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This thesis investigates optimizing Supply Chain Management (SCM) applications within 

Metso’s manufacturing quality processes, focusing on digital technologies. The main 

objective is to analyze the benefits of Quality Management Systems (QMS), Overall 

Equipment Effectiveness (OEE), and Manufacturing Execution Systems (MES) in 

improving operational efficiency and manufacturing quality at Metso. 

The study includes a literature review and analysis of Metso’s case studies to identify 

optimization opportunities and provide strategic recommendations. Research questions 

focus on determining crucial applications for Metso and their future use. 

Using a mixed-methods approach, combining quantitative data and qualitative insights, key 

findings show that digital technologies like IoT and CPS enhance real-time monitoring, 

decision-making, and predictive maintenance. The study highlights the strategic value of 

these applications in aligning with Metso’s quality standards, sustainability goals, and 

competitive positioning. It suggests that integrating SCM applications into a unified system 

could streamline operations and improve efficiency, emphasizing careful planning for 

transitioning to larger MES systems for seamless integration. 
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Diplomityön tavoitteena on tutkia toimitusketjun hallinnan sovellusten optimointia Metson 

valmistuksen ja tuotannon yhteydessä, keskittyen digitaalisten teknologioiden integrointiin 

ja tehokkuuteen. Päätavoitteena on analysoida laadunhallintajärjestelmien (QMS), 

kokonaistehokkuuden (OEE) ja valmistuksen ohjausjärjestelmien (MES) 

liiketoimintahyötyjä operatiivisen tehokkuuden ja valmistuslaadun parantamiseksi Metsolla. 

Tutkimus sisältää kirjallisuuskatsauksen osion sekä Metson tapaustutkimusten analyysin 

optimointimahdollisuuksien tunnistamiseksi ja strategisten suositusten antamiseksi. Työn 

tutkimuskysymykset keskittyvät Metson kannalta keskeisten sovellusten määrittämiseen ja 

niiden tulevaan käyttöön. 

Käyttäen hybriditutkimusmenetelmää, yhdistäen kvantitatiivisen datan ja kvalitatiiviset 

näkemykset, keskeiset havainnot osoittavat, että digitaaliset teknologiat kuten IoT ja CPS 

parantavat merkittävästi reaaliaikaista seurantaa, päätöksentekoa ja ennakoivaa huoltoa. 

Tutkimus korostaa näiden sovellusten strategista arvoa Metson laatuvaatimusten, kestävän 

kehityksen tavoitteiden ja kilpailuaseman mukaisesti. Tutkimus ehdottaa toimitusketjun 

tuotannonlaatu sovellusten integroimista yhtenäisemmäksi järjestelmäksi, jolla voitaisiin 

tehostaa toimintaa ja parantaa tehokkuutta, korostaen huolellista suunnittelua laajempiin 

MES-järjestelmiin siirtymisessä saumattoman integraation varmistamiseksi.  
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1  Introduction 

This master’s thesis is conducted within the master’s Programme in Industrial Design 

Engineering at Lappeenranta-Lahti University of Technology (LUT), developed in 

cooperation with Metso Finland Oy, specifically tailored for the Global IT Supply Chain 

applications team, focusing on the optimization of global applications used across Metso’s 

worldwide operations. In an era marked by rapid technological advancements and evolving 

market needs, this master’s thesis research aims to delve into the realm of Supply Chain 

Management (SCM) applications, focusing on their optimization within Metso’s 

manufacturing quality processes.  

The Metso Global IT SCM team is no exception at paradigm shift with the integration of 

digital technologies, fundamentally altering how companies like Metso operate and compete 

in the market. This research project explores the transformative impact of Metso’s SCM 

applications such as Quality Management System (QMS), Manufacturing Execution System 

(MES) and Overall Equipment Effectiveness (OEE) applications, on Metso’s operational 

efficiency and agility. By examining the unique features and business benefits of these 

applications, this study aims to provide insights into their strategic value to Metso, in today’s 

digital-driven industrial landscape.  

Within Metso’s IT SCM domain, various global applications are managed across different 

business areas. This research project aims to provide a detailed exploration of Metso’s 

manufacturing quality applications withing the SCM domain. In this research, the researched 

applications will be referred to as Manufacturing Quality Application 1, Manufacturing 

Quality Application 2, Manufacturing Quality Application 3, OEE Application, and MES 

application.  

The objectives defined in this research project, aim to guide an in-depth investigation into 

the efficiency and effectiveness of SCM applications at Metso. A mixed-methods approach, 

utilizing a combination of quantitative and qualitative research, will be employed to achieve 

a holistic understanding of these applications impact on Metso. 

This research project aims not only to enhance Metso’s strategic decision-making regarding 

its application portfolio, but also to contribute to broader field of application management in 
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manufacturing and quality control processes. The findings during the research project work 

are expected to act as valuable resource for both academic researchers and industry 

practitioners in the evolving landscape of manufacturing quality technology.  

1.1  Background and introduction to Metso 

This research project is done to the Metso’s global Applications teams Supply Chain 

Management domain. The realm of Supply Chain Management has undergone a significant 

transformation with the advancement of digital technologies. This chapter provides a 

contextual background for the research, outlining the evolution of SCM applications in 

Metso and their critical role in enhancing manufacturing quality processes. 

The increase in smart technologies and exploration into the rise of SCM solutions reveals a 

shift towards integrated systems that offer real-time insights and data-driven decision-

making. This section will review key literature and the impact of these systems on the 

efficiency and agility on supply chain operations for application software such as: QMS 

systems, MES-systems, and OEE-applications. 

Metso strives to empower its customers by enhancing water and energy efficiency, 

increasing productivity, and mitigating environmental risks through its significant product 

and process expertise. In 2023, Metso reported sales of 5.39 billion euros, solidifying its 

position as a key company in the industry. (About us 2024.) 

Metso’s commitment to sustainability is evident in its vision to be the customers’ preferred 

choice for sustainable utilization of natural resources. Recognizing the imperatives of 

urbanization, electrification, sustainability and resource scarcity as megatrends, Metso aligns 

its business to create solutions that are able to accelerate sustainability and support the 

modern world’s building material requirements. (Purpose, vision, and values 2024.) 

Metso’s diverse portfolio caters to three primary business segments: Minerals processing, 

metals refining and aggregates. With the increasing demand for aggregates, minerals and 

metals, Metso plays a key role in providing efficient, sustainable, and responsible solutions 

to meet these needs.  

Aligning with Metso’s top priorities, it emphasizes customer success and sustainability in its 

operations. The company’s strategic focus areas include automation and digitalization, 
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products with high aftermarket intensity and supply chain competitiveness, all aimed at 

enhancing customer experience and operational efficiency. (Investors presentation 2023.) 

1.1.1  Metso Supply Chain applications 

In the Metso IT SCM domain, there are multiple global applications managed across various 

business areas. This research project focuses on Metso’s quality and manufacturing 

applications in the SCM domain. Part of the project is to research all the relevant 

manufacturing and quality applications used in Metso, but for the research plan some 

examples can be briefly introduced at this stage. 

Some quality and manufacturing applications of Metso SCM team: 

 

Manufacturing Quality Application 1 (MQA1) 

MQA1 is an innovative application specifically designed to improve production, quality, and 

capacity planning in Metso’s foundries. Its design caters to the unique needs of foundry 

operations, encompassing order execution and confirmation. 

At the initial stages of manufacturing, the MQA1 plays a critical role in planning mouldings 

and melting runs. MQA1 employs specialized rules for optimizing moulding sequences and 

melting batches. The application adeptly handles planning, factoring in the availability of 

the mouldings, the capacity of melting furnaces, and the types of alloys required.  

At the core functionalities of MQA1 are Production Order Management and Quality Module 

Integration. The MQA1 is instrumental in managing time ticket confirmations for production 

order operations, ensuring seamless tracking and execution. With the Quality Module 

functionalities of the MQA1, the application is able to oversee the casting process from the 

initial fusion of raw materials to the final stages of quality assurance. This module in MQA1 

enhances traceability and quality control throughout the manufacturing cycle.  

The application is also excelling in its reporting capabilities, where a one report can be linked 

with other or automatically trigger the generation of subsequent reports. This feature 

enhances the flow of information and reduces manual interventions in the production and 

quality processes in the foundries. The application provided possibilities for customizable 
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report creation for various processes, providing a flexible and efficient way of 

documentation.  

 

Manufacturing Quality Application 2 (MQA2) 

 MQA2 is an application designed to manage and digitize quality records in manufacturing 

processes. It serves as a centralized platform for handling quality-related data, including 

measurement, checks, tests, images and supplier reports of equipment and manufactured 

parts.  

The application manages quality records, providing a comprehensive view of quality aspects 

of each manufactured part. MQA2 employs statistical control methods to oversee the 

manufacturing capability. The application ensures that all operations meet product 

specifications and remain within predefined specification limits. Intended to be utilized on 

factory shop floor levels, the application uses real-time quality record management directly 

at the point of production, enhancing efficiency and accuracy. By the end of the assembly 

phase, the application offers complete traceability of components and materials used in each 

piece of equipment, incorporating all relevant measurements, images, and checks.  

The main function of MQA2 is to digitize existing documents and procedures at critical 

quality control points throughout the procurement process. This digital transformation 

ensures a streamlined, accurate and efficient approach to quality verification for the 

manufactured materials. The system is developed to handle extensive quality records, 

allowing in-depth tracing for equipment fabricated within the factory. MQA2 does not only 

enhance quality management process, but also contributes significantly to the production 

efficiency and product integrity. 

 

Metso OEE Application (MOA) 

 OEE Application is an application that utilizes OEE (Overall Equipment Efficiency) 

technology. Currently, we have notable amount of waste in our manufacturing process, 

including unprepared material, long setup times, machine breakdowns, and large variations 

in our process. The global OEE system will help us to understand which wastes we should 

focus on for the greatest improvement effect and, at the same time, visualize the process to 
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assist operators in organizing their daily work. The original hypothesis regarding the 

utilization of the OEE Application anticipated a 10-15% better utilization of presses in all 

factories. 

The utilization optimisation would be achieved in three steps: 

• Measuring: By measuring the process, we expect an initial improvement. It sends a 

signal that process times are important and increases understanding of what is 

expected. 

•  Visualize: Visualizing the production plan helps operators to prepare and plan their 

daily work more effectively. 

• Data-Driven Decision: OEE Application will assist us in identifying the sources of 

loss along with potential areas for improvement. It will enable us to locate 

bottlenecks in production, control asset availability, and establish OEE values per 

machine, material, and order. Additionally, it will aid in finding common causes of 

downtime. 

 

Manufacturing Quality Application 3 (MQA3) 

 MQA3 is an application that aims to elevate manufacturing operations in Metso Rubber & 

Polymer Supply Chain to a new level of reliability and competitiveness. At its core, the 

application is designed to enhance process understanding and ensuring that operations are 

predictable and capable.  

The data collection in the current manufacturing processes had been either non-existent or 

confined to hardcopy records. This leads to limited usability and traceability. The variability 

in data collection methods across different factories, compounded by the human factor, has 

often resulted in data reliability issues. This has led to a difficulty in understanding our 

process capabilities, inefficiency due to manual labour and bad customer and stakeholder 

service. 

MQA3 revolutionizes this landscape by introducing automated or semi-automated data 

collection methods. By minimizing human interaction and leveraging digital storage in a 

relational database, MQA3 enables in-line criteria checks, statistical process control and 

real-time analysis with alerts at human-machine interaction level.  
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MQA3 aims to significantly reduce manual work, allowing operators and quality 

professionals to focus on efficiency and safe operations. The digital approach to data 

handling enhances quality data traceability and reporting, improving documentation 

processes and responsiveness to customer complaints and stakeholder collaboration. The 

data gathered becomes a key resource for identifying process and product improvement 

opportunities.  

MQA3 does not just aim to streamline internal operations, it also enables enhanced customer 

reporting for capital projects. It lays the groundwork for in-depth cause-and-effect studies 

crucial for advancing quality and efficiency in the long term.  

1.2  Research questions 

The endeavour to optimize Metso’s SCM applications within the operational framework is 

driven by a series of targeted research questions. These questions are designed to dissect the 

multifaceted nature of SCM optimization, focusing on understanding the operational, 

strategic, and technological dimensions that underpin Metso’s global applications. Setting 

these research questions is pivotal to structure the research, guiding the investigation towards 

actionable insights and tangible outcomes that align with Metso’s strategic objectives: 

• What are the business benefits of each of the manufacturing quality applications used 

at Metso? 

o This question aims to uncover the specific advantages that SCM applications 

bring to Metso, with the focus on their contribution to operational efficiency, 

manufacturing quality enhancement, and competitive positioning. 

• How do these applications differ, and what are their unique features? 

o By examining the distinct characteristics of each application, this question 

seeks to understand how for example QMS, MES, and OEE systems 

individually contribute to the SCM process and where synergies or overlaps 

might exist. 
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• Can any of these applications be integrated to enhance operational efficiency? 

o This question seeks to delve into the possibility of consolidating or 

integrating applications, with the goal of discovering technical opportunities 

to streamline operations, eliminate duplications and promote a more unified 

technology environment.  

• What criteria should Metso employ to determine which applications should be 

retained, and for what reasons? 

o Culminating the investigation, this question calls for strategic 

recommendations based on the analysis conducted, guiding Metso’s 

decision-making regarding its SCM application portfolio.  

In addition of these core research question, the research will also briefly explore Metso’s 

decision-making process regarding the development of some of its applications in-house 

versus the procurement of ready-made third-party software. This exploration will seek to 

understand the factors influencing such strategic decisions, including considerations of 

customization, cost, alignment with business goals and requirements, and the impact on 

operational efficiency. In addition, this research will briefly explore the cost impact of 

applications and possible cost benefits of utilizing IoT applications to improve 

manufacturing quality.  

1.3  The goal of the research 

The primary objective of this research project is to conduct a comprehensive analysis of the 

optimization of Supply Chain Management (SCM) applications within Metso’s 

manufacturing quality processes. This effort aims to bridge the existing gap between the 

current utilization of SCM applications and the potential improvements achievable through 

strategic optimization. With a focus on Metso’s global IT Supply Chain applications and 

their operational challenges, this research seeks to provide actionable insights that could 

significantly enhance Metso’s operational efficiency, agility, and overall competitive 

advantage in the global market.  

The realm of Supply Chain Management (SCM) within global enterprises such as Metso is 

at a significant point in time, driven by the imperative to adapt and thrive in an environment 
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characterized by notable technological advancements progress and shifting dynamics. The 

integration of digital technologies into SCM processes presents significant opportunities and 

complex challenges for companies striving to maintain and enhance their competitive edge. 

For Metso, recognized as leading company in sustainable technologies with a vast global 

footprint, the optimization of SCM applications is not merely a strategic choice but a 

necessity to ensure operational excellence and sustainable growth.  

The research problem at the heart of this project roots from the observed requirement for a 

systematic approach to optimize SCM applications within Metso’s manufacturing quality 

processes. Despite the availability of advanced SCM applications such as QMS, MES, and 

OEE systems, there exists a gap in understanding the full potential, integration capabilities, 

and strategic benefits they can offer to Metso. This gap not only hinders the realization of 

operational efficiency and agility but also impacts the company’s ability to respond 

effectively to the demands of a digital-driven industrial landscape.  

Further compounding this challenge is the paradigm shift towards integrated systems that 

promise real-time insights and data-driven decision-making. While such systems offer the 

potential to significantly improve SCM operations, their successful implementation requires 

a nuanced understanding of the technologies involved, their alignment with business 

objectives, and the ability to mitigate associated risks. The complexity of managing various 

global applications across different business areas within Metso’s IT SCM domain adds 

another layer of difficulty, necessitating a targeted investigation into the optimization of 

these applications.  

 

Expected Impact 

The primary objective of this research project is to explore the potential for optimizing 

Metso’s use of its manufacturing quality applications. By identifying areas of untapped 

potential and suggesting ways to streamline integration processes, this research aims to offer 

insights that could contribute enhancements in operational efficiency and agility. These 

strategic optimizations aims to suggest avenues which Metso might strengthen its 

competitive position in rapidly evolving markets. The strategic recommendations provided 

are intended to support Metso’s ongoing efforts towards fostering a culture of continuous 
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improvement and innovation, potentially offering valuable perspectives for achieving 

greater operational effectiveness within the industry.  

Broader Implications: Beyond Metso, the insights gained from this research have the 

potential to offer guidance to other global corporations facing similar manufacturing quality 

challenges. By sharing the findings with the academic community and industry practitioners, 

this research aims to provide a broader dialogue on the strategic management of SCM 

applications, encouraging a shift towards more agile, efficient, and integrated SCM practices 

across industries.  

Framework for Analysis: To navigate through the complexities of SCM manufacturing 

application optimization, this research will employ a multidisciplinary analytical framework, 

blending principles from industrial engineering, information systems, and strategic 

management. This approach will enable a holistic examination of SCM applications with a 

focus on the mentioned manufacturing quality systems, ensuring that recommendations are 

not only technically sound but also strategically aligned with Metso’s business goals.  

 

Innovation and Advancement 

Embracing the latest in digital transformation trends, this research commits to explore 

innovative solutions, technologies, and methodologies for SCM application optimization. 

From leveraging data analytics for deeper insights into SCM operations to examining the 

potential of emerging technologies such as IoT in enhancing SCM application efficiency, 

this research aims to push the boundaries of current practices, proposing forward-thinking 

strategies that can adapt to future challenges and opportunities.  

