in process (WIP). According to Coimbra (2013), it is normal for 

functionally organised layouts to have lead time exceeding five days. 

• Line or process layout gives an idea of flow, with reduced WIP and lead time. But a 

closer look will show that some inventory has built up between the workstations. This 

is a sign of muda and may be caused by a difference in the tasks 

balancing at different workstations. Coimbra says it is important to always calculate the 

optimal WIP in each station (Coimbra 2013).  

Many important machines must be duplicated when converting functional layouts to process 

layouts. Toyota plants have three times as many machines as functionally designed plants. 

Toyota built many machines for one-piece flow lines. A company can frequently recover its 

investment in new machines in less than a year. 
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O desenho de linha é uma ferramenta que ajuda a dimensionar o número de pessoas numa linha. 

From lean philosophy, organizations must produce only what they expect to sell, defect-free, 

and when the customer requires it. Everything beyond that is considered waste. Takt time and 

cycle time are two concepts that help understand this equilibrium. 

Takt is a German word that means beat or pace, usually associated with orchestra conductors 

who maintain the rhythm of the music with their baton. The need to match the demand and the 

production rates introduces the idea of Takt Time. It is calculated by dividing the available 

production time by the customer demand, representing the customer buying rate. For each Takt 

Time cycle, the customer buys one piece (Rother, Harris, and Institute 2001).  

𝑡𝑎𝑘𝑡 𝑡𝑖𝑚𝑒 =  
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒

𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑑𝑒𝑚𝑎𝑛𝑑 𝑝𝑒𝑟 𝑡𝑖𝑚𝑒 𝑢𝑛𝑖𝑡
 [𝑡𝑖𝑚𝑒 𝑢𝑛𝑖𝑡⁄ ] 

Cycle time is the actual duration of producing one piece in a specific facility sector. Contrary 

to takt time, which is related to the demand rate, the Cycle Time is different since it is associated 

with the production time. Some processes in existing facilities commonly have a mismatch 

between cycle time and takt time. 

The perfect scenario would be a match between these two concepts. Therefore, the facility 

would produce at the same rate as the clients are purchasing. As there are almost always 

unforeseen events, inevitable problems, or delays, it´s common to dimension the lines with a 

cycle time value slightly lower than the takt time value. 

On the other hand, if the cycle time is too much undersized, people may work more slowly 

since they are not exerting as much effort to achieve the production target. As a result, it is 

necessary to keep the two timeframes close together, as this will make it easier to react to 

problems because they'll be recognized sooner. In several manufacturing plants, the Toyota 

Group provides a one- to four-hour break between shifts to allow factory workers to make up 

for missed output. 

To determine the number of workers needed in a line, it is important to know the total amount 

of time it takes to make a product, from beginning to end, by summing the durations of all 

required operations. This duration is known as the total cycle time. Using the formula below, 

by dividing this cycle time by the takt time, it is possible to determine the number of people 

required to produce the product according to customer demand. 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘𝑒𝑟𝑠 =  
𝑡𝑎𝑘𝑡 𝑡𝑖𝑚𝑒

𝑡𝑜𝑡𝑎𝑙 𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒
 

The next step is to balance tasks amongst the calculated number of needed operators. Figure 5 

depicts the Yamazumi diagram utilised for this purpose. The purpose is to balance the workload 

of all operators by ensuring that they spend an equivalent amount of time on their assigned 

activities. 



Improving Production Capacity in a Discrete Production Industry 

12 

 

Figure 5 - Example of Yamazumi Diagram 

Border of line 

This concept refers to the location where all the materials and components required for the 

unitary flow are supplied, and it performs as the link between production and internal logistics. 

The major focus is on delivering the appropriate materials and components in the appropriate 

quantity, at the appropriate time, and at the appropriate location. 

As a result, Coimbra (2013) describes four main rules that must been followed when 

dimensioning the border of line: 

• All pieces must be placed in such a way that the line operators' picking movement is 

minimized. 

• The positioning of components and containers must reduce the amount of time that 

supply logistics personnel are on the move. 

• Changing parts from one product to another should take as little time as possible. 

• The decision to refill or replenish should be intuitive and immediate. 

Any solution developed at this phase must be compatible with the internal logistics system and 

meet global efficiency standards. The location of parts, the kind of containers, and the container 

movement in the line (full and empty) must all be carefully engineered (designed) to meet all 

these criteria. The central focus, however, is on reducing worker moves by putting parts as 

feasible as close to their place of usage. 

Standard Work 

Standard Work is the third part of the Production Flow topic from the Total Flow Management 

model. At this stage, rules are developed for various procedures in order to make them more 

stable, quicker, more efficient, and safer, allowing operators to devote more time to value-added 

tasks. The knowledge and instructions that reflect the best known way of work at the time are 

used to create standards (Coimbra 2013). 

The aim is to complete activities in the lowest amount of time possible, lowering cycle time 

and lead time while maintaining high quality and avoiding muda and mura. 

In Kaizen Institute implementations, standards are frequently created. These documents are 

posted in a visible location on the lines where operators work. They describe the tasks in a clear 

and concise manner, usually with images to aid comprehension. In Figure 6 it is possible to see 

some examples of implemented Standards. 
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Figure 6 - Examples of documents with Standards of Work. 

Single-minute exchange of dies (SMED) 

The single-minute exchange of dies (SMED) is the fourth domain of improvement in Lean 

production flow. This method was developed by Shigeo Shingo when he was working for the 

Toyota Group as a consultant. It aims to reduce the time between the changeover (setups) from 

one product to another. Single-minute means less than 10 minutes (9 or less) in every setup. As 

a result, the machine useful (and usage) time will be maximised. 

“The best way to reduce setup time is stop making setups”. If there can't be no setup, the goal 

for SMED improvement is to have the lowest possible time. 

With longer setups, companies tend to have a bigger batch production. By reducing this time, 

it becomes possible to produce smaller batches or even achieve unitary production. In a 

hypothetical scenario, if the setup of a machine from one reference to another is nearly zero, it 

is possible to produce more diversified orders. So, make-to-stock production can be replaced 

by make-to-order production. 

Even though one-piece-flow seems like an obvious goal for most industrial work, the maximum 

efficiency paradigm keeps many organisations from agreeing with Taiichi Ohno. Organizations 

often dislike the unit flow in favour of batch production, which makes better use of resources 

(Coimbra 2013). However, producing in batches raises the inventory level (considered the muda 

of material waiting), which leads to the increase of intermediate and finished product stock, has 

some advantages and disadvantages: 

Advantages of having inventory: 

• Counterbalances the negative impact of setup on productivity; 

• It acts as a "cushion," absorbing any potential problems; 

• Quickly respond to orders that aren't diverse. 

Disadvantages of having inventory: 

• The rate of return on invested capital falls; 

• It adds no value to the system and is thus considered waste; 

• Both labour and storage space are required; 

• Lengthens the Lead Time by a significant amount; 

• Breaking the one-piece-flow system; 

• Inventory that isn't sold gets discarded. 
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To understand the five SMED phases it is important to classify the changeover activities as 

external and internal operations. Internal operations are the ones which require the machine. On 

one hand, internal operations are all those that require the machine to be stopped to be 

performed. On the other hand, external operations are those that do not require the machine to 

be interrupted to be executed. The five steps of this method are (see also Figure 7): 

1. Study of the initial situation – The initial stage is filming the operative mode in order 

to identify, characterize, and measure the timings of all tasks while classifying them as 

internal or external; 

2. Separate the internal operations and external operations – In the second step, it is 

necessary to try to separate the activities based on the data gathered earlier, clearly 

separating and sequencing the work that can be done before the machine stops (external 

operations), what is done while it is stopped (internal operations), and what is done 

when it starts (external operations); 

3. Convert internal processes to external – At this stage, it is considered whether, with 

some enhancements or a paradigm shift, operations that were previously completed with 

the machine stopped can now be completed with the equipment running; 

4. Reduce the internal operations – The goal is to reduce the amount of time spent on 

internal procedures by implementing simple and low-cost alternatives; 

5. Reduce the external operations – This step is similar to the previous but has a lower 

priority, which is why it is the final one. After decreasing the maximum amount of time 

possible for internal processes, the goal in this stage is to minimize the time for external 

tasks using the same logic as point 4. 

 

Figure 7 - The 5 steps of SMED (single-minute exchange of dies) 

Therefore, this ensures not only an increase in the efficiency of the product changeover process, 

but also a reduction in activities performed when the machine is stopped, by maximizing the 

machine's value-added time. 

Low-cost automation 

By automating sections of the activity, it is possible to increase mechanisation and productivity. 

In fact, productivity is defined as an output divided by an input, with the output being the 

quantity of goods produced and the input being the required number of labour hours. 

Productivity has no limitations since the ratio becomes almost limitless as the denominator (the 

number of worker-hours required) is reduced. 

This step of the Production flow is called low-cost automation (LCA) because it is concerned 

with the cost-effective mechanisation of manual operations. The distinction between low-cost 
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automation and complete automation is that LCA focuses largely on automating simple, linear 

movements that are integral to the work cycle with low-cost mechanical devices. 

Before automation can be implemented, the line must contain all of the production-flow features 

developed so far (the first four domains of production flow – line and layout design, border of 

line, standard work, and SMED). According to Coimbra (2009), this is the final phase in the 

improvement process, and if it is completed before the others, or in other words, if the muda is 

not eliminated first, it can lead to the automation of muda. 

