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Abstract 

Lean Manufacturing, along with continuous improvement, plays a crucial role in today's 

business landscape. In an environment characterised by the speed of change and the search for 

efficiency, Lean Manufacturing offers a strategic approach to eliminate waste and optimise 

processes, ensuring value is delivered to the customer. By applying Lean tools, organisations 

can identify and eliminate activities that do not generate value, reduce costs, improve quality 

and increase productivity. Continuous improvement, in turn, promotes a mentality of constant 

learning and process improvement, allowing companies to quickly adapt to market changes 

and overcome challenges. In a world where competitiveness is demanding and customer 

expectations are constantly evolving, the Lean methodology and continuous improvement are 

essential to drive efficiency, quality, and innovation in organisations, resulting in sustainable 

competitive advantages. 

This project takes place within the context of applying Lean tools as a way of consolidating 

continuous improvement in the mortar and bitumen production unit of CIN - Corporação 

Industrial do Norte, S.A. The work consisted of identifying sources of waste and opportunities 

for improvement in the sector and the implementation and evaluation of solutions that 

minimised this waste, contributed to the growth of the sector's indicators and resulted in a 

more efficient operation. In this way, the project was based on Lean Manufacturing and the 

consequent use of Lean methodologies, such as 5S, SMED, Work Standardisation, Visual 

Management and evaluation of the OEE indicator. 

The application results of the suggested improvements have shown to have a beneficial 

impact on the sector, confirming the success of the solutions presented. In the case of 

manufacturing, the reduction of process variability and the increase of its transparency 

through its standardisation in official documents prove the effectiveness of these applications. 

The 42% reduction in the duration of Setups of the ME-07 filling machine and the increase of 

its availability and performance allowed an increase of about 16% of the OEE indicator of the 

machine, reaching the established goal of 45% and proving again the effectiveness of the 

proposed solutions. In terms of productivity, due to the lack of load in the sector during the 

dissertation's development period, which did not allow a continuous analysis, scenarios were 

drawn up for the filling operating mode in the sector based on demand over a one-year period. 

This analysis showed that the proposed solution scenario would be the most advantageous and 

would allow the goal of 150 l/hour.man established for the sector's productivity to be reached, 

representing an increase of 19.6% compared to the current scenario and a cost reduction of 

52.1%. 

The involvement of employees in the project also proved to be fundamental, as taking 

advantage of their knowledge and experience in the field, it was possible to obtain better 

solutions to the problems detected. This involvement also allowed an increase in the team 

spirit and in the interest in continuous improvement, which is fundamental to maintain in 

order to enhance the results acquired so far. 
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Melhoria dos processos de fabrico e enchimento de uma unidade 
produtiva de massas e betumes 

Resumo 

O Lean Manufacturing, juntamente com a melhoria contínua, desempenha um papel crucial 

no cenário empresarial atual. Em um ambiente caracterizado pela velocidade das mudanças e 

pela procura por eficiência, o Lean Manufacturing oferece uma abordagem estratégica para 

eliminar desperdícios e otimizar processos, garantindo a entrega de valor ao cliente. Através 

da aplicação das ferramentas Lean, as organizações podem identificar e eliminar atividades 

que não geram valor, reduzir custos, melhorar a qualidade e aumentar a produtividade. A 

melhoria contínua, por sua vez, promove uma mentalidade de aprendizagem constante e 

melhoria dos processos, permitindo que as empresas se adaptem rapidamente às mudanças do 

mercado e superem os desafios. Num mundo onde a competitividade é exigente e as 

expectativas dos clientes estão em constante evolução, a metodologia Lean e a melhoria 

contínua são essenciais para impulsionar a eficiência, a qualidade e a inovação nas 

organizações, resultando em vantagens competitivas sustentáveis.  

O presente projeto desenrola-se neste contexto de aplicação de ferramentas Lean, como meio 

de consolidação da melhoria continua, na unidade produtiva de massas e betumes da CIN – 

Corporação Industrial do Norte, S.A. O trabalho consistiu na identificação de fontes de 

desperdício e oportunidades de melhoria no setor e na implementação e avaliação de soluções 

que minimizassem esses desperdícios, contribuíssem para o crescimento dos indicadores do 

setor e resultassem num funcionamento mais eficiente. Desta forma, o projeto fundamentou-

se no Lean Manufacturing e no consequente recurso às metodologias Lean, como 

metodologias 5S, SMED, Normalização do Trabalho, Gestão Visual e avaliação do indicador 

OEE. 

Os resultados da aplicação das melhorias sugeridas demonstraram ter um impacto benéfico no 

setor, confirmando o sucesso das soluções apresentadas. No caso do fabrico, a redução da 

variabilidade dos processos e o aumento da sua transparência pela sua normalização em 

documentos oficiais comprovam a eficácia destas aplicações. A redução de 42% na duração 

dos Setups da máquina de enchimento ME-07 e o aumento da disponibilidade e da 

performance da mesma permitiram uma subida de cerca de 16% do indicador OEE da 

máquina atingindo o objetivo estabelecido de 45% e comprovando novamente a eficácia das 

soluções propostas. Em termos de produtividade, devido à falta de carga no setor no período 

de desenvolvimento da dissertação que não permitiu uma análise contínua, foram elaborados 

cenários para o modo de funcionamento do enchimento no setor com base na procura do 

período de um ano. Nesta análise constatou-se que o cenário da solução proposta seria o mais 

vantajoso e permitiria alcançar o objetivo de 150 l/hora.homem estabelecido para a 

produtividade do setor, representando um incremento de 19,6% comparativamente ao cenário 

atual e uma redução de custos de 52,1%. 

O envolvimento dos colaboradores no projeto também se revelou fundamental, uma vez que 

aproveitando o seu conhecimento e experiência no terreno, foi possível obter melhores 

soluções para os problemas detetados. Este envolvimento permitiu ainda um incremento do 

espírito de equipa e do interesse na melhoria contínua, que é fundamental manter para 

potencializar os resultados adquiridos até ao momento. 
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1 Introduction 

The present dissertation was carried out in a business environment at CIN - Corporação 

Industrial do Norte, S.A, within the scope of the Integrated Master in Mechanical Engineering 

in the area of Production Management at the Faculty of Engineering of the University of 

Porto. 

This project lasted 5 months and consisted of using Lean Manufacturing tools in sector C6 in 

order to increase productivity. The biggest focus was on the ME07 filling machine, an 

automatic filling machine. 

Thus, at the beginning of this chapter a contextualization of the project is performed and the 

company is presented. Then the project objectives and the adopted methodology are presented 

and finally the structure of the dissertation. 

1.1 Project background 

With an increasingly demanding industry, companies need to be more competitive and 

flexible in their responses to the market. Concepts such as continuous improvement allow the 

maximum use of a company's resources and prevent it from being overtaken by the 

competition. 

To be a more competitive company, CIN resorted to the use of a continuous improvement 

project using Lean tools in the main sector (C1), which due to the good results obtained, was 

expanded to Nováqua, the production facility responsible for the company’s water-based 

products. Nováqua is where the mortar and bitumen unit is located and where this project has 

its main focus. 

Thus, this project arises in the continuity of CIN's commitment to continuous improvement, 

with the focus on sector C6 of Nováqua, the mortar and bitumen sector, due to the great 

existing opportunities for improvement. To increase the productivity of the sector, Lean tools 

such as SMED and 5S were used to reduce waste, setup times and obtain a more organized 

workspace. During this improvement process, it was fundamental to resort to the 

standardization of processes and the involvement of operators in the concepts of continuous 

improvement. 

In the analysis of the filling equipment, the OEE was calculated, which measures the 

availability and performance of the equipment under analysis and the quality of the products 

obtained. 

The project focused on the processes of the C6 sector, the identification and analysis of 

opportunities for improvement and the formulation of possible solutions for the problems 

founded. 

1.2 Company presentation 

Due to its size and high international recognition, CIN is among the largest in Europe and in 

the world in the paint and varnish sector. The CIN group was founded in 1917 under the name 

of Companhia Industrial do Norte, SARL, but in 1926 it obtained the designation of 

Corporação Industrial do Norte, Lda. 

CIN is headquartered in Maia (Figure 1) and is present in several countries, with production 

units in Portugal, Spain, France, Angola, and Mozambique and has eight Research and 

Development centers and Laboratories. 
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Figure 1 - CIN Headquarters in Maia  

 

 

 

 

 

 

 

CIN is a company that has more than 100 years of experience, more than 25 years of 

leadership, with more than 1800 employees and around 190 R&D technicians. Dedicated 

exclusively to the production and sale of paints, varnishes, and related products. 

1.2.1 Business areas 

Regarding the business areas, CIN operates in 4 main market segments. 

These are: 

• Decorative (61%): paints and varnishes used in civil construction that account for the 

largest share of the company's sales; 

• Industry (25%): segment divided into two areas. The first consists of solvent-based 

and water-based liquid paints for the metal, wood, plastics, glass, and industrial 

vehicle repainting industries. The second is made up of powder paints aimed at the 

architecture, industrial applications, domestic utilities, automotive components and 

metallic furniture markets; 

• Anticorrosive Protection (9%): high-performance paints and varnishes for protecting 

metallic or concrete structures when exposed to aggressive environments; 

• Yachting and Marine (5%): high quality paints and varnishes for use in all marine 

applications, both on pleasure craft and in large shipyards involved in the construction 

of yacht and superyacht projects. 

The products for the different market segments presented above are manufactured in different 

production halls according to their composition. In this way, the next sub-chapter presents the 

structure of the Maia industrial unit and the production halls that compose it. 

1.2.2 Industrial unit in Maia 

The Maia industrial unit is the industrial unit with the highest production volume of the entire 

group. The factory is divided into production halls for different products. 

Figure 2 presents the factory layout where all the production halls are identified. 



Process improvement of the manufacturing and filling processes in a production unit for mortar and bitumen 

3 

Figure 2 - Maia industrial unit layout (Source: Antas 2020) 

Where: 

• C0 – Raw materials warehouse; 

• C1 – Central Hall: responsible for the general line of products; 

• C2 – Nováqua: produces water-based paint; 

• C3 – White paint production unit; 

• C4 – Varnish production unit; 

• C5 – Diluent production unit; 

• C6 – Mortar and bitumen production unit; 

• C8 – Industrial range production unit 

As previously mentioned, the focus of this work is on the C6 hall corresponding to the mortar 

and bitumen production unit. 

1.3 Project main goals 

To increase productivity through continuous improvement, objectives were established to be 

achieved in this dissertation. The three objectives established at the beginning of the project 

were: 

• Increase the productivity of sector C6 to a value of 150 l/hour.man; 

• Improve the OEE indicator of the ME07 filling machine, reaching a value of 45%; 

• Task standardization. 

In addition to these main objectives, the reduction of setup times is also present. It is intended 

to achieve all these objectives using Lean tools. 

1.4 Adopted methodology 

To carry out this project, a work schedule was prepared to be carried out in the company to 

achieve the objectives specified above. This timetable is shown in Figure 3. 
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Figure 3 - Schedule of activities in the company 

Through its analysis it is possible to verify that the methodology adopted in this project 

initially involves the study of the initial situation, identifying the problems and measuring the 

times of the tasks both in the manufacturing process and in the filling process of the mortar 

and bitumen. In a second phase, it consists of the SMED application in the ME07 and ME32 

filling machines, where the 5S application, the characterization of the operations, the 

normalization of tasks, among others, is carried out. Finally, the manufacturing process is 

optimized, and the results obtained are measured.  

1.5 Structure of the Dissertation 

This dissertation is divided into five chapters. The first chapter corresponds to the 

introduction of the dissertation, a framework of the project is carried out, a presentation of the 

company is made and the objectives of the project, the method followed in the project and the 

structure of the dissertation are presented. 

The second chapter contains the theoretical context of the concepts and tools used in the 

constructed solution. 

In the third chapter, the current situation of the production processes under analysis is 

presented and a survey of the detected problems is carried out. 

The fourth chapter presents the proposed solutions for the identified problems and, finally, the 

fifth and last chapter presents the final conclusions about the work carried out and some 

suggestions for future work. 
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2 Theoretical background 

In this chapter, the theoretical concepts that served as a basis for the development of this 

dissertation are presented. Initially, an introduction to the concept of Lean Manufacturing is 

made and a historical framework of this same concept is carried out. Afterwards, the Toyota 

Production System (TPS) and the principles of the Lean methodology are presented, as well 

as the Seven Wastes that exist in a production system. 

In the second part of this chapter, some Lean tools applied throughout this project are 

presented and described. 

2.1 Lean manufacturing 

With the increase in demand and market needs, it becomes important and essential for 

companies to be flexible and maintain their competitiveness in the industry. Thus, it is visible 

a greater need for companies to use the concept of Lean Manufacturing for innovation, waste 

reduction, rationalization of resources and value creation in order to ensure their 

competitiveness in the market. 

Lean concepts emerged in Japan with Toyota's production system. The Lean Manufacturing 

concept is considered as a technique for eliminating waste, but more specifically as a 

technique for maximizing the value of a product by minimizing waste (Sundar et al. 2014). 