In conclusion, the goal of this research project is to aim to help guiding and forging a path 

towards an optimized, integrated, and strategically aligned SCM application landscape at 

Metso, focusing on manufacturing quality applications. The outcomes of this research are 

expected to offer resources for Metso’s strategic decision-making, while also contributing 

to the wider field of SCM manufacturing quality application management, signifying a step 

forward in the pursuit of operational excellence and sustainable competitive advantage. 

In summary, the key goals of the research project are: 
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• Explore and Analyze the SCM Applications:To conduct in-depth examination of 

Metso’s SCM manufacturing quality applications, with a focus on their role in 

enhancing production quality and operational efficiency.  

• Identify Optimization Opportunities: To identify untapped potentials and 

recommend strategies for streamlining integration processes within the 

manufacturing quality applications. 

• Contribution to Academic and Industry Knowledge: To provide valuable 

insights for academic researchers and industry practitioners, contributing to the 

broader field of application management in manufacturing quality control processes.  

• Strategic Decision-Making Support: To offer actionable insights and 

recommendations that support Metso’s strategic decision-making regarding its SCM 

manufacturing quality applications portfolio.  

1.4  Limitations and scope of the research 

This research project, while comprehensive in its aim to optimize the manufacturing quality 

applications with in SCM domain at Metso, acknowledges certain limitations and defines 

specific scopes to maintain focus and relevance. The research is designed to provide 

actionable insights within these set boundaries, ensuring that the findings are applicable and 

beneficial to Metso’s strategic objectives in SCM application management. 

Scope of the Research:  

• Target Applications: This research concentrates on SCM applications within 

Metso’s manufacturing quality processes, possibly including technologies such as, 

but not limited to: QMS, MES, and OEE. The focus is on these application’s roles, 

integration, and optimization within the global IT Supply Chain applications.  

• Operational Focus: This study specifically addresses the operational challenges and 

strategic optimization opportunities of SCM applications at Metso. The aim is to 

evaluate these applications’ impact on enhancing operational efficiency, agility, and 

the overall competitive advantage of Metso in the global market. 

Limitations of the Research: 
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• Data Accessibility and Confidentiality: Access to internal data within Metso is 

crucial for this study. The research is contingent upon the availability of 

comprehensive data, with the understanding that certain data limitations and 

confidentiality concerns may constrain the depth of analysis in specific areas in this 

research. 

• Scope of Investigation: This research is specifically scoped around manufacturing 

quality applications in the SCM domain in Metso. It does not extend to applications 

outside this operational domain or to a detailed analysis on external market factors 

beyond Metso’s control.  

• Technological and Market Dynamics: The fast-paced nature of technological 

advancements and market dynamics means the findings of this research project are 

reflective of the current landscape. Future changes in technology or market 

conditions could necessitate additional research or adjustments to the 

recommendations provided in this research. 

• Methodological Considerations: Employing a mixed-methods approach, the study 

utilizes both quantitative and qualitative research methods suited to the research 

objectives. The exclusions of other methodologies is based on their applicability to 

the study’s focus and the nature of available data.  

By clearly defining the scope and acknowledging the possible limitations, this research 

project aims to offer a focused examination of manufacturing quality application 

optimization at Metso. This approach aligns with academic standards required for a thesis 

research project and also addresses practical challenges and strategic decision facing Metso, 

in its pursuit of operational excellence and competitive advantage. Through this research, 

the study aims to contribute valuable insights to Metso’s SCM application management, 

offering recommendations that are strategically beneficial and practically possible to 

implement within the context of Metso’s global operations. It is clear that due to the 

confidentiality constraints from Metso’s side, the research and especially this report is much 

limited to only utilize non-confidential information and data. Metso can continue further 

research on the topic with internal research and utilize internal confidential data in 

cooperation with this research. This could then provide more in-depth analysis and next steps 

for the research with SCM manufacturing quality applications.  
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1.5  Research methodologies 

This chapter outlines the methodologies adopted for this research, emphasizing a mixed-

methods approach. The primary objective is to investigate the business benefits, technical 

specifications, and functionalities to benefit business, with brief research on cost-

effectiveness as well as cyber-security and potential integration of various global 

applications used in manufacturing quality at Metso. The mixed-method approach will 

combine quantitative and qualitative research. The main focus would be to utilize 

quantitative method, but to combine qualitative with some interviews to support the data 

used in quantitative. This allows a comprehensive analysis to obtain a holistic understanding 

of the applications impact on the company.  

 

Quantitative research 

The quantitative aspect of this research will involve the collection of measurable data related 

to the applications used at Metso. This includes for example:  

• Using statistics of various applications (OEE, MES) 

• Financial data concerning the costs and savings associated with the applications. 

• Performance metrics, which indicates the efficiency and effectiveness of each 

application. 

Sources for this data includes internal company databases, application systems, and relevant 

financial reports. The analysis will employ statistical methods and analytical tools, including 

regression analysis to explore the relationship between application usage and manufacturing 

efficiency, and comparative analysis to evaluate performance metrics across different 

applications.  

 

Qualitative research 

To supplement the quantitative data, interviews will be conducted with key stakeholders, 

including IT staff, application users, management, and business owners at Metso. The 

interview process will involve a semi-structured interviews allowing for in-depth discussion 

with the relevant stakeholders. 
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A set of interview questions will be prepared, focusing on user experiences, challenges faced 

with the applications, perceptions of their efficiency, the business requirements for 

applications, technical requirements for the applications. 

Qualitative data from the interviews will be analyzed using thematic analysis to identify 

common insights and themes related to the usage of the applications. As well as content 

analysis to interpret the context and implications of the responses from the interviews. 

Interpretation:   

The combined data from both methods will be interpreted do address the research questions, 

providing a comprehensive view of the benefits, challenges, and potential improvements in 

Metso application landscape.  
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2  Exploring the role of digital technologies and improvement 

strategies in manufacturing quality 

This chapter of the research work acts as a cornerstone for understanding the relationship 

between manufacturing quality and integration of digital technologies. The literature review 

part of the research will delve into the already existing research and information that can be 

utilized in the following research. The chapter aims to build a comprehensive understanding 

on the relevant technologies and methodologies through several sub-chapters, each dedicated 

to an important aspect of manufacturing quality in the era of Industry 4.0. 

2.1  Definition of manufacturing quality 

To understand Manufacturing Quality, first we need to understand the summarized meaning 

of quality. According to “Yang 2012” quality can be summarized in 7 bullet points, Quality, 

in essence is a concept that: 

• Aligns with specific standards and specifications 

• Represents absolute adherence to these specifications, implying zero defects 

• Ensures a product or service is fit for its intended use 

• Fulfils and exceeds customer needs and expectations 

• Is defined by the customer based on the products key features 

• Is identified by the minimal deviation from quality characteristics 

• Ultimately equates to the degree of customer satisfaction achieved (Yang 2012, p. 

221.) 

In manufacturing, quality acts as a cornerstone for ensuring products meet specified 

standards and requirements. Manufacturing quality encompasses the fundamental principle 

of conforming to specifications. This included aligning product design and production 

processes within predefined standards to uphold operational excellence. Importantly, it 
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extends beyond adherence to standards, embodying a multifaceted approach integrating 

quality across the manufacturing landscape. (Manufacturing Quality 2023.) 

Quality has long been a central concern in the history of manufacturing. This focus has 

intensified in modern times due to increasing demand and customization needs, compelling 

industries to balance costs, manufacturing quality, and production time. Sustainable 

manufacturing growth mandates that manufacturers enhance quality, produce complex 

products at lower costs, and minimize resource use and waste. The trend towards 

environmental awareness necessitates a shift in manufacturing philosophy, influenced by 

regulatory, consumer, and ethical considerations. (Markatos & Mousavi 2023, p. 1655.) 

Siemens sets three principal functions for manufacturing quality: 

• Quality Design and Engineering: This function focuses on embedding quality 

considerations within the fabric of product design and manufacturing processes. 

Manufacturers are able to pre-emptively address potential quality issues during the 

design phase, this helps them to mitigate risks and enhance the robustness of the 

products.  

• Quality Control: Enforcing adherence to specified processes, operational protocols 

and materials lies at the centre of the quality control. Throughs measurement and 

verification, manufacturers make sure whether products meet the predetermined 

quality standards. This proactive approach enables early detection of deviations, thus 

facilitating prompt corrective actions.  

• Quality Management: Leading quality assurance activities, quality management 

leads and orchestrates the planning, organization, coordination, and oversight of 

quality-related actions across the enterprise. By utilizing the mindset of continuous 

improvement and accountability, manufacturers can streamline operations and 

bolster their competitive edge. (Manufacturing Quality 2023.) 

Siemens highlights the impact of poor manufacturing quality, citing repercussions such as 

scrap, rework, and customer dissatisfaction. In addition, maintaining high standards of 

manufacturing quality is crucial for sustaining operational efficiency and customer loyalty 

in today’s competitive landscape.  
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Throughs the adoption of industry best practices and utilization of advanced technologies, 

manufactures are able to fortify their operations against errors and streamline data 

management. Automated systems play important role in orchestrating top quality assurance 

activities, facilitating real-time decision-making and proactive intervention.  

As a cornerstone of effective quality management, Siemens mentions a manufacturing 

practice: Corrective Action and Preventive Action (CAPA.) The implementation of closed-

loop systems can expedite the identification, resolution, and mitigation of quality issues. By 

harnessing real-time data analytics and collaborative workflows, manufacturers can quickly 

address deviations and fortify their quality management frameworks.  

In the role of Industry 4.0, exists a transformative impact of integrating advanced 

technologies such as artificial intelligence (AI) and machine learning into manufacturing 

quality prediction and monitoring. These innovations offer potential to significantly enhance 

the precision and efficiency of quality controls, moving beyond quality management 

practices to a more predictive and proactive approach. This shift underscores the strategic 

significance of manufacturing quality, not only as a measure of a products conformance but 

also as a critical driver of organizational success and competitive advantage in a rapidly 

evolving technological landscape. (Markatos and Mousavi 2023, p. 1656.) 

Manufacturing quality is transcending its technical dimensions to assume strategic 

significance. In an era characterized by rising customer expectations and rapid technological 

advancements, manufacturing quality emerges as a crucial factor organizational success in 

manufacturing. By aligning with evolving market dynamics and customer preferences 

manufacturers are able to foster resilience and innovation across the value chain. 

(Manufacturing Quality 2023.) 

2.2  Comprehensive quality improvement strategies in manufacturing 

In the manufacturing landscape, quality improvement is not only about adhering standards, 

but about driving continuous advancements in every section of production and operations 

management. This chapter delved into three methodologies that have shaped modern 

manufacturing practices: Total Quality Management (TQM), Lean Manufacturing, and Six 

Sigma within Lean Manufacturing. Each of these strategies offers a unique perspective on 
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how to enhance operational efficiency, reduce waste, and ensure product excellence, while 

reflecting a holistic approach to manufacturing quality that integrates process control with 

strategic management. Through the exploration of these frameworks, this chapter aims to 

provide insights into how integrated quality management systems can greatly improve 

manufacturing processes, thereby helping to achieve improved operational outcomes and 

satisfying customer demands more effectively. The discussion on these frameworks 

highlights their individual contributions as well as their synergistic potential to improve and 

even transform manufacturing practices.  

2.2.1  Total Quality Management in leadership 

Total Quality Management (TQM) represents a foundational philosophy for continuous 

improvement in all organizational functions. TQM integrates the entirety of organizational 

efforts towards achieving excellence in product and service quality, aiming to meet or exceed 

customer needs. As defined by International Organization for Standardization (ISO), TQM 

is a holistic management strategy focused on quality, propelled by the unified involvement 

of all members, and designed to achieve long-term success through customer satisfaction 

(Murugesan 2011, p. 8-9.) 

TQM is articulated as the art and science of managing the whole organization to achieve 

excellence. According to “Murugesan 2011” this philosophy underscores the importance of 

a unified approach to quality management, extending beyond the traditional boundaries to 

include every individual’s contribution within the organization towards enhancing 

operational efficiency and customer satisfaction. (Murugesan 2011, p. 9-10.) 

Characteristics of TQM emphasize a customer-oriented approach, requiring long-term 

commitment, teamwork, and continuous involvement from the top management. These 

characteristics are consistent with the strategy for ongoing performance enhancement at all 

levels. The foundational concepts emphasize commitment from top management, 

prioritizing customer needs, actively engaging and leveraging the full potential of all 

employees, ongoing enhancement, regarding suppliers as collaborative partners, and 

defining performance indicators for processes. (Murugesan 2011, p. 9-14.) 
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In the realm of manufacturing quality applications such as MES, and QMS systems used by 

large companies like Metso, TQM principles provides strategic frameworks for enhancing 

application effectiveness. These systems, when infused with TQM principles, could 

significantly elevate the quality manufacturing processes. For example, ERP systems 

enhanced with TQM principles can lead to more integrated and quality-focused business 

processes, whereas MES and QMS systems can directly influence the production line’s 

efficiency and product quality. Implementing TQM with Metso’s SCM and manufacturing 

quality applications could serve as a practical illustration of TQM’s potential benefits and 

challenges.  

Highlighting the strategic role of leadership in TQM, research by Agus & Hassan (2011) 

emphasizes the critical influence of leadership on the successful implementation of TQM 

practices such as supplier relations, benchmarking, quality measurement, and continuous 

process improvement. Utilizing the TQM practices identified, play a key role for achieving 

sustainable competitive advantage and to enhance both production performance and 

customer satisfaction. This evidence underscores the essential role of leadership in not only 

adopting TQM principles but also operationalizing these practices to drive strategic 

competitiveness and organizational excellence. (Agus & Hassan, 2011, p. 1651-1655.) 

Within the TQM, leadership framework transcends traditional management practices by 

embodying a holistic approach to guiding organizations towards excellence. In TQM, 

leadership is characterized by strategic vision as well as by a deep commitment to 

operationalizing quality in every aspect of the organizations operations. According to 

“Murugesan, 2011”, leadership is defined as: 

“Leadership is the ability to do inspire people positively to make a total, 

willing and voluntary commitment to accomplish the organizational goals” 

(Murugesan 2011 p. 14-15.) 

Effective leadership within TQM is fundamentally about fostering an environment where 

continuous improvement is really included in the organizations DNA. This involves 

cultivating a culture where feedback is actively sought, mistakes are viewed as learning 

opportunities, and employees at all levels are empowered to contribute to quality initiatives. 

The characteristics of quality leadership as explained by “Murugesan, 2011”, highlight the 

importance of focusing on customers, both internal and external, empowering employees, 
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prioritizing prevention over correction, and fostering collaboration over competition. 

(Murugesan 2011, p. 19-26) 

In applying these principles to the context of manufacturing quality applications, leadership 

plays a key role in navigating the complexities of integrating quality management systems. 

Leaders must not only to ensure applications or systems that are aligned with the 

organization’s quality objectives but also inspire a culture of continuous improvement that 

leverages these technologies for operational excellence.  

In conclusion, the TQM framework provides a compelling narrative on the transformative 

power of leadership in achieving and sustaining quality excellence. As companies continues 

to navigate the challenges and opportunities in manufacturing quality, the role of leadership 

in embedding quality into the fabric of the organization’s culture cannot be overstated.  

2.2.2  Lean manufacturing 

Lean Manufacturing or also known as lean production, is a method that was created after 

Second World War in Toyota. The idea of Lean Manufacturing is based on eliminating any 

waste in the industry, any task or activity that is not adding any value but still requires 

resources. The method is considered in any level of the industry, design, manufacturing, 

distribution and logistics, and customer service. (Marquez, Segovia, Banya & Tamas 2020, 

p. 1-2) 

The main areas of waste are described as:  

• Overproduction 

• Quality defects 

• Non-value-adding motion 

• Process waste 

• Excessive stock of components and materials 

• Unnecessary transportation 

• Waiting time of machines and their operators 
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Lean Manufacturing employs a diverse set of and methodologies to reduce waste and 

improve processes: 

• 5S: A set of practices: Sort, set in order, shine, standardize, and sustain. These are 

designed to organize and maintain a productive work environment. 

• Multiprocess handling: Sequentially performing multiple processes contributes 

significantly to the smooth flow of material, enhancing efficiency.  

• Kanban (Pull Systems): By measuring lead times and cycle times across areas of 

production, Kanban systems helps to identify problems and prevent them, for 

instance, by setting limits on work-in-process inventory to avoid overcapacity.  

• Value Stream Mapping: This tool assesses the current and future states of processes 

to identify and eliminate waste, with a focus specifically on activities that add value 

to the product.  

• Total Productive Maintenance (TPM): This approach views the production system 

holistically, emphasizing maintenance to ensure the integrity of maintainability, 

quality of assets, safety, and also human resources 

Other tools: Additional methods includes the elimination of time batching, control charts 

for monitoring process stability, rank order clustering for production flow analysis, and 

poka-yoke (error-proofing) to minimize defects. (Marquez et al 2020, p. 1-2.) 

Lean Manufacturing is not only about methodologies and tools, it is also rooted in the 

tacit knowledge that is developed inside an organization. This encompasses technical 

know-how and cognitive dimension, including beliefs and values that shape the 

perception of reality and visions for the future. Implementing Lean Manufacturing 

successfully requires effective transfer of this tacit knowledge throughout the 

organization. 

The transfer of lean tacit knowledge is essential for improving the comprehension and 

effective implementation of lean principles. Lean training methods such as case study 

simulations, industrial visits, database sharing, and utilizing internet resources plays a 

significant role in this process. (Marquez et al 2020, p. 3-8) 
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Sanders, Elangeswaran & Wulfsberg offer a theoretical explanation of Lean 

Manufacturing. They detail its principles and clearly define it within socio-technical 

framework. This model encompasses elements related to processes and personnel, as 

well as influences from both internal and external sources. These elements can be seen 

in the figure below. 