2.2.3 Internal Logistics Flow 

Total Flow Management (TFM) model's third pillar is internal logistics flow. Creating a one-

small-container flow is the challenge of internal logistics flow. It was already shown in the 

realm of border-of-line how to select the optimal containers to ensure the flexibility and 

efficiency of the lines. After this it is needed to organise internal logistics to ensure that all 

necessary parts are supplied in accordance with the line cycle time (which should be close to 

the customer's takt time). As well as Production flow pillar, this one has five sorts of 

improvement projects: 

• Supermarkets; 

• Mizusumashi; 

• Synchronization (KB/JJ); 

• Leveling; 

• Pull planning. 

These approaches will be described more briefly than the flow production methods, as the latter 

were more crucial to the developed work. 

Supermarkets 

A supermarket is a storage facility whose objective is to absorb demand fluctuations from 

downstream processes and shorten reaction lead time by direct distribution from stock. Each 

product has a set location that is easily accessible, as indicated by visual management, which 

streamlines the handling and replenishment of materials. This replenishment follows the FIFO 

(First In, First Out) principle, which states that the first item stored will be consumed first. This 

strategy is utilised in pull-based systems through the determination of maximum stock amounts 

and replenishment levels for each reference. 

In resume, the rules for supermarkets design are: 

• Every part number has a fixed defined position; 

• It offers convenient and ergonomic picking access; 

• The presence of Visual Management is essential (every time that something is picked 

or restocked it is needed to be visually clear); 

• Follows the FIFO (First In, First Out) principle; 

• It is established to facilitate the flow and management of small containers, containers 

on wheels (rollers), and trolleys. 

Mizusumashi 

Mizusumashi, also called Mizu, is a logistics operator with established routes for collecting, 

transferring, and restocking materials between supermarkets (and warehouses) and the border 

of line by repeating a set cycle of movements. 

On the production lines, the clients are the production operators. They have a dependable 

logistics provider that has a fixed frequency to do the cycle, evaluates the need for additional 
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materials, and removes empty containers and any material waste generated throughout the 

process (reverse logistics). The production is ensured of a constant and stable supply. 

Synchronization (KB/JJ) 

Synchronization is related to the information system used to signify the beginning of production 

or the beginning of material picking and delivery. 

It can be accomplished with physical devices. It is always possible to automate the system in 

the future using an information system. Additionally, it is essential to establish an efficient and 

effective physical (visual) information system that consumers can comprehend and react 

promptly. 

Leveling 

Leveling is a series of planning procedures that transform orders into programmed batches and 

initiate an optimum production sequence. In other words, the objective of leveling is to plan the 

sequence of the lines. To do this, there are other tasks to be made: 

1. Making kanban order cards (smaller batches) out of production orders; 

2. Rearranging the kanban order cards to correspond to the production start dates (this 

levels the monthly load); 

3. Mizusumashi picking cycle planning and daily load levelling (respecting daily 

capacity); 

4. Production lines sequencing. 

Leveling, in the Toyota production system, refers to the process of repeating a product in a 

continuous cycle of time (also called every product every interval [EPEI]). The EPEI is a 

number that indicates how long it will take to repeat all the product references. 

Pull Planning 

This TFM domain of internal logistics flow pillar contains very important planning decisions 

that affect the success of all other domains. There are two main types or strategies of planning: 

make-to-order and make-to-stock. It happens to have a combination of both, per example, some 

constituents are produced to stock and others to order. 

In this improvement measure, the following is decided: 

• Strategy for planning final product variants as well as all parts varieties (either make to 

stock or make to order). 

• Logistics and production capacity requirements. 

• Execution plan—which orders should be placed on the production pull system first. 

The production pull planning follows three tasks (Coimbra 2013): 

1. Deciding the planning strategy for: 

a. The finished goods – there are two strategies to plan the finished goods 

production: 

i. Make-to-stock (MTS) – There are not finished goods available. The customer 

order is the trigger for the production to start. This way, the client must wait 

for the final product to be ready. 

ii. Make to order (MTO) – There are finished goods available. The client does 

not need to wait for the final product because it will be already produced. 

b. The parts needed to make the finished goods – Another choice to be made is how 

to plan for the parts in the bill of materials at the level of the assembly line. Some 

parts may be MTS while others may be MTO. 
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2. Capacity planning – The requirement for capacity planning arises from the necessity of 

anticipating changes in market demand (including seasonality). The typical horizons for 

capacity planning are annually, quarterly, or monthly.  

Calculations need to be done on the takt time of the customer, and decisions about 

capacity need to be made to deal with the takt time that is anticipated. In this stage, 

decisions will be made concerning the capacity of the assembly line, the capacity of 

individual machines, the size of the supermarket, and the capacity of the transport 

system. 

The capacity plan can be calculated using the forecasts. The required resources for the 

following planning period (typically one month) can then be prepared ahead of time. 

3. Execution planning –This must be done after the planning strategy and capacity 

planning to be effective. Execution planning determines what to manufacture and how 

much to deliver to clients. 

Once they are not directly involved in the project, the fourth and fifth pillars (External Logistics 

Flow and Supply Chain Design) will not be discussed in detail. However, reading about them 

in Euclides Coimbra's book "Kaizen in Logistics and Supply Chain" is a valuable knowledge 

addition. 

2.3 Total Quality Management (TQM) 

The Kaizen approach to the word quality goes far beyond product or service quality. It also 

refers to the quality of the procedures and activities that result in such products or services. The 

former is referred to as outcome quality, whereas the latter is referred to as process quality. 

Quality, according to this definition, affects all aspects of a company's operations, including the 

processes of developing, designing, manufacturing, marketing, and servicing its products or 

services (Imai 1986). 

Total Quality Management is a quality management system that aims to improve the quality of 

all products and processes. It is a long-term plan because it involves always getting better, to 

improve continuously. The main characteristics of TQM are: 

• Focus on the customer; 

• Teamwork across the entire company; 

• Use facts and data to make decisions; 

• Always look for problems, and their root causes to make improvements. 

During the last 30 years of the 20th century, the shift from focusing on product quality to 

focusing on TQM was a major factor in the growth of quality management (Boaden 1997). 

Managers began to take quality seriously in relation to the survival of their organization as a 

result of increased pressure from both competitors and customers with higher expectations 

(Zhang, Moreira, and Sousa 2021). Quality is the key to making more money, and putting in 

place a good quality system in their manufacturing processes can help the company make a lot 

of money (Sahoo and Yadav 2020). 

TQM in Japan includes things like policy implementation, building quality-assurance systems, 

standardization, training and education, cost management, and quality circles (Imai 2012). 

2.4 Synthesis of the Chapter 

This chapter explored the pertinent concepts and the theory upon which the efforts in the 

dissertation project's scope were based. Since it was the parent system of all others, the Toyota 
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Production System was discussed first. Lean production, which is rapidly being embraced and 

sought after by businesses in the western world, was greatly pioneered by Toyota. 

Next, the Kaizen Business System and Lean Operations Management were analysed, where 

some of the procedures and tools adopted in the project were discussed. Finally, since they are 

two of the most crucial models in the kaizen methodology and also important for the work 

developed, the Total Flow Management and Total Quality Management models were explored. 
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3 Characterization of the Initial Situation 

This chapter will provide a full description of the procedures as they were at the start of the 

project. The goal of the chapter is to analyse the processes in detail, i.e., go to the gemba and 

collect the real data on what is actually going on. 

First, there will be a condensed explanation of the procedure involved in producing an SPA, 

breaking down each stage of the manufacturing process. Following this, the phases in which 

changes were done or would have the potential to be applied will be more in-depth, and the 

observations that were made on the ground will be presented. The key chances for improvement 

will be addressed at the end of this chapter, with the design of solutions to be provided in chapter 

4. 

3.1 Product Description 

SPAs and Swimmers produced by Company A are top quality. With a total of 70 direct 

collaborators, which are the operators that work on gemba, the company sold 1858 spa units in 

2021 and aims to produce 2500 spas in 2022 to accommodate the growing demand for their 

products. 

A spa (an example is showed in Figure 8) has plenty of complexities due to the fact that it can 

be customized according to the request of the client. From the 42 existing molds, Company A 

has 145 production references according to the clients’ requests. However, not all of them are 

now manufactured, and some of those that are, are produced in small quantities. There were a 

total of 93 references sold in 2021, and 32 of them accounted for eighty percent (80%) of the 

sales. 

 

Figure 8 - Example of a spa produced in Company A. 

The spas are constructed out of an acrylic material, which is thereafter insulated, reinforced, 

and subjected to the assembly of canals before being packaged and shipped. The different stages 

of this process will be explored in this chapter. 

3.2 Production Procedure 

Production Lead Time in 2021 was thirty-one (31) days. To manufacture a spa several steps are 

needed to complete. Fabrication and Assembly are the two main areas of Company A's factory. 

Each area has its own floor, and they are separated by a rigorous quality control. Fabrication 

regularly works with two shifts, while the Assembly works with one daily shift. The subsequent 

subchapter presents a process map that includes all fabrication and assembly phases. 
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3.2.1 Value Stream Mapping (VSM) 

The value stream is a collection of gemba actions that contribute to the final product's value. 

One of the first steps to understand the manufacturing process is to map the value stream. Figure 

9's Value Stream Mapping shows that the procedure consists of numerous sequential steps. 

In

 

 Figure 9 - Value Stream Mapping (VSM) 

3.2.2 Detailed Production Procedure 

In accordance with the VSM, the production operations will be described to facilitate 

comprehension of the process. The first five sectors (thermoforming, preparation, fiberglassing, 

polyurethane, and cutting) constitute fabrication, whereas the last six sectors (pre-assembled, 

assembly lines, pre-panels, panels, sewing, and packaging) comprise assembly. 

i. Thermoforming 

As the term implies, thermal energy is used to transform an acrylic sheet into a spa bath 

shell. The sheet is heated to temperatures between 150 and 200 degrees Celsius until it is 

malleable and is then subjected to a vacuum suction force that moulds the shell, with the 

help of a mould. The thermoforming machine is showed in Figure 10. 