The objectives of Lean manufacturing are the elimination of waste related to human effort and 

inventory time in the various stages of production (Palange and Dhatrak 2021). It aims to get 

a faster response to the market and control inventories that are highly variable with customer 

demand, producing quality products as efficiently as possible (Rahman et al. 2013). 

In this way, Lean manufacturing focuses on producing quality services and products as 

quickly and at the lowest possible cost. 

2.1.1 Historical background 

With the implementation of his mass production system, Henry Ford revolutionized the 

automotive industry, where the production process was optimized and divided into individual, 

quick and invariable stages, ordered chronologically in production lines. This methodology 

led to a simplification of the assembly lines and the reduction of tasks per operator, which led 

to a reduction in cycle times and consequent reduction in costs. In this way, this system 

allowed the production of standardized products in large quantities but with little variability 

and led the Ford Motor Company to great results. 

With the analysis of Henry Ford's mass production model and after some visits to the North 

American factory, Eiji Toyoda and Taiichi Ohno concluded that this system was not suitable 

for the market where Toyota was inserted. This eastern market was characterized by a wide 

variety of products and in small quantities, so the imitation of the mass production system 

would be dangerous for Toyota as it would generate great waste. 

In this way, in Japan, after the Second World War and in a period in which the eastern 

economy was in decline, the need arose to develop new methods to reduce costs and remain in 

the market. In this way, Taiichi Ohno develops the Toyota Production System (TPS) that 

would become the basis for Lean Manufacturing. 
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Figure 4 – TPS house (Source: Kehr and Proctor 2017) 

The Lean concept emerged later when the Japanese system was brought to the West with the 

book “The Machine That Changed the World” (Womack et al. 1990). Currently the TPS 

philosophy is known as Lean Manufacturing. 

2.1.2 Toyota Production System 

The Toyota Production System evolved due to the company's need to reinvent itself and 

correspond to the market varieties in the post-war period in Japan. 

According to Taiichi Ohno (1988), the most important objective of TPS is to increase 

production efficiency by eliminating waste. This absolute waste elimination system, providing 

the best quality to the products, the lowest cost, and the shortest lead time, is supported by 2 

pillars: 

• Just-in-time (JIT): consists of the arrival of the necessary components to an assembly 

line, at the right time, in the exact amount and right next to the line to start the 

assembly. In an ideal situation applied to the entire company, stocks would be reduced 

to practically zero, completely reducing the stock holding costs (Monden 1998). JIT 

allows for an increase in efficiency and a quick response to possible changes; 

• Jidoka / Autonomation: consists of the autonomous control of defects. Allows the 

machines to operate autonomously without the need for operator intervention. In the 

event of any anomaly, the machine stops and there is a consequent response from the 

operator, allowing an increase in the quality of the output by preventing the production 

of non-defective parts (Chiarini et al. 2018). 

In Figure 4 it is possible to observe the so-called TPS house. Like any house, Toyota has 

designed its system from the base to the top, where the pillars are keys to maintaining the 

structure. 
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In this way, through the analysis of the TPS house, it is verified that at the base there are 

concepts such as levelled production, stable and standardized processes, visual management, 

and the Toyota philosophy, and at the top are the objectives that any company intends to 

achieve with the application of Lean production, such as lowest cost and shortest lead time. 

Supporting the structure are the pillars of the house, which are JIT and Autonomation. 

2.1.3 Lean principles 

The Lean methodology is based on 5 principles (Womack and Jones 2010): 

• Value – value is something related to market needs, so it is up to companies to 

determine what these needs are and try to satisfy them at a specific price. Value is 

defined by the end customer who considers the inherent characteristics of the product 

or service to be purchased, as well as the price and the effort made to obtain it. Any 

product with no value to the customer is considered as waste; 

• Identify the value chain – the second principle is related to the identification of the 

value chain. The value chain represents all stages of the processing of a product, from 

the production of raw materials to the delivery of the final product to the customer. 

The objective is to identify the activities that generate value for the customer, the 

activities that do not generate value, but which are inevitable and the activities that do 

not generate any type of value for the customer. In this way, it is possible to eliminate 

waste; 

• Flow – the third principle is to introduce flow into value-adding activities after 

eliminating waste in the value chain. This flow is intended to be continuous, that is, a 

flow without bottlenecks that imply stops at points in the value chain. In this way, the 

objective is to avoid unnecessary movements, interruptions, and production queues, so 

that the product is delivered as quickly as possible to the customer. 

• Pull system – this system arises as a result of the creation of flow. Production starts to 

be carried out according to the customer's needs and when he requests it, instead of 

companies pushing products to consumers. In this way, excess production is reduced, 

and large amounts of stock are avoided; 

• Perfection – the pursuit of perfection is the last principle. It arises from the 

combination of the four principles presented above and must be constant throughout 

the value chain. To reach the ideal state with the total elimination of waste, the 

company must look for continuous improvement and transparent processes where all 

members of the value chain are aware of the process (Miguel and Azevedo 2011). 

2.1.4 The Seven Wastes (Muda) 

The Lean methodology, which aims at the complete elimination of waste, classifies this same 

waste into seven types. These wastes are called Muda by the Japanese and represent 

everything that has no value or does not add value to a process (Rene and Domingo 2011). 

One of the most effective ways to increase profitability is by eliminating waste. In this way, to 

eliminate this waste it is necessary to understand what waste is and where it exists. Thus, 

Ohno (1998) identifies 7 types of waste: 

1. Overproduction – producing more than necessary or producing faster than necessary. 

Poor production planning and high equipment capacity are some of the causes for this 

waste. 

2. Inventory – excessive amounts of WIP (work in progress) and inventory of raw 

materials or materials from suppliers, causing increased storage costs. 
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Figure 5 – 5S (Source: “5S TODAY”)  

3. Defects – production of defective products that arise as a form of waste because these 

products have no value for the customer and require time and workspace to be 

produced. Still, the process of repairing defective products is indicated as wasteful as 

it involves extra handling for their correction. 

4. Motion – unnecessary operator movements caused for example by poor layout 

planning or disorganized workspace. 

5. Overprocessing – tasks that do not add value to the item to be produced. An example 

is the addition of extra steps that do not add quality to the product or that add more 

quality than what is required by the customer. 

6. Waiting – downtime for operators and machines. These downtimes correspond to 

waiting times for materials, equipment, or people to start the production process. 

7. Transportation – unnecessary movement of material, tools, or equipment between 

processes, caused by poor workspace organization and a poor layout (Rene and 

Domingo 2011). 

2.2 Lean tools 

This part of the project presents some of the tools associated with Lean Manufacturing that 

aim to minimize waste associated with production processes (Karam et al. 2018). 

2.2.1 5S Methodology 

The 5S methodology is a continuous process improvement tool, used to create a more 

organized and more ergonomic work environment for a consequent increase in efficiency 

(Falkowski and Kitowski 2013). 

The 5S tool was originated in 1960 in Japan by Sakichi Toyoda (Ohno 1988) and seeks to 

maximize profit and increase efficiency and safety by minimizing losses. This system consists 

of a set of direct steps that seek continuous improvement (Zaman, 2019).  

The name of this methodology derives from five Japanese words that identify the 5 stages of 

implementation (Figure 5): Seiri (sort), Seiton (set in order), Seiso (shine), Seiketsu 

(standardize), Shitsuke (sustain). 
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So, the 5s can be explained as (Michalska and Szewieczek 2007): 

• Sort – the first stage of this methodology consists of identifying what is needed and 

eliminating what is considered unnecessary. At this stage, waste material, non-

compliant products and damaged tools are eliminated, to obtain a more organized and 

clean space, making it easier to find something you need. 

• Set in order – after completing the first stage, it is necessary to define the specific 

location for each item, correctly identified so that it is possible for each person to 

quickly find what they need. 

• Shine – indicates the need to keep the space clean. At the end of each shift, the 

workspace is cleaned and each thing is replaced in its correct place. 

• Standardize – way to ensure the previous three steps. It consists of the implementation 

of rules with procedures and instructions that must be followed to maintain order in 

the workplace. The rules must be clear and communicative. 

• Sustain – consists of a continuous process to maintain discipline and ensure all the 

steps previously developed. Allows to raise awareness among employees, reduce the 

number of non-compliant processes, improve internal communication and, as a result, 

improve human relation. 

2.2.2 Overall Equipment Efficiency (OEE) 

The OEE tool was developed from the TPM concept and first introduced by Seiichi Nakajima. 

It is a Key Performance Indicator (KPI) developed to measure the effectiveness of equipment 

in relation to its expected behaviour. The continuous evaluation of this indicator is used to 

identify the causes of the decrease in the effectiveness of the equipment and helps in the 

implementation of actions that combat this same decrease (Muchiri and Pintelon 2008). 

In this way, the OEE indicator arises from the multiplication of three factors related to 

productivity, as shown in Equation (1). These factors are Availability, Performance and 

Quality rate (Taisir and Almeanazel 2010). 

 

 𝑂𝐸𝐸 = 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑥 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑥 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒 (1) 

 

The Availability consists of comparing the time the machine is actually working and the total 

available time it has to work. It is calculated by equation (2) as follows: 

 

 
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 − 𝐷𝑜𝑤𝑛𝑡𝑖𝑚𝑒

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
 𝑥 100 (2) 

 

In this equation, the loading time corresponds to the operating time of the equipment minus 

the time of scheduled stops, such as breaks, meetings or lunch. Downtime is defined by the 

time the machine is stopped due to unscheduled breaks or setups. 

Performance is calculated by dividing the output by the operating time and comparing it to the 

ideal run rate. Equation (3) demonstrates this calculation. 
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Figure 6 – Times for OEE (Source: Muchiri and Pintelon 2008) 

 

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 =  

𝑂𝑢𝑡𝑝𝑢𝑡
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒

𝐼𝑑𝑒𝑎𝑙 𝑅𝑢𝑛 𝑅𝑎𝑡𝑒
∗ 100 

(3) 

 

In this equation, the output is the total output in a period of time and the operating time is the 

loading time minus the downtime. The ideal run rate is the number of units produced per unit 

of time by the machine working under optimal conditions. 

The Quality rate is defined by the production input minus the number of defective items 

divided by the production input. Equation (4) presents the calculation of quality. 

 

 
𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒 =  

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛𝑝𝑢𝑡 − 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑑𝑒𝑓𝑒𝑐𝑡𝑠

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛𝑝𝑢𝑡
∗ 100 (4) 

 

The production unit is the quantity of items fed to the process and the quality defects is the 

number of items that are below the required quality.  

Figure 6 presents the times used in the calculation of the OEE indicator, as well as the main 

losses, downtime losses, speed losses and quality losses. 

 

2.2.3 Single-Minute Exchange of Die (SMED) 

SMED is one of the Lean tools used to reduce waste in a production process, namely reducing 

the setup time of any equipment to less than 10 minutes. A setup consists of the preparation 

carried out before and after the processing of each batch (Shingo 1985). This method provides 

a quick and efficient way to convert a production process from one current product to the next 

product (Ulutas 2011). 

In 1950, Shigeo Shingo, on a visit to the Mazda Toyo Kogyo plant in the city of Hiroshima, 

identified and classified setups into 2 types: 

• Internal setup: operations that can only be carried out when the machine is stopped; 

• External setup: operations that can be carried out while the machine is running. 
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In this way, Shigeo Shingo divided the SMED methodology into 5 steps, having as a starting 

point a changeover method not rationalized (Jebaraj Benjamin et al. 2013): 

• Study of the actual situation: analyse the times and movements of the operators who 

carry out the change, through footage and spaghetti diagrams; 

• Separate the internal elements from the external elements: perform the division 

between internal operations and external operations; 

• Convert as many internal elements as possible to external elements: identify if some 

activities that are classified as internal, can be performed while the machine is in 

operation, in order to reduce the time that it is down during the setup; 

• Streamline the remaining internal elements: reduce the time of the remaining internal 

activities so that the setup consumes less time; 

• Streamline the external elements: make external activities faster to free operators for 

other activities. 

2.2.4 Spaghetti Diagram 

To apply Lean tools for the purpose of eliminating waste, it is first necessary to identify the 

waste. The Spaghetti Diagram is used for this purpose. 

The Spaghetti diagram is a graphical representation to follow the movement of a person or an 

object in a system with the help of a line. This system can be a production area, part of a 

building or workshop (Senderská et al. 2017). 

Thus, the elaboration of this diagram allows the identification of opportunities for 

improvement and the consequent reduction of waste. 

2.2.5 ABC analysis 

ABC analysis is a tool used for inventory management by classifying items into 3 categories 

according to their degree of importance: 

• Category A: articles of greater importance; 

• Category B: articles of moderate importance; 

• Category C: practically unimportant articles. 

It is a technique that allows the adoption of different ways of managing each type of article 

according to its category. 

The traditional ABC analysis uses the annual use of the dollar criterion to classify the articles, 

however, many other criteria proved to be significant and should be used in the classification 

process, such as order size and lead time for example. 