These elements can be seen in the figure 1 below. 

 

 

Figure 1. Grouped dimensions of Lean Manufacturing (Sanders, Elangerswaran & 

Wulfsberg 2016, p. 5). 

 

The customer factor emphasizes involving customers in the business process. Process factors 

focus on operations and sequencing, including pull production, continuous flow, and setup 

time reduction. Control and human factors concentrate on system control and employee 

participation, with TPM emphasizing statistical process control and employee engagement. 

Supplier factors involve integrating suppliers, focusing on feedback, development, and Just-

In-Time (JIT) delivery, ensuring suppliers provide the exact number of products at the 
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specific time needed by customers. (Sanders, Elangerswaran & Wulfsberg 2016, p. 813-

820.) 

Lean Manufacturing significantly enhances quality management systems (QMS), acting as 

important methodology for improving productivity and achieving financial stability in 

industrial companies. The synergistic application of QMS and lean tools yields benefits, 

streamlining operations and fostering a continuous improvement culture. This alignment is 

evident in the transformative impact on quality and manufacturing excellence, where the 

lean principles such as elimination of waste, 5S, Kanban, Kaizen, SMED, Jidoka plays 

important roles. (Adreeva, Shvidenko, Popova, Krupoderova, Grimashevich & Cherkashnev 

2021, p. 1.) 

• SMED: Single Minute Exchange of Dies or “SMED” focuses on minimizing setup 

time, dividing it into internal and external activities. The goal of SMED is to make 

internal setup as efficient as possible and shift many setup tasks to be performed 

externally, thus reducing cycle times, and increasing productivity. 

• Jidoka: Is an automation technique that can be used to integrate automation with 

human intelligence, enabling machines to halt production when detecting issues. This 

approach helps preventing defects, reduce operator fatigue, and increases 

productivity by making manufacturing processes more efficient and user-friendly.  

• Kaizen: Is a concept of continuous improvement, it includes continuous incremental 

improvements in all processes, engaging employees at all levels. The practice of 

Kaizen has led to reduces costs, decreased waste, and improvements in safety, 

productivity, quality, and morale. By encouraging problem-solving and innovative 

thinking, significant productivity enhancements are achievable. (Adiki & Aryasri 

2017, p. 4-5.) 

According to Adreeva et al 2021 there is empirical evidence from railway transport 

enterprises that underscores lean manufacturing’s efficiency in addressing key QMS 

challenges, notably in product and service quality enhancement, operational efficiency, and 

enterprise performance optimization.  

The adoption of lean practices within the context of QMS presents its own set of challenges, 

such as: Staff resistance to new methodologies and the integration of lean tools with existing 

production management information systems. Despite these obstacles, the strategic 
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implementation of lean manufacturing, grounded in an understanding of its principles and 

tailored to the specific requirements of the industrial landscape, holds potential to 

significantly improve the competitiveness and efficiency of enterprises. Therefore, the 

pursuit of quality excellence and manufacturing optimization through lean manufacturing 

aligns and supports the strategic objectives of modern industrial enterprises and highlighting 

the important role of lean practices in the continuous evolution of quality management 

systems. (Adreeva et al 2021, p. 1-5.) 

2.2.3  Six Sigma in lean manufacturing 

Six Sigma originates from Motorola during the 1980s. It is a distinguished business 

management strategy that has evolved in playing a critical role in quality improvement 

across industries. (Ninerola, Sanchez-Rebull & Hernandez-Lara 2021, p. 959-980). Six 

Sigma is a set of tools and an approach for problem solving used in development and 

implementation of rapid, data-driven solutions within set operational areas. According to 

Gygi 2016 p.1  

“Continued application leads to consistently repeated breakthrough 

improvement in product, process, and business performance” (Gygi 2016, p. 

1.) 

The Six Sigma methodology derives from the acronym DMAIC: Define, Measure, Analyze, 

Improve, and Control. The DMAIC framework outlines a systematic, data-driven method 

for process improvement. The addition of the “Define” phase by General Electric (GE) 

marked a significant advancement in the methodology, focusing on the clarification of 

problems onset. (Ninerola, Hernandez & Ana 2021, p. 959-980.) The Define phase sets the 

stage for project success by delineating project objectives and scope. Followed by: Measure, 

Analyze, Improve and Control, which each ones contribute uniquely towards diagnosing and 

remedying process inefficiencies, culminating in sustainable process improvements. (Zhan 

2016 p. 55-56). Distinguished from other management systems like TQM and Lean, Six 

Sigma focuses on cost savings and efficiency. By providing reliable products and services 

that are nearly free from defects, Six Sigma aims to enhance profit margins and to achieve 

increased levels of customer satisfaction. (Ninerola et al 2021, p. 963-980). 
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The core methodologies of Lean Six Sigma, summarized by DMAIC framework, reflects a 

systematic approach to problem-solving and process improvement.  

Define 

The Define phase in DMAIC aims to clearly outline the projects scope and gather vital 

background information on the current process. This phase results in project charter, a 

concise document summarizing the project. The charter outlines the problem statement, the 

business justification for Six Sigma initiative, a clearly defined scope, the identification of 

the project sponsor, precise performance indicators, stakeholder, the process owner, the 

project team and leader, necessary resources, and possible risks in the project. (Zhan 2016, 

p. 57-59.) 

Once the project received approval based on the charter, a Suppliers-Inputs-Process-

Outputs-Customers (SIPOC) analysis is conducted to ensure wide understanding of the 

current process, customer requirements and stakeholders. The Voice of the Customer is 

collected and analyzed, leading to a Critical-to-Quality (QTQ) analysis to identify what is 

critical for the process’s success. This systematic approach in the define phase ensures that 

the project team has a clear understanding of the project objectives, scope and the key quality 

elements that will then guide their efforts throughout the Lean Six Sigma Project. (Zhan 

2016, p. 57-59.) 

 

Measure 

In the Measure phase of DMAIC, the primary focus is on data collection to ascertain the 

current process’s performance metrics, such as process performance index and process 

capability index. A detailed plan for data collection and sampling method is established, and 

measurement system analysis might be required to ensure reliability of the data collection 

methods. (Zhan 2016, p. 60.) 

Analyze: During the Analyze phase of DMAIC, problems root causes are identified. It is 

critical that the analysis can be supported by collected data from the Measure phase. If 

required, it is possible to go back to the Measure phase to collect more data. This phase 

includes thorough analysis through techniques like cause-and-effect diagrams and 

hypothesis testing to pinpoint the exact reasons behind process issues. The goal is to ensure 
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that improvements target these root causes for lasting and effective solutions. Analyze phase 

is critical for validating hypotheses about the problems, setting the stage for development 

and implementation of solutions in the improve phase. (Zhan 2016, p. 60-63.) 

 

Improve 

The Improve phase of DMAIC focuses on implementing solutions to address root causes 

identified during the Analyze phase. Solutions aim to reduce or eliminate the negative effects 

of these causes, enhancing process efficiency as well as effectiveness. The Improve phase 

involves the development, evaluation, and deployment of strategies based on thorough 

analysis, ensuring they are robust against potential failures through methods such as Failure 

Mode Effects and Analysis (FMEA.) 

In practical applications, the Improve phase can involve a variety of strategies tailored to the 

specific issues identified. For example, cost reduction strategies could include sourcing parts 

from multiple vendors to leverage the lowest prices, optimizing product design to meet 

requirements efficiently, and renegotiating with suppliers to gain better rates. Similarly, 

enhancements in customer support and assembly efficiency could be achieved through 

digitalization of instructional material, the development of online platforms for better service 

delivery, and process optimization to reduce assembly time. (Zhan 2016 p. 63-65.) 

 

Control 

The Control phase in DMAIC is a critical phase for ensuring the sustainability of the 

improvements achieved in the previous phases. This phase involves a thorough comparison 

of the process performance before and after the implementation of improvements, using 

metrics defined in the Define phase. The objective in Control is to assess the effectiveness 

of the improvements and to develop a comprehensive plan for maintaining these gains over 

time. Key activities in the Control phase includes standardization of the new process, 

documenting changes in line with organizational requirements, and using statistical process 

control tools to monitor the process performance continuously. The described DMAIC cycle 

can be presented as a figure as seen in Figure 2 below. 
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Figure 2. The DMAIC Cycle (La Plage academy 2024). 

 

For the Control to be effective, the process owner plays a pivotal role in overseeing the 

ongoing performance of the process, ensuring that any possible deviations are addressed 

promptly. Also, in the Control phase it’s time to reflect and plan, where the financial impact 

of the project is assessed, major findings are documented, and recommendations for future 

projects articulated. (Zhan 2016, p. 65-66.) 

 

Lean Six Sigma 

Lean Six Sigma emerges as a transformative methodology that combines the operational 

efficiency and waste minimization of Lean Manufacturing with the rigorous defect reduction 

focus of Six Sigma. As a holistic approach, it transcends traditional boundaries of quality 

management by offering a framework that aims at eliminating non-value-adding activities 

and rigorously targets variability reduction in business processes. (Zhan 2016, p. 1-3.) 

Lean Six Sigma’s core is propelled by the DMAIC framework which acts as the 

methodological backbone of Lean Six Sigma projects, guiding teams through a data-driven 

process that systematically seeks to enhance process performance and efficiency. (Zhan 

2016, p. 55-56.) 
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The inception of Lean Six Sigma can be viewed as an evolutionary leap in the quality 

management domain, one that integrates the best practices of its predecessors (TQM, Lean 

Manufacturing & Six Sigma) into a comprehensive approach that addresses quality and 

efficiency. Lean Six Sigma acknowledges the intricate relationship between process 

efficiency and quality outcomes, positing that significant improvements in product quality 

and customer satisfaction can only be achieved through a relentless focus on process 

optimization. (Zhan 2016, p. 1-5) 

2.3  Impact of digital technologies on manufacturing quality 

The integration of digital technologies into manufacturing processes has transformed the 

landscape of industrial quality control. The chapter 2.3 explores how these technological 

advancements such as: Cyber-Physical Systems (CPS), Industry 4.0, and the Internet of 

Things (IoT), have revolutionized manufacturing by enhancing precision, efficiency, and 

reliability. This chapter focuses on examining the pivotal roles of these technologies between 

computational intelligence and physical manufacturing processes, driving the evolution 

towards smarter, more responsive manufacturing environments. 

As a backbone of modern manufacturing industries, digital technologies enable the 

collection and analysis of extensive data sets, facilitating real-time monitoring and decision-

making that significantly improves manufacturing quality. The technologies examined in 

this chapter not only optimize operational efficiencies but also enhances the adaptability of 

manufacturing systems to changing market demands and regulatory environments. This 

chapter highlights the critical impact of digital technologies in establishing robust, quality-

focused manufacturing operations.  

2.3.1  Cyber-Physical Systems 

Cyber-Physical Systems (CPS) represents a combination of physical processes and 

computational systems engineered to function in unity. As defined by Wang and Wang 

(2018), CPS are built from, and rely on the integration of computational algorithms and 

physical components. Originating from advancements in Internet and web-based systems, 

CPS in manufacturing enables real-time monitoring and synchronization between cyber 
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computational space and physical factory floors. This integration enables a transformative 

approach to manufacturing with the emphasis on intelligent monitoring and control through 

data extraction in real-time as well as, analysis, decision-making and transmission. (Wang 

& Wang 2018, p. 33-35.)  

CPS has been facilitated by significant advancements in computational power and refined 

ICT standards, enabling the development, implementation, and distribution of large-scale 

networked systems. Such developments have potential effects across various sectors, 

including: Energy, automotive, and agriculture. This could be achieved for example through 

the use of smart grids, autonomous vehicles, and enhanced monitoring of crop fields. 

(Iarovyi, Mohammed, Lobov, Ferrer & Lastra 2016, p. 1-2.) 

The architecture of CPS comprises of: Sensing, networking, middleware, and application. 

This structure enables collection, sharing and management of data among interconnected 

devices across the network, laying the foundation for IoT-enabled industrial applications and 

smart manufacturing systems. The integration of IoT within CPS marks a critical step 

towards achieving digitalization in manufacturing, enabling predictive maintenance, quality 

control and operational efficiency. (Wang & Wang 2018, p 33-35.) The sensing layer 

captures real-time data from resources and devices, sharing it through a wireless network 

with tags and sensors. The networking layer connects all elements, forming a physical 

network of manufacturing systems that share information. The middleware manages, 

controls, and transmits real-time information via a cost effective platform integrating 

hardware and software functions. The application layer integrates system methodologies and 

functions to enable IoT- based industrial applications and manufacturing systems (Wang & 

Wang 2018, p. 33.) 

Developing CPS requires interdisciplinary knowledge understanding the domain of 

operation, software, communication, control theories and methodologies. New standards and 

methodologies now allow for seamless integration of information on different levels into a 

singular CPS, enabling autonomous decision making based on real time observations. In the 

manufacturing domain, the benefits starts from approaches like cloud computing, which 

offers additional computational resources on demand. (Iarovyi et al 2016, p. 1-5.) 

While the integration of CPS and IoT has potential and heralds advancements in 

manufacturing, it also presents challenges such as data security, interoperability, and the 
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requirement for skilled personnel. Addressing these challenges is important for successful 

implementation and optimization of CPS in the manufacturing industry. Future directions 

for CPS research and application focuses on enhancing connectivity, intelligence, and 

adaptability to further revolutionize manufacturing practices. (Wang & Wang 2018, p. 33-

35 & 58-59.) Moreover, the security landscape of CPS presents unique challenges not 

encountered in traditional IT systems or legacy control systems due to their intricate cyber-

security interplay. There is a complexity of ensuring security in CPS, due to the diversity of 

hardware and software components that constitute these systems. Humayed et al (2017) point 

out that each component’s integration contributes to the overall security posture of CPS, 

making the system vulnerable to attacks. This complexity is intensified by the diverse nature 

of CPS elements, comprised of sensors, actuators, and embedded systems, each introducing 

its own vulnerabilities. Understanding these vulnerabilities is important for developing 

defence mechanisms against potential cyber-physical attacks, ensuring resilience of CPS 

against threats that could compromise their cyber and physical operations. (Humayed, Lin, 

Li & Luo 2017, p. 1802-1807.) 

 

2.3.2  Industry 4.0 and the path to Industry 5.0 

The fourth industrial revolution or also known as “Industry 4.0” derives from a long 

evolution from traditional manufacturing practices, characterized by manual labour and 

mechanical production methods, to a highly interconnected an automated environment. The 

transition trough the various industrial revolutions has been driven by the evolution from 

steam power to electricity to computerization, culminating in the current era where digital 

technology is at the front. This evolution reflect a paradigm shift towards an integrated, data-

driven approach where manufacturing quality is not only about compliance with standards 

but about utilizing digital insights to pre-emptively address potential issues and optimize 

production processes. (Markatos & Mousavi 2023, p. 1658.) 

The shift towards Industry 4.0 and the integration of advanced technologies into 

manufacturing processes presents both opportunities and challenges. On one hand, these 

technologies offer potential to revolutionize quality control, enhance operational efficiency 

and enable customized production at scale. On the other hand, the successful implementation 
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of these technologies requires overcoming possible challenges related to data security, 

interoperability of systems and the requirement for skilled personnel capable of managing 

and interpreting the complex data landscapes generated by these technologies. (Markatos & 

Mousavi 2023, p. 1658.) 

Industry 4.0 is underpinned by the ambition to digitalize the manufacturing sector, creating 

a seamless integration between digital technologies and physical production. In Industry 4.0, 

the essence lies in the smart manufacturing framework where the digitization process aims 

to adopt a strong virtual environment that significantly impacts the physical manufacturing 

processes. This revolution emphasized the interconnectivity facilitated by IoT and the 

implementation of artificial intelligence (AI), marking a significant departure from 

conventional methods in manufacturing. These advancements signal a shift forwards 

manufacturing systems that are interconnected and also capable of making autonomous 

decisions based on comprehensive data analytics, further enhanced by technologies such as 

manufacturing systems, additive manufacturing, automated robots, and augmented reality. 

(Azizi & Barenji 2023, p. 1.) 

The expansion of Industry 4.0 has necessitated a transformation in the workforce, demanding 

new skills and the integration of high-tech devices into professional environment. This shift 

towards entirely digitalized and automated enterprise encapsulates the broader implications 

of Industry 4.0 on the landscape of manufacturing, demonstrating a global move towards 

adopting these principles across various industries and sectors. The global recognition and 

adoption of Industry 4.0 principles emphasize the universal applicability and potential for 

smart manufacturing technologies to redefine manufacturing quality, efficiency, and 

customization. (Azizi & Barenji 2023, p. 2.) 

The integration of smart products with smart manufacturing, networks, logistics, and IoT 

transforms existing value chains and foster new, innovative business models. This shift 

positions the smart factory as a vital element of smart infrastructure, offering numerous 

benefits. Advanced planning and control based on current, relevant data are just a few of the 

many advantages that Industry 4.0 provides to businesses across multiple dimensions, 

promising significant profits and efficiencies. According to Azizi & Barenji 2023 this 

transition to Industry 4.0 is anticipated to foster a reduction in waste and cost, promote safer 

workplace environments, and lead to increase in revenue, reinforcing the image of forward-

thinking business. The capability to dynamically adjust organizational and performance 
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levels in response to fluctuating demand signifies a leap towards networked production 

systems, capable of updating processes in the value chain. (Azizi & Barenji 2023, p. 27.) 