 

Figure 10 - Thermoforming machine with a base mold 

A total of four full-time equivalents (FTE) divided into two shifts of two employees each 

work at this stage. Multiple operations, which may or may not be directly associated with 

the thermoforming equipment, must be performed. Besides operating the thermoforming 

machine, the two workers also have to cut and clean the acrylic sheets, to prepare them, and 

to change the machine's mould when shell reference change. The mould change takes longer 
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because it is necessary to take the last mould off, put the next one on and clamp it to the 

machine. 

The molds are wooden or epoxy resin made and are usually supplied by an external 

producer. However, the maintenance and verifying process before thermoforming is done 

by an internal operator (one FTE). This resource is sometimes working in other areas due 

to a lack of manpower in those sectors of the process, resulting in a failure to verify the 

molds entering the thermoforming machine and a consequent quality failure of the 

thermoformed shells. When a mold is verified, and it is OK for thermoforming, the operator 

turns the verification card to green; The left part of Figure 11 shows the visual management 

to this process, and it is noticeable that many molds are not OK for thermoforming due to 

this problem of a lack of manpower. The right side of the same figure shows the rack where 

the molds of the different references are stored. 

 

Figure 11 - Mould verification visual management and mold rack with different references 

The thermoforming sector is also responsible for producing the bases for the spa shells as 

well as for swimmer shells, which are made in the same way as common spas but with a 

different mold. 

The average time for thermoforming a spa is 40 minutes, but when a mold change is needed, 

the step with the changeover takes about 1 hour and 40 minutes (the setup of the mold time 

is around one hour). When thermoforming Swimmer spas, the process is longer. It takes 

about one and a half hours and another two hours for the setup. 

ii. Preparing 

In this sector, which is referred to as the preparation process (Figure 12), an epoxy resin is 

applied to the shell as a primary for the fiberglass to adhere better. Because it is a step in 

getting ready for the fiberglassing process, it is referred to as "preparing." Preparation is a 

simple and fast process that also produces a small buffer for the fiberglassing sector. 
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Figure 12 - Spas with epoxy resin in the preparing stage. 

 

iii. Fiberglassing 

The aim of this sector is to increase the shell strength by adding fiberglass. When it comes 

out of the thermoforming process, the shell is fragile and can be damaged or deformed by 

light touches or careless handling. The shells come weighting from 10 to 20 kilograms from 

thermoforming, and after fiberglassing, they reach 250 to 350 kilograms. 

The fiberglass is placed on with a spray gun, and then it is beaten with a brush or roller to 

get rid of bubbles. When these bubbles are improperly removed, quality problems typically 

arise. If these problems are not noticed promptly, they may cause problems farther along 

the value stream. When errors are discovered, the entropy necessary to correct or scrap them 

will be substantially higher. 

In addition, wooden sticks provided by the external carpentry (Company Y) are fastened to 

the spa flap with fiberglass, where aluminum and wooden constructions will be screwed. 

These sticks are occasionally fibered incorrectly, resulting in time-consuming rework 

further along the value stream. 

iv. Polyurethane 

After fiberglassing, polyurethane is added to the shell to make spas better at keeping the 

heat in. The process is simple and quick, with an average cycle time of 15 minutes. 

Polyurethane is also put on the bases, and in this case, the cycle time is almost non-existent 

in the value stream. 

v. Cutting 

Contrary to the polyurethane process, this is longer and more complex. The SPA flap is cut 

here. The shell is also drilled in the locations where the water jets, air jets or led lights will 

be installed. 

The complexity of the process comes with the number of references that lead to several 

cutting manual guides. The manual guides contain the information required for operators to 

properly drill each spa reference. As a mold can produce one or more finished product 

references, each thermoformed shell can be altered at this point (the 42 existing molds 

branch into 145 finished product references). 

An electric grinding wheel is used to cut the spa flap. The difference between the flap before 

and after the cut is shown in Figure 13. This task has an average cycle time of 30 minutes. 
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Figure 13 - Spa flap before and after cutting. 

Following the flap's cutting, the holes are drilled manually using a hole driller. The average 

number of holes per spa is 75, and the average number of various diameters used per spa is 

10 out of a total of 23 diameters available in the company A’s cutting manual guides. Figure 

14 shows an example of a Cutting Manual Guide. Cycle time of drilling is between 90 and 

150 minutes depending on the complexity of the cut required. 

 

Figure 14 - Example of a Cutting Manual Guide 

vi. Quality Wall 

This is an important part of the factory. Here, a line between fabrication and assembly is 

drawn. 

A rigorous and exhaustive quality check is performed here to review all problems and 

potential problems that may arise during the fabrication process, from thermoforming to the 

cutting process. These are the items screened by the quality check: 

1. Examine the wood that has been fibered. 

2. Look over the full tab for: 

a. Warpage 

b. Scratches 

c. Acrylic thickness + fibre thickness 

3. Look for the following in the holes: 

a. The flap has holes in it. 

b. Holes in the interior (jets, sewer, LEDs) 

c. There are headrests 

4. Make sure the holes are clean and free of burrs. 

5. Check to see if the fibre has been properly catalysed and compressed in the spa. 
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After this, a round sticker with a colour code is applied in the spa as an evaluation of the 

quality check. If no defects are detected, the sticker is green, and the spa is validated to go 

to Assembly. A yellow sticker is placed on the OF paper, a paper sheet with the information 

of the fabrication order, in the occurrence of minor flaws that allow the spa to go up for 

assembly but require rework later in the value stream. A red label is put on the spa if the 

flaws make it impossible for it to go up to the assembly lines, if it needs to be reworked 

twice, or if it is scrap. 

vii. Assembly Lines 

Assembly follows fabrication. All motors, air canals and jets, water canals and jets, speakers 

and LED lights are assembled here. The factory has five assembly lines. However only four 

are active – line 2 is currently disabled. Line 1, line 3, line 4 and line 5 are the current active 

lines. Line 3 is a Swimmer spa dedicated line. It is not every day that Swimmers are 

produced and assembled so sometimes line 3 is working and sometimes it is stopped. Line 

1, 4 and 5 have a daily objective of assembling four spas each. 

Daily output of this sector is 10 assembled spas. It should be twelve (12) spas per day but 

there are a lot of obstacles like absenteeism and critical stockouts. Considering 3 lines, the 

cycle time is 120 minutes. 

Placing the base and wood structure in the shell is the first operation of the lines. This 

operation is physically hard and requires at least two operators due to the structure's weight. 

If the structure is composed of aluminium, the spa structure is placed immediately on the 

fibering sector, and it is not an operation done in the assembly line. Named as Company Y 

within the scope of this project, a carpentry, is responsible for supplying the wood structures 

for this project. It is immediately adjacent to Company A, and both companies are owned 

by the same family. 

The first step is the Air Canals, that involve three main tasks: 

1. Application of skimmers, jets, and countersinks 

2. The positioning of the air channel, as well as the connection of the jets to the collectors 

3. Wire placement + structure placement + base placement 

Following the installation of the air canals comes the assembling of the water canals: 

4. Positioning of the engines 

5. Positioning of the pre-assembled components 

6. Establishing connections between the water channel jets 

7. The positioning of mirrors, LEDs, and other components 

After everything has been finished, the spa will proceed to the sector where water tests are 

performed. 

viii. Water Testing 

A quality check is performed in between the assembly and the panels. This check involves 

filling the spa first with hot water and then with cold water. The purpose of this check is to 

ensure that all of the components have been appropriately assembled and that there are no 

leaks. The test takes about twenty (20) hours with the heated water and one hour with cold 

water. 

Following the testing, the quality team attaches a sticker with a colour code that shows 

whether the spa may proceed and what repairs are required, similar to what happens in the 

quality wall. 
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ix. Panels 

After the spa bath has been inspected and approved by the quality control team, the next 

step is to assemble the side panels. Aluminium and ecowood are the two different types of 

raw materials that can be used to make panels at Company A. The panels are cut in the pre-

panels sector (this sector will be reviewed later). 

Due to the fact that the panels make up the spa's exterior sides, they play an extremely 

significant part in the overall appearance of the spa. Figure 15 shows a spa that has 

aluminium panels on the left and one that has ecowood panels on the right side. Aesthetic 

concerns are the driving force for the creation of longitudinal scratches in 95% of all 

aluminium panels. The vertical distance between these scratches is customizable per the 

requirements of the customers. 

 

Figure 15 - Spas with diferent material panels (aluminium on the left; ecowood on the right). 

The panels provide a vital purpose in terms of insulating against the heat in addition to the 

aesthetic function that they do. The installation of the panels requires also the installation 

of a polyethylene insulation layer as a prerequisite. Insulation is attached to the 

spas' structure in aluminium panels, while in ecowood panels it is attached directly to the 

interior of the panel itself. 

x. Packaging 

This is the final step in the manufacture of spas. Here, the final quality inspection occurs. 

The spa is then cleaned, the cover produced in the sewing sector is attached (sewing 

sector will be approached later), the user's manual is placed inside, and it is covered in 

protective film. 

Three operators work in parallel (3 FTEs), and each cycle time is between 100 and 120 

minutes. After this process, the spa is validated to be dispatched to the customers. 

Occasionally, a spa will be packaged with a missing component or material. Before the 

missing equipment can be replaced, the spa is stored in a tent, generating stocks, which is a 

muda. 