This tool is based on Pareto's law, which says that 20% of the articles correspond to 80% of 

the total value and the remaining 80% of the articles correspond to only 20% of the total value 

of the articles. 

Thus, according to (Douissa and Jabeur 2016), the categories are composed as follows: 

• Category A: 5% to 10% of articles; 

• Category B: 20% to 30% of articles; 

• Category C: 50 to 70% of articles. 
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2.2.6 Standard Work 

Standard Work is defined as a set of clearly described procedures with the aim of establishing 

the best methods and sequences for each process and for each worker (Pereira et al. 2016). By 

selecting the best methods for performing the tasks, it is possible to reduce variability and 

inconsistencies in processes (Ballard 2008). 

Standard work involves 3 key elements (Pereira et al. 2016): 

• Takt Time: production rate in line with consumer demand. Takt Time is not measured 

but calculated by dividing the time available for production by the market demand; 

• Standard work sequence: order in which tasks must be carried out in a given process. 

This sequence represents the safest and best way to do it; 

• Standard work-in-process inventory: minimum amount of inventory to maintain a 

continuous process flow without downtimes. 

The benefits of Standard Work include creating a reference point from which to continuously 

improve, controlling the process, reduction in the variability, increase in the quality and 

flexibility, process stability, visibility into abnormalities, clear expectations, and a platform 

for individual and organizational learning (Emiliani 2008). 

2.2.7 Kanban 

Kanban is a subsystem of the Toyota Production System and is defined as a flow of materials 

that consists of controlling the production of the exact quantities and at the exact time of the 

necessary products (Kumar and Panneerselvam 2007). It is aligned with the Just-in-Time 

ideology and allows overproduction to be fought. 

Kanban is a plastic card that contains the necessary information for processing a product with 

details of all steps (Kumar and Panneerselvam 2007). The goal is Just-in-Time delivery of 

materials to the production stations and the transfer of information to the previous stage on 

the quantity of the product we want to produce (Huang and Kusiak 1996). 

A Kanban has the following functions (Huang and Kusiak 1996): 

• Visibility function: Kanban attached to materials matching information flow with 

material flow; 

• Production function: processes produce according to the information present in the 

Kanban that contains the time, quantity and type of parts to be produced; 

• Inventory function: the number of Kanban measures the amount of inventory. The 

more Kanban there are the more inventory there is. It is much easier to control the 

number of Kanban than the amount of inventory. 

2.2.8 Continuous Improvement – PDCA Cycle 

In an ideal situation, the processes would have no waste and would only consist of a sequence 

of value creation steps to satisfy consumers. In a real work situation, perfection cannot be 

achieved due to the numerous factors that destabilize the process, such as supplier changes 

and customer requirement changes. Thus, the presence of continuous improvement becomes 

important for problem solving continuously maintaining a Lean system and avoiding 

deterioration of process performance (Clark et al. 2013). 

In this way, the PDCA cycle is a methodology that allows continuous improvement of the 

production process through the analysis of the causes of the problems found and through the 
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implementation of actions. This cycle is shown in Figure 7 and its steps are as follows 

(Chakraborty 2016): 

• Plan: define the problem, identify possible causes and possible solutions for its 

resolution; 

• Do: proposed solution implementation; 

• Check: evaluate the results and the impact of the implemented solution; 

• Act: if the results are satisfactory, use normalization; if they are not satisfactory, go 

back to the Plan step. 

 

 

 

 

 

 

 

 

 

 

 

After presenting the Lean tools used in the development of this project, an analysis of the 

current situation of the processes under study is carried out in the next chapter. 

 

Figure 7 – PDCA Cycle (Source: Clark et al. 2013) 
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3 Analysis of the initial situation 

After the presentation of the project and the theoretical concepts used in its development, this 

chapter analyses the initial situation of the production sector where this work is focused. 

In this way, this chapter initially describes the production process in the company and, in a 

second part, identifies the problems and sources of waste associated with the process. 

3.1 Description of the production process 

In Nováqua the production is mainly make-to-stock, which means that the need for production 

is controlled by the sales forecast. Figure 8 presents a Swimlane model describing the steps 

for product processing in sector C6, with manufacturing and filling being the two main steps. 

 

 

The production process begins with the analysis of needs and orders and the processing of the 

Shop Order (SO) by the production planning. In this phase, the availability of the raw 

materials needed for manufacturing is evaluated and if this availability is verified, the order to 

start the production process is given and the necessary raw materials to supply the sector are 

separated. 

Solid raw materials are weighed in sector S7, a sector specifically developed for weighing 

solid raw materials in order to reduce space consumption in other sectors. After weighing, the 

solid raw material is transported on pallets to a specific storage area in sector C6. The solid 

raw material used to manufacture the products in the C6 sector is powder that is stored in bags 

and is added to the disperser manually by the operator. 

Figure 8 – Swimlane model of product processing in the sector C6 
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As for the liquid raw materials, these are stored in barrels or cubes located in a specific area of 

sector C6, where the quantities required for manufacturing are weighed by the manufacturing 

operator. The raw materials that are used most and in large quantities are stored in silos and 

are supplied to the disperser through pipes automatically and in the exact quantity required for 

production. 

Then the manufacturing process begins, in which the operator responsible for the operation 

follows the steps defined in the SO, adding the exact quantities of each raw material to the 

disperser in the correct order defined in the theoretical formulation. The SO contains all the 

information required to manufacture the product, in other words, all the raw materials 

required, their respective quantities and the order in which they should be added. Once the 

manufacturing process is finished, a sample of the product is taken and sent to quality control, 

which in accordance with the defined requirements, approves or rejects the product. 

After the product has been approved and the Filling Order (FO) has been issued, the filling of 

the product into the packaging begins. The FO presents the product to be filled and the 

material necessary for filling, such as packaging, lids, boxes, and anti-slip cards. During the 

filling process the product is placed in the cans, the lid is then duly placed in order to seal the 

can, the inkjet is activated and finally the packages are palletised. 

After the filling process, the pallets of finished product are transported to the strapping area 

and then loaded on the truck that takes them to the distribution centre. 

3.1.1 Manufacturing process 

There are two product manufacturing zones for filling in sector C6, in which in one of the 

zones the manufacturing is carried out automatically in a large disperser and in the other the 

manufacturing is carried out manually in smaller mobile tanks with a maximum capacity of 

1000 L. 

The disperser is located on a platform raised from the ground where the mixing of solid and 

liquid raw materials required to manufacture the products takes place. The solids are supplied 

to the platform by a forklift that raises these raw materials to the platform level. Regarding the 

liquids necessary for the process, those required in larger quantities are dosed automatically 

and supplied to the disperser through pipes and those that are used in smaller quantities are 

stored on racks in the liquid weighing area in front of the disperser. Figure 9 shows the 

disperser of sector C6 and the weighing and storage area for liquid raw materials. 

At the bottom of the platform there is a fixed tank where the product is stored after the 

manufacturing in the disperser is completed. The manufactured product can either be filled 

directly into the ME-32 filling machine, which is located next to the tank, or it can be 

deposited in mobile tanks for filling into the ME-07. These two machines will be presented 

later in the next subchapter.  

Figure 9 – Disperser of sector C6 and weighing and storage area for liquid raw materials respectively 
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Regarding the manual production, this is performed in the smaller disperser shown in Figure 

10. 

 

 

 

 

 

 

 

 

 

 

 

 

In this case, the production is carried out in mobile tanks and in smaller quantities than in the 

previously presented disperser. The operator deposits the raw material manually and regulates 

the speed of the disperser throughout the production process. In this disperser, only a certain 

product is produced, which is supplied in mobile tanks only for filling in the ME-07. 

3.1.2 Filling process 

In sector C6 there are two machines that carry out the filling of all the product manufactured 

in this sector, designated ME-32 and ME-07 and are presented in Figure 11. As already 

mentioned, the main focus of this project is on the ME-07 filling machine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 – Disperser for manual production 

Figure 11 – ME-32 and ME-07 filling machines respectively 
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ME-07 

The ME-07 is a semi-automatic filling machine, meaning that only the product dosing and 

sealing of the lids is automatic, the rest of the operations are performed by the filling operator. 

Figure 12 shows the layout of this machine and its components. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Where: 

• 1 - Turntable where the cans are filled; 

• 2 - Filling nozzle; 

• 3 - Press; 

• 4 - Place for placing the lids; 

• 5 - Tamponer; 

• 6 - Inkjet; 

• 7 - Scale; 

• 8 - Line edge; 

• 9 - Area for placing the cans in the boxes. 

Before the filling starts, the operator needs the cans and lids to supply the machine. This 

material is supplied by the logistic operator who transports the pallets with the necessary 

material to the filling area. The filling material for the ME-07 is stored in the racks located 

near the machine and in the “Work In Progress” (WIP) zone of raw materials for the 

production processes. These racks are shown in Figure 13, as well as the WIP area. 

Figure 12 – ME-07 machine layout 



Process improvement of the manufacturing and filling processes in a production unit for mortar and bitumen 

18 

After having all the necessary material, the filling operator needs to load the turntable with the 

cans to be filled and supply the machine with the lids suitable for the respective cans. Once on 

the turntable, the cans enter the conveyor belt that transports them first to the filling nozzle 

where the product is dosed, then to the lidding area and then to the tamponer where it is 

sealed. Once sealed, the inkjet is automatically placed in the can. Once this process is 

complete, the cans arrive at the line edge where they are accumulated. At this stage, the 

operator places the cans into boxes and with the help of a machine, seals these boxes with 

tape. Finally, the operator places the boxes on the pallet. 

In this machine only 0.900 Kg and 0.450 Kg cans of product are filled, and every time a new 

filling starts, the operator has to start the machine setup. So, in the ME-07 there are 2 types of 

setups: 

• Setup PI (Intermediate Product Change without Washing): changing the intermediate 

product without the need to wash the machine, since the product to be filled is similar 

to the previous product; 

• Setup PIL (Intermediate Product Change with Washing): change of intermediate 

product with the need to wash the machine since the adjacent product is more or less 

transparent than the previous product or because they are too different from each 

other. 

The operator fills only two products with different characteristics in this machine, and the 

change between different products is assigned Setup PIL and Setup PI for the change between 

products considered to be similar. The product to be filled is supplied to the machine in 

mobile tanks which with the help of a press pushes the material from inside the tank to the 

machine. 

 

ME-32 

The ME-32 machine has a simpler system. The product required for filling is contained in a 

fixed tank which is located underneath the disperser in which the same product is 

manufactured. The disperser and the fixed tank are connected internally by a passage, the 

opening of which is controlled by the operator. The product used for filling is supplied 

directly to the machine through a hose with the help of a pump. 

Figure 13 – WIP zone and racks for the ME-07 filling materials 



Process improvement of the manufacturing and filling processes in a production unit for mortar and bitumen 

19 

The filling in this machine is performed in a less automatic way compared to the filling in the 

ME-07. In this case, the machine operator is responsible for supplying his workstation with 

the material needed for filling. This material is located in the same area as the filling material 

in the ME-07 mentioned above. 

Figure 14 shows the layout of this machine and its components. 

 

 

 

 

 

 

 

 

 

 

Where: 

• 1 – Filling nozzle; 

• 2 – Scale; 

• 3 – Tamponer; 

• 4 – Line edge; 

• 5 – Pallet area. 

During the filling process, the operator identifies the can to be filled by placing the label 

manually and then places it under the filling nozzle and activates the button to start dosing the 

product. The machine has a scale that allows weighing the amount of product deposited in the 

can at the time of filling, so the operator can program the scale so that the machine deposits 

the desired amount of product. After dosing, the operator places the lid on the can manually 

and it follows on a conveyor belt to the tamponer where the can is sealed. Finally, the package 

reaches the line edge and is placed on the pallet.  

This machine fills 4 kg and 25 kg cans with product, while 25 kg cans are placed on the pallet 

with the help of a manipulator. 

Regarding the types of setups, this machine besides having the PI and PIL types, like the ME-

07, has another type of Setup called Setup E (package change). In this Setup, the intermediate 

product is the same and there is only a change of litres that implies change of filling material. 

3.2 Identification of problems and waste sources 

This sub-chapter identifies the main problems detected in the processes presented above. 

These problems represent the presence of waste in sector C6 and are grouped according to the 

sector area they affect. The problems mentioned are related to unnecessary movements, lack 

of organisation, low process standardisation, with the sector productivity and also with the 

availability and performance indexes of the ME-07 machine. 

Figure 14 – ME-32 machine layout 
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3.2.1 Problems in the manufacturing area 

The mortar and bitumen production process was monitored and analysed, and it was possible 

to identify some problems.  

A lack of documentation of the process was identified and only a few operators were able to 

perform the process. In case of the manual production process, this problem was even more 

significant due to its greater complexity and the need for the operator to know how to work 

with the disperser and how to regulate it throughout the process. In the automatic 

manufacturing process, there is also a lack of documentation mainly on the operation of the 

disperser, since it is the large disperser that is most distinct from the others. 

Another problem associated with the manual production was the fact that there was only one 

operator capable of performing the process, so in his absence, the section would be 

significantly affected. This problem was also evident in automatic production, but less 

markedly as there were two operators with knowledge of the process. 