2.3.3  Internet of Things in the industry 4.0 era 

Internet of Things (IoT) is a key force in the transformative path towards Industry 4.0, 

redefining the paradigms of manufacturing quality. IoT, with its network of interconnected 

devise equipped with software, sensors, actuators, facilitates the collection, transmission, 

and analysis of data across manufacturing environments. This digital interconnectivity 

enables a level of automation and data-driven decision-making previously unattainable, 

enabling a new era of manufacturing intelligence and operational excellence. (Markatos & 

Mousavi 2023, p. 1658-1659.) 

The fundamental advantage of IoT in manufacturing is in its ability to provide real-time 

visibility into all the aspects of the production processes. The sensors embedded in 

machinery and equipment continuously monitor and collect data on performance metrics, 

environmental conditions, and the outcomes from production. This flow of data offers 

manufacturers a detailed view of their operations, enabling immediate identification and 

rectification of quality deviations. The real-time data acquisition capabilities of IoT devices 

are instrumental in pre-empting production flaws, reducing waste and ensuring adherence to 

quality standards. (Markatos & Mousavi, p. 1663-1664 2023.) 

Beyond quality control, IoT also contributes significantly to predictive maintenance 

strategies. By analyzing data trends and patterns, IoT systems can predict equipment failures 

before they occur, scheduling maintenance activities to prevent downtime and avoid quality 

issue that might be the outcome of malfunctioning machinery. This proactive approach 

possible by utilizing IoT, not only extends the lifespan of equipment but also ensures that 

production processes are not compromised, thereby maintaining consistent quality outputs. 

(Markatos & Mousavi 2023, p. 1664.) 

IoT serves as the backbone for the development and implementation of Cyber-Physical 

Systems (CPS), which are in the centre of Industry 4.0. CPS systems integrate physical 

processes with digital information systems, creating a symbiotic environment where 

physical operations and digital data analytics enhance each other. The significance of CPS 
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in automating production processes, optimizing manufacturing parameters, and achieving 

higher levels of operational efficiency as well as quality assurance. (Markatos & Mousavi 

2023, p. 1664.) 

IoT’s integration into Industry 4.0 is transformative, enabling smart manufacturing where 

machines, systems and products communicate and cooperate with each other and with 

humans in real-time via the global network. This connectivity facilitates high levels of 

automation, flexibility, and efficiency, leading to the creation of smart factories. These 

factories are characterized by their adaptability in production processes, resource efficiency 

and ergonomics, as well as the integration of customers and business partners in business 

and value processes. The ability to monitor and analyze large amounts of data from sensors 

and IoT devices in real-time allows manufacturers to detect inefficiencies, predict 

maintenance requirements, and adapt to changes in demand or production conditions swiftly. 

(Azizi & Barenji 2023, p. 27.) 

In addition, the integration of IoT into manufacturing systems has fostered the development 

of new business models and operational strategies, enhancing the dynamism and 

responsiveness of manufacturing sector. The structures of CPS, comprising sensing, 

networking, middleware, and applications layer, enables technological advancement, 

ensuring data collection, management, and utilization across interconnected devices. This 

architecture enables the efficient operation of IoT as well as lays the groundwork for the 

emergence of innovative IoT enabled applications in manufacturing. (Wang & Wang 2018, 

p. 33-35.) 

IoT’s impact expands beyond manufacturing to influence business models and operational 

strategies across industries. The detailed tracking and analysis of data provides possibilities 

for businesses to offer more personalized and efficient services, improve decision-making, 

and reduce costs. For example, in Supply Chain Management, IoT provides real-time 

visibility into the movement of goods, enhancing efficiency as well as transparency, in 

energy management IoT technologies help in energy use optimization and waste reducing, 

contributing to sustainability efforts. (Azizi & Barenji 2023, p. 27.) 

With the implementation of IoT within Industry 4.0 also necessitates addressing challenges 

related to data privacy, security, and interoperability. Ensuring the secure exchange of data 

between devices and systems is crucial to protect intellectual property and personal data. In 
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addition, the development of standardized protocols and interfaces facilitate interoperability 

among diverse IoT systems and devices, this enables seamless and easy communication and 

integration. (Azizi & Barenji 2023, p. 27.) The number of devices companies connects to 

their IoT networks is increasing, this rapid increase is also leading to a potential of 

vulnerabilities and higher risk of security threats. In such cases, it is important to ensure 

robust security measures to mitigate the constraints on IoT system deployments, with an 

emphasis on the growing importance of implementing effective security practices within the 

IoT industry. (Alamri, Alabri & Sharma 2022.) 

Some security challenges inherent in IoT systems are multifaceted and may include the 

following key issues: 

• The diversity of the technologies used by IoT complicates the process of identifying 

and comprehending specific security requirements.  

• IoT networks often comprise devices with limited resources, making them vulnerable 

for cyberattacks.  

• The inclusion of mobile devices within IoT networks introduces the need for security 

measures that can adapt to potential vulnerabilities. 

• With the generation of large amounts of data by IoT devices, presents unique security 

and management challenges. 

• The security requirements for IoT applications may vary greatly depending on the 

particular industry and the infrastructure to which the IoT technologies are applied. 

Despite the variability, some security requirements are common between different 

contexts.  (Alamri, Alabri & Sharma 2022.) 

 

Industry 5.0 

To understand the use of Industry 4.0 applications, we must also have look on the future. 

This would then be the Industry 5.0 that is a transformative journey from Industry 4.0, which 

primarily focused on automation and the digitalization of manufacturing processes. The 

Industry 5.0 has emerged, marking a significant shift towards the integration of human 

ingenuity with advanced robotics. While Industry 4.0 revolutionized manufacturing with 
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IoT-integrated smart facilities, artificial intelligence, and machine learning, it highlighted 

predominantly the automation aspect, where machines began to replace multiple functions 

previously performed by human workers in the past. (Matuszak 2022.) 

Industry 5.0 leads in an era, where the collaboration between humans and machines goes to 

the centre of the stage. Embodying a model where both entities work together to enhance 

production efficiencies, creativity and as well as creates personalization in manufacturing 

processes. This new industrial revolution emphasizes the importance of human in an 

automated world, seeking fully utilize the strengths of both machine and humans to foster 

innovation and improve operational efficiencies. (Matuszak 2022.) The industrial 

revolutions started from 1.0 and has progressed to the most recent one 5.0 as shown in the 

figure 3. 

 

 

Figure 3. Industry revolutions from Industry 1.0 to Industry 5.0 (Matuszak 2024). 
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2.4  Key manufacturing quality applications and technologies 

With the fast-evolving industry landscape of industrial manufacturing, the utilization of 

sophisticated quality applications and technologies plays an important role in achieving 

competitive advantage. This chapter researches some key manufacturing quality applications 

and technologies that are important in the process of enhancing the operational efficiency 

and product quality in modern manufacturing environments. It explores a variety of 

applications and practices, including: Manufacturing Execution Systems (MES), Overall 

Equipment Effectiveness (OEE), and Quality Management Systems (QMS), which 

collectively are aimed at enhancing the excellence in manufacturing operations. 

The significance of these technologies extends beyond just compliance with quality 

standards, they are integral to the modern digital transformation initiatives that drive Industry 

4.0. By utilizing possibilities of integrating advanced data analytics, real-time monitoring, 

and strategic process optimization, these systems facilitate a deep understanding of 

manufacturing dynamics as well as helps to anticipate and mitigate potential disruptions in 

their production processes.  

Each subsection within this chapter will dissect the specific roles, functionalities, and 

impacts of these technologies. This exploration aims to highlight the technical aspects and 

benefits of each system and also considers the synergy between them and their alignment in 

lean manufacturing principles.  

2.4.1  Manufacturing Execution Systems 

Manufacturing Execution Systems (MES) are integrated, computerized systems designed to 

manage and monitor production processes from top floor to the shop floor. MES are 

instrumental in ensuring that manufacturing operations are executed effectively, thereby 

enhancing productivity, and minimizing waste. The core function of MES is to provide real-

time collection, storage, and analysis of data, which helps in optimizing manufacturing 

activities. MES plays an important role in the seamless operation of manufacturing 

enterprises by serving as a path or a bridge between high-level enterprise functions and the 

granular details of production or manufacturing operations. The development and integration 

MES within the manufacturing industries has evolved significantly with the appearance pf 
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CPS, which have enhanced the control and efficiency of manufacturing operations. (Iarovyi 

et al 2016, p. 1-5.) 

There are a list of principal MES functions listed to meet the needs of variety of 

manufacturing environments: 

• Operations and detailed scheduling: Arranging and timing operational activities to 

enhance factory performance and taking into account the limited availability of 

resources.  

• Resource allocation and status: Directing the roles for personnel, machinery, tools, 

and materials, while monitoring their current and recent activities.  

• Dispatching production units: Creating and issuing instructions to distribute 

materials or initiate orders at specific plant locations for the commencement of 

processes or operations. 

• Document control: Overseeing and disseminating details regarding to products, 

processes, designs, and orders, including the collection of certification documents 

for conditions and standards.  

• Product tracking and genealogy: Observing the advancement of individual units, 

batches, and lots, to compile a record of history of the products journey. 

• Performance analysis: Evaluating the actual performance metrics in the plant 

against preset goals and standards from organization, customers, or regulatory 

entities.  

• Labour management: Supervising and managing personnel allocation during shifts, 

considering their skills, work patterns and demands set by the organisation.  

• Maintenance management: Scheduling and conducting necessary maintenance 

activities to ensure the operational integrity of equipment and capital assets. 

• Process management: Guiding the progression of tasks within the plant, aligned 

with the anticipated and as well as real-time production scenarios. 

• Quality management: Documenting, observing, and assessing the characteristics of 

products and processes to ensure they meet or exceed designed specifications. 
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• Data collection: Collecting, compiling, and structuring data regarding processes, 

materials, and operations, sourced from control systems, machines, or by human 

input.  

The functionalities such as scheduling and quality management are directly linked to 

manufacturing processes, others such as resource management and traceability server more 

overarching roles. It is also good to know that essentially not all MES functions are created 

equal or serve the same level of impact in the manufacturing ecosystem. (Ugarte, Artiba & 

Pellerin 2009, p. 1-5.) 

A critical alignment between MES and Lean manufacturing principles can significantly 

enhance operational efficiency. Cottyn et al 2011, suggests a methodical approach for 

synchronizing MES with Lean objectives, highlighting the potential for these systems to 

coexist but also reinforce each other’s effectiveness in manufacturing environments. The 

study reveals that while Information Technology (IT) and Lean principles were once 

considered contradictory, their integration through MES can be pivotal in realizing Lean’s 

core aim of streamlining operations as well as eliminating waste. The synergy between Lean 

and MES enables real-time production information that can guide in the decision-making 

process. This ensures and enhances continuous improvement and adherence to Lean 

methodologies. (Cottyn, Van, Stockman & Derammelaere 2011, p 4397-4412.) 

Incorporating Lean practices into MES processes requires comprehensive understanding of 

both domains. According to Cottyn et al 2011, Utilizing the manufacturing operations 

management (MOM) framework can be used to overlay MES with Lean activities. By doing 

this, organizations can gain insights into their interdependencies, enabling a strategic 

approach to manufacturing operations that embraces the best from both MES and Lean. 

Well-aligned MES can support Lean initiatives by providing critical data and insights as well 

as also ensure that the lean improvements are sustainable by embedding standardized 

procedures in the system. (Cottyn et al 2011, p. 4399-4413.) 

Some challenges lie with implementing MES, for example the requirement of maintaining 

awareness of the overall system state which is required to prevent disruptive actions as the 

system executes various functions. This complexity is compounded by the function necessity 

of MES to collect data from multiple devices, often without a single, centralized point for 

state information. (Iarovyi et al 2016, p. 1-5.) 
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2.4.2  OEE applications and technology 

Overall Equipment Effectiveness (OEE) is a key figure used to monitor and improve the 

efficiency of production processes (Devices, machines, production lines, departments, and 

factories). (Törnroos 2024.). It meticulously monitors real-time output of machinery, 

gauging its operational performance against ideal standards of manufacturing. The accurate 

forecasting possibility created by OEE technology for organizations performance acts as the 

main benefit of OEE. OEE figure is calculated by manual method by multiplying the 

availability, speed, and quality factors. (Anusha & Umasankar 2020, p. 93-96.) When 

calculating OEE figure, the factors affecting the OEE figure can be thought as barriers and 

the improvements in performance can help to overcome those barriers. According to Singh, 

Khamba & Singh 2021, p. 415-421, the OEE is calculated as a percentage with the following 

equation: 

 Availability x Speed x Quality = OEE %.    (1) 

 

To calculate the OEE using Availability, Speed and Quality we need to also define what are 

the 3 factors: Availability, Speed & Quality (Sayuti, Juliananda & Syarifudding 2019, p. 3-

4): 

  

Availability =
Operating time

Loading time
x 100%    (2) 

 

Speed=
Total of produced goods (Processes amount)x Ideal (Theoretical) cycle time

Operation time
x 100%  (3) 

 

Quality =
Net produced (Processes amount)-Defect amount

Net produced (Processes amount)
x 100%   (4)  

 

Figure 4 shows an example graph how the calculated OEE might be simulated to be shown.  
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Figure 4. Example of an OEE Dashboard from Evocon (Evocon 2024). 

 

 OEE takes into account most causes of production loss and divides them into three factors: 

Availability, speed, and quality.  

• The availability factor indicates production loss caused by downtimes in production, 

this means events that stops production for an extended period and thus does not 

create value. 

• The speed factor indicates production loss caused by speed losses, which includes all 

speeds lower than the possible set maximum speed. 

• The quality factor, on the other hand, indicates production loss caused by poor quality 

and counts all production that does not meet the quality factors set for the products. 

(Törnroos 2024.) 

OEE turns even a complex production process into a simple and understandable key 

figure, giving a picture of the true efficiency of production. It has been found to be a 

good way to measure efficiency in conjunction with Lean thinking principles, Total 

Productive Maintenance (TPM), and other strategies aimed at developing the company 

and increasing productivity.  
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The main goal of OEE is to reduce and minimize production waste. Waste refers to all 

losses that do not generate value for the customer. Thus, OEE also benefits to Lean 

development work, where value is produced for the customer and all unnecessary work 

steps are eliminated. (Törnroos 2024.) 

 

The Six Big Losses 

 The Six Big Losses is a methodology for categorizing the losses in productivity from an 

equipment standpoint. It originates from TPM created by Seiichi Nakajima in the 1971, 

advocating for maintenance to be a collective responsibility, best executed through small 

group activities aimed at optimizing equipment efficiency. (Törnroos 2024.) 

These losses are directly connected to OEE, offering a deeper actionable insight into the 

specifics of OEE related losses. The original categories of The Six Big Losses includes: 

Equipment Failure, Setup and Adjustments, Idling and Minor Stops, Reduced Speed, 

Process Defects and Reduced Yield. (Six Big Losses 2015.) As described by Törnroos 2024. 

the categories are also known as: 

• Unexpected Equipment Failures: This is linked to the OEE’s loss of availability.  

• Setup and Adjustments: This is linked to the OEE’s loss of availability. 

• Short Stops: This is linked to the OEE's loss of speed. 

• Reduced Operating Speed: This is linked to the OEE’s loss of speed. 

• Poor Quality Products produced during start-up phase: This is linked to the OEE's 

loss of quality.  

• Losses caused by quality defects and rework: This is linked to the OEE's loss of 

quality. (Törnroos 2024.) 

Utilizing the mindset of the Six Big Losses, offers a view on the equipment inefficiencies in 

discrete manufacturing, extending beyond the general analysis provided by OEE. Since the 

losses stems from TPM, they are closely linked to specific remedial actions. This enriches 

the data available as well as lays the groundwork for more impactful interventions. (Six Big 

Losses 2015.) 
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From the context of Lean Manufacturing, addressing the Six Big Losses translates directly 

to minimizing Availability Loss, Performance Loss, and Quality Loss, thereby enhancing 

the OEE score. This signifies a more productive manufacturing operation and serves as a 

great foundation for continuous improvement efforts. (Six Big Losses 2015.) 

2.4.3  Quality Management Systems 

Quality Management Systems (QMS) are a structured approaches organizations adopt to 

meet and exceed customer expectations consistent while integrating continuous 

improvement mindset in their processes and outcomes. (Natarajan 2017, p. 1-4.)  This 

chapter explores the QMS, focusing on its critical components, significance, and strategic 

benefits for enhancing manufacturing quality processes.  

The objective of QMS is to provide framework which can be used to improve collaboration, 

communication and consistency across the organization as well as helping to reduce waste 

and enabling the continuous improvement mindset. (What is a Quality Management System 

2024). 

QMS platforms provides a valuable tool for managing quality processes in a structured and 

consistent manner across organization. With being able to centralize quality data and 

automating workflows for document control, change management and other quality 

processes, QMS software is able to enhance operational efficiency and regulatory 

compliance. Such features and software is important to companies and industries where 

adherence to quality standards is crucial (What is a Quality Management System 2024.) 

At the centre of a QMS is the commitment to quality, encapsulated by a set of principles that 

includes customer focus, leadership, the engagement of people, a process approach, 

continuous improvement, evidence-based decision making, and relationship management. 

These principles serve as a foundation for creating a culture that prioritizes continuous 

improvement and customer satisfaction, with a shift for the organizational focus from 

compliance to strategic quality enhancement. (Natarajan 2017, p. 5-15.) 