Three parallel sections provide necessary items that are incorporated in products at some 

point of the processing line. 

xi. Pre-assembled 

The pre-assembled is a sector created relatively recently to supply the assembly lines. Here, 

carts, visible in Figure 16, are prepared with all the material that each spa will need to be 

assembled. Some tube and collector assemblies are also made to reduce the load on the 

assembly lines of some more complex models and thus level the cycle times of the entire 

factory. 
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Figure 16 – Pre-assembled carts. 

Depending on the complexity of the components to be prepared, the sector's cycle time 

ranges between 30 and 40 minutes per spa, with two workers (2 FTE). 

 

xii. Pre-Panels 

The manufacturing of the panels takes place in this sector. When it comes to the production 

of aluminium panels, aluminium plates are cut with standard dimensions so that they 

conform to the specifications of each product reference. To do ecowood panels, ecowood 

slats are put together side by side, as depicted in Figure 17, and then screwed at either end 

to a transverse lath to maintain their stability. While aluminium panels have the insulation 

fixed to the spa's structure, ecowood panels use bolts to secure the polyethylene insulation 

directly to the panel.. 

 

Figure 17 - Ecowood slats side by side. 

Because the panels are previously made with somewhat larger dimensions than what the 

spas will actually require, rework is necessary in this sector. The panel assemblers take 

then precise measurements of the distance needed for each panel before going to the pre-

panels sector to have it cut to size. With two workers operating in full-time jobs (2 FTEs) 

the cycle time of this sector is from 30 to 40 minutes. 

xiii. Sewing 

Spa covers are constructed using nappa, a synthetic leather, in the sewing sector. Eight 

employees (8 FTEs) were employed in this sector. Four main processes describe the sewing 

process: 
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1. Nappa cutting (1.5 FTEs); 

2. Machine sewing (4.5 FTEs); 

3. Cover packaging (2 FTEs). 

This sector contains six sewing machines, although they were never all operating at the 

same time, and its initial layout is seen in Figure 19. 

 

Figure 18 - Initial Layout of Sewing Sector 

The sewing is a sector that is located on another floor of the factory, and which used to 

operate very autonomously. Raw material and inventory management was carried out by 

the sector head herself. The planning team delivered a sheet weekly with a two-week vision, 

and the sewing leader ordered replenishment based on what she expected to spend.  

3.3 Production Planning 

From the time a customer places an order until the acrylic goes through thermoforming, there 

are a series of steps that must be taken for production planning (the idea is that, after 

thermoforming, the spas always remain in FIFO). 

The sales team take customers’ orders and then, create the Fabrication Orders (OFs), which are 

sent to the production planning team. With Fabrication Orders in hand, the planning team 

defines the thermoforming schedule with four-week visibility. The subsequent objective is for 

the spas to follow a FIFO order down the value chain. Due to process instabilities, which will 

be examined later, it is not always possible to maintain the sequence, and the team must react 

daily to prevent production halts. 

3.4 Team Description 

The production supervision team was the group that worked directly on this project. Figure 19 

shows a production organigram. This team is right below the production director and above the 

leaders of the factory sectors. So, the team includes the operations manager, his planning 

assistant, the director of quality, the director of maintenance, the logistics coordinator, and a 

member of internal logistics. 
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Figure 19 - Organigram of Company A. 

The production is the responsibility of the supervisory team, which is also responsible for 

making decisions involving the various production teams and implementing improvement 

measures. Gemba diagnostic observations were made in collaboration with the members of this 

team. 

The main difficulties that were encountered when analysing the initial situation and those that 

arose during the development of the work will be covered in the subsequent subchapter of this 

dissertation. We'll categorise these difficulties into several groups. 

3.5 Main Problems and Improvement Opportunities 

The main difficulties that were encountered when analysing the initial situation and those that 

arose during the development of the work will be covered in this subchapter. These issues, that 

result in considerable reductions in the factory's daily output as well as reductions in operator 

productivity, will be categorised into several groups. 

The fabrication area of the factory, which operated in two shifts, was already prepared to 

increase daily production from 8.4 to 12 spas. The breakdown of raw materials was 

the primarily responsible for the failure to fabricate 12 spas. In the assembly area, the assembly 

lines were also sized to assemble 12 spas every day. This was not happening because of 

problems with the raw material stock and a high absenteeism rate. 

3.5.1 Critical Stockouts 

As previously reported, there were multiple instances of production stockouts. In 2021, there 

were seven stockouts per week on average. This is due to the fact that there is no reliable method 

for calculating consumption, as there were no bills of materials (BOMs) consumed by each 

produced reference (or if they did exist, the majority of them were inaccurate), and as a result, 

that information was not being stored, which led to a lack of awareness regarding what was 

available in stock and what had been used up. 

Supply chain process was not structured, since there was not an analytics system of stocks, 

consumptions and suppliers lead times. The whole supply chain department was led by just one 

person. 

When there are stockouts, supplies are ordered with a greater urgency, which incurs more 

shipping costs and necessitates a bigger financial effort from the treasury. In 2021, more than 

eighty thousand euros (€80k) were spent on urgent shipments than would have been appropriate 

under normal conditions due to the production's pressing need to replace out-of-stock materials. 
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Stoppages in some areas of the factory are frequently caused by the issue of stockouts. Figure 

20 depicts the number of days that this problem caused manufacturing or assembly to interrupt 

operations between weeks 14 and 17 of this year (in April), with 4.5 average stoppages per 

week. 

 

Figure 20 – April factory stoppages because of stockouts. 

The issue with cash flow gets worse and worse as a result of production losses brought on by 

stoppages, entering a snowball loop because, if spas are not sold, no money flows into the bank 

account, meaning there is no revolving fund to restock the missing materials.  

3.5.2 Lack of Information Flow 

It was observed that there was an inadequate flow of information throughout the different 

departments of the company. Departments worked independently from one another; the 

information did not flow because they were disconnected. 

Specially for some sectors that need to work in parallel, like the pre-assembled, the pre-panels, 

the sewing or even the external carpentry. These sectors need to be coordinated with the main 

value stream to deliver the supplies on time. Pre-assembled need to have the carts ready before 

the spas enter in the assembly line. Pre-panels need to have the panels prepared for the moment 

that the panels assembly would need them. Sewing need to make the spas’ covers before they 

get packaged for shipment. And the carpentry needs to deliver the wooden structures before the 

spas go to the assembly lines, like the pre-assembled. Sometimes, these sectors produced the 

results that were expected, but to the wrong references. This caused by problems with the 

accuracy or quality of the information they received. This was a problem because it could stop 

other sectors from working since it wouldn't have the required materials. 

Besides, this was a difficulty for the sectors’ leaders to know what to produce when there was 

a lot of WIP before their lines or sectors. With the accumulation of WIP, it gets more difficult 

to follow the FIFO rule because, at some point, spas are stocked where the available space 

allows it, creating entropy and disorganisation. 

This is a problem for the supervision team as well because a lot of information of the OFs, like 

the live sector/location in the factory of a spa, the records of the things that were done until a 

certain moment were out of their hands. Only going to the gemba, or asking the leaders of the 

sectors, supervision team members could know live information of the spas. 

3.5.3 Supervision Follow Up 

The problem that the supervision team was having with the lack of information led to the 

necessity of a heightened level of operations monitoring. In addition, there was a need for 

greater communication between the team members to analyse the production, determine the 
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root causes of the problems and launch countermeasures to solve them, and analyse the ongoing 

actions of each member to promote mutual assistance and the exchange of ideas. 

The team met at 10 a.m. to examine the day's production, current macro problems, and how to 

respond to production urgencies. This meeting lacked a set structure and did not have a visual 

aid of key performance indicators (KPIs) to analyse them for decision making and 

problem identification. 

Every day at 12 p.m., the supervisory team, and the heads of the different sectors of the factory 

meet up. At this meeting, each leader says how many spas he previews his sector will finish by 

the end of the day. Even though this was useful information, it was missing something just as 

important: information about the problems and material stockouts in each sector. Even when 

these things were talked about, they were not always written down. 

3.5.4 Bottleneck analysis 

When figuring out how stable a factory is, it's important to look if the different processes aren't 

all at the same production level. By looking at the March 2022 output numbers of each sector, 

the supervision team could understand that the panels assembly was the bottleneck of the 

factory, as they were producing less than the other sector of the factory, as seen in Figure 21.  

 

Figure 21 - Factory sectors´ total marh output. 

There are 2 operators per line (2 FTEs) in the lines 1 and 5. Line 4 will not be aborded in this 

subchapter because it is dedicated to a different type of panel that is created in the pre-panels 

sector and does not require a specific operator in the panels assembly sector. Line 3 is dedicated 

for the swimmer spas. Line 3 won't be as well aborded in the subchapter because it produces 

fewer than one swimmer per day, and the characterization will instead be concentrated on lines 

1 and 5.  

Initially, each operator on each assembly line (lines 1 and 5) was responsible for the whole 

panel assembly process; so, both worked in parallel. The initial mode of operation, summarized, 

is descripted in Table 1: 
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No. Task 

1 Transport SPA from the water testing region to the panel assembly region. 

2 Cut the base flap and remove protection plastic film. 

3 Examine the structure using gauges. 

4 Carry out the necessary rework. 

5 Go to the pre-panels sector and cut and bring the polyethylene insulation. 

6 Apply insulation. 

7 Go to the pre-panels sector and cut and bring the corners of the panels. 

8 Go to the pre-panels sector to cut and bring the panels one by one 

9 Assembly of panels and corners 

Table 1 - Sequence of operations of panels sector. 