3.2.2 Problems related to the ME-07 machine 

The ME-07 machine is the main focus of this project and was therefore submitted to a more 

detailed analysis and significant problems were identified. This semi-automatic filling 

machine recorded an average OEE value in the first two months of this year of around 35%, 

below the target of 45% set by the company. This objective is defined by the company’s 

production department, which, on a three-monthly basis, reviews the objectives and indicators 

of all the machines that are recorded daily. In these trimester reviews the improvement actions 

being taken on each machine, the performance and availability are analysed and consequently 

the targets for each machine are defined. The target for each machine is redefined after the 

weekly target is reached several consecutive times.  

The records for calculating the OEE indicator are made by the machine operator on a specific 

sheet present in Appendix A. The graph in Figure 15 shows 24 records of the OEE indicator 

during the months of January and February 2023. 

 

 

 

 

 

 

 

 

 

 

 

A normality test was performed on the set of data collected (Appendix B), and it was found 

that they follow a normal distribution, which allow us to infer that it is possible to use the 

average of the records obtained as a representative measure of the values. 

Figure 15 - OEE records from the ME-07 machine during the months of January and February 
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This OEE value well below target is due to factors affecting machine availability and 

performance. 

Regarding the factors linked to availability, the following are registered in the machine: 

• High number of unscheduled stoppages, which account for around 31% of the non-

productive time of the machine in the first 2 months of 2023; 

• High setup times, which account for 26% of the non-productive time of the machine in 

the first 2 months of 2023. 

The graphic in Figure 16 shows the distribution of the non-productive time of the ME-07. By 

analysing the graph we can see that the scheduled stoppages represent most of the non-

productive time, however these cannot be reduced because they represent the scheduled 

breaks of the operators and the daily meetings that they have to attend. 

 

 

 

 

 

 

 

 

 

 

On the other hand, machine performance is affected by: 

• Machine cadence lower than the theoretical cadence due to the difficulty for the 

operator to match his activities during filling with the filling speed of the machine. At 

the theoretical machine cadence the operator cannot optimise his operations to avoid 

machine stoppage and therefore reduces the cadence affecting the performance. 

 

Unscheduled stoppages 

As mentioned above, unscheduled stops account for about 31% of the machine's non-

productive time and are therefore a great problem from an availability point of view. There 

are various types of unscheduled stoppages and these are recorded in the OEE record sheet 

according to the acronym that represents them. Figure 17 shows the different types of 

unscheduled stoppages recorded in the first 2 months of 2023. 

 

 

 

 

 

 

Figure 16 – Distribution of the non-productive time of the ME-07 machine 
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Where: 

• BC – Full line edge 

• PA – Collection of finished pallets 

• DR – Spill 

• NP – Personal needs 

• AL – Supply of packaging material 

• FE1 – Lack of Packaging Material (internal delay) 

• AV – Breakdown with maintenance intervention  

• OT – Others 

• NT – New tank 

• FP – Lack of pallets 

• DRI – Spill ate the installation 

• ST – Adjust the Strapex 

• TS – Change Strapex tape 

• MT – Improperly closed lids 

• AVS - Breakdown without maintenance intervention 

 

Full line edge (BC) 

It represents the main reason for unscheduled machine stoppages, with around 55% of the 

total number of occurrences. On average, this type of unscheduled stop consumes about 25 

minutes per day, which is equivalent to 12 hours and 30 minutes per month. 

Figure 18 shows the full line edge situation that leads to machine stoppage. 

Figure 17 – Distribution of unsheduled stops 
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The operator performs a number of tasks on the machine that are not always carried out 

sequentially and optimally. The machine stops when the line border is full and the operator 

has to empty it, so the turntable runs out of cans to continue filling. 

These tasks that the operator has to perform during the filling are represented in Figure 19 and 

can be described as follows: 

• Fill the turntable with cans; 

• Fill the lid dispenser; 

• Check the weight of the cans if necessary; 

• Place the cans from the line edge into the boxes; 

• Place the cans on the pallet. 

The boxes where the cans are stored differ according to the product to be filled, so it is 

important to note that the occurrence of this type of unscheduled stop varies according to the 

capacity of the boxes. Thus, these stops are more frequent when filling a product whose boxes 

are smaller and have less can storage capacity, since the operator has to fill more boxes to 

clear the line, which means more time. The Table 1 shows the products that are filled in the 

ME-07, the respective quantity in Kg per can and the capacity of the boxes used. For 

confidentiality reasons the products presented in the table are identified by a code. It is 

important to note that the product references are composed by the combination of five digits 

that represent the type of product, followed by another four digits that relate to the colour and 

two last digits that represent the volume of the container. 

 

 

 

Figure 18 – Line edge full 

Figure 19 – Sequence of tasks during the filling 
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Table 1 - products used in the filling of the ME-07 and the number of cans per box 

 

 

 

 

 

Collection of finished pallets (PA) 

This kind of stop is the second largest contribution to unscheduled stoppages, representing 

about 21% of the machine's unscheduled stoppages and occurs whenever the operator finishes 

a filling and has to transport the pallets of finished product to the strapping zone where they 

are later loaded into the truck. In this activity the operator goes to the strapping zone to collect 

the pallet truck, once he has the pallet truck in his possession he returns to the work area to 

collect the pallet of finished product and transport it to the strapping zone. He repeats this 

activity according to the number of pallets of finished product he has to transport. When the 

last pallet has been delivered, the operator returns the pallet truck to the strapping zone and 

returns to his workstation. 

This activity not only influences the operator's availability due to the time it takes but also 

represents a waste due to the large number of unnecessary movements performed by the 

operator.  

To better demonstrate these movements a Spaghetti diagram was drawn based on tracking 25 

transports of finished product during the month of February. This diagram is represented in 

Figure 20. The diagram shows the movements made by the operator when transporting 2 

pallets. In this case, the operator moves to the strapping zone to get the pallet truck, then 

returns to the machine and transports one pallet at a time to the strapping zone.  

 

 

 

 

 

 

 

 

 

 

The time consumed by this stop depends on the availability of the pallet truck. On average, 

this activity takes the operator around 10 minutes and is carried out once or twice a day, 

which is equivalent to 5 hours per month if it is carried out once a day and 10 hours if it is 

carried out twice a day. 

 

 

Product reference Kg per can Number of cans per box 

AAAAA XXXX Y4 0.900 6 

AAAAA XXXX Y3 0.450 12 

BBBBB XXXX Z6 0.900 12 

Figure 20 – Spaghetti diagram of the movement made in the transportation of the pallets of finished product 
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Setups 

As presented earlier, setups represent about 26% of the non-productive time of the machine, 

so reducing their duration leads to increases in machine availability and consequent increases 

in OEE value and the productivity index. 

The two types of setups existing on this machine, presented earlier in this chapter, have high 

durations and differ significantly from each other in the time they take to complete. The Table 

2 shows the average duration of each type of setup. 

 

Table 2 – Average duration of each type of setup 

 

 

 

 

The PI setup is the most frequent, representing about 84% of the number of setups performed 

on the machine. The PIL setup occurs less frequently as it is only performed when changing 

between products of different types. The PIL setup takes much longer due to the fact that the 

machine components have to be disassembled and washed in order to avoid contamination of 

the next product. 

In the PI setup, the mobile tank is changed in order to perform the next filling. The ME-07 

filling operator is responsible for transporting the finished product to the strapping area, for 

performing all activities related to filling material replenishment and for changing the mobile 

tank. The mobile tank exchange consists of the process of removing the tank that was used for 

the previous filling and replenishing another tank with product for the next filling. Figure 21 

demonstrates the removal of the mobile tank from the press. 

 

 

 

 

 

 

 

 

 

 

 

 

The washing of the used tank is a time-consuming process and is performed by another filling 

operator of sector C6, who is called by the operator of ME-07 at the time of performing the 

task. It was verified that without the presence of another operator for the washing of the tank, 

the setup PI presents an average duration of 95 minutes. An opportunity for improvement was 

detected in the washing of the mobile tanks, more specifically in the washing of the tanks' 

Setup Average duration (min) 

PI 50 

PIL 103 

Figure 21 - Removal of the mobile tank during setup 
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valve. This activity was time consuming and complicated, the operators had to perform the 

washing of the tank valve without a specific tool for washing, which often did not lead to the 

correct washing of the valves. 

 

Performance 

The machine performance is negatively influenced by the existence of micro-stops and by the 

fact that the machine is working at a cadence lower than the theoretical cadence, which means 

it is working below its capacities. In this analysis, the presence of micro-stops with significant 

influence was not verified, being the main factor the machine cadence below the theoretical 

value. The Table 3 shows the theoretical cadence values for each product used in the filling of 

the ME-07. 

Table 3 – Theoretical cadence values for each product 

 

 

 

 

 

The operator reduces the machine's cadence to avoid the machine stopping. With the 

theoretical cadence values, more machine stops occur because the operator cannot perform his 

activities before the turntable empties. 

It was also found that the operator reduced the cadence of the machine to have more control 

over the process and avoid possible spills, and that there was manipulation of parameters 

when solving machine problems. 

The filling performance of the three types of products was analysed. To do so, the 

performance values of a set of fillings of each product were registered. This record is shown 

in the Table 4. 

Table 4 – Performance values of a set of fillings of each product 

 

 

 

 

 

 

 

 

 

By analysing the table, it is possible to verify that the performance reaches higher values 

when filling the product with lower theoretical cadence, since the operator can set a value for 

the cadence closer to the theoretical value in which he can perform his tasks without filling 

the edge of the line. The products with higher theoretical cadence present performance values 

below 50%, especially the reference product AAAAA XXXX Y4 that is packaged in smaller 

Product reference Kg per can Theoretical cadence 

AAAAA XXXX Y4 0.900 19 

AAAAA XXXX Y3 0.450 16 

BBBBB XXXX Z4 0.900 19 

Date Product reference Performance 
Theoretical 

Cadence 

07-02-2023 

AAAAA XXXX Y4 

42% 

19 08-02-2023 42% 

09-02-2023 47% 

17-02-2023 

BBBBB XXXX Z6 

48% 

19 22-02-2023 48% 

23-02-2023 48% 

23-02-2023 

AAAAA XXXX Y3 

86% 

16 24-02-2023 72% 

27-02-2023 68% 
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boxes which causes greater difficulty in draining the line edge and a consequent decrease in 

the cadence by the operator to avoid this event. 

Thus, it is important to find opportunities for improvement in order to bring the machine 

cadence closer to its theoretical value in a way to increase the performance that has direct 

impact on the OEE value that is intended to improve. 

3.2.3 Problems related to the ME-32 machine 

As mentioned earlier, the filling process in the ME-32 is considerably simpler than in the ME-

07, so the process is subject to fewer problems. Thus, the problems detected are the following: 

• Lack of standardization of the machine's operating process; 

• Lack of standardization of the machine setup tasks; 

• Very time-consuming and unergonomic purge task during the PIL setup, which 

required physical effort from the operator. 

The purging task is performed during the intermediate product change setup with the washing 

of the machine in which the operator needs to circulate through the machine a quantity of the 

new product to be filled, so that it does not come out contaminated by the previous one. In 

this way, the operator filled a quantity of cans sufficient for the product to start to come out 

with the desired consistency and then emptied the cans one by one into the fixed tank. This 

process is time consuming and requires physical effort, so it was targeted for improvement. 

The time for this task was measured in three PIL setups and an average value of 30 minutes 

was recorded for the duration of the purge. The operator has to transport the filled 15 kg cans 

from the filling nozzle to the tank where they will be emptied, covering a distance of about 10 

metres. The Figure 22 shows the tank where the cans are emptied one at a time. 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.4 Productivity 

The productivity of each sector is the most important indicator and is discussed every day in 

the daily Kaizen meeting. This indicator is calculated by dividing the quantity of product 

filled in the sector by the number of hours of the workers involved in this same filling. 

Equation (5) presents the calculation of this indicator. 

 

Figure 22 - Fixed tank for filling on the ME-32 
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𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  

𝐹𝑖𝑙𝑙𝑒𝑑 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦

𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 ∗ 𝑁𝑟. 𝑜𝑓 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟𝑠
 (5) 

 

The numerator shows the number of litres filled and which are given as closed. The litres that 

do not reach the customer do not count for this calculation, as do the litres from interrupted 

fills, which will only count the next day. 

The denominator is obtained by multiplying the hours worked by the number of operators 

who contributed to the filled quantity. 

The daily productivity values were recorded during the first 13 weeks of 2023 for sector C6, 

and it was found that productivity in most weeks was below the target of 150 L/hour.man set 

by the company. The graph in Figure 23 shows 36 productivity records during the first 13 

weeks of 2023 for C6 sector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A normality test was performed on the collected data set (Appendix C), and it was found that 

they do not follow a normal distribution, which leads to the conclusion that the use of mean 

productivity values for sector C6, is not a representative measure of the collected values and 

therefore will not be used. 