A well performing QMS is built on the following key components: 

• Quality objectives and policies: The quality objectives and objectives define the 

organizations quality aspirations and align with its strategic directions. 
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• Process documentation and management: By documenting key processes, company 

can ensure clarity and consistency in how quality objectives are achieved. 

• Quality assurance: Focusing on operational outputs and the process leading to these 

defined outputs will ensure that quality standards are met. 

• Continuous improvement: Following continuous improvement methodologies such 

as Plan-Do-Check-Act which is a continuous improvement tool that employs ISO 

9001  

• Customer focus: Prioritizing customer needs and feedback to enhance satisfaction 

and loyalty. (Natarajan 2017, p. 17-40.) 

 

Implementing QMS includes the goal of achieving certifications, it is important in boosting 

efficiency, innovation, minimizing waste and elevating product as well as service quality, 

this strategic implementation leads to improvements in customer satisfaction and 

competitive positioning, promoting an organizational culture in quality. (Natarajan 2017, p. 

62-64). 

Lean principles are also able to be integrated with traditional QMS practices. This offers a 

path to further efficiency and waste reduction. According to Bacoup et al 2018 Lean Quality 

Management System (LQMS) that is a combination of ISO standards with Lean 

Management efficiencies, could be meld together to promote a more agile and responsive 

QMS framework that aligns with organizational agility and customer value. (Bacoup, 

Michel, Habchi & Pralus 2018, p. 1-5.) 

By adopting QMS software, organizations can streamline their quality management 

processes, reduce operational costs, improve their compliance and product quality. This will 

then lead to heightened customer satisfaction as well as locality with reduced risks of non-

compliance and quality failures. The QMS framework supports various industry standards, 

including ISO 9001 and FDA regulations. In summary the core elements of QMS include 

quality objectives, a quality manual, organizational structures, and document control. Also, 

an automated QMS platform would further enhance these benefits by utilizing quality data 

across the product lifecycle, improving efficiency through automation, and ensuring follow 

on regulatory compliance. (What is a Quality Management System 2024.) 
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3  Research methods 

This chapter explains the methodologies used in this study to investigate the optimization of 

Supply Chain Management (SCM) applications in Metso’s manufacturing quality processes. 

The primary objective of this chapter is to provide a comprehensive explanation of the 

research design, data collection methods, and analytical techniques used in this research to 

achieve the study objectives- 

This study adopts a mixed-methods approach, with a combination of using quantitative and 

qualitative research methods to provide a holistic understanding of the SCM manufacturing 

quality applications at Metso. This combined approach allows a nuanced analysis by 

integrating numerical data and application reports with in-depth qualitative insights such as 

interviews with the stakeholders.  

3.1  Data collection methods 

This chapter outlines the comprehensive data collection strategies utilized to gather the 

necessary information for evaluating the effectiveness of Manufacturing Quality 

Applications at Metso. The approach used in this research integrates both quantitative and 

qualitative methodologies, ensuring a robust analysis that supports the research objectives.  

3.1.1  Qualitative data collection 

This subchapter investigates the qualitative techniques used to gather insights from key 

stakeholders at Metso. By using a semi-structured interview, the aim was to capture in-depth 

perspectives and experiences directly from the individual users and stakeholders involved in 

the daily use and management of Manufacturing Quality Applications in Metso.  

Interviews 

• Participants: Key stakeholders at Metso, including IT staff, application users, 

management, and business owners. 
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• Sampling Method: Purposive sampling was used to select the certain participants 

who has direct experience with the SCM manufacturing quality applications at 

Metso. This method ensures that the selected participants can provide relevant 

insightful information about the usage, challenges, and also the benefits of the 

applications. 

• Interview Guide: Semi-structured interviews were conducted with the stakeholders 

by using a guide developed to ensure consistency. The guide included questions such 

as: 

o User experience with their respective application 

o Challenges and limitations of current application 

o Perceived benefits and impact on operational efficiency 

o Suggestions and future path for improvement and integrations, and why? 

o The business requirements and maturity 

• Procedure: The interviews were conducted in Microsoft Teams meetings, each one 

lasting approximately between 0.5 hours- 2 hours. Some interviews were recorded 

with participants consent and transcribed for further analysis. In addition, later raised 

questions and validations were sent to the relevant stakeholders via email. 

3.1.2  Quantitative data analysis 

This chapter details the methods used to analyze quantitative data collected through 

documents, charts, reports from Metso. The chapter discusses the techniques used in the 

research for the quantitative data interpretation.  

 

Documents and Reports 

In this subchapter the quantitative methodologies are explored and investigated how they 

apply to the analyzation of the data collected from Metso’s Manufacturing Quality 

Applications.  
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• Lean Business Cases: Documents detailing the lean business cases that provided 

insights into the application and their justification, business requirements and desired 

outcomes with both quantitative and qualitative data. 

• Application Document of Understandings: These documents outlined the 

functionalities and intended use of the applications in SCM. 

• Application Data: Use of data directly from the applications, including metrics on 

performance, defects, and production efficiencies as well as quality functions. 

• Cost Data: Some financial reports were collected and investigated but not mostly 

used in this thesis.  

• OEE Data: Overall Equipment Effectiveness data, including availability, 

performance, and quality metrics. 

• User Data: Data on user interactions and feedback was investigated regarding the 

applications. 

 

Application Architecture Pictures and Charts 

Visual data such as architectural diagrams and process charts were used to gain technical 

understanding of the application. These visuals are illustrated in the application use case 

chapters to show the integration and workflow of SCM applications in Metso’s operations.  

Visual Data: Architectural diagrams and process charts were used to gain technical 

understanding on the application, and also illustrated in the application use case 

chapters to illustrate the integration and workflow of SCM applications in Metso’s 

operations. The technical application architecture pictures were not mostly used due 

them being confidential and cannot be shared in this research.  

Production Data: Records of production outputs and defect rates provided 

quantitative measures of the applications effectiveness.  
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3.2  Data analysis methods 

This chapter outlines the data analysis strategies used to synthesize and interpret the 

extensive data gathered through qualitative and quantitative methods. The integrated 

analysis approach aims to enhance the understanding of the interactions and impacts of 

Manufacturing Quality Applications at Metso, thus providing a nuanced view that informs 

the research conclusions.  

 

3.2.1  Qualitative data analysis 

This subchapter details the methods used to analyze the qualitative data collected through 

interviews and observations done with the Metso’s Manufacturing Quality Applications. In 

the chapter the techniques are discussed and how they are employed to interpret the 

narratives and feedback from stakeholders. This enables a deeper understanding of user 

experience, challenges, and the contextual impact of these applications. 

 

Thematic analysis 

• Interview Transcriptions: The transcripts from the recorded interviews were 

reviewed identify recurring themes and patterns. The thematic analysis focused on 

extracting meaningful insights related to user experience, challenges, benefits, and 

suggestions for possible improvements. Microsoft Copilot was also used as a tool for 

analyzing possible inputs or suggestions from the transcripts.  

• Manual Review: The data collected was manually reviewed multiple times to mark 

and categorize the most important statements and observations. Then the analyzed 

observations made from these data were validated with business stakeholders and IT. 

• Identifying Themes: Some key themes were identified through an iterative process 

of reviewing the transcriptions created from the recorded meetings and additional 

follow-up responses from the stakeholders. This process ensured that the themes 

accurately reflect the underlying data. 
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• Validation: The identified themes, observations, and decisions were cross-checked 

with the relevant stakeholders for additional feedback and validation. (Braun & 

Clarke 2006, p. 77-81.) 

3.2.2  Quantitative data analysis 

This subchapter details the quantitative data analysis techniques used to dissect the data 

gathered from the study. It outlines the statistical methods used to determine relationships, 

trends, and impacts of the Manufacturing Quality Applications at Metso.  

Descriptive Statistics: 

• Descriptive statistics were utilized to summarize central tendencies and overall 

patterns in the quantitative data. Such as deviation for defects and range were used 

to provide a clear overview of the collected data. 

• The analysis covered performance metrics such as: Production efficiencies, defect 

rates, and OEE data to provide a comprehensive picture of SCM applications 

effectiveness.  

Regression analysis: 

• Regression analysis was used to explore the relationship between variables, these 

variables can be various application usage data’s and production efficiency. This 

method helped in understanding how variations in the applications can impact 

production outcomes.  

• With the analysis of these relationships, insights were gained for the potential areas 

for improvement as well as optimization within the SCM manufacturing quality 

applications. For example, if increased usage of certain application correlates with 

higher production efficiency, the application might be prioritized for more broader 

implementation or enhanced support. (Field 2017, p. 556 & 609-610.) 

Comparative Analysis: 

• Comparative analysis was done to evaluate and compare the performance metrics 

across different SCM applications.  
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• The findings from the analysis provided basis for recommending specific 

applications for integration or enhancement. For example, some applications showed 

different performance from automated quality perspectives, as others might have 

been more manual labour ones that could be easily replaced. 

3.2.3  Mixed-methods integration 

This subchapter details the integration of qualitative and quantitative data analysis methods 

used in this research to provide understanding of the research findings. By merging these 

approaches, it is possible to triangulate the data, enhancing reliability and depth of the 

insights done for Metso’s Manufacturing Quality Applications.  

 

Triangulation: 

• Triangulation was used to integrate the qualitative and quantitative findings, 

enhancing the validity and reliability of this study. The approach included cross 

verifying the qualitative insights and interviews with the quantitative data from 

documents, reports and the application. 

• With combining the data from multiple data sources, a comprehensive understanding 

was able to be made for the SCM applications impact on Metso’s operations. 

• In addition, cross verifying the data through multiple sources was also 

done in the literature review phase to have understanding base of 

knowledge on the technologies and methodologies for this research. 

(Guest & Fleming 2015, p. 581-595.) 

3.3  Ethical considerations 

Ethical considerations were discussed with Metso stakeholders as well as the Metso Risk & 

Compliance team to ensure that no secret or confidential information was utilized in the 

research project. All the participants were anonymized for their individual answers in the 

project, only using their titles. This way the identities are protected and their privacy, as well 



56 
 

as sensitive information and data securely stored. All the participants provided consent prior 

their involvement in the study. They were informed about the purpose of the study, how their 

data would be used and a permission to citate the information they have provided in the 

recorded meetings, emails and transcripts. Security measures set by Metso were followed 

according, when collecting documentation, meeting recordings and other information. 

3.4  Limitations 

• Data Access: Limitations and major challenges were faced in accessing and utilizing 

data and information due to confidentiality constraints. Due to the research being 

publicly available, all Metso confidential data is denied of being used, shown and 

analyzed for the research. This creates difficulties to express some information for 

the readers, that the I as the project researcher have read and understand but cannot 

add to the project. This also narrows the possible factors used for the project 

outcomes to very limited amount, as well as making the results vaguer, compared 

what they could be with no confidentiality restrictions. 

• Self-Reported Data: Potential biases in self-reported data from interviews were 

acknowledged. With cross-verification, these biases were mitigated.  

3.5  Research methods conclusions 

This chapter detailed the used research methodology to investigate the optimization of 

Supply Chain Management applications within Metso’s manufacturing quality processes. 

Using a mixed-methods approach by combining both quantitative and qualitative research 

methods. These methods provided comprehensive understanding of the SCM applications at 

Metso. 

Qualitative data was collected through semi-structured interviews with the key stakeholders 

that includes IT staff, application users, management, and business owners. Additional 

qualitative data was also gathered through documentation and follow-up communications. 

Quantitative data was collected from application documents, lean business cases, 

performance metrics, cost data, OEE data, user data, and production records. Descriptive 
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statistics summarized the data, while performed regression analysis explored the found 

relationships between variables such as application usage and production efficiency. 

Comparative analysis identified performance differences among SCM applications. 

Triangulation was integrated into qualitative and quantitative findings. This enhanced the 

study’s validity and reliability. Consistent data collection and analysis ensured reliability. 

Ethical guidelines were studied and followed in the study to protect participant 

confidentiality, data confidentiality and data security.  

Despite the limitations in data access, potential biases and data confidentiality, the 

comprehensive analysis provided valuable insights for optimizing SCM manufacturing 

quality applications to enhance the operational efficiency at Metso.  
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4  Results from case studies of Metso’s technological adoption 

This chapter will present the results derived from case studies from the research on Metso’s 

SCM applications. In this chapter, we explore this research papers application case studies 

and understand how the industry 4.0 applications are used at Metso and how Metso is 

navigating in the market of industrial innovation through strategic application technology 

within its operations. As global markets are evolving and the demands on manufacturing 

precision and efficiency increases, Metso is committing to digital transformation, 

specifically focusing on enhancing its Supply Chain Management (SCM) applications. This 

chapter delves into the operational application and optimization of these technologies, 

illustrating their impact on the company’s productivity and operational agility.  

Each of the case studies presented in this chapter encapsulates Metso’s initiative to integrate 

modern technologies like the Overall Equipment Efficiency (OEE), and various 

Manufacturing Quality Applications (MQA), within its global manufacturing processes. The 

applications presented in this chapter are not just tools but strategic assets that drive 

improvements in operational efficiency and manufacturing quality, reflecting Metso’s 

commitment to operational excellence and sustainable competitive advantage.  

The subchapters will describe and detail the specific functionalities, integrations, and the 

resultant benefits of these advanced systems, drawing from real-world application scenarios 

within Metso’s diverse manufacturing environments. From the foundational OEE metrics 

that enhance equipment utilization to the intricate quality assurance processes enabled by 

MQA systems, these narratives shows Metso’s strategic use of technology that addresses 

immediate operational challenges as well as forecasts and prepares for future industrial 

demands.  

With the focus on these technological adoptions, the chapter aims to provide a 

comprehensive understanding of how Metso is shaping its manufacturing landscape, 

aligning with Industry 4.0 paradigms, and benchmarking in manufacturing excellence. This 

chapter explores and highlights the successes, some challenges as well as strategic decision 

making behind integrating these systems into Metso’s daily operations.  
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As outlined in the done literature review, the integration of Industry 4.0 technologies has 

been shown to significantly improve operational efficiency. This theory will now be 

explored through specific use cases at Metso, where the practical application of such 

technologies will be observed.  

 

Architectural Overview 

Before proceeding to the specific applications case studies, it is important to understand on 

high level on how these applications integrate and function within Metso’s manufacturing 

landscape, for this, two architecture diagrams are presented: 

System Integration Architecture Diagram: Figure 5 below visually represents the 

connections and data flow between the manufacturing quality applications (MOA, MQA1, 

MQA2, MQA3), the ERP system, and both internal and external users. This layout helps to 

understand how data from sensors and smart measuring equipment is utilized across various 

applications, highlighting the integration depth and data utilization strategy.  

 

 

Figure 5. Manufacturing Quality Applications architectural diagram 
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Hierarchical Control Diagram (Purdue Model): The below figure 6 is a structured Purdue 

Model hierarchical format; this diagram categorizes the levels of control and data handling 

from field-level devices up to the enterprise-level management systems. It details the layers 

of operational technology from basic sensors and measuring equipment from Level 0, up to 

the ERP Systems at Level 4, expressing the role of supervisory control and data acquisition 

at various levels. 

 

 

Figure 6. Purdue model on Manufacturing Quality Applications and hierarchical landscape 
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4.1  Metso OEE Application 

In the quest to drive operational excellence and navigate through the complex modern 

manufacturing, Metso has adopted the Overall Equipment Effectiveness (OEE) application, 

and combination of both technological advancements and innovations as well as strategic 

approach to operational efficiency. This chapter delves into the implementation and 

optimization of the OEE application within Metso’s manufacturing processes, examining its 

impact on reducing waste and improving equipment utilization.  

This chapter aims to dig deeper into how Metso OEE Application (MOA), through its 

measuring, visualizing and data-driven decision-making capabilities has anticipated a 

substantial improvement in press utilization as well as manifests a notable enhancement in 

operational productivity. The aim is also to understand is the MOA measuring manufacturing 

quality, how, or if not, why? By embracing the OEE technology Metso resonates with the 

pillars of Industry 4.0 setting a precedent for future advancements in the realm of intelligent 

manufacturing systems. 

At its core, the MOA utilizes OEE technology to offer a comprehensive view in 

manufacturing operations, facilitating an understanding of efficiency across presses and 

production lines. The applications introduction serves as a strategic response to an array of 

manufacturing challenges that Metso faces, such as unprepared material, prolonged setup 

times, frequent machine breakdowns, and significant process variability. These listed 

challenges does not act as merely operational obstacles but acts as symptomatic of deeper 

inefficiencies that MOA seeks to remedy.  

Aligning with the literature on OEE applications, Metso’s approach highlights the 

significance of measuring equipment effectiveness as a step forward to quality assurance and 

process optimization. This integration of OEE into Metso’s operational framework is 

indicative of a broader commitment to lean manufacturing and continuous improvement, 

principles that are well documented as instrumental in enhancing production optimization 

and possibly as well as manufacturing quality.  

MOA alignment with the Six Big Losses methodology provides a systematic avenue for 

categorizing and tackling inefficiencies with TPM strategies aimed at optimizing equipment 

efficiency and adopting the culture of waste minimization.  
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Background on Metso OEE Application 

Recognizing the important role of effective equipment utilization in maintaining a 

competitive edge, the company sought to harness the potential of OEE technology. This led 

to the development and deployment of the MOA. An advanced tool designed to enhance the 

performance of bottleneck equipment crucial to the value-add chain of the manufacturing 

process. 