This sector's cycle time was significantly variable. Observations revealed intervals of 90 and of 

250 minutes, with an average of 150 minutes of cycle time. With absenteeism, the average 

output of the panels was 8 panels per day (with lines 1 and 5 averaging 3 per day each and line 

4 averaging 2 per day). The main cause of the variance was the need of reworking structures 

with dimensional defects (mostly wood in this case), improperly attached structures to the spas, 

and excess fibreglass in the fibre wood sticks that caused the spa flap to be uneven. 

Observations were conducted with the intention of identifying value-added and muda tasks. 

Observations reports are available in Appendix A. A significant proportion of the time of 

observations, 67% was classified as being muda while 33% was recognised as added-value time 

(VA) as shown in Figure 22. Considering that value-added tasks are those in which the operator 

instals insulation or assembles corners or panels, all rework and material-gathering movements 

are classified as waste. 

 

Figure 22 - Percentage of muda and added-value time in the observations made in the panels sector.  

In addition, it was observed that the work method and the sequence of tasks performed by 

operators varied significantly. There were no work standards, which could lead to variations in 

the assembly cycle time of the panels, and the sequence of tasks in Table 1 was not followed 

by all the assemblers. Furthermore, the number of reworks required due to quality issues 

impacts the cycle time of the process. 

3.5.5 Sewing Sector Problem 

Even though the sewing sector wasn't a clear bottleneck, it wasn't producing as much as the rest 

of the factory. From March to May, the factory was making an average of 9 to 12 packaged 

spas per day, and only 8 covers per day were being made by sewing, as shown by Figure 23. 
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Figure 23 - Average of factory sectors' daily output between March and May. 

It is possible to package a spa without a cover, but it isn't shipped until the cover is ready and 

attached to it. All parts of the spa must be made before it can be sold. The inability to sell the 

spas because they were not yet finished generated an invoicing problem, which aggravated the 

already existing cash flow problem. 

To guarantee the objective of 12 covers per day, intervention in this sector would be necessary, 

which, as mentioned above, has always worked very self-sufficiently. The supervision 

team never have dedicated themselves to observing, monitoring, and auditing the sector, which 

resulted in unconcern about the sector in comparison to others in the value chain. 

As mentioned before, there are three main tasks in this sector: cutting the nappa, sewing the 

cover with a machine, and packaging the cover. This sector's slowest part was the sewing 

machines, where most of the employees worked and where most of the observations were made. 

For two weeks, a lot of observations were made with the help of time writing and muda hunting 

tools to learn and understand the process better. 

There was no standard of work of how many people should work at each sector, this number 

was variable. Observations showed a mean cycle time of 45 minutes per cover in normal covers, 

and a total of five hours production time. It happens that there are types of covers that are more 

difficult and can take from two to three times the time of sewing one “normal” cover. In these 

cases, it can take 2 hours from four sewing machines to do one cover. The observation reports 

can be consulted in Appendix B. 

The line of the machine was very unbalanced because the sewing tasks were not distributed out 

in a conventional way. A seamstress could make a cover from start to finish, or they could just 

be making some small parts or assembling covers (joining the little parts together) all day. 

Besides, the flow of material was extremely inefficient, and the machine operators were forced 

to make a lot of material-gathering movements. 

There are references of coverages that have a high degree of complexity. One of these models, 

referred to in this document as Quartz, is in great demand due to a commercial arrangement in 

which Company A agreed to sell 6 trucks (each truck transports 13 Quartz spas) every month; 

therefore, 78 Quartz covers must be manufactured each month, which corresponds to about 3.5 

per day. The average sewing time for a Quartz cover is between four and five hours (4H30 

average), compared to two to three hours for a standard complexity cover (2H30 average). 

Along with the time spent moving and the imbalanced distribution of tasks on the sewing line, 

a lack of organisation principles was also found to be a problem. There was no culture of 

"always keeping the house in order", so many things that weren't being used stayed on the 
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sewing tables. Figure 24 shows that the cut pieces were also put on the floor on a piece of cloth 

because there was nowhere else to put them. 

 

Figure 24 - Cut pieces on the floor. 

In addition to all of these issues, there were several material failures that made impossible the 

daily production goals from being met. This problem, however, was not directly related to the 

overall issue of factory stockouts, but rather to the fact that neither the purchasing team nor the 

supply chain team had visibility into the types and quantities of goods in stock. The sector 

leader makes material requests based on a weekly inventory and estimating the resources that 

would be needed, considering the two-week visibility production plan that was given every 

week by the panning team. This strategy was highly unreliable since many supplies were only 

requested when they broke or were about to break within a period shorter than the supplier's 

delivery lead time. 

In this sector there is a table of equivalent work for each cover in which, in general, the covers 

have an equivalence of 1. In case the cover is more complex, it can have a higher degree of 

equivalence, for example 2 or 2.2, depending on the job and the number of extra pieces that 

need to be produced for each model. An analysis of the unit load and equivalent of the sector's 

planning is published in Appendix C, and it was concluded that 11.9 coverages per day were 

being planned, which fabrication work was equivalent, on average, to 16.9 coverages per day, 

as shown in Figure 25. This resulted in the conclusion that it would be essential to act in the 

process by increasing the team's human resources to ensure sufficient production capacity to 

meet demand. 

 

Figure 25 – Average of the unitary vs equivalent covers planned per day for sewing sector. 
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4 Solutions Designing and Results 

4.1 Solutions designed for the main problems and improvement opurtunities 

4.1.1 Material Requirement Planning (MRP) 

In order to prevent stockouts, it was required to design a tool that could automatically offer 

information on when and how much raw materials to order, depending on a number of criteria 

that will be discussed later in this document. As a result, these issues will no longer be 

dependent on the ability of a single individual to handle all the factory's inventories, but will 

instead provide stock management with automatic, calculated, and trustworthy support. 

Material Requirement Planning (MRP) tool creation needed the supply chain and logistics 

coordinators to provide the following information for each material reference: 

• Material reference; 

• Material name; 

• Average of the internal purchasing lead time – The time from the moment that supply 

chain coordinator places the order until Company administration approves the purchase; 

• Supplier name; 

• Average supplier delivery lead time; 

• Supplier delivery lead time standard deviation; 

• Minimum Order Quantity (MOQ) - it is the minimum quantity that a supplier agrees to 

sell; 

• Lot Size - the quantity to be ordered will always be a multiple of the lot size; 

• Consumption history – important to have the maximum values; 

• Average consumption: 

o Per day; 

o Per period of supplier delivery lead time – important avoid stockouts during the 

delivery time; 

• Average consumption standard deviation; 

• Current Stock – the warehouse stock; 

• Virtual Stock – the warehouse stock plus the stock incoming stock that is currently in 

transit; 

• Bills of Material for each spa reference. 

Safety stock is necessary to withstand fluctuations in both average daily use and supplier 

delivery times. The safety stock is typically determined by adding the consumption standard 

deviation with the product of the average daily consumption with the replenishment lead time 

(delivery plus internal) standard deviation. Thus, the safety stock for each reference was 

calculated as follows: 

𝑆𝑆 =  𝜎𝐶 + 𝐶 ∗ 𝜎𝐿𝑇 

SS: Safety Stock [units] 

σC: Consumption Standard Deviation [units] 

C: Consumption [units / day] 

σLT: Lead Time Standard Deviation [days] 

According to the following formula, the replenishment level is calculated by adding the safety 

stock to the product of the average daily consumption and the replenishment lead time (delivery 

plus internal). 

𝑅𝐿 =  𝑆𝑆 + 𝐶 ∗ 𝐿𝑇 
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RL: Replenishment Level [units] 

SS: Safety Stock [units] 

C: Consumption [units / day] 

LT: Lead Time [days] 

The MRP tool deducts all the materials in stock that are included in the BOM of each spa 

produced, allowing the current stock quantity to be known. When the current stock quantity is 

below the replenishment level, the produced tool generates a signal identifying whar material 

is needed to acquire and in what quantities. The order quantity is calculated by the following 

formula. 

𝑄𝑇𝑂 =  
𝑅𝐿 − 𝑉𝑆

𝐵𝑆
 (𝑟𝑜𝑢𝑛𝑑𝑢𝑝) ∗ 𝐵𝑆 

QTO: Quantity to order [units] 

RL: Replenishment Level [units] 

VS: Virtual Stock [units] 

BS: Batch Size [units] 

The development and credibility of Bills of Materials (BOMs) posed one of the major barriers 

to this tool's efficient functioning (MRP). As it was a time-consuming process, it was 

accomplished in increments, and trust was established in a very phased manner. It was crucial 

to include all materials and consumables in the BOM for each spa reference, with the 

participation of all operators and sector leaders. Otherwise, the MRP would be ineffective since 

the actual material amounts used in production would not be subtracted from the warehouse 

stock. 

Results 

Significant improvements have been made to the management of raw materials and 

consumables. Because of Resulting in critical stockouts, the facility did not totally close any of 

its sectors in May (which in April happened 7 times a week as seen above). The factory has 

only stopped the fabrication area because of the excess of WIP before assembly. Due to a 

shortage of financial flow, stock ruptures were not totally avoided. This will be a gradual 

process. However, as shown in Figure 26, the number of disruptions has dropped by 71 percent 

over the past three months, indicating that the introduction of MRP has produced favourable 

outcomes. 

 

Figure 26 - Monthly Stockouts 
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4.1.2 Pull planning and PowerApps 

Several proposals for enhancing the planning process have been made and adopted in order to 

simplify the planning procedure and offer the operations manager more time to focus on other 

issues. 

An application that enables a quicker and more direct flow of information was developed to 

increase communication between the planning department and the multiple production 

sectors.  The application was built with the Power Apps software, which enables the 

construction of this kind of tools using a simple and intuitive programming language known as 

Microsoft Power Fx. On the app's main page (Figure 27), users can see the different production 

sectors. In each one, a tablet with access to the app was set up so that that the heads of the 

sectors could look at the production plan and report which Fabrication Orders (OFs) were 

already completed. 