The target to be reached for the productivity of each sector is analysed by the company’s 

planning department and is defined annually according to the product demand. This indicator 

is greatly affected by the workload on the machines and in the case of sector C6 it was found 

that the target was not met in most of the 13 weeks of 2023, only being achieved when there 

is only workload on the machine that fills the largest cans (ME-32). The lack of workload on 

the machines is one of the reasons for the set target not being met, which may lead to the need 

to redefine this target. However, it is verified that even with load in the two machines of the 

sector, the value of 150 L/hour.man is not reached, so there is a need to create solutions to 

improve it.   

In this case, as a way of improving this indicator, it was considered the possibility of placing 

the two filling operators from sector C6 working together. Placing two operators at the same 

Figure 23 – Daily productivity record during the first 13 weeks of 2023 for sector C6 
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workstation brings benefits for the availability and performance of the machines, however it 

has effects in the productivity. Therefore, the study of the sector's productivity becomes 

important and will be carried out in the next chapter. 

3.2.5 Problems related to the WIP zone of the raw materials and packaging 

material racks 

The raw materials WIP area is located near the ME-07 and consists of racks that are used for 

storing pallets with solid raw materials used in the manufacture of sectors C2 and C6 and for 

storing the materials needed for filling the ME-07 and ME-32 machines. 

The problem detected in this area lies in its disorganisation. Raw materials and filling material 

were randomly located on the racks without any kind of defined position. This disorganisation 

made it difficult for the ME-07 operator to collect the filling material, on the one hand 

because this material was often found at higher levels of the racks, which implied the use of a 

forklift, and on the other hand because it was found in racks whose passage was obstructed by 

manufacturing pallets, as shown in Figure 24. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thus, the disorder of the racks and the lack of specific locations for each filling material is a 

problem not only for the filling operator, who is forced to spend time finding the material 

required for filling and in several situations has to clear the passage to access the required 

material, but also makes operations more difficult for the operators responsible for 

production, who have more difficulty in storing the production due to poor use of space. 

Figure 24 - Example of obstruction to rack access 
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4 Improvement implementation 

This chapter presents the improvements proposed to solve the problems identified in the 

previous chapter. These improvements were implemented using methodologies such as 5S, 

SMED and ABC analysis, among others. This chapter also demonstrates the results obtained 

through this implementation. 

4.1 Manufacturing area 

Regarding the problems detected in the manufacturing area, as previously mentioned, they lie 

in the lack of documentation explaining the processes of manual and automatic production of 

mortar and bitumen. 

In this way, these processes were monitored, all the operations were identified and the correct 

form and order of carrying them out were established together with the team. They were 

documented, using work standards that have a strong visual and descriptive component for 

better understanding by the employees. These standards have not only the correct order to 

perform the operations, but also the correct running of the machines used. 

Thus, two working standards have been developed and are presented in Appendix D: 

• NT 35/22 - Operação Fabrico Automático de Massas; 

• NT 37/22 - Operação Fabrico Manual de Massas. 

Once these standards had been developed, the employees were trained on them. 

In addition to the standards created, the standard for weighing liquids (NT 16/21 - Pesagem de 

Líquidos) was also reviewed and the necessary changes were made to it. This standard is 

present in Appendix E, and it is important for the manufacturing area and to ensure its correct 

operation since it presents the correct way to carry out the weighing of liquid raw materials 

for all manufacturing processes. 

4.2 ME-07 

As previously mentioned, it is of great importance to focus on solving the problems 

associated with ME-07, since it is one of the main focuses of this project. Thus, in this sub-

chapter the solutions for the previously exposed problems associated with ME-07 are 

presented. 

4.2.1 Unscheduled stoppages 

Regarding the ME-07 machine, the first improvements presented refer to the unscheduled 

stoppages, which constitute about 31% of the non-productive time of the machine as 

mentioned before. 

 

Full line edge (BC) 

As for the improvements associated with this type of stoppage, after a deeper analysis of the 

filling process, a test was carried out in order to avoid the high occurrence of these stoppages. 

To perform this test, the operator was asked to perform the tasks in a different way from the 

current one and in a sequential manner. In this sequence a limit number of boxes was defined 

for the operator to fill before refilling the turntable, instead of the operator totally emptying 
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the line border leading to the stoppage of the machine. With this sequence it was found that 

the machine stopped less frequently, as the operator filled the turntable without emptying the 

line border so that eventually the machine stopped due to the line border being full.  

This situation was tested but not applied continuously since it did not suit the operator's way 

of working and the operator had less control over the machine as he had to pay more attention 

to the turntable to see if it was emptying. 

Therefore, it was hypothesized to have the 2 operators in the sector working together on the 

same machine. Later in this chapter it is analysed the influence of having 2 operators working 

together on the productivity of the sector. It was verified that with 2 operators in the ME-07 

more than twice as many litres were filled than with 1 operator, which led to an increase in 

productivity. 

Thus, with 2 operators on the machine, this type of stoppage is totally eliminated, and there is 

greater control of the process and less risk of spillage, because it is possible to divide the tasks 

between the two operators. 

Thus, the tasks to be performed by the 2 operators were defined. Figure 25 shows the 

activities performed by one of the operators. This operator is responsible for filling the 

turntable with cans, filling the lid dispenser and controlling the weight of the cans. 

 

 

 

 

 

 

 

 

 

 

 

Figure 26 shows the tasks performed by the second operator during the filling process. These 

tasks include emptying the edge of the line, filling the boxes, and placing the boxes on the 

pallet. 

 

 

 

 

 

 

 

 

 

 

Figure 25 - Tasks performed by one of the two operators 

Figure 26 - Tasks performed by the second operator 
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Thus, by placing 2 operators on the ME-07, machine stoppages caused by full line edge were 

eliminated. Therefore, the main cause responsible for the machine's unscheduled stops was 

eliminated and a greater control of the process was achieved, reducing the risk of spillage. 

 

Collection of finished pallets (PA) 

Regarding the second biggest reason for non-scheduled stoppages of the ME-07 machine, 

some improvements were implemented that allowed a drastic reduction in this activity's time 

and in the waste it represents. 

To eliminate the need to transport the pallets of finished product to the other side of the plant, 

a specific area was defined for the collection of this finished product by the logistics operator. 

Figure 27 shows the designated area for placing the pallets of finished product. 

 

 

 

 

 

 

 

 

 

 

 

 

 

To place the pallets in this area, it was necessary to provide a manual pallet truck on a full-

time basis so that the operator could have total autonomy in this activity.  

The availability of a pallet truck also proved fundamental for the collection and supply of 

filling material, as the operator did not need to depend on the forklift. All the filling materials 

were accessible only with the pallet truck thanks to the improvements implemented in the 

racks presented in topic 4.4 of this chapter. 

The provision of the hand pallet truck does not represent an investment, since the hand pallet 

truck was brought in from another sector of the factory that was not using it. 

With these improvements, the operator did not need to make time-consuming and unnecessary 

movements to the strapping area to pick up the pallet truck or to transport the pallets of 

finished product. The subsequent transport of these pallets to the strapping zone is carried out 

by the logistics operator who is signalled by the machine operator through a very simple 

Kanban system explained in topic 4.4.2.  

Figure 28 shows the Spaghetti diagram with the movements made by the operator when 

transporting the pallets of finished product after the implementation of the improvements. 

Figure 27 – Finished product area  
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This diagram represents the transport of 2 pallets to the finished product zone. As it is 

possible to verify by its analysis, there was a great reduction in the operator movements and in 

the average time of the activity, which went from 10 minutes to 1 minute, being carried out 

without stopping the machine in the presence of 2 operators in it. 

Later, with the analysis of the setup tasks, this activity was considered as an integral part of 

the machine setup, so it was no longer performed during the filling and started to be 

accounted in the setup time. The analysis of the setup process and its improvements are 

presented in the next subchapter. 

After implementing the improvements to the 2 major causes of unscheduled machine 

stoppages, results can be seen in the distribution of non-productive machine time. 

The Figure 29 shows the distribution of non-productive time during the months of April and 

May 2023, in which the improvements had already been fully implemented. 

 

 

 

 

 

 

 

 

 

 

There was a reduction in non-productive time related to unscheduled stoppages from 31% to 

9%. After reducing the non-productive time due to unscheduled downtime, it is necessary to 

reduce the setup time. 

Figure 28 – Spaghetti diagram of the movement made in the transporting the pallets of finished product 

after the improvements 

Figure 29 - Distribution of non-productive time of the ME-07 machine after unscheduled downtime 

improvements 
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4.2.2 Setups – SMED analysis 

The analysis and improvement of the setup becomes very important because this activity has a 

high duration and the tasks that compose it are performed randomly and without any kind of 

optimized sequencing. 

Thus, initially the tasks that made up the setup were analysed, and their respective durations 

were recorded in a sequence chart presented in Appendix F.  

After this analysis, measures were implemented to reduce the setup times: 

• Study of the ideal sequence of operations; 

• Redefinition and division of tasks between the two operators involved in the setup; 

• Identification of the tasks during the change that do not require a stopped machine 

transformed into external tasks; 

• Elaboration of a standard with the new sequence of tasks and respective responsible 

parties; 

• Test of the standard elaborated and necessary adjustments. 

The definition of the ideal sequence was carried out in the presence of the 2 operators 

responsible for the setup and started by clearly defining the tasks that marked the beginning 

and the end of the setup. 

To better carry out the sequencing and division of tasks, their mapping was performed as 

shown in Figure 30. 

With the help of this mapping and by recording the duration of each task, it was possible to 

identify the most time-consuming tasks and the ideal time to perform them. In this way, the 

most time-consuming task was the tank washing and therefore it was considered as an 

external task, being performed at the end of the setup by one of the operators. During this 

analysis, improvement actions also emerged to facilitate and reduce the duration of some of 

the tasks considered as internal. These actions are: 

• Repair of the structures that separate the tank from the press during the setup - these 

structures were inoperative and the operators simply waited for the tank to detach from 

the press; 

• Purchase of an O-ring to seal the product at the moment of pressing - there is only one 

working O-ring, which means that it has to be washed between setups and the machine 

has to stop if it becomes inoperative; 

Figure 30 – Sequencing of the PI setup activities on the ME-07 machine 
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• Identification of the machine's rails to facilitate adjustment when changing the size of 

the package - permanent identification so that the operator can see where he has to 

place the rails when changing the package; 

• Preparation of a standard box of each model to facilitate the adjustment of the Strapex 

(box sealing equipment) - by placing a previously prepared model, the operator only 

has to use this model to adjust the height and width of the equipment. 

The tasks were established in order to put the machine into operation as quickly as possible 

and therefore both operators should prioritize the tasks of replacing the tank and preparing the 

machine for the next filling, leaving the tasks of washing the previous tank to the end. 

With this situation, after the setup has been carried out, one of the operators washes the 

previous tank and the other starts the filling process alone. As soon as the second operator has 

finished washing the tank, he goes to the machine to assist in the filling process. 

Once the operational flow had been defined and the tasks had been separated, the next step 

was to elaborate the standard that define the tasks to be carried out, by whom and in what 

order, in order to eliminate the variability in the duration of the setups. A standard for the 

operation of the mobile tank washing machine was also created and training was given not 

only to the operators of ME-07, but to the whole team, as there are other tanks that can be 

washed by any operator in this machine. The main reason for the creation of this standard is 

related to safety issues in the use of the machine. These 2 standards created are the following: 

• NT 18/23 – Setup de PI ME-07 (Appendix G); 

• NT 31/22 – Lavagem de Tanques Móveis (Appendix H). 

To analyse in more specific manner the changes made in the PI type setup, some details of 

this activity are presented below. It is important to refer that this activity was performed by 2 

operators, however the second operator was called only for the washing of the tank. With the 

definition of the optimal sequence of activities, the two operators are present in the setup 

since its beginning. 

Firstly, the setup begins at the moment when the filling line is drained and then the operator 

designated as the "provisioner" transports the pallets of finished product to the respective 

area, while the operator designated as the " filling operator " starts the operation in the 

operating system and fills in the necessary documents. After these tasks, the provisioner 

carries out the programming of the inkjet for the next filling while the filling operator starts 

the removal of the tank from the press. 

After the removal, the provisioner scrapes the used tank and places the remaining product in 

the new tank, while the filling operator removes the O'ring from the tank and washes it for use 

in the next filling. Subsequently, the provisioner picks up the forklift to place the tank in the 

press and the filling operator places the O'ring in the new tank. 

The new tank is placed on the press by the forklift while the filling operator moves up the 

press and makes the necessary adjustments. Once the tank is properly positioned, the filling 

operator makes the adjustments on the machine if there is a change of packaging and the 

provisioner returns the forklift and makes the adjustments to Strapex. After these adjustments, 

the provisioner finally starts the process of washing the used tank and the filling operator 

starts the machine. From this moment on, the filling operator continues the filling process 

alone while the provisioner finishes the tank washing operation. Regarding the difficulty in 

washing the valve of the tanks due to the lack of a proper tool, a crimped steel cylinder wire 

brush was acquired which facilitated the task and allowed a better cleaning. 
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Thus, with the implementation of the described improvements, a reduction in the PI setup 

time of the machine was achieved. The graph in the Figure 31 presents the average duration of 

the PI setup in the first 5 months of 2023. 