Prior to the adoption of MOA, the company faced inefficiencies in the productivity. A 

significant amount of waste was identified, not just in terms of material but also in time and 

resource allocation. The intricate process of molding and production was facing issues by 

setup times that did not meet the lean manufacturing ideal, inconsistent machine operations, 

and a pressing need to boost the efficiency of critical equipment.  

The strategic decision to focus on the OEE application rooted from the need to address these 

challenges. By utilizing methodical and data-driven approach that the OEE Application 

could provide by offering real-time data and insightful analytics, the application presented a 

means to track, analyze and optimize the pressing processes.  

MOA was not only aimed at measuring the current state of efficiency but also at uncovering 

hidden potentials for improvement and providing actionable intelligence. The introduction 

of the application promised a holistic approach to address the identified losses, aligning with 

the principles of Total Productive Maintenance (TPM) and Six Big Losses model. The 

anticipated benefits of this transition to OEE technology utilization in the manufacturing 

processes were multifaceted improving the direct metrics of machine utilization as well as 

efficiency in Metso’s manufacturing processes and possibly manufacturing quality.  

 

Analysis of OEE Utilization 

Usually, the OEE number is calculated as explained in chapter 2.6.2 OEE applications and 

technology, by calculating Availability x Speed x Quality =  OEE %. (1) 

Currently in Metso OEE Application, the OEE number is calculated by focusing measuring 

on just Availability x Performance = OEE %. This part of the chapter aims to understand 

what’s the reason for not measuring quality with an OEE application, even when it is an 

important function in the OEE technology. 
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In Metso’s pursuit of manufacturing excellence, the OEE application plays important role in 

streamlining operations, yet its potential for measuring manufacturing quality remains 

underutilized. The OEE metric, which usually encompasses Availability, Performance, and 

Quality, is recalibrated within Metso’s framework, with a focus mostly on the first 2 factors: 

Availability and Performance. The exclusion of the Quality factor from the current OEE 

calculation model presents a significant deviation from standard practice and requires deeper 

analysis to understand why the full potential to optimize manufacturing quality in the process 

is not utilized.  

The MOA currently operates with the focus on the formula: Availability x Performance = 

OEE%, with Quality absent from the equation. This absence of Quality factor is not due to 

a technical shortfall, but roots from the company’s existing operational practices regarding 

quality issues. The Quality factor is still calculated with the original equation, but the 

changes in quality are not high enough to make any impact to the OEE number.  When 

defects are detected, the immediate response is to initiate scrapping and rework, processed 

through a separate order in the ERP system. (MOA Product Owner 2024.) 

The defects that are scrapped are calculated and reported to the MOA, but the number of 

defects is extremely low as presented in the figure 7.  

 

 

Figure 7. MOA production in 2023 
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This means that in most batches there is not even a single defect. As seen in the figure 8 

below only 73 scraps were reported in 2023. 

 

 

Figure 8. MOA reported defects in 2023 

 

As shown in figure 7 and figure 8, out of 509 159 produced parts only 73 defects are found. 

So, this would translate to 0.0143 percent of defects. OEE calculation is often expressed with 

a percentage between 0-100, this is also the case with MOA. By calculating the produced 

parts and its defects this would mean that the Quality factor in the OEE would be 99.985% 

also rounded to 100%. (MOA Product Owner 2024.) 

This would then be presented in the MOA OEE visualization as seen in figure 9 below:  
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Figure 9. OEE visualization 

 

By calculating Availability x Performance, user receives the presented OEE number visible 

in the figure 9. By adding the Quality factor of 100% would not affect the OEE number in 

anyway as the Quality is 100%. 

Now this rounded 100% of Quality score can be interpreted as excellent, but it doesn’t then 

leave much room for improvement by utilizing the MOA application. This approach 

disconnects the MOA and the transparent tracking of quality metrics, which are normally 

essential components of the OEE calculation.  

Despite of the technical capability of MOA to report and manage quality issues effectively, 

the current business process only includes the simple production step and scrapping defected 

parts. This process is ideal for focusing on efficient use of machines and focusing on the 

availability and performance factors. (Manufacturing Director 2024.) 

If MOA would be considering manufacturing processes from wider perspective, this could 

bring more use cases of manufacturing quality monitoring and optimization with MOA. Such 

could be integrating quality monitoring with more end-to-end quality tracking for Metso’s 

processes.  

But the nature of OEE applications are required to be taken into consideration. By integrating 

more steps for quality monitoring such as monitoring the customers possible issues or defects 
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with the ready parts or products, this could bring visibility for additional quality defects in 

manufacturing. This defect monitoring would seem to be considered welcome, but due to 

the nature of the OEE technology, the aim is to follow production and manufacturing in real 

time and then adjusting the processes and machinery according to these changes. This 

enables the real-time production optimization. Utilizing data from customers after days, 

weeks or months would not provide useful data for MOA as the feedback would be too late.  

(Manufacturing Director 2024.) 

Despite the technical capability of MOA to report and manage quality issues effectively, the 

integration of quality factors into the system is hindered by the existing business processes. 

Quality management and reporting are firmly embedded within the ERP environment, 

indicating a strategic decision to segregate quality control from manufacturing metrics 

tracked by MOA. Other option is also that the Quality metric would be answered within the 

same business area by utilizing a different manufacturing quality application that would 

focus more end-to-end processes in manufacturing such MQA1, MQA2 or MQA3 that will 

be discussed later in this research.  

However, a future upcoming integration of ERP (S4) might present promising integration 

possibilities to unify quality measurements from ERP to the OEE Application, creating a 

transparent integration to the flow of data from ERP to the MOA and then adding the Quality 

factor to the OEE application.  

The decision to currently sideline the more end-to-end Quality dimension in MOA’s OEE 

computation derives from the business processes, possible future change in the processes or 

with manufacturing quality applications and their integrations in Metso could provide 

transparency between applications for manufacturing quality.  

Still MOA has proven very successful application in Metso and is excelling at real-time 

optimization of manufacturing processes. During 2023 the improvement using the 

application shows OEE value increased from 37% to 53%. (Manufacturing Director 2024.) 
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4.2  Manufacturing Quality Application 1 

In the pursuit of operational excellence within demanding environment of foundries, Metso 

has developed the Manufacturing Quality Application 1 (MQA1), an application tailored 

specifically to enhance production, manufacturing quality, and capacity planning. This 

chapter delves into the roles and impacts of the MQA1, showcasing its integration into 

Metso’s foundry operations and its important role in advancing manufacturing quality and 

efficiency.  

The MQA1 is an instrumental tool in arranging complex foundry processes from order 

execution to final quality assurance. The application is one of the cornerstones of Metso’s 

strategy to cope with challenges posed by modern demands in manufacturing domain. By 

utilizing MQA1, Metso aims to optimize its foundry operations, ensuring control over the 

manufacturing quality and efficiency of its production processes. (Metso FM Lean business 

case 2023.) 

 

Background on MQA1 

The MQA1 was developed in response to specific operational challenges encountered in 

Metso’s foundries, such as optimizing molding sequences and melting batches, managing 

production orders, and enhancing the traceability and quality control of the casting process. 

The application aligns well with Metso’s commitment to continuous improvement and 

operational excellence, integrating advanced technological solutions to streamline foundry 

operations.  

Prior to the adoption of MQA1, Metso’s foundries dealt with inefficiencies in production 

planning and execution, characterized by prolonged setup times, variable process outputs, 

and suboptimal utilization of resources. The MQA1 was introduced to tackle these issues by 

providing a robust platform capable of detailed production planning and real-time 

monitoring of foundry operations. Below in figure 10 an example of the UI of how MQA1 

presents active monitoring.  
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Figure 10. MQA1 active order monitoring 

 

Analysis of MQA1 functionalities 

This section focuses on the analysis of the MQA1 functionalities such as: Production 

planning and execution, quality module integration, and integration with ERP. 

1. Production Planning and Execution: 

• Molding and Melting Runs: MQA1 facilitates detailed planning of molding 

and melting operations, incorporating specialized rules to optimize the 

sequences and batches based on the availability of resources and specific 

requirements of different alloys. 

• Production Order Management: The application manages time ticket 

confirmations for production orders, enhancing the efficiency and accuracy 

of order execution within the foundries.  
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• Factory and Visualization: The MQA1 enables to visualize factory layout 

and machine information in the application. In the same section it is possible 

to follow on the production of the machinery present in the plants.  

 

2. Quality Module Integration: 

• Quality Assurance: MQA1 includes functionalities that oversee the entire 

casting process, from the initial fusion of raw materials to the final quality 

checks, ensuring high-quality outputs and compliance with Metso’s quality 

standards. 

• Traceability and Reporting: The application enhances the traceability of 

the manufacturing process and supports the generation of detailed reports, 

which help in identifying areas for improvement and ensures compliance with 

regulatory requirements.  

In the figure 11 is presented the quality options in the applications quality module. 

 

 

Figure 11. MQA1 quality options in the application 
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3. Integration with ERP: 

• Data synchronization: MQA1 interfaces with ERP, allowing efficient data 

to flow and synchronize between the two systems. This integration allows 

real-time updating of production data and quality metrics, which are critical 

for informed decision making.  

 

MQA1 on Manufacturing Quality 

The deployment of MQA1 has enabled significant transformation for the operational 

landscape of Metso’s foundries. By providing visibility into the production processes and 

enhancing the control over quality parameters, MQA1 has led to noticeable improvements 

in operational efficiency and manufacturing quality. The applications data analytic 

functionality and reporting capabilities have enables Metso to reduce waste, minimize 

production errors, and improve throughput.  

In addition, the integration of the Quality module in the MQA1 4.0 version, which was not 

part of the original version of the MQA1 shows Metso’s forward-thinking approach to 

quality management. This module extends MQA1’s capabilities into comprehensive quality 

oversight, spanning the entire casting process and ensuring that every step meets the quality 

criteria set by Metso. The quality control model user interface presented in the figure 12 

below. 

 

 

Figure 12. MQA1 Quality Control 
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With the quality module in MQA1, the application is able to provide more centralized 

platform for managing quality data, significantly enhancing visibility and control over the 

manufacturing processes. This module has provided Metso to swiftly access historical data 

and perform in-depth analysis of every casting produced, leading to faster identification of 

quality trends and issues. The module also provides Metso’s engineers immediate access to 

actionable data through advanced reporting features. These capabilities enables fast 

decision-making and have been important in reducing the cost of non-quality, with savings 

reflected in time and resources. (Metso FM Document of Understanding 2024.) 

 

Initially the quality module in MQA1 has been implemented globally in Metso, this 

expansion harmonizes manufacturing quality management processes improving global 

oversight and enabling consistent quality standards across different regions.  

Some major improvements and strategic benefits from MQA1 in manufacturing: 

• Reduction in Quality Costs: By implementing MQA1 quality module, 

Metso aims to reduce quality-related costs by at least 10%, a direct result of 

more efficient quality management and error reduction. 

• Improved Response Times: The quality module significantly decreases the 

time required to analyze and respond to customer defects, from days to just 

hours, enhancing customer satisfaction and operational responsiveness. 

(Metso FM Lean Business Case 2023.) 

MQA1, through its sophisticated design and comprehensive functionalities, has established 

itself as an important tool in Metso’s path for manufacturing excellence. As Metso continues 

to innovate and adapt to the evolving industrial landscape, MQA1 represents a good tool for 

dedication in manufacturing quality improvements, efficiency and continuous improvement 

in foundry operations.  

4.3  Manufacturing Quality Application 2  

In the demanding and competitive realm of global manufacturing, Metso has created an 

internally developed application known in this research project as Manufacturing Quality 
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Application 2 or MQA2. MQA2 embodies operational excellence, innovation and continual 

improvement in quality management processes. The MQA2 is tailored to specifically 

address the multifaceted challenges inherent in the manufacturing of complex equipment. 

The development of MQA2 was driven by the critical need to evolve beyond the traditional 

paper-based quality management systems that were labour-intensive, prone to errors, and 

environmentally unsustainable. These legacy systems not only have negative impact on 

efficiency but also imped the timely analysis and resolution of quality issues, impacting 

overall product integrity and delaying market readiness.  

MQA2 represents a shift towards digitalization in quality control processes at Metso. It 

integrates seamlessly with existing enterprise resource planning (ERP) systems, enhancing 

data accuracy and availability across the production lifecycle. This digital transformation is 

able to facilitate real-time quality monitoring and decision-making, ensuring that all Metso 

products adhere to the high standards of quality and reliability. MQA2 aims to streamline 

quality management processes, but also reduces the use of paper and waste. This chapter 

delves deeper into its integration into Metso’s manufacturing operations, and MQA2’s 

impact on manufacturing quality and efficiency. (Metso QT Lean Business Case 2023.) 

 

Background of MQA2  

The creation of MQA2 emerged from the requirement to transition from conventional, 

manually intensive quality control processes to more streamlined, technology driven 

solutions. With MQA2’s aim to tackle specific operational inefficiencies it aims to enhance 

quality assurance throughout Metso’s global manufacturing processes. 

Originally motivated by an urgent need to replace outdated paper-based systems, which were 

prone to human error as well as resulted in significant delays in information retrieval and 

analysis. These traditional outdated methods led to substantial documentation losses, 

misplaced records, and a considerable lag in the communication of critical quality-related 

information. 

Recognizing these challenges, Metso’s IT and regional business collaborated to develop a 

solution tailored to the intricate needs of their manufacturing processes. The goal was to 
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create an application able to address the immediate inefficiencies in quality control as well 

as providing a scalable framework to support future growth and technological integration.  

The development of MQA2 was driven by several strategic imperatives:  

• Digital Transformation: In line with global trends towards Industry 4.0, MQA2 was 

part of Metso’s broader initiative to digitize its operations. This shift aimed to 

enhance data accuracy, improve process efficiency, and follow continuous 

improvement culture.  

• Quality Assurance: At its core, MQA2 was designed to ensure that all products 

manufactured met Metso’s quality standards. By integrating real-time quality 

tracking, the application provided immediate insights to production anomalies or 

defects, allowing a quicker reaction for corrective actions.  

• Regulatory Compliance: As Metso operates in various international markets, 

compliance with diverse regulator standards is crucial. MQA2 helped to streamline 

compliance processes by ensuring that quality control measures were consistently 

applied across all locations.  

• Sustainability: By moving away from paper-based systems, MQA2 also supported 

Metso’s sustainability goals. Reducing paper use minimizes environmental impact 

and aligns with the company’s commitment to sustainable practices.  

Originally piloted in one country only, the success of MQA2 led to rollout to other strategic 

locations, and now is used in Metso globally. This rollout was aimed at standardizing quality 

management practices across Metso’s global operations, thus ensuring uniform product 

quality and reliability. With each implementation phase of MQA2, the application was 

monitored to ensure its effectiveness in improving quality control processes. Success metrics 

were established to measure increases in efficiency, reductions in waste and warranty claims, 

and improvements in compliance with quality standards. (Metso QT Lean Business Case 

2023.) 

Quality configurations visible in the application user interface catalogue presented in figure 

13 below.  
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Figure 13. MQA2 Quality configurations. Configurations that are used to set multiple 

parameters which are used during reporting 

 

Analysis of MQA2 functionalities 

MQA2 offers comprehensive real-time quality data management features designed to 

improve efficiency and accuracy on the production floor. 

1. Real-Time Quality Data Management 

• Data Entry and Tracking: MQA2 allows real-time entry and tracking of 

quality data directly from the production floor. This feature supports inputs 

such as measurements, checks, tests, and visual inspections through an 

interface accessible on tablets and other mobile devices. By enabling real-

time data capture, the application reduces the latency in data availability and 

enhances the responsiveness of quality control processes. 

• Digital Documentation: Replacing paper-based records, MQA2 stores all 

quality documents digitally. This shift not only reduces physical storage 

requirements but also enhances data retrieval speeds and reduces the risks 
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associated with lost or damaged documents. (Metso QT Document of 

Understanding 2024.) 

The below figure 14 presents the report template for the documents that then the end user 

can utilize for filing purposes.  

 

 

Figure 14. MQA2 Report templates for documents 

 

2. Supplier Quality Management 

• Supplier Integration: MQA2 is currently adding a new module that includes 

extending quality management processes to Metso’s suppliers. By allowing 

suppliers to input quality data directly into the system, Metso can ensure 

compliance with its quality standards right from the supply chain stage, 

reducing time and effort spent on post-receipt inspection.  

• Comprehensive Supplier Reports: Suppliers can upload detailed reports 

including specifications, checkpoints, and images of parts during fabrication. 

These reports are reviewed and validated in the supplier module of MQA2, 

ensuring that only compliant parts proceed through the supply chain. (Metso 

Supplier QT- Final Version Presentation 2024.) Additionally, at certain 

stages of production, it is mandatory to capture photographic evidence. These 

images serve as documentation to reject warranty claims by evidencing 
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damages that occur post-shipment, missing parts, or damages resulting from 

incorrect customer settings. (Metso Email from the QT Product Owner 2024.) 

3. Quality Inspection and Compliance 

• Automated Quality Checks: The system is programme to automatically 

verify if the entered data meets the predefined specification limits. This 

automated checking accelerates the quality control process and minimizes 

human errors. The test data set in the application presented in the Figure 15. 

 

 

Figure 15. MQA2 Test data 

 

• Regulatory Compliance and Traceability: MQA2 facilitates compliance 

with international manufacturing standards by maintaining detailed 

traceability records. These records are crucial for regulatory audits and 

provide a clear lineage of the production process, which is important for 

identifying the source of the possible quality issues when they arise. The 

system does the traceability for all critical parts since the raw material stage 

all the way until the equipment shipment. (Metso Email from the QT Product 
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Owner 2024.) Traceability function presented in the figure 16 with example 

fields and traceabilities.  