 

Figure 27 - Developed application home page for production management of Company A 

The information in the app comes from the spreadsheet file that the operations manager uses to 

set up the thermoforming production plan. The application was developed so that, from there, 

thermoformed spas follow in FIFO (First in, first out) in the remaining part of the process. 

Each of the sectors visible in Figure 28 has a dedicated page with two columns. The left column 

has a list of the OFs that are planned to be produced in the sector, while the right column 

contains a list of the OFs that have already been completed. In sectors from the main value 

stream (not the parallel sectors), the left column corresponds to the right column of the previous 

sector, as the steps are consecutive (this does not happen in the pre-assembled, pre-panels, 

sewing, carpentry, etc). In Figure X shows the example of the fiberglassing page. Between the 

columns there are three buttons. The first is green and is used for moving produced OFs from 

left to right. The second, indicated by the colour red, is to execute the reverse effect if an error 

occurs in the application's handling and the final one is used if a spa quality issue is identified. 
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Figure 28 - Example of a sector's app page - fiberglassing. 

As previously mentioned, information is entered into the application through the planning 

spreadsheet that includes the thermoforming sequencing established by the operations manager 

in the list of OFs to be produced in the thermoforming sector. The application then updates a 

query containing information about all OFs. Each line in this query represents an OF, and the 

dates and times at which operators complete OFs in their respective sectors are reported. In the 

same query, quality and rework issues, as well as stockout-related interruptions, are also 

documented. 

By easing communication between the operations manager and the leaders of the various 

sectors, the Power App proved to be quite useful. Not only is it easier for sector leaders to obtain 

information about what to produce, but it is also easier for the operations manager to obtain 

information on which OFs were actually produced. 

Results 

The work conducted in regard to planning aimed to shorten production lead time and the amount 

of work in progress (WIP) by enhancing communication between the operations manager and 

production sectors. Figure 29 depicts the variation of production lead time throughout the 

course of the project, which, despite not decreasing in the progress of the project, is lower than 

the average baseline value for the year 2021 (which was 31 days per spa). 

 

Figure 29 - Monthly production lead time. 

The non-decrease is because fabrication has a greater output capacity, and the WIP between 

production sector frequently exceeds significant quantities, causing the Lead Time to rise. 
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Figure 30 shows that the average amount of WIP units in the factory had a lot of variability in 

the course of the project. 

 

Figure 30 - Monthly WIP in the factory 

4.1.3 Dashboard and Daily Kaizen 

The reorganisation of the team's 10 a.m. meeting was the first improvement measure suggested 

and posteriorly implemented. The team reached the conclusion that it would need to examine 

indicators (KPIs) that could bring information on the causes of the occurring difficulties. The 

meeting's new structure was also discussed, and the following agenda was built: 

1. Analysis of the KPIs from the previous day: 

a. Operations KPIs; 

b. Quality KPIs; 

c. Supply Chain KPIs; 

2. Stockouts analysis; 

3. Analysis of the actions plan. 

To guarantee compliance to the meeting's agenda, certain actions were required, including the 

definition of KPIs for each department to be examined at the meeting, the description of the 

procedure for analysing material ruptures, and the manner in which the action plan would be 

formulated. 

Table 2 shows the KPIs definition made by the supervision team: 

 

Department KPIs 

 

Operations 

Daily 

output per 

sector 

WIP per 

sector 

Production 

Lead Time 

Productivity 

(Hours per 

equivalent SPA) 

Shipped 

spas per 

day 

 

Quality 

Rework 

time per 

spa 

Nº of first-

time quality 

spas 

€ of no 

quality 

Complaints 

received from 

items produced 

in 2022 

 

 

Supply 

Chain 

Total stock 

(and per 

reference) 

Number of 

daily 

stockouts 

Prompt 

maintenance 

  

Table 2 - Defined KPIs. 
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A dashboard of indicators, which is a visual representation of key performance indicators 

(KPIs), quantifiable values used to evaluate the success or failure of achieving objectives and 

track the performance of operations, was created with the results of operations over the last few 

days. As seen in Figure X, information was provided regarding the output of each sector, the 

number of spas shipped per day, the amount of WIP (work in progress) in the factory, the 

average production lead time per month, and the productivity defined in hours worked by each 

spa (number of worked hours divided by the number of produced spas). 

 

Figure 31 - Operations  KPIs dashboard. 

 

It was determined that the stockout analysis would be reviewed during the supervision meeting 

with the use of a two-column table (Figure 32) with the names of the materials and stock rupture 

on the left side and their expected arrival date on the right side. To avoid production halts in the 

midst of the value chain, discussing production planning and analysing the out-of-stock 

materials is advantageous. It was also established a reference will not be planned to produce if 

at least one of the materials present in the BOM is not in stock. 

 

Figure 32 - Materials out of stock and expected arrival date. 

For the meeting's final topic, an update to the action plan, As illustrated in Figure 33, a table 

with each column representing a weekday and each row indicating a member of the supervision 

was developed to note the tasks to be performed. In each cell of the table, the actions that each 

person had planned or that came out of this meeting would be written. The idea is that many of 

the actions that come out of the meetings are ways to fix the problems that identified. Because 

of the board, everyone on the team will know what everyone else's plans are. This table is also 

a good visual way to see how busy each team member is and when they will have more time to 

help others. 
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Figure 33 - Weekly actions plan. 

Two key performance indicators (KPIs) were developed to track the status of ongoing and 

completed actions. The first indicator is the average lead time, in days, for each activity from 

the time it is planned to the time it is executed. The second indicator is the confidence level in 

the execution of the actions. Indicates the ratio of the number of closed actions to the total 

number of actions. During the 10 a.m. supervision meeting, the following dashboard (Figure 

34) was used to monitor these indicators. 

 

Figure 34 - Actions plan KPIs dashboard. 

Although the meeting was scheduled to last 30 minutes, audits of actual sessions found that 

they lasted anywhere from 20 to 90 minutes. These discrepancies are unavoidably brought on 

by the fact that the issues that arose generated discussion and that the solutions created to tackle 

these issues were either more or less complex. In addition to the three topics mentioned, 

occasionally additional subjects also came up, such as significant announcements, client visits 

to the factory, audits and inspections, etc. 

Later, a tool, which is a spreadsheet, was created to record the main problems detected in the 

factory with a possible impact on the output, to be filled in when analysing the operational KPIs, 

where the output of the various sectors is analysed. The data recorded in this tool visible in 

Appendix D, are, beyond the problem itself, the date of detection, the sector in which the 

problem was registered and the expected output impact for that same sector, with an additional 

field for recording possible additional observations. This tool makes it possible to predict, at 

the supervision meeting, the loss of output from each sector and the reason for this loss. Later, 

with a more robust database of recorded problems, it will be possible to analyse the data and 

understand which are the problems in the factory that most impact the production output. 

Because the tool was developed in the project's last phase and a sufficiently reliable database 

was not created, this analysis was not performed. However, this subject will be revisited in 

Chapter 5's subchapter on future work. 

Another improvement idea that was used to make production problems clearer was to put sheets 

on the board of the 12 p.m. production meeting to record problems and breakdowns in each 
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sector (meeting with the supervision team and leaders of each sector). The operations manager, 

who is in charge of the meeting, asks each sector leader about any problems that have come up 

in their sector since the meeting the day before. These problems are written down on these 

sheets (as shown in Figure 35), as well as the number of how many times each problem has 

been found.  By doing this, it is possible to identify the issues that come up most frequently, 

which facilitates choosing the appropriate countermeasures. 

 

Figure 35 - Records of the sectors' problems in the production meeting board. 

The last implemented improvement to give to the supervision team a better monitoring capacity 

of the factory was the Gemba Walks. Each of the supervisors has a different set of questions, 

depending on their department, to answer in an online form. There are specific questions for 

each department leader (operations, supply chain, quality, and maintenance). Gemba walks are 

typically conducted after 5 pm, when the majority of the factory has already stopped (only the 

second shift of fabrication is working). 

Results 

The indicators established for the action plan and the new structure of the supervisory team 

meeting contributed to more collaborative, communicative, and most importantly, effective 

problem-solving. Figure 36 shows the average lead time of the actions that developed during 

the project's oversight meeting; as can be observed, the execution time fell significantly. Also, 

the introduction of gemba walks contributed to the monitoring of existing production standards 

and the ongoing sustainability of implemented improvements. 

 

Figure 36 - Average of monthly lead time of finished actions. 
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4.1.4 Panels 

The initial step was to assess the observations made (included in Appendix A), with an emphasis 

on removing the observed waste, which consisted mostly of operator movement to gather 

material and time spent on rework. The structured problem-solving method, Kobetsu, was 

followed. 

After a detailed analysis of the initial situation of the panels sector, a study was conducted on 

the potential root causes for the problem of its assembly's excessive cycle time. The research 

employed the Ishikawa diagram, commonly known as a fishbone diagram. This method aims 

to identify the fundamental causes of problems by assessing six factors or parameters: people, 

environment, material, equipment, measurement, and work method. Diagrams are filled in the 

team sessions using data from the previous week observations. Figure 37 illustrates the diagram 

of the possible causes. 

 

Figure 37 - Ishikawa diagram for the search of root causes of the panels problem 

Two potential root causes were identified as opportunities for change that might be easily 

implemented as low-cost and high-impact project. They were “structure condition variability” 

(material category) and “lack of balanced standard work” (method of work category). For each 

of these causes, the proposed solution design, the tests that were carried out, and the solutions 

that were put into action in response to each of the challenges, will now be presented. 