 

 

 

 

 

 

 

 

 

 

 

 

By analysing the graph, the average duration of PI setups in January, February, March, and 

April 2023 is about 50 minutes while the average duration of such setups in May of this year 

(the month from which the setup improvements were implemented) is about 29 minutes. 

There was then a 42% reduction in the PI setup duration at ME-07. 

4.2.3 Performance 

As mentioned before, the machine performance is impaired by the operator reducing the 

cadence. The operator reduces the machine's cadence in order to avoid stopping the machine 

and to have more control over the process. These situations are eliminated by having 2 

operators in the filling process, since the tasks are equally divided between the operators, 

which gives more control over the process and allows the machine to run at higher cadences 

without stopping. The manipulation of machine parameters in problem solving was also 

mentioned as prejudicial to performance, however, with the presence of two people the 

occurrence of problems, such as spills, was reduced. 

To evaluate the influence of the placement of two operators on the performance of the ME-07, 

the machine's cadences were measured before and after the placement of the 2 operators 

working together. The cadences were measured by counting the number of packages that were 

filled in 1 minute. In this way, with the register of the cadences, it was possible to obtain the 

performance. The performance values before and after the placement of the 2 operators in the 

ME-07 machine are shown in Table 5. 

 

 

 

 

 

 

Figure 31 – Graph of the average duration of PI setups in the first 5 months of 2023 
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Table 5 - Records of the performance before and after the placement of two operators in the ME-07 filling 

machine 

 

 

 

 

 

 

 

By analysing the table, there was a considerable increase in the value of the performance in 

the filling of products AAAAA XXXX Y4 and AAAAA XXXX Y3. It is important to note 

that no comparison was made with the filling of product BBBBB XXXX Z6, since no filling 

of this product was scheduled after the implementation of all improvements, which 

represented a constraint to the work developed. 

The difference in the performance obtained when filling the product AAAAA XXXX Y4 was 

superior to when filling the product AAAAA XXXX Y3, since with this product the operator, 

when alone on the machine, performed a more drastic reduction in cadence as he had greater 

difficulty in keeping up with the speed of the machine due to the fact that the boxes he filled 

had less capacity and there was greater difficulty in emptying the edge of the line. With the 2 

operators and the division of tasks this difficulty is overcome, and the machine's cadence can 

be increased. 

4.3 ME-32 

As mentioned in topic 3.2.3, the processes developed in the ME-32 filling machine present a 

lack of standardisation. It is important to create a standard for the operation of the machine, 

since there are processes, such as programming the scale weight, which have a set of more 

extensive steps and which only one of the machine operators has knowledge. The creation of 

standards for machine setups becomes important to reduce process variability and also to 

increase safety in task performance. The standards created are in Appendix I and are as 

follows: 

• NT 33/22 – Funcionamento ME-32; 

• NT 34/22 – Setup Embalagem ME-32; 

• NT 07/23 – Setup de PIL ME-32; 

• NT 24/23 – Lavagem do dispersor DP22. 

Regarding the machine purging task, as previously mentioned, this was quite time consuming 

and very unergonomic, so it was subject to improvement actions. The process of filling the 

cans, transporting and emptying them into the tank to perform the purging, takes the operator 

an average of 30 minutes. 

Then, it was suggested to directly connect the hose coming out of the tank to another input in 

the tank, in order to circulate the product until it comes out with the desired consistency. In 

this way, with the help of maintenance, an extension was made to one of the fixed tank pipes 

and a camlock was placed to fit the hose. Figure 32 shows the tube extension and the hose 

fitting location. 

Product reference 
Performance 

(Before) 

Performance 

(After) 

Theoretical 

Cadence 

AAAAA XXXX Y4 

42% 75% 

19 42% 65% 

47% 82% 

AAAAA XXXX Y3 

86% 96% 

16 72% 89% 

68% 94% 
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With this implementation, to perform the purging, the operator only has to fit the hose on the 

tube that was extended, open the passage and activate the pumping of the product, which 

circulates from inside the tank to the hose and back to the tank. This activity has become 

much more ergonomic, much easier for the operator to perform and its duration is down to an 

average of 3 minutes, which means that there has been a 90% reduction in the average 

duration of this activity and a 27-minute reduction in the duration of the machine's PIL Setup. 

This change was later included in the NT 07/23 – Setup de PIL ME-32 standard. 

In addition to the creation of the mentioned standards, a validation and cleaning checklist for 

the machine was developed to assist the operator in the tasks he has to perform at the 

beginning and ate the end of each shift and to help keep the workspace cleaner. This checklist 

can be found in Appendix J.  

4.4 Productivity 

As mentioned throughout this document, productivity is the most important indicator and is 

analysed every day. It was verified that placing 2 filling operators from sector C6 working 

together on the ME-07 machine brought great advantages in eliminating stoppages and 

increasing machine performance. However, it is necessary to evaluate the impacts of this 

situation on productivity. 

Firstly, it is important to note that a productivity analysis was performed individually for each 

machine of the sector (ME-07 and ME-32), the litres filled by only 1 operator in ME-07 and 

ME-32 were recorded and according to the working hours the respective productivity was 

calculated. The same process was carried out for the case where 2 operators worked together: 

the litres filled by 2 people at ME-07 and ME-32 were recorded and, taking into account the 

hours available for filling these litres, the productivity of each machine was calculated. 

Table 6 shows the average productivity values obtained in ME-07 with the presence of 1 and 

2 operators in the filling. The values for filling with only 1 operator were obtained through the 

average of litres and filling hours from January to March 2023, while the values for filling 

with 2 operators were obtained in the months of April and May. 

 

 

 

 

Figure 32 - Fixed tank pipe extension for purging in the ME-32 machine 



Process improvement of the manufacturing and filling processes in a production unit for mortar and bitumen 

39 

Table 6 – Average litres filled and productivity values in ME-07 

 

 

 

  

 

When filling the product AAAAA XXXX Y4, the difference in productivity between the two 

situations is minimal, given that with 2 operators the quantity of litres filled is about twice as 

high in twice the time compared with filling with just 1 operator. On the other hand, when 

filling the product AAAAA XXXX Y3 with 2 operators on the ME-07 machine there is a 

great increase in productivity compared to filling with 1 operator, with 3 times more litres 

filled in twice the time. The filling of the product BBBBB XXXX Z6 was not analysed 

because its production was not requested during the months of April and May. 

The same study was carried out for the ME-32 filling machine, for the same periods of time as 

for the ME-07. The values are recorded in Table 7. 

Table 7 - Average litres filled and productivity values in ME-07 

 

In this situation there is a big difference in productivity between 1 operator and 2 operators. 

This situation is due to the fact that the operator responsible for the filling in this machine is 

also responsible for the product manufacturing, so he alternates his tasks between 

manufacturing and filling. When 2 operators are present, one is filling while the other 

prepares the manufacture of the next filling product never stopping the filling task. The 

difference between the 2 products is due to their volume. The CCCCCCC VVVV QQ product 

is filled in 25 litre cans and DDDDD VVVV WW in 2.5 litre cans, which makes the 

CCCCCCC VVVV QQ filling much quicker. 

This analysis showed that the ME-32 machine has a greater contribution to the productivity 

values of the sector, since the filled cans have a higher capacity compared to those filled in 

the ME-07 machine.  

It can also be concluded that, in addition to the benefits in the elimination of stoppages and in 

machine performance, placing 2 operators from the sector together in the filling machines also 

brings benefits in terms of productivity. 

The weekly productivity values for sector C6 are not presented because it was not possible to 

perform a time-continuous analysis of the results from placing the 2 operators together on the 

machines. This situation was due to the lack of workload on the machines during the analysis 

period and was a limitation of the project. 

 

ME-07 

Product 
Litres filled 

Productivity 

(litres/hour.man) 

1 operator 2 operators 1 operator 2 operators 

AAAAA XXXX Y4 749 1512 94 95 

AAAAA XXXX Y3 494 1473 62 92 

ME-32 

Product 
Litres filled 

Productivity 

(litres/hour.man) 

1 operator 2 operators 1 operator 2 operators 

CCCCC VVVV QQ 2314 8400 289 600 

DDDDD VVVV WW 1088 2500 136 156 
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4.5 Organization of the WIP area and the racks for the filling material 

To proceed with the organisation of the space, the first task to be carried out was the 

definition of the zones for raw material and filling material. Thus, it was defined that the 2 

racks represented on the left side and in the centre of Figure 33 would be for the filling 

material and the U-shaped racks and their centre space (represented on the right side of Figure 

33) would be for storing the raw material. 

4.5.1 ABC analysis 

To better organise the racks, it was necessary to define fixed positions for the filling materials 

in the ME-07. A floor level location for each product has been defined as mandatory, so that 

the operator does not have to use the forklift at any time and relies only on the hand pallet 

truck. Thus, an ABC analysis of all the materials used in the filling was performed in order to 

organise the respective racks. 

Data was then collected from the beginning of 2022 until March 2023 and 2 criteria were 

applied for the classification of the materials, the frequency with which the material was 

required, and the quantity of material required. 

In the frequency criterion, the materials that represented about 80% of the number of times 

required were classified as A, those representing about 15% as B and finally C those 

representing about 5%. The table with this classification can be found in Appendix K. 

As for the criterion of required quantity, the materials that represented about 75% of the total 

required quantity were classified as A, B those that represented about 15% and C those that 

represented only 10%. The table with this classification is shown in Appendix L. 

Thus, the materials classified as AA represented the materials most used and with the largest 

required quantity. 

After the analysis, the organization of the 2 racks would be defined by the criterion of 

frequency with which each material was required, which means that the materials classified as 

A would be positioned closer to the machine and the materials classified as B further apart, 

but all at floor level. Those classified as C are placed at higher levels, because they are 

requested infrequently. For A-rated products, a second location on higher levels was also 

defined, in order to store more. The replacement of materials from the top level to the floor 

level implies the use of a forklift and therefore the need to create a system to facilitate this 

replacement arose, which will be presented in the next subchapter. 

Figure 33 - Racks for storing filling material and raw material 
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The required quantity criterion emerged as an auxiliary criterion, in which the materials 

classified as AA, which is, materials that are used the most and in large quantities, are 

preferably stored at floor level in the rack behind the machine, since it is the rack closest to it. 

Figure 34 shows this rack after its organization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the area close to this rack, it is more difficult to handle the forklift, so it was decided that 

the upper levels would be set for materials classified as C and for other exceeding material, 

since these levels would be less requested. 

Labels were prepared with all the references of the materials and placed with magnets in order 

to facilitate the change of their locations if necessary. An example of a label is shown in 

Figure 35. 

 

 

 

 

 

 

 

 

 

Figure 36 shows the situation of the other rack designated for the filling material, after the 

organisation process. 

 

 

 

 

Figure 34 - Rack located behind the ME-07 machine after its organization 

Figure 35 - Example of a rack identification label 
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The most frequently used material is located closest to the machine in order to reduce the 

displacement of the operator, for example, the boxes are located near the edge of the line so 

that the operator can access them without having to move. A location for the pallets used in 

the filling has also been created. 

The floor markings on the ME-07 machine were also redefined in order to make better use of 

the space and free up more locations in the racks. Figure 37 demonstrates the changes made, 

showing the situation before and after the redefinition of the floor markings. 

 

 

 

 

 

 

 

 

 

 

One of the new markings has been defined for the storage of an A-rated product and the 

others for the material in current use during the filling. 

4.5.2  Kanban System 

As mentioned in the previous subchapter, there is a need to create a system that facilitates the 

process of replenishing materials from the top level to the floor level. In this way, whenever 

the filling operator uses all of a material that is at the floor level, it needs to be replenished so 

that it can be accessed with the hand pallet truck whenever necessary. 

To facilitate this process, a Kanban system was created, consisting in a set of cards with the 

reference of the materials in the racks. These cards had a green side with the material code 

and a red side which indicated the order for the replacement of that same material. Figure 38 

presents an example of a Kanban developed. 

Figure 36 - Rack for the filling material after the organizing process 

Figure 37 - Situation before and after the floor markings refinement, respectively 
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With the existence of these Kanban, whenever the ME-07 operator uses the material on the 

floor level, he turns the card with the respective reference to the red side. Thus, the factory 

logistic operator is signalled and knows that he has to replenish the material on the floor level. 

In this way, the replenishment is done during filling and the ME-07 operator always has 

material available that he can access with the hand pallet truck. 

These Kanbans were placed in a board affixed to the rack in order to be visible to the logistic 

operator and practical for the ME-07 operator. The Figure 39 presents the Kanban board 

realized. 

 

 

 

 

 

 

 

 

 

 

This board also allows the logistics operator to be informed of the need to supply pallets for 

filling, and to indicate the need to transport the finished product. 

A standard was prepared with the location of all the materials on the racks and with an 

explanation of how the Kanban board works (Appendix M). Once the standard was 

developed, training was given to the respective operators. 