 

 

Figure 16. MQA2 Internal Traceability 

 

The Internal traceability does not have a supplier column to fill.  

This is function is then visible from the configurations—External Reports, as seen in the 

figure 17 below.  

 

 

Figure 17. MQA2 External traceability 
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4. Data Analysis and Reporting 

• Advanced Analytics: The application offers beneficial data analytics tools 

that help identify trends and patterns in quality data. These insights can lead 

to proactive measures to prevent quality issues even before they occur.  

• Custom Reporting: MQA2 allows users to generate customized reports that 

cater to different stakeholder needs, enhancing decision-making processes at 

various levels in the organization.  (Metso QT Document of Understanding 

2024.) 

• Data Analysis: Statistical control of the parts are conducted to identify trends 

and adjust internal processes in Metso to ensure parts remain withing the 

desired tolerance. These indices controlled are CP and Cpk. These metrics 

are critical for maintaining process capability and ensuring product quality. 

These statistics are then controlled in the application by utilizing family, part number part 

description, measure id, id number, part description and plant as shown in figure 18. 

 

 

Figure 18. Statistical control of the quality parts 
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MQA2 on Manufacturing Quality 

MQA2’s quality management capabilities have enabled Metso to maintain quality standards 

across its production processes. The application ensures that every part, whether its 

manufacture in-house or sources from suppliers, undergoes rigorous quality checks against 

pre-defined specifications and standards. This systematic approach can lead to a decrease in 

product defects and inconsistencies, thus possibly improving the overall product reliability 

and reducing the incidence of warranty claims. (Metso QT Lean Business Case 2023.) 

One of the key advantages of MQA2 is its ability to provide real-time visibility into quality 

data. This helps plant managers and quality engineers to identify and address quality issues 

quickly as they occur. The possibility to act quickly enhances efficiency of the production 

process as well as minimizes the potential for extensive quality fallout, which can be costly 

and damage the company’s reputation. (Metso QT Lean Business Case 2023.) 

With the integration of the new Supplier module in MQA2, Metso extends its quality 

management practices deeper into the supply chain. This feature allows for the direct 

involvement of suppliers in the quality assurance process, ensuring that components meet 

the high standards of Metso before they even arrive at the manufacturing plant. This 

proactive approach to quality management with cooperation of suppliers fosters stronger 

partnerships and leads to higher quality inputs in Metso’s manufacturing process. (Metso 

Supplier QT Lean Business Case 2023.) (Metso Supplier QT- Final Version Presentation 

2024.)  

With the integration of MQA2, Metso aims to enhance accuracy and reliability of its quality 

inspections. A reduction in warranty cost can be expected as the improvements in quality 

control processes are likely to lead to fewer product failures.  

The advanced analytics capabilities of MQA2 enables Metso to make strategic decisions 

based on quality data. This data-driven approach helps in identifying areas for improvement, 

planning of quality enhancements, and evaluating the effectiveness of quality interventions. 

The decision makers has access to detailed reports and dashboards that provide insights into 

key performance indicators, guiding strategic planning and resource allocation. (Metso QT 

Lean Business Case 2023.) 
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4.4  Manufacturing Quality Application 3 

In the competitive industrial landscape, Metso has in-house developed a custom-made 

manufacturing quality application to answer to the requirements of global manufacturing. 

Manufacturing Quality Application 3 (MQA3) is an application that acts as an innovative 

solution towards operational excellence with commitment to innovation and the continuous 

improvement of quality management processes.  

The concept of MQA3 was to address the significant challenges associated with outdated 

and manual quality management systems in Metso’s Rubber & Polymer Supply Chain. 

These legacy systems, heavily reliant on paper-based records and manual data entry, were 

inefficient as well as prone to errors and inconsistencies. This resulted in poor traceability, 

delayed responses in quality issues, and a lack of real-time process oversight, affecting 

overall product quality.  

The introduction of MQA3 acts as a step towards the digitalization of quality control 

processes at Metso. Seamlessly integrated with existing ERP systems, MQA3 enhances data 

accuracy and facilitates the availability of information across the production lifecycle. 

MQA3 utilizes automated data collection and analysis, this ensures that quality management 

is not only more efficient but also more effective. MQA3 is capable of supporting Metso’s 

strategic goals for excellence and sustainability. 

This chapter explores how MQA3 integrates with Metso’s manufacturing operations, 

focusing on its impact on manufacturing quality and efficiency. This discussion details the 

applications design, functionalities and the operational benefits it provided, highlighting its 

role as a key tool in Metso’s ongoing aim to enhance operational efficiency and maintain the 

high standards of product quality. (Metso QP project plan presentation 2024.) 

 

Background of MQA3 

The background of MQA3 roots from the need to address the inadequacies in Metso’s 

traditional quality management practices within the Rubber & Polymer Supply Chain. These 

processes were heavily reliant on manual operations that utilized paper-based systems, 

leading to challenges in data collection, analysis and management.  
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Metso’s response to these challenges was the conceptualization and development of MQA3, 

an application designed to automate the quality management process. The key motivation 

behind MQA3 is to eliminate variability in data collection to standardize quality assurance 

practices across Metso’s global manufacturing sites. (Metso QP project plan presentation 

2024.) 

 

Analysis of MQA3 functionalities 

MQA3, is engineered to uplift the precision and efficacy of quality management across its 

global operations. Below is a detailed analysis of its key functionalities:  

1. Automated Data Collection and Real-time Analysis:  

Automated and Semi-Automated Data Entry: MQA3 minimizes human 

intervention by automating data collection, significantly reducing errors and 

increasing reliability of data collected. The data is collected for example with 

a measuring device such shown in the figure 19 below.  

 

 

Figure 19. Measuring equipment sending measuring data automatically to MQA3 
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• Real-Time Criteria Checks and Alerts: The system provides immediate 

feedback on the quality parameters measured against predefined criteria, 

enabling operators to quickly address deviations directly at the point of 

production. (Metso QP project plan presentation 2024.) 

The measured event can be presented for the specifications in the application as shown in 

the figure 20. 

 

Figure 20. MQA3 measuring events and limit value setting 

 

The application then shows if the measurements are within the set limit values and the 

application gives an alarm if the measurements are not within the set limit as shown in the 

figure 21.  
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Figure 21. Limit value part judgement 

 

2. Advanced Traceability and Reporting:  

• Enhanced Traceability: Every data point collected is linked to specific 

production orders and operational parameters, facilitating detailed 

traceability from the input materials through to the finished products. 

These data points are then precented in the production orders as seen in 

the figure 22.  
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Figure 22. Process & production order set in MQA3 

 

• Dynamics Reporting and Dashboards: MQA3 offers configurable 

dashboards that allow different levels of management to monitor, 

analyze, and act on the quality data generated across the production 

lifecycle. (Metso QP project plan presentation 2024.) 

3. Decision- Making Framework by utilizing the MQA3: 

• Workshop Level: At this fundamental operational level, operators 

immediately see deviations in measured quality parameters against set 

criteria. This direct feedback loop enables the operator to take corrective 

actions and log defects into the MQA3 on the spot.  

• Daily Management Level: Quality teams review summaries of 

deviations every shift, undertaking root cause analyzes and addressing 

arising issues. This daily review lets the operators maintain continuous 

quality control and immediate responsiveness. 

• Manufacturing Unit Level: Daily operational meetings at the 

manufacturing unit level review the key KPIs and quality deviations 

reported over the past day. These daily meetings facilitate the resolution 
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of more complex issues that require intervention from higher-level teams 

or cross-departmental collaboration involving quality, maintenance and 

manufacturing engineering teams. (Metso teams chat with QP PO 2024.) 

• Global Supply Chain Level: At the highest decision-making level, 

MQA3 provided global quality analysts and the quality network with data 

that can be utilized to identify trends, potential risks, and areas for 

improvement. This data then supports the initiation of broad quality 

improvement projects, such as Six Sigma initiatives, aimed at enhancing 

global standards for manufacturing. (Metso teams chat with QP PO 

2024.) 

4. Integration with Existing Systems 

• ERP integration: MQA3 is fully integrated with ERP, this ensures 

seamless communication and data flow between quality management 

systems and other enterprise management systems. This helps in 

maintaining consistency and accuracy in production planning and 

inventory management. (Metso QP architecture 2024.) 

 

MQA3 on Manufacturing Quality 

Manufacturing Quality Application 3 (MQA3) plays an important role in advancing Metso’s 

manufacturing quality and operational efficiency. The application has been designed to 

transform quality management by utilizing industry 4.0 digital technologies to enhance 

precision, speed, and effectiveness of quality assurance processes across Metso’s 

manufacturing units. Below is list of how MQA3 and its earlier mentioned functionalities 

impacts manufacturing quality: 

 

1. Enhanced Quality Control and Compliance: 

• Real-Time Monitoring: MQA3 allows real-time monitoring on quality 

parameters, facilitating immediate corrections and adjustments. This 

capability helps to ensure that deviations from quality standards are 
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addressed quickly, reducing the risk of defective products progressing 

further in the production cycle.  

• Improved Compliance: The detailed traceability created by MQA3 

helps compliance with internal quality standards and external regulatory 

requirements.  

2. Data-Driven Quality Improvements:  

• Statistical Process Control:  With the integration of statistical process 

control into daily operations, MQA3 helps in identifying and correcting 

variances in the production process before they lead to defects. Such 

proactive approach in quality management reduces waste and enhances 

overall reliability in Metso’s products.  

• Root Cause Analysis: MQA3 supports in-depth analyzes of quality 

deviations, enabling teams to understand underlying causes and implement 

effective measures for corrections. 

3. Operational Efficiency and Cost Reduction 

• Reduced Manual Work: Automating data collection and entry processes 

minimizes the possible need for manual interventions. This then reduces 

labour costs and the potential human error.  

• Enhanced Decision Making: By utilizing real-time data and advanced 

analytics, MQA3 can provide Metso’s management with actionable insights 

that inform strategic decisions from adjusting production schedules to 

optimizing resource allocation.  

4. Customer Satisfaction and Stakeholder Collaboration:  

• Improved Customer Reporting: MQA3 enhances the manufacturing 

quality and availability of data for customer reports, which are important for 

capital projects. The ability enabled by the application to be able to provide 

detailed and accurate quality reports strengthens customer trust and 

satisfaction.  
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• Enhanced Collaboration: By standardizing quality data across multiple 

units and with providing a platform for global access in Metso, MQA3 

facilitates better collaboration among teams.  

5. Long-Term Quality and Efficiency Advancements:  

• Foundation for In-depth Studies: The reliable data collection and analysis 

capabilities enabled with MQA3 serves a foundation for detailed cause-and-

effect studies, these are essential for long-term improvements in quality and 

operational efficiency. 

• Global Quality Initiatives: In the global supply chain level, MQA3 enables 

quality analysts to detect trends and implement quality improvement projects 

across the manufacturing plants, enhancing overall manufacturing quality 

standards at Metso.  

4.5  Metso Manufacturing Execution System 

In the original scope of this research was to have more in-depth research on Metso’s 

Manufacturing Execution System (MMES) systems and their impact and cooperation with 

the other manufacturing quality applications in the Metso supply chain. Due to delays in the 

implementation of the new MES system, this research cannot delve deeper into them, but 

will consider more of the future benefits and integration possibilities with the other 

manufacturing quality applications.  

In the fast-paced digital landscape of modern manufacturing, Metso has recognized the need 

for a more integrated and efficient MES. This chapter takes a closer look at upcoming new 

Metso MES system, referred in this chapter as a MMES.  

The MMES system is a third-party system, chosen specifically by Metso to be implemented 

in Metso’s foundries. The implementation a lead forward in addressing the complex 

challenges of production planning and maintenance within high-demand environments. This 

chapter explores the development and deployment of the upcoming MES1 system, 

emphasizing its strategic importance in enhancing operational efficiency and product and 

manufacturing quality at Metso.  
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The initiative to implement the MES1 stems from operational challenges Metso faced in its 

foundries. Traditional methods involving partial use of ERP and reliance to manual 

processes such Excel for production and maintenance planning were proving inadequate. 

These methods led to inefficiencies, unreliable commitment dates for sales orders and a lack 

of real-time visibility and control of full production processes (For example the MQA1 

answers some of these requirements partially but not the entire processes). The MES1 was 

envisioned as a comprehensive solution to integrate and automate production planning, 

quality management, and maintenance schedules, fully aligning with Metso’s digital 

transformation goals. (Metso Lean business case MMES 2024.) 

Analysis of MMES Functionalities 

• Real-time Production Monitoring: Enabling better visibility and control by 

providing real-time data on production status, equipment, availability, and workforce 

efficiency. Real-time availability, speed, quality monitoring by utilizing OEE-

technology. 

• Automated Scheduling: Enhancing the accuracy of production schedules by 

automatically adjusting the real-time changes in production capacity and 

maintenance schedules. 

• Maintenance Integration: Seamlessly integrating maintenance planning within the 

MES, allowing for predictive maintenance and minimizing unplanned downtimes. 

• Quality Control Integration: Ensuring that all products meet Metso’s quality 

standards through continuous monitoring and integration with quality management 

systems. (Architecture of Metso MES 2024.) (Lean business case MMES 2024.) 

 

MES1 on Manufacturing Quality 

The deployment of the MES1 is estimated to have profound impact on the manufacturing 

quality at Metso: 

• Enhanced Operational Efficiency: By providing real-time data and automating 

production scheduling, MES1 could significantly reduce downtime and improve the 

overall efficiency of the foundries. 
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• Improved Quality Assurance: The system’s integration with quality control 

measures and other manufacturing quality applications could led to higher product 

standards and reduced deviations, enhancing customer satisfaction. 

• Data-Driven Decision Making: With advanced analytics capabilities, MES1 can 

help Metso to make informed decisions that continuously improve production 

processes and outcomes. (Metso Lean business case MMES 2024.) 
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5  Comparative analysis of Metso’s manufacturing quality 

applications and discussion 

This chapter provides a comparative analysis of the manufacturing quality applications 

employed by Metso: The Overall Equipment Effectiveness (OEE) Application (MOA), 

Manufacturing Quality Applications 1,2, and 3 (MQA1, MQA2, MQA3), and the Metso 

Manufacturing Execution System (MMES). Each application has been developed to address 

specific aspects of Metso’s operational requirements and quality standards. This analysis 

focuses on their integration, functionalities, requirements and quality standards. This 

analysis focuses on their integration, functionalities, and the resulting benefits they bring to 

Metso’s manufacturing processes. The chapter aims to guide Metso to understand the 

potential of the wide portfolio of the applications with their unique features, and possibilities 

for more unified approach in the future.  

The comparison of the manufacturing quality applications revolves around several core areas 

that will be explored in this chapter.  

5.1  Operational integration: How each application integrates into Metso’s current 

processes and systems  

This section details how various applications integrate with Metso’s current processes and 

systems, focusing on the integration capabilities and system compatibility of each 

application. 

• Metso OEE Application (MOA) 

Integration: MOA integrates seamlessly with Metso’s production systems 

to monitor and improve equipment efficiency. It directly interacts with the 

production line equipment, gathering data on availability, performance, and 

quality, which are crucial for real-time operational decision-making- 
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System Compatibility: MOA works with Metso’s ERP systems, ensuring 

that data utilized in the application is effectively available for operational 

analysis and reporting.  

• Manufacturing Quality Application 1 (MQA1) 

Integration: Designed to support foundry operations, MQA1 integration is 

currently limited due to its lack of flexibility to accommodate new business 

lines. This has highlighted a gap in its ability to support diversified operational 

needs across different manufacturing environments across multiple business 

lines.  

System Compatibility: While MQA1 integrates well within its specific 

operational domain (The foundries), its lack of broader applicability across 

new business lines is pushing Metso towards considering a more versatile MES 

system (MMES). 

• Manufacturing Quality Application 2 (MQA2) 

Integration: MQA2 is well integrated within Metso’s quality management 

framework, offering real-time quality data management from the shop floor 

level. The application enhances Metso’s ability to manage quality standards 

across its global manufacturing processes. The application itself acts as quite 

the simple manual quality monitoring application, so there would be relatively 

easy possibilities to integrate or build it inside of a larger system, such as an 

MES system.  

System Compatibility: MQA2 does not automatically interact with the 

current ERP system. Most of the digital documentation capabilities are manual 

inside of the application and also for bringing data from ERP to the application. 

For this reason, also an integration with the ERP would be beneficial or an 

integration with a larger system that shares the same ERP integration, for 

example an MES system. 

• Manufacturing Quality Application 3 (MQA3) 

Integration: MQA3, designed for the Rubber & Polymer Supply Chain, 

upgrades the quality management processes by introducing automated data 
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collection and real-time analysis. This integration enhances predictability 

and reliability of the manufacturing operations. From integration point of 

view these automated data collection functions and analysis interfaces 

could also be expanded inside a larger system or as a module of another 

larger application.  

System Compatibility: MQA3 is integrated with the ERP systems of 

Metso, the application supports seamless flow of quality data, enabling 

comprehensive traceability and compliance management throughout the 

production cycle.  

• Metso Manufacturing Execution System (MMES) 

Integration: MMES is envisioned as a comprehensive solution to integrate 

and automate production planning, quality management and maintenance 

schedules across Metso. Even though the full implementation is still 

spending but the MMES is expected to enhance the integration of 

manufacturing processes with strategic operational planning. The MMES 

provides possibilities to integrate similar functions or modules as in 

MQA1, MQA2 & MQA3 to one system. In future also OEE measuring just 

like in the MOA is easily possible through MMES. This could provide 

possibilities for a larger manufacturing quality system interface under 

MMES.  