Issue 1 - structure condition variability 

The issue of the poor conditions in which the wooden structures (in aluminium structures this 

issue does not exist) supplied by the carpentry (an external supplier) that make it difficult to 

assemble the panels correctly will be the first of the two problems to be approached. The panels 

are attached to the structure, and their top part fits between the spa flap and the structure. 

However, because of variations in the dimensions and in the structure alignment with the spa, 

the panels occasionally do not have enough space to fit in between them. Due to these poor 

conditions, reworks on the base flap and structure alignment are necessary, which might take 

more than an hour each spa. 

The carpentry that supplies the wood structures to company A is external, but both companies 

are owned by the same owners. So, it was implemented a new process to validate the dimensions 

of assembled structures produced at the carpentry by checking the dimensions of the structures’ 

diagonals in its three planes (see Figure 38) used as templates. The warpages would also be 

examined with an aluminium bar. 
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Figure 38 - Example of a structure and the 3 planes to measure  

It was decided that dimension validation would occur immediately following the wood 

structure assembly. The work standard (Figure 39), which was fixed on the wall adjacent to the 

assembly area of the structures, contains a table in which the operator notes the model of the 

built structure as well as the number of conforming structures and non-conforming structures. 

This provides a visual indication of which structures are regularly constructed with dimensional 

defects. 

 

Figure 39 - Standard of Work of structures validation 

Issue 2 - lack of balanced standard work 

The solution was designed with the focus on decreasing cycle time by increasing material flow. 

Previously, operators worked in parallel and completed the entire process of building spa panels 

individually. Two stations were created in each line and the tasks of assembling the panels were 

divided so that both line operators can operate sequentially rather than in simultaneously. In 

addition, tasks such as the collection of insulation, panels, corners, and their precise cutting, 

which were previously performed by these operators, were transferred to the pre-panel sector. 

In total, three positions were defined to distribute these tasks, two in the assembly of the panels 

and one in the pre-panels. 

The challenge of the approach was to decrease and externalise the work performed by the panel 

assembly operators. This was accomplished by implementing the first three steps of the SMED 

methodology. In this case, it is not a question of a changeover of a machine, but rather a desire 

to reduce the cycle time of panel assembly by externalising tasks. The first three steps of SMED 

correspond to: 

1. Study of the initial situation; 

2. Separate the internal operations and external operations; 

3. Convert internal processes to external. 
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The first step had already been completed; all that remained was to distinguish internal from 

external work and externalise a part of the internal operations. Only those operations that 

directly involved the spa, such as cleaning the spa or assembling components in the spa, were 

considered internal for panel assembly. All material preparations are considered external 

operations. Consequently, the pre-panels sector was given responsibility for several duties 

(Table 3 will reveal which ones). 

"Spa Preparation" and "Panels Assembly" were the names of the two workstations that were 

defined in panels sector. The operator who was in charge of getting the spa ready did all the 

tasks until the insulation fixing (including). The person who ran the assembly was in charge of 

assemble the panels and corners in the spa. In the pre-panels sector, the "Panels Production" 

workstation was set up, and cutting and transport panels were handed to this sector. 

A Yamazumi chart, shown in Figure 40, was used to balance the three workstations’ tasks. 

Based on two assumptions, the workstation for preparing the spa was bigger (80 minutes) than 

the one for putting together the panels (52 minutes). The first assumption is that reworking the 

structure won't be necessary or will take less time because the wooden structures are being 

tested and only those that pass the test will be put into production. The second assumption is 

that operators will help each other. This means that if there is a delay in this line, the operator 

who has already finished can take over the work of the operator who is running late, bringing 

the line back into balance. Lastly, the panel production station time value is smaller than the 

other two because it supports two lines at the same time, so the cycle time is almost twice as 

long as 30 minutes. 

 

Figure 40 - Yamazumi chart for balance the tasks. 

In addition to the already existing tasks documented when characterizing the initial situation, 

another task was created so that the designed balancing of the assembly could work. Previously, 

panel assembly operators measured exact dimensions at the spa to cut panels and corners that 

were already pre-cut to standard dimensions for each model. Now, the spa preparation operator 

takes a measurement on the card, visible in Figure 41, and hands it over to the panel 

manufacturing operator in the pre-panel sector so that he can cut them to the exact 

measurements needed. 
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Figure 41 - Card to give the measurement information 

The operator who produces the panels transports the cut panels and corners to the assembly area 

on a cart developed for this purpose, as displayed in Figure 42. 

  

Figure 42 - Insulation, panels and corners transport carts 

In conclusion, the balanced tasks were distributed across the three workstations as shown in 

Table 3: 

 

 

No Spa Preparation Panels Assembly Panels Production 

1 
Remove plastic film 

protection 

Assemble the panels and 

the corners 

Cut insulation, corners, 

and panels 

2 

Dimensions measurement 

and take the card to pre-

panels 

Fill in the OF paper 
Sanding cutting edges of 

panels 

3 Base flap cutting 
Register spa in the daily 

output board 

Prepare the corners to be 

attached to the panels. 

4 Verify structure condition  
Transport cart to the 

Panels sector 

5 Structure rework   

6 Assemble insulation   

Table 3 - Balanced tasks of panels sector. 



Improving Production Capacity in a Discrete Production Industry 

46 

Results 

The efforts to improve the bottleneck area also had positive results, as the cycle time in lines 1 

and 5 of panel assembly decreased. Figure 43 shows how the output of the panels evolved over 

the period of the project. The supervision team considered the bottleneck fixed as the sector 

was able to make 12 spas per day under normal circumstances. Despite this, problems in this 

sector are now caused by a high rate of absenteeism and material breaks that make it hard for 

the sector to reach its goals in a steady way. 

 

Figure 43 - Average of panels daily output per month. 

4.1.5 Sewing 

Although this sector was also a bottleneck in the plant, it was never considered to be as 

problematic as the panels sector because it did not involve production in the spa shell directly. 

However, spas without coverage are not shipped, and their sale is therefore not completed. 

Company A already had a big problem with cash flow, so it had to ship spas quickly and use 

the money to buy back out-of-stock materials. Therefore, they had to make more covers every 

day. By increasing the sales of spas and consequently the cash flow in a self-sustained 

rehabilitation process (without the use of external investments) is a lengthy process which target 

is attainable if the results are constant. 

Covers are sold together with the spas produced but can also be sold separately, in after-sales 

services for covers that have been damaged by customers or even for spas whose customers did 

not order cover in advance. So, there is a chance to increase revenue by making more than 12 

covers per day. As these items will be in demand and sold, they will not generate internal 

inventory. The cash flow issue could be reduced by making 14 or 16 covers per day. In short, 

the demand for coverage is greater than the demand for spas; hence, it was decided to increase 

production capacity to 16 coverages per day in this area. 

This sector's low output was traced back to its root causes using the same method as the panel 

sector. Figure 44 depicts the Ishikawa diagram developed with the Company A supervisory 

team in response to the gemba observations. 
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Figure 44 - Ishikawa diagram for the search of root causes of the sewing problem 

Of the possible problems found, four of them were identified as root causes that make 

impossible the growth of the sewing's productive capacity to 16 covers per day as follows: 

• High level of material-gathering movements done by machine operators; 

• Lack of workers to match the 16-cover demand; 

• Lack of balanced standard work; 

• Area disorganizations; 

• Poor stock management. 

The excessive number of seamstress motions was the first of these constraints to be addressed. 

Since machine sewing is the sector's bottleneck, the usage of machines must be prioritised. As 

a result, two individuals were permanently assigned to the nappa cutting, with the responsibility 

of feeding the machines with materials so that operators did not have to get up to gather them. 

The last problem (poor stock management) was the second to approach because it did not need 

a large or expensive intervention. The materials required to manufacture the cover were 

included in the bills of materials (BOMs) for the various spa references. This list already 

existed, but it was not digitized since the management of materials and inventory was handled 

by the sector leader; it was just necessary to provide this information to the corresponding 

BOMs. The materials were included in the consumptions and used by the previously developed 

MRP tool, where orders needs will be automatically calculated. Concerning the other issues, it 

was determined to tackle them simultaneously, as they would be interdependent in the event of 

more disruptive changes. 

With a need for 78 Quartz covers every month, or 3.5 per day, it was at first considered 

necessary to dedicate a sewing line to this reference. Based on takt time, the required number 

of personnel for this line has been calculated as presented below. It should be noted that the 

total sewing time is 5h and the number of demanded covers per day was rounded from 3.5 

covers per day to 4 covers per day so that trainee seamstresses can also reach their daily 

objectives. The number of people calculated was 3. 

𝑂𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 𝐻𝑜𝑢𝑟𝑠 = 5 [ℎ] ∗ 4 [
𝑢𝑛𝑖𝑡𝑠

𝑑𝑎𝑦
] = 20 [

ℎ

𝑑𝑎𝑦
] 

𝑊𝑜𝑟𝑘𝑒𝑟𝑠 𝑑𝑎𝑦 =
20 [ℎ 𝑑𝑎𝑦⁄ ]

7 [ℎ𝑜𝑢𝑟𝑠 𝑤𝑜𝑟𝑘𝑒𝑟]⁄
⁄ = 2.85 [𝑤𝑜𝑟𝑘𝑒𝑟𝑠 𝑑𝑎𝑦⁄ ]  

It was also necessary to dimension another line to produce 12 covers of regular complexity, 

each of which requires a total sewing time of 2H30. With the previous line being dedicated to 

producing 4 covers every day, the total will be 16. The calculations are presented in the same 

manner below returning 4 necessary operators for this line. 
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𝑂𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 𝐻𝑜𝑢𝑟𝑠 = 2.5 [ℎ] ∗ 12 [
𝑢𝑛𝑖𝑡𝑠

𝑑𝑎𝑦
] = 30 [

ℎ

𝑑𝑎𝑦
] 

𝑊𝑜𝑟𝑘𝑒𝑟𝑠 𝑑𝑎𝑦 =
30 [ℎ 𝑑𝑎𝑦⁄ ]

7 [ℎ𝑜𝑢𝑟𝑠 𝑤𝑜𝑟𝑘𝑒𝑟]⁄
⁄ = 4.2 [𝑤𝑜𝑟𝑘𝑒𝑟𝑠 𝑑𝑎𝑦⁄ ]  

Using Yamazumi charts once more (which can be consulted in Appendix E), the supervision 

team and the leader of the sewing sector balanced the jobs for each of the two lines after this 

dimensioning of the number of workers for the sewing machines. This process was similar to 

the one used in the assembly of the panels. 