4.6 Overall results    

Throughout this project, the evolution of the OEE indicator of the ME-07 filling machine and 

the productivity of the C6 sector were recorded, being these the 2 most important indicators to 

be analysed. 

Figure 38 - Example of Kanban cards developed 

Figure 39 – Kanban board 
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4.6.1 OEE indicator 

Regarding the OEE indicator, it is important to report the evolution of the machine's 

availability, of its unscheduled stoppages and the duration of the PI setups, as well as the 

evolution of its performance. 

The unscheduled stoppages of the ME-07 suffered a great reduction as shown in Figure 40, 

where is present the graph of time distribution of this machine before and after the 

implemented improvements. The analysis period in both cases was 2 months, January, and 

February for the situation before the improvements and April and May for the situation after 

the improvements. 

By analysing the two graphs it is possible to conclude that there was a 9% reduction in the 

time related to the machine's unscheduled stoppages, which resulted in an increase in the time 

available for filling. In the graph of the "after" situation, the percentage relative to the setups 

remained unchanged since the implementation period of the improvements in the setup 

corresponded only to the month of May, being this percentage influenced by the longer setups 

in April. 

The evolution of the average duration of the PI setups in the ME-07 machine is presented in 

the graphic of the Figure 31 in subchapter 4.2.2. However, due to the high variability of 

registers, the different nature of the products and the possibility of anomalies, the average is 

not an accurate indicator for the analysis of this evolution. Therefore, a boxplot graph was 

developed, represented in Figure 41, which supports the analysis of this evolution. 

 

 

 

 

 

 

 

 

 

 

 

Figure 40 – Graphs of time distribution on ME-07 machine before and after the improvements 

Figure 41 – Boxplot chart with the evolution in PI setup duration 
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By the analysis of the graph, it is possible to infer that besides the remarkable reduction of the 

average duration of the PI setups, it was obtained a great reduction of the variability in the 

month of May due to the implementation of the setup standard. 

The availability of the machine suffered alterations and its evolution is present in the graphic 

of the Figure 42. 

 

 

 

 

 

 

 

 

 

 

 

 

The graph shows an increase in the average availability value in May, reaching a total of 81%. 

In this month it is possible to verify the impact of the improvements referred in chapter 4 

regarding the stoppages and setups that caused the increase of the machine availability. In the 

month of April only the improvements referring to the stoppages were in course, however 

there was no increase in the availability in this month because there were atypical problems 

that influenced this indicator, like inkjet problems and delays in packaging material from the 

supplier. 

In relation to machine performance, the graph in Figure 43 shows its evolution. 

 

 

 

 

 

 

 

 

 

 

 

 

By analysing the graph, it can be seen that in the months corresponding to the implementation 

of improvements, the performance values are higher than those recorded in other months, 

proving the impact of these improvements. The average value of performance in April (74%) 

Figure 42 – Evolution of the availability from January through May 2023 

Figure 43 – Evolution of the performance from January and May 
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is higher than in May (69%), this is due to the fact that in May has been applied the 

sequencing of activities of the setup that made the washing of the mobile tank later and 

implied the operation of the machine with only 1 operator during this same washing. 

Although the operating time of the machine with only 1 operator was reduced, it was enough 

to cause an impact on its performance. 

Thus, the evolution of the average of the overall OEE indicator can be presented in the graph 

of Figure 44. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graph shows that in April and May the objective of 45% for the OEE indicator was 

reached and even exceeded, making it possible to infer that the improvements implemented 

had a positive effect on the average for this indicator. 

4.6.2 Productivity 

It was not possible to analyse the weekly productivity of the sector continuously due to the 

lack of workload on the machines during the dissertation period. With this limitation, an 

analysis of the different possible scenarios that could be addressed in sector C6 was carried 

out, in which productivity was determined and the respective cost calculated for each one of 

them. These scenarios were drawn up based on the annual demand for the products that are 

filled in sector C6. 

It is important in a first stage to present the data that served as a basis for this analysis. Then, 

using the data from the previous year (2022), it was possible to determine the annual demand 

for each product filled in the sector. With this information it was also possible to calculate the 

litres that need to be filled in each of the machines annually and weekly. Table 8 shows all 

this information. 

Table 8 – Annual and weekly demand of litres in each machine 

 

 

 

 

  Annual demand (litres) Weekly demand (litres) 

ME-07 130224 2713 

ME-32 228650 4764 

Figure 44 – Average values of the OEE indicator from January through May 2023 
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The table shows that more litres are required in the ME-32 than in the ME-07, since the 

products filled in the ME-32 have more litre volume compared to the ones filled in the ME-

07. 

The average values of litres filled per day in each of the machines with the presence of 1 and 

2 operators were calculated, in the same way explained in subchapter 4.4. Table 9 presents 

these values. 

Table 9 – Average litres filled per day by 1 and 2 operators on each machine 

 

 

 

 

Using this data, the following scenarios were then analysed: 

• Scenario 1: Filling with 1 operator in each machine; 

• Scenario 2: Filling with 2 operators in each machine; 

• Scenario 3: Filling with 2 operators in the ME-07 and 1 operator in the ME-32; 

• Scenario 4: Filling with 1 operator in the ME-07 and 2 operators in the ME-32. 

For each of the scenarios it was determined how many days per week each of the machines 

would have to work in order to meet the respective weekly demand. Once the number of days 

each machine will work per week is defined, it is possible to determine the litres filled in each 

scenario and the hours spent filling them each week. With the total number of litres filled and 

the total number of hours spent filling these litres, it is possible to calculate the weekly 

productivity in each scenario. Table 10 shows all the values for each of the scenarios under 

analysis. 

Table 10 – Weekly analysis of the different scenarios 

Analysing the data in the table, scenario 2 presents the highest weekly productivity index. 

This scenario corresponds to the placement of 2 operators in the same machine and indicates 

that to satisfy the weekly demand, ME-07 needs to fill 2 days per week and ME-32 only 1 

day. This scenario reaches a productivity of 177 litres/hour.man, representing an improvement 

 
Average amount of litres filled per day 

 1 operator 2 operators 

ME-07 688 1512 

ME-32 1854 5450 

  ME-07 ME-32 Total Productivity (l/h.m) 

Scenario 1 

Filling days in a week 4 3 7 

148 Litres filled in a week 2752 5562 8314 

Working hours in a week 32 24 56 

Scenario 2 

Filling days in a week 2 1 3 

177 Litres filled in a week 3024 5450 8474 

Working hours in a week 32 16 48 

Scenario 3 

Filling days in a week 2 3 5 

153 Litres filled in a week 3024 5562 8586 

Working hours in a week 32 24 56 

Scenario 4 

Filling days in a week 4 1 5 

171 Litres filled in a week 2752 5450 8202 

Working hours in a week 32 16 48 
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of about 19.6% when compared to the worst-case scenario, scenario 1, which represents the 

current situation where the operators work individually. 

Considering the days that the machines work in each scenario, the number of days that the 

machines need to work during the year to satisfy the respective annual demand was also 

determined. The litres filled in that period and the hours available for filling those litres in 

each scenario were calculated. Table 11 shows this data as well as the productivity obtained in 

each scenario. 

Table 11 – Annual analysis of the different scenarios 

Again, scenario 2 presents a higher productivity value than the others, where ME-07 would 

work 87 days of the year, twice a week (43 weeks and 1 day) and ME-32 would work 42 days 

of the year, once a week. 

In this way, the necessary litres are filled to satisfy the weekly demand without creating stock 

storage problems and the annual demand is also fulfilled with a productivity value above the 

established goal of 150 l/h.m. 

In addition to the productivity analysis, a cost analysis was carried out for each scenario. In 

Table 12 the work centre cost, which corresponds to the hourly cost of running the machine, 

and the cost of each operator per hour were recorded. 

Table 12 – Cost of each machine’s work centre and cost per operator 

  

 

 

With this data, as well as the number of days that each machine is working during the year 

and the information regarding the number of hours spent by each worker on filling, it was 

possible to determine the costs associated with each one of the scenarios. These costs are 

shown in Table 13. 

 

 

 

 

  ME-07 ME-32 Total Productivity (l/h.m) 

Scenario 1 

Filling days in a year 190 124 314 

144 Litres filled in a year 130720 229896 360616 

Working hours in a year 1520 992 2512 

Scenario 2 

Filling days in a year 87 42 129 

175 Litres filled in a year 131544 228900 360444 

Working hours in a year 1392 672 2064 

Scenario 3 

Filling days in a year 87 124 211 

152 Litres filled in a year 131544 229896 361440 

Working hours in a year 1392 992 2384 

Scenario 4 

Filling days in a year 190 42 232 

164 Litres filled in a year 130720 228900 359620 

Working hours in a year 1520 672 2192 

  Work center cost (€/h) Cost per operator (€/h) 

ME-07 51.75 
7.50 

ME-32 34.50 
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Table 13 – Cost analysis of the different scenarios 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysing the table, it can be seen that scenario 2 presents the lowest annual cost of all the 

scenarios, in contrast to scenario 1 which presents the highest cost. The difference between 

the 2 scenarios is around 68634 euros per year, where scenario 2 presents a reduction of 

around 52.1% compared to scenario 1, the scenario of the current situation. 

The analysis of these results leads to the conclusion that the placement of 2 operators on both 

machines allows the established productivity objective to be achieved for sector C6, meeting 

the weekly demand for the products, without the creation of storage problems and at the 

lowest possible cost. Thus, with all these advantages and the benefits for the OEE indicator of 

the ME-07, it can be concluded that the placement of 2 operators on the same machine is very 

advantageous. 

  ME-07 ME-32 Total 

Scenario 1 

Filling days in 

a year 
190 124 314 

Annual cost (€) 90060 41664 131724 

Scenario 2 

Filling days in 

a year 
87 42 129 

Annual cost (€) 46458 16632 63090 

Scenario 3 

Filling days in 

a year 
87 124 211 

Annual cost (€) 46458 41664 88122 

Scenario 4 

Filling days in 

a year 
190 42 232 

Annual cost (€) 90060 16632 106692 
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5 Conclusions and future work 

As mentioned in the initial phase of this project, the application of Lean tools along with 

continuous improvement play a fundamental role in increasing productivity and in various 

aspects of the business environment, promoting the elimination of waste, the optimisation of 

processes, the involvement of employees and the increase in operational efficiency. This 

project, based on the application of these concepts in a business environment, confirms their 

effectiveness and the importance of maintaining the practices applied so far in order to remain 

competitive in the market and meet customer demands. 

This project arose from the expansion of the continuous improvement project to CIN's mortar 

and bitumen production unit, and its main objectives were to increase the sector's 

productivity, to increase the OEE indicator of the ME-07 filling machine and to standardise 

tasks. 

Thus, the project began with an analysis of all the processes, in order to understand how the 

sector worked and identify the inherent problems and wastes. The most relevant problems 

identified in the sector were associated with the lack of process standardisation, which led to a 

high variability of the processes and to tasks being carried out with less safety. They were also 

associated with the lack of knowledge of the constraints of the sector's filling machines, the 

high setup times of the ME-07, its reduced availability due to the high number of stops and 

low performance levels. The disorganisation present in the racks and in the storage space for 

raw materials and filling products also revealed to be an important problem to be solved in 

order to improve the availability of the filling machines and to facilitate access and storage of 

the necessary items. Finally, the analysis regarding the distribution of the two filling operators 

by the machines of the sector also revealed to be very important, as it allowed to identify the 

best scenario to increase the productivity of the sector and at the same time fight problems 

affecting the availability and performance of ME-07. 

Regarding the increase of the OEE indicator, this objective proved to be quite challenging to 

achieve, because it was necessary to fully monitor the operation of the machine to analyse the 

status of the current situation, the dedication of the operators for the correct filling of the OEE 

record sheets and it was also necessary to explain in more detail to the operators how the 

indicator could be affected by their own actions performed during the filling process. The 

evolution of this indicator was monitored in daily meetings where the stops present during the 

filling, the quantity filled, the duration of the setups and the occurrence of eventual problems 

were discussed. These meetings made it possible to discuss the points to be improved and the 

sharing of ideas, contributing to the creation of a mentality to reach a common objective. 

With the implemented measures it was verified that the objective of 45% established for the 

OEE indicator of the ME-07 machine was reached and even exceeded, registering an average 

of 52% in April and 51% in May. However, it is important in the future to ensure continuous 

monitoring of this indicator to ensure its continued growth. 

Very positive results were obtained in terms of machine availability, reaching an average of 

81% in May, resulting from the presence of two operators on the machine, the elimination of 

the need for the operator to travel, the organisation of racks for storing filling material and the 

reduction in the duration of setups. 

The reduction of the setups duration through the SMED application was a challenging task 

but with very positive results. In this application the optimal sequence of tasks to be 

performed during the Setup was defined, as well as their distribution by the operators, which 

in an initial phase revealed some resistance by those involved in the process, who had their 

working method changed. After the explanation of the benefits of the new sequence and the 
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creation of the standard with all the steps to be followed, there were very significant results in 

the reduction of the setups duration, with a decrease of 42%. In this sense, the monitoring of 

the process is a fundamental point to be developed in the future, since the need to change the 

established standard may arise as changes are implemented in the sector. 