System Compatibility: MMES is designed to be a central component of 

Metso’s IT infrastructure, MMES will likely ensure high interoperability 

with existing ERP systems and other digital tools, providing a unified 

platform that supports a wide range of manufacturing activities without. 

This means that the application would not be limited just to a certain 

process or business line needs.  

The operational integration of each application reveals a need for adaptability. Currently 

there are multiple applications with their own very specific area in Metso’s manufacturing 

and manufacturing quality domains. It is clear that all the functions of these application are 

very much needed in Metso’s operations and there is no room to remove one of the 

applications and its functions entirely. The limitations of MQA1 underscores a need for the 
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MMES solution that can integrate more flexibly across diverse business lines. The MMES 

promises to be a holistic system that could potentially consolidate and enhance the 

functionalities provided by existing applications, thereby aligning more closely with Metso’s 

evolving operational need and digital transformation strategy. The specific functionalities of 

MQA1, MQA2, MQA3 revolves around manufacturing quality, with MQA1 including more 

manufacturing aspects as well.  

The integration of these applications with an MES system would also bring possibilities for 

more wider use and interpretation of quality data in Metso. The OEE technology easily being 

integrated also into other systems with sensors could add value to an MES system that would 

already have manufacturing, quality and maintenance modules integrated. As OEE data can 

also be utilized in predictive maintenance area as IoT tool as explained in the chapter 2.3.3 

Internet of Things (IoT) in the industry 4.0 era 

5.2  Impact on manufacturing quality and efficiency: The direct benefit of each 

application in improving operational metrics and manufacturing quality at 

Metso 

This section explores the direct benefits of each application in enhancing operational metrics 

and manufacturing quality at Metso. 

• Metso OEE Application (MOA) 

Operational Metrics: MOA enhances equipment efficiency through detailed 

monitoring of availability, performance and quality, effectively reducing 

downtime and optimizing production schedules. 

Manufacturing Quality: Supports quality improvements, but currently not 

utilized much, due to the almost non-existing amount of reported quality 

defects.  

• Manufacturing Quality Application 1 (MQA1) 

Operational Metrics: MQA1 focuses on optimization of production 

planning in foundries, which leads to reduced setup times and more efficient 

use of resources. 
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Manufacturing Quality: Enhances quality control by integrating 

comprehensive data analysis tools, which helps in maintaining consistent 

manufacturing quality and reducing product defects.  

 

• Manufacturing Quality Application 2 (MQA2) 

Operational Metrics: Provides real-time quality data management, 

facilitating in immediate adjustments in manufacturing processes to meet 

predefined quality standards. Very manual labour-intensive quality 

following.  

Manufacturing Quality: Strengthens quality control by integrating 

comprehensive data analysis tools in the application, this helps in maintaining 

consistent manufacturing quality and reducing product defects.  

• Manufacturing Quality Application 3 (MQA3) 

Operational Metrics: Improves data reliability and operational 

predictability through automated data collection and analysis. 

Manufacturing Quality: Advances quality management by enabling real-

time monitoring and compliance with quality standards, helping to locate 

defects and this way ensuring fewer of them.  

• Metso Manufacturing Execution System (MMES) 

Operational Metrics: Aims to unify and automate various manufacturing 

processes, potentially increasing overall operational efficiency by 

integrating quality, production and maintenance systems all under one 

system. 

Manufacturing Quality: Enhances quality assurance across multiple 

platforms by providing a central system for monitoring and managing 

manufacturing quality, this way reducing variability and ensuring 

compliance with industry standards. 
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Each one of the applications are important to Metso’s strategic initiatives to enhance 

manufacturing efficiency and quality, while the individual applications address specific 

manufacturing processes, their integrated use within Metso’s IT ecosystem has the potential 

to transform operational practices, possibly leading to improvements in efficiency as well as 

product quality.  

5.3  Decision-making: Which applications Metso should keep or integrate? 

This section evaluates which applications Metso should retain or integrate based on their 

impact on operational metrics and manufacturing quality. 

 

Metso OEE Application (MOA) 

Keep/ Integrate: The MOA is providing essential insights into equipment effectiveness and 

operational efficiency. It’s crucial for immediate operational decision-making and enhancing 

productivity. Given the important role in enhancing equipment utilization and its alignment 

with Industry 4.0 objectives, MOA should be maintained either as a standalone application 

or integrated with a broader MES framework to expand its capabilities, particularly in the 

predictive maintenance. From manufacturing quality point of view, expanding or integrating 

the MOA with more business lines and factories could also provide more possibilities for 

quality monitoring with OEE technology. The OEE technology has been well known already 

for years and is not also new to Metso. Integrating the technology in other applications such 

as MMES should not be a challenge.  

 

Manufacturing Quality Application 1 (MQA1) 

Integrate/ Replace: With consideration to the limitations of MQA1 in adapting to new 

business lines and its very specific domain in the foundries, it would be a strategic decision 

to incorporate the MQA1 functionalities into a larger MES system such as the upcoming 

MMES. This approach would support a broader range of business lines in addition of 

integrating it with a larger system could bring more modularity into the just foundry specific 

usage of the application.  
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Manufacturing Quality Application 2 (MQA2) 

Keep/ Replace: MQA2 is offering strong quality data management which is important for 

maintaining global quality standards. Replacing MQA2 functionalities within a MES system 

could enhance data coherence and operational transparency, enabling better quality control 

and compliance management across all production lines. The application itself acts as a 

manual reporting and quality management application, with broader integrations of its 

functions and templates could act as a huge benefit for other business lines and users as well. 

Integrating the application itself would not be too beneficial as the application acts as quite 

a generic reporting and quality management platform. With the business line already using 

these functions in their processes, it would be easy to replace the application inside a MES 

tool to have the same functions but in a wider platform to allow more complex use, with 

more data for wider user groups. 

 

Manufacturing Quality Application 3 (MQA3) 

Keep and Possibly Integrate: MQA3’s advanced capabilities in automated data collection 

and real-time analysis are beneficial for Metso’s Rubber & Polymer Supply Chain 

operations. However, considering potential technological advances and the integration 

benefits outlined, exploring its integration into an MES system could further streamline 

operations and enhance data utility across different manufacturing units. In addition of 

having wider functions available in the business line from the measurements of MQA3, to 

MOA’s real-time production monitoring, with MQA2’s reporting capabilities. The 

application itself is relatively small and has very specific use cases. Once business is mature 

enough with utilizing MQA3, it could be beneficial to expand its usage by integrating it to 

act more as a module in a larger manufacturing quality platform. This would unify its 

automated quality measuring capabilities to a larger bundle of business and IT processes and 

functions.  

 

Metso Manufacturing Execution System (MMES) 

Expand and Integrate: As MMES is expected to be a comprehensive platform that has 

possibilities to unite various functionalities of MOA, MQA1, MQA2 and possibly even 
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MQA3 under a larger platform, focusing on its development and deployment across Metso’s 

operations would provide a unified solution that enhances operational efficiency and 

manufacturing quality. This system should be designed to integrate seamlessly with existing 

ERP system and incorporate real-time data analytics from MOA and other applications to 

optimize production planning, manufacturing quality, and maintenance. In addition, the 

MMES would not only be limited to the applications of this research, but further integrations 

or continuous development with other functionalities or systems.  

 

Strategic Recommendations 

This section summarizes the recommendations made from the analysis of the applications 

and their functionalities. 

1. Prioritize the Development and Rollout of MMES: Accelerate the implementation 

of MMES as a central platform to ensure it can absorb the functionalities of MQA1, 

MQA2 and potentially MQA3, with also potential OEE implementation of the MOA 

or a separate OEE module.  

2. Enhance Integration Capabilities: Focus on enhancing the integration capabilities 

of all applications, especially MQA2 and MQA3, with the new MMES to ensure well 

working data flow and operational coherence. 

3. Maintain MOA with Potential Enhancements: Continue to leverage the specific 

capabilities of MOA while exploring opportunities to integrate it with MMES for 

enhanced predictive maintenance and real-time operational optimization.  

An example of a more integrated system is presented in the figure 23 below. This figure 

presents how the integrations between systems would be much simpler with a larger 

platform. 
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Figure 23. Example of an integrate system under a Metso MES system (MMES) 

 

These findings correlate with the insights discussed in the literature review section on 

Quality Management Systems (QMS) in the chapter 2.4.3 Quality Management Systems. 

The results here validate the theoretical expectations and demonstrate their practical 

applicability in Metso’s operations.  
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6  Conclusion 

This chapter includes the summary of conclusions made in this research project. These 

conclusions includes synthesis of the research findings, comparison with existing research, 

valuation of the research, research gaps, and future research possibilities with directions.  

6.1  Synthesis of research findings and comparison with prior studies 

The main objective of this research project was to analyze the optimization of Supply Chain 

Management (SCM) applications in the Metso’s manufacturing quality processes. The 

research explored the transformative impact of digital technologies on manufacturing quality 

and operational efficiency. With a comprehensive literature review, case studies, and 

quantitative and qualitative analyzes, multiple key findings emerged.  

Key findings in the research project 

1. Enhanced Operational Efficiency: The integration and replacing suggestion of 

Manufacturing Quality Applications (MQA1,2, & 3), Metso OEE Application 

(MOA), and Metso Manufacturing Execution Systems (MMES) significantly 

improves Metso’s operational efficiency and manufacturing quality. The 

applications facilitate real-time monitoring, data-driven decision-making, 

manufacturing quality measurements and optimizations, and even predictive 

maintenance. 

2. Improved Quality Control: Digital technologies such as IoT and CPS, provided 

real-time data and analysis, this then enables proactive quality control and defect 

reduction. The case studies investigated in the research demonstrated that these 

applications helped Metso maintain high-quality standards across its manufacturing 

processes.  

3. Strategic Value: The applications clearly improve operational metrics as well as 

strategic value by aligning with Metso’s sustainability goals and competitive 

positioning in the industry. The utilization of advanced Industry 4.0 technologies 

supports Metso’s vision in sustainable manufacturing and high-quality standards.  
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4. Integration and Synergy: One of the most important outcomes of this research is 

that it is highlighted that there is obvious potential for integrating various SCM 

applications in the manufacturing quality area to create a more unified and efficient 

system. The integration of the applications or at least some of their functions in a 

larger platform could help in streamlining processes, reduce redundancies, widens 

the different manufacturing quality measurements, reporting, data analyzes and also 

helps to enhance overall system performance. 

The findings in this research aligns with the prior research on the impact of Industry 4.0 

technologies on manufacturing quality. Studies show that digitalization enhances operational 

efficiency, quality control and helps clearly with strategic decision-making in 

manufacturing. This research adds to the already existing academic literature and research, 

by providing a detailed case studies from Metso. These case studies helps to illustrate the 

practical applications and benefits of these technologies in a real-world setting. Reflecting 

on the theoretical frameworks reviewed in the literature, especially the ones concerning the 

strategic value of SCM applications, the outcomes observed in Metso’s case studies provide 

a practical manifestation of these theories. This is evident especially on the transformational 

potential of digital technologies in SCM, as supported by existing literature on digital 

transformation and operational efficiency discussed in the literature review part of this 

research.  

6.2  Evaluation of research  

This subchapter evaluates the research based on objectivity, reliability, validity, error, and 

sensitivity analysis.  

• Objectivity: The research maintained objectivity well by using a mixed-

methods approach, combining quantitative data with qualitative insights 

from key stakeholders from Metso such as: Product Owners, Solution 

Architects & Application Owners. This approach provided a balanced view 

of the SCM applications impact.  

• Reliability: In this research the reliability was ensured through consistent 

data collection methods and the analysis by validating through existing 
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literature, with helping validations from Metso’s stakeholders, using 

descriptive statistics, using triangulation method, thematic analyzes, 

analysing the contents.  

• Validity: The validity of the findings in the research was supported by 

triangulating data from multiple sources and methodologies. The case 

studies were approached with analysing the functions and architectural 

reviews of the applications. The full architectural figures are not visible in 

this research due to confidentiality restrictions.  

• Error and Sensitivity Analysis: Potential errors were mitigated by using 

cross-referencing data and approaching with statistics from literature. 

Analysis was conducted to understand the impact of key elements on the 

research outcomes, as well as validating them with relevant Metso key 

stakeholders such as Metso’s Solution Architect in the Manufacturing 

Quality application domain.  

6.3  Research gaps and study justification 

Despite the comprehensive analysis and literature review, some gaps were identified in the 

study. One of these gaps is that the study mainly focuses on the short term impact of SCM 

applications. It possible to continue with longer-term benefits, but that would require more 

data collection as well as the upcoming MMES system to be deployed and analyzed. 

Longitudinal studies could provide further insights into the long-term benefits and possibly 

reveal more challenges for these technologies. With the case studies providing detailed 

insights, further research is needed to understand the possible scalability of these 

applications across different manufacturing environments and industries. Also including a 

full detailed cost-benefit analysis with financial implications for these technologies would 

be beneficial for strategic decision making. One very notable obstacle that also creates 

research gaps is the challenge with confidential data usage. This research is published 

publicly, so no confidential or secret data is available for this research. 

The study is justified as it provides valuable insight into the optimization of SCM 

applications in a large manufacturing company such as Metso. The findings of this research 
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contribute to the broader field of manufacturing quality control and digital transformation. 

This offers practical recommendations industry practitioners but as well to academic 

researchers.  

6.4  Contributions and future research directions 

This chapter aims to summarize the contributions of the current research and outline 

potential future research directions. The study has provided valuable insights and practical 

recommendations for enhancing manufacturing quality through the implementation of 

digital technologies. As the manufacturing landscape is evolving, continuous research and 

adaptation are essential to maintain competitiveness and efficiency. 

Harmonization of Business Processes 

 One key insight also that needs to be taken into account also is that by possible 

harmonization of business processes across Metso, there could be benefits to ease the 

integration or unify of the applications. Currently Metso uses multiple applications across 

various business lines. While the systems researched in this project provide targeted benefits, 

they also introduce complexities in integration and data management. To move towards a 

more unified system, such as comprehensive MES system that could streamline operations 

by offering a single platform for real-time monitoring, analytics and decision-making, Metso 

would need to harmonize the processes between business lines. This harmonization could 

enhance coordination, reduce redundancies, and also improve overall efficiency. However, 

transitioning to a unified system requires very careful planning to address the unique 

requirements and needs of different business units and to ensure seamless integration. Future 

research could also explore the possible roadmap for implementing a unified MES across 

multiple business units.  

 

Contributions 

The research offers practical insight into the implementation of digital technologies in 

manufacturing, by providing a roadmap for other companies looking to optimize their SCM 

applications. The study provides strategic recommendations (See chapter 5.3 Decision-

Making: Which Applications Metso Should Keep or Integrate?) for Metso, highlighting 
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which applications to keep, integrate, replace or enhance for optimal efficiency in 

manufacturing quality.  

Future Research Directions: Future research could explore the impact of emerging 

technologies such utilizing as Industry 5.0 as mentioned in the chapter “2.3.2 Industry 4.0 

and the path to Industry 5.0”. This would mean that by utilizing technologies from Industry 

5.0 like AI and machine learning on manufacturing quality, could bring further benefits and 

act as a next step for manufacturing quality and SCM optimization. Also, comparative 

studies across different industries could possibly provide a broader understanding of the 

applicability and benefits of the technologies studied in this research. Further research could 

focus on the environmental and sustainability impact of SCM applications, aligning with 

global trends and moving towards sustainable manufacturing practices. One major factor 

that could be considered for future research is that due to the confidentiality limitations of 

this public research, the utilized data from Metso is limited. If Metso would like to continue 

more in-depth research done internally, this could contribute a lot more detail to the research 

in terms of providing more detailed business and IT data. Metso could use this current 

research as a template for future research and start building internal investigations around 

the literature and results done in this research.  

In conclusion, this thesis provides a comprehensive analysis of SCM applications at Metso, 

highlighting the significant benefits of digital technologies used to enhance manufacturing 

quality and operational efficiency. The findings offer valuable insights to academic 

researchers as well as industry practitioners as mentioned earlier also. This study can 

contribute to the ongoing research and development of digital transformation in 

manufacturing.  

For future research Metso could also continue this research internally but with utilizing more 

detailed confidential data, which is not allowed in this thesis. This approach could present 

possibilities of utilizing detailed cost analysis, function analysis and business process 

analysis with the applications. These analyzes could the contribute more detailed plans for 

future research and optimization of SCM applications.  
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6.5  Summary of research insights 

This research has explored the integration and effectiveness of existing digital technologies 

that can be used to enhance operational efficiency and manufacturing quality at Metso. The 

primary objective was to analyze and optimize SCM applications to improve these areas 

critically. Through a comprehensive literature review and case studies, this research utilized 

both quantitative and qualitative analyses to identify several key findings. These findings 

demonstrate that the implementation of Manufacturing Quality Applications (MQA), Metso 

OEE (MOA), and Metso Manufacturing Execution Systems (MMES) significantly enhances 

Metso’s operational efficiency and quality functions. The applications provide real-time 

monitoring, data-driven decision-making, predictive maintenance, and quality reporting, 

showcasing the strategic value of integrating advanced technologies in manufacturing 

processes.  

Furthermore, the research highlights the potential for future integrations or replacing some 

applications to create a more unified and efficient system, rather than maintaining multiple 

specific separate applications. This approach not only supports Metso’s sustainability and 

quality goals but also helps to maintain its competitive position in the industry. Despite the 

detailed analysis, this study identified the need for more longitudinal studies to understand