It was realized that the Quartz dedicated line had many tasks in common with the regular 

complexity line, and that only one of the three workers on the Quartz dedicated line would be 

producing the parts that made the Quartz covers more complex than the others (these parts are 

called elevations). These parts are fully independent from the rest of the coverage during its 

manufacture and are only applied to the cover in the packaging process. The two additional line 

members would perform jobs that were identical to those on the regular complexity line. This 

analysis led to the realisation that these two machines might be losing potential productive 

capacity because they would be performing the same tasks but with more dimensioning slack 

time than the regular complexity line, which was dimensioned with a smaller time off. 

Therefore, the previously drawn lines were reformulated, and six machines were assigned to a 

line that would do tasks of average difficulty with a workstation was created to produce 

elevations (with the objective of producing elevations for 4 covers per day). The line, then 

comprised of six individuals, would aim for 16 coverages per day. In addition to these seven 

machines, an extra workstation has been developed for the sector leader in sewing to dedicate 

to after-sales service (ASSs) and help in the event of unforeseen delays on the production line. 

𝑂𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 𝐻𝑜𝑢𝑟𝑠 = 2.5 [ℎ] ∗ 16 [
𝑢𝑛𝑖𝑡𝑠

𝑑𝑎𝑦
] = 40 [

ℎ

𝑑𝑎𝑦
] 

𝑊𝑜𝑟𝑘𝑒𝑟𝑠 𝑑𝑎𝑦 =
40 [ℎ 𝑑𝑎𝑦⁄ ]

7 [ℎ𝑜𝑢𝑟𝑠 𝑤𝑜𝑟𝑘𝑒𝑟]⁄
⁄ = 5.7 [𝑤𝑜𝑟𝑘𝑒𝑟𝑠 𝑑𝑎𝑦⁄ ] 

Regarding the disorganisation of the sector, a rack for cut materials and a smaller one for 

consumables such as threads, zip fasteners, etc. were constructed in the carpentry. Due to the 

purchase of two machines, the packaging ran out of space to operate in this room. As a result, 

it was relocated to a room on the ground floor, next to where the styrofoam is cut, improving 

the flow so that the styrofoam does not have to be transported to this floor and then back down 

again. The final layout of the sewing sector is shown in Figure 45. 
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Figure 45 - Designed and implemented sewing sector layout. 

Results 

Positive results were also seen in the sewing sector of the project, though they were less stable 

than those seen in the panel sector because the proposed solution was only put into place a few 

weeks before the project ended. Now, audits and gemba walks will be used to keep a close eye 

on things and make sure that the line design and standards are being met. Figure 46 shows that 

the average output of the last month of the project was 55% than the baseline value that had 

been set before. However, it is now necessary to stabilise to guarantee a total increase of 100%, 

which has only been achieved on a few days so far. 

 

Figure 46 - Average of sewing daily output per month 

4.2 Overall Results 

The factory generally had positive benefits from the project, with the average output rising from 

8.4 to 12 and projections indicating that the numbers will keep growing following the boost in 

demand. Packaging (located at the end of the assembly area and the factory's final sector) 

had increased in output, as shown by the graph in Figure 47. 
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Figure 47 – Average of packaging daily output per month. 

Overall, production gained more stability, reducing the number of highs and lows, being 

constant at a higher level. The general conclusions about the work and the project will now be 

addressed in the following chapter. 
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5 Conclusions and Future Work 

This project developed within the scope of the Master's Dissertation had the main objective of 

increasing the productive capacity of company X. For this, several tools were used that helped 

to overcome arose constraints. Kaizen methodology was present in the various initiatives, 

following one of its most essential principles: the involvement of all people, in all areas and 

every day. 

In all projects performed, the initial situations' characterization phases and the design and 

implementation of solutions and improvements were carried out collaboratively. In cooperation 

with teams from the various sectors where implementations were carried out, the supervision 

team participated in all actions. As mentioned in the discussion of results, redesigning the 

supervision meeting facilitated better collaboration in completing tasks. Also, when executing 

a project and some actions belonged to different people, they pushed each other to complete 

their tasks before the deadline. 

Companies do not always accept changes in work culture and paradigms. Still, in this instance, 

the Company X team demonstrated a strong commitment, from the outset of the project to the 

proposed actions and initiatives, to the project's sustainability, and to the implementation of 

audits and gemba walks, which in many organizations fall out of use due to a lack of 

commitment, motivation, or because people do not see the value in the implemented 

improvements. 

Noting that the factory's production capacity increases as stockouts reduce, even if they are not 

critical, underlines the concept that stability, regularity, and consistency are essential to the 

success of a factory and any business. 

As explained at the beginning of this document, creating a production flow brings significant 

productivity and lead time gains. During this project, the production flow from the beginning 

of the factory, in thermoforming, to the end, in packaging, did not increase due to the growth 

of WIP and the presence of stockouts. However, the flow was created in sectors such as panel 

assembly and sewing, with the production capacity of these sectors increasing significantly and 

their lead time decreasing. Improvements in the flow of information were also implemented, 

such as the card to record the dimensions of the panels to be cut and the Power Apps developed. 

The importance of working according to the takt time was also one of the project's central 

themes. Depending on whether the cycle time is shorter or longer than the takt time, failure to 

level the load of a production unit with the capacity at which it can sell to the customer can 

result in either the muda of overproduction, which generates stock accumulations, or sales 

losses as a result of not maximizing the production potential. 

The implementations were facilitated by the fact that management recognized the initiatives' 

value and outcomes. In addition to being receptive to future improvement recommendations, 

they also desired to participate. It is anticipated that the Kaizen Institute will continue to provide 

advisory services to Company X following the completion of this project. In the following 

subchapter, we will discuss some prospective projects and future efforts to preserve and 

strengthen the previously completed initiatives. 

5.1 Future Work  

The developed improvements require post-implementation monitoring to guarantee that the 

efforts continue to be done. Changes should be preserved through audits. In this chapter, some 

potential areas for improved implementation will be discussed. 
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5.1.1 Future monitoring of implemented improvements 

In this subchapter, we will discuss ways to enhance some of the efforts performed during the 

project. It is vital to have talks about the problems to develop improvement ideas and actions 

better. All of them can be continually improved if the resources are available. 

Similar to the validation of the dimensions of the wooden structures implemented in the 

carpentry, a validation could be implemented in Company A's assembly lines, providing a 

double confirmation, increasing the level of confidence in the structures with the double 

validation, and decreasing rework time in the panels' sector. 

The balancing performed in the panel sector was limited to two lines and might be expanded to 

the other lines in the future. It will be required to follow the same line design approach, 

determining the assembly demand for each line and allocating workers appropriately. One of 

the assembly lines has been stopped for the time being, but if output grows in the future, this 

line may reopen, and it will be necessary to scale the number of workers there, both in assembly 

and in the panels. 

As for sewing, this will need to be regularly observed, as the target was not yet met after the 

experiment. A daily audit system is viable for ensuring that the layout and line design are 

followed. Even after the objectives have been achieved, audits must continue to be guaranteed 

that the implemented changes are sustainable. 

5.1.2 Sustainable Growth 

Company A hopes to achieve the factory's average daily output of 14 spas by the end of 2022. 

It turns out that to reach 14 spas each day, a progressive transition is required. Many of the 

earlier stockouts were caused by the rise in daily production from 8 to 12 spas, and the 

purchasing capacity did not increase as quickly as production capacity.  

To successfully complete this transition, it is vital to obtain cash flow in a gradual and 

sustainable manner. To accomplish an instantaneous transition, an external funding request 

would be required. 

The averages of production over the last few weeks were examined, and the reasons for the lack 

of basic stability were tried to find. The conclusion is that absenteeism greatly affected the 

results, along with stockouts, which hurt productivity and output. This is because when the 

human resources for each sector were dimensioned, a possible absenteeism factor or the 

employee's vacation factor were not considered. 

A dimensioning of production's direct human resources was developed for when the factory 

achieves stability for a more extended period than now. This dimensioning considered the 

absenteeism rates of each sector, which were obtained from the human resources department, 

and the vacation absence rate. The absence rate for the assembly was 8 percent, and fabrication 

was 7, while the holiday absence rate was also 8 percent. These figures are extremely high; if 

we do not account for them, we will be short 16 percent of assembly personnel and 15 percent 

of fabrication personnel. Appendix F can be consulted to see the work already done. 
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Appendix A – Panels Observations Report 
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Appendix B – Sewing Obsertvaions Report 
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Appendix C – Sewing Load Capacity Analysis 
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Appendix D – Problems Report Tool 
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Appendix E – Sewing Yamazumi Charts 
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Appendix F – Human Resources Dimensioning – 14 daily spas 

 