Regarding the performance of the machine, an average value of 74% was recorded in April 

and 69% in May, which once again confirms the positive impact of placing two operators on 

the machine and dividing the tasks during filling. The two operators working together during 

the filling process did not prove to be problematic and the adaptation proved to be quite easy. 

The performance of the machine proved to be an indicator that can be greatly influenced by 

the behaviour of the machine and the consistency of the product, since in some of the 

situations analysed the dosing of the product was carried out without any problem at the 

theoretical speed of the machine and in other situations the product spilled out of the can at 

the same speed. This situation was not analysed in depth during the project period due to lack 

of time; therefore, it becomes an interesting aspect to be analysed in a future work in order to 

enable the potential growth of the machine performance. 

The ABC analysis of the filling materials proved to be relevant in the organisation of the 

racks and of the storage space for raw material and filling material, as it facilitated not only 

the tasks of the filling operator but also the tasks of the manufacturing operators. Before the 

shelves were put away, the obsolete material that was occupying important space that could 

be used to store material with more use was sorted. After tidying up, the standard with the 

defined locations was then created. 

Finally, regarding the productivity of the sector, through the analysis of the different scenarios 

prepared, it was verified that in the scenario where the sector's operators worked together on 

the two filling machines, productivity reached the established weekly objective of 150 l/h.m. 

This scenario verified a 19.6% increase in productivity in relation to the sector's current 

scenario (1 operator on each machine) and a 52.1% reduction in the costs associated with 

filling. In this way, the placement of two operators working together in the machines is 

justified, since it allows reaching the productivity goal established for the sector and brings 

several benefits to the availability and performance of ME-07. It is important to mention that 

this data was obtained from an analysis based on the annual demand of the products, given the 

lack of load on the machines in the analysis period. Therefore, an interesting work for the 

future would be to put this scenario into practice continuously and prove the results obtained 

so far. 

To conclude, it is possible to state that the implementation of these improvements, often 

simple and implemented using resources already existing in the company, revealed a very 

positive impact and allowed the objectives set at the beginning of the project to be reached. It 

is also important to highlight the professional and personal experience obtained by carrying 

out this project. 



Process improvement of the manufacturing and filling processes in a production unit for mortar and bitumen 

52 

6 References 

 

“5S TODAY.” n.d. Accessed March 12, 2023. https://www.5stoday.com/what-is-5s/. 

Antas, Emanuel. 2020. “Projeto de Simulação Industrial Para Uma Nova Unidade Produtiva 

de Tintas.” 

Ballard, Glenn. 2008. “Standard Work From a Lean Theory Perspective Lean and Green 

View Project Linguistic Action Perspective View Project.” 

https://www.researchgate.net/publication/228425542. 

Chakraborty, Abhijit. 2016. “Importance of PDCA Cycle for SMEs.” International Journal of 

Mechanical Engineering 3 (5): 30–34. https://doi.org/10.14445/23488360/IJME-

V3I5P105. 

Chiarini, Andrea, Claudio Baccarani, and Vittorio Mascherpa. 2018. “Lean Production, 

Toyota Production System and Kaizen Philosophy: A Conceptual Analysis from the 

Perspective of Zen Buddhism.” TQM Journal 30 (4): 425–38. 

https://doi.org/10.1108/TQM-12-2017-0178. 

Clark, David M., Kate Silvester, and Simon Knowles. 2013. “Lean Management Systems : 

Creating a Culture of Continuous Quality Improvement.” Journal of Clinical Pathology 

66 (8): 638–43. https://doi.org/10.1136/jclinpath-2013-201553. 

Douissa, Mohamed Radhouane, and Khaled Jabeur. 2016. “A New Model for Multi-Criteria 

ABC Inventory Classification: PROAFTN Method.” In Procedia Computer Science, 

96:550–59. Elsevier B.V. https://doi.org/10.1016/j.procs.2016.08.233. 

Emiliani, M. L. 2008. “Standardized Work for Executive Leadership.” Leadership and 

Organization Development Journal 29 (1): 24–46. 

https://doi.org/10.1108/01437730810845289. 

Falkowski, Paweł, and Przemysław Kitowski. 2013. “The 5S Methodology as a Tool for 

Improving Organization of Production.” 

Huang, Chun Che, and Andrew Kusiak. 1996. “Overview of Kanban Systems.” International 

Journal of Computer Integrated Manufacturing 9 (3): 169–89. 

https://doi.org/10.1080/095119296131643. 

Jebaraj Benjamin, Samuel, Uthiyakumar Murugaiah, and M. Srikamaladevi Marathamuthu. 

2013. “The Use of SMED to Eliminate Small Stops in a Manufacturing Firm.” Journal 

of Manufacturing Technology Management 24 (5): 792–807. 

https://doi.org/10.1108/17410381311328016. 

Karam, Al Akel, Marian Liviu, Veres Cristina, and Horea Radu. 2018. “The Contribution of 

Lean Manufacturing Tools to Changeover Time Decrease in the Pharmaceutical 

Industry. A SMED Project.” In Procedia Manufacturing, 22:886–92. Elsevier B.V. 

https://doi.org/10.1016/j.promfg.2018.03.125. 

Kehr, Thomas W., and Michael D. Proctor. 2017. “People Pillars: Re-Structuring the Toyota 

Production System (TPS) House Based on Inadequacies Revealed During the 

Automotive Recall Crisis.” Quality and Reliability Engineering International 33 (4): 

921–30. https://doi.org/10.1002/qre.2059. 



Process improvement of the manufacturing and filling processes in a production unit for mortar and bitumen 

53 

Kumar, C. Sendil, and R. Panneerselvam. 2007. “Literature Review of JIT-KANBAN 

System.” International Journal of Advanced Manufacturing Technology 32 (3–4): 393–

408. https://doi.org/10.1007/s00170-005-0340-2. 

Michalska, J, and D Szewieczek. 2007. “The 5S Methodology as a Tool for Improving the 

Organisation.” 

Miguel, Bruno, and Magalhães Azevedo. 2011. “Modelo de Implementação de Sistema de 

Produção Lean No INESC Porto.” 

Monden, Yasuhiro. 1998. Toyota Production System: An Integrated Approach to Just-in-

Time. 

Muchiri, P., and L. Pintelon. 2008. “Performance Measurement Using Overall Equipment 

Effectiveness (OEE): Literature Review and Practical Application Discussion.” 

International Journal of Production Research 46 (13): 3517–35. 

https://doi.org/10.1080/00207540601142645. 

Ohno, Taiichi. 1988. Toyota Production System : Beyond Large-Scale Production. 

Productivity Press. 

Palange, Atul, and Pankaj Dhatrak. 2021. “Lean Manufacturing a Vital Tool to Enhance 

Productivity in Manufacturing.” In Materials Today: Proceedings, 46:729–36. Elsevier 

Ltd. https://doi.org/10.1016/j.matpr.2020.12.193. 

Pereira, Ana, M. Florentina Abreu, David Silva, Anabela C. Alves, José A. Oliveira, Isabel 

Lopes, and Manuel C. Figueiredo. 2016. “Reconfigurable Standardized Work in a Lean 

Company - A Case Study.” In Procedia CIRP, 52:239–44. Elsevier B.V. 

https://doi.org/10.1016/j.procir.2016.07.019. 

Rahman, Nor Azian Abdul, Sariwati Mohd Sharif, and Mashitah Mohamed Esa. 2013. “Lean 

Manufacturing Case Study with Kanban System Implementation.” Procedia Economics 

and Finance 7: 174–80. https://doi.org/10.1016/s2212-5671(13)00232-3. 

Rene, Prof, and T Domingo. 2011. “Identifying and Eliminating The Seven Wastes or Muda 

What Is Waste?” www.rtdonline.com. 

Senderská, Katarína, Albert Mareš, and Štefan Václav. 2017. “SPAGHETTI DIAGRAM 

APPLICATION FOR WORKERS’ MOVEMENT ANALYSIS.” U.P.B. Sci. Bull., 

Series D 79. 

Shingo, Shigeo. 1985. A Revolution in Manufacturing: The SMED System. 

Sundar, R., A. N. Balaji, and R. M. Satheesh Kumar. 2014. “A Review on Lean 

Manufacturing Implementation Techniques.” In Procedia Engineering, 97:1875–85. 

Elsevier Ltd. https://doi.org/10.1016/j.proeng.2014.12.341. 

Taisir, Osama, and R Almeanazel. 2010. “Total Productive Maintenance Review and Overall 

Equipment Effectiveness Measurement.” Vol. 4. www.jjmie.hu.edu.jo. 

Ulutas, Berna. 2011. “An Application of SMED Methodology.” 

https://www.researchgate.net/publication/286968724. 

Womack, James P., and Daniel T. Jones. 2010. “Lean Thinking Banish Waste and Create 

Wealth in Your Corporation.” 

Womack, James P., Daniel T. Jones, and Daniel Roos. 1990. The Machine That Changed the 

World. Free Pass. 

Zaman, Nashia. 2019. “Munira Sultana Potentiality of Japanese 5S Methodology in 

Bangladesh: A Management Approach for Continuous Improvement.” 



Process improvement of the manufacturing and filling processes in a production unit for mortar and bitumen 

54 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 



Process improvement of the manufacturing and filling processes in a production unit for mortar and bitumen 

55 

Appendix A – OEE Registry Sheet 
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Appendix B – Normality test of daily OEE records during January and February 2023 

 

                                 Histogram 

 

 

 

 

 

 

Descriptive Statistics  

  OEE 

Valid 
 

24 
 

Missing 
 

0 
 

Mean 
 
0.353 

 

Std. Deviation 
 
0.098 

 

Skewness 
 
0.250 

 

Std. Error of Skewness 
 
0.472 

 

Kurtosis 
 
-0.888 

 

Std. Error of Kurtosis 
 
0.918 

 

Shapiro-Wilk 
 
0.963 

 

P-value of Shapiro-Wilk 
 
0.491 

 

Minimum 
 
0.190 

 

Maximum 
 
0.540 
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Appendix C - Normality test of daily productivity records for sector C6 during the first 13 weeks of 2023 

 

  

                      Histogram 

 

 

 

 

 

 

  

 

 

Descriptive Statistics  

  Litres/hour.man 

Valid 
 

36 
 

Missing 
 

0 
 

Mean 
 

146.135 
 

Std. Deviation 
 

89.250 
 

Skewness 
 

0.779 
 

Std. Error of Skewness 
 

0.393 
 

Kurtosis 
 

0.496 
 

Std. Error of Kurtosis 
 

0.768 
 

Shapiro-Wilk 
 

0.925 
 

P-value of Shapiro-Wilk 
 

0.018 
 

Minimum 
 

30.188 
 

Maximum 
 

405.000 
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Appendix D – Mortar and bitumen manufacturing standards 
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Appendix E - Liquid weighing standard 
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Appendix F - Sequence chart for setup tasks 
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Appendix G - Standard for the ME-07 machine PI setup 
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Appendix H - Mobile tanks washing standard 
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Appendix I - ME-32 machine standards 
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Appendix J – Validation and cleaning checklist for ME-32 
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Appendix K – ABC analysis according to the frequency of the required material 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Product 
Counting of the 

quantity required 

% Times 

required 
% Accumulated 

 
X-PLSPA 232 25,03% 25,03% A 

MAA450-V1 101 10,90% 35,92% A 

T-MAA450-V1 101 10,90% 46,82% A 

X-VMP45-V1 101 10,90% 57,71% A 

MAA900-V1 98 10,57% 68,28% A 

T-MAA900-V1 98 10,57% 78,86% A 

X-VMP90-V1 97 10,46% 89,32% B 

HNK09-V1 25 2,70% 92,02% B 

T-HNK09-V1 25 2,70% 94,71% B 

X-GH900 25 2,70% 97,41% C 

T-VEG09 8 0,86% 98,27% C 

VEG09 8 0,86% 99,14% C 

X-AV900 8 0,86% 100,00% C 

Total 927 100,00%   
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Appendix L - ABC analysis according to the quantity of material required 

 

 

  

Product 

Sum of the 

quantity 

required 

% Required 

quantity 
% Accumulated 

 
MAA450-V1 200499 25,76% 25,76% A 

T-MAA450-V1 200499 25,76% 51,52% A 

T-MAA900-V1 96743 12,43% 63,95% A 

MAA900-V1 96738 12,43% 76,38% A 

HNK09-V1 54875 7,05% 83,43% B 

T-HNK09-V1 54875 7,05% 90,48% B 

T-VEG09 16503 2,12% 92,60% C 

VEG09 16503 2,12% 94,72% C 

X-VMP45-V1 16176 2,08% 96,80% C 

X-VMP90-V1 15757 2,02% 98,83% C 

X-GH900 4586 0,59% 99,41% C 

X-PLSPA 3182 0,41% 99,82% C 

X-AV900 1372 0,18% 100,00% C 

Total 778308 100,00%   
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Appendix M - Kanban board operating standard 
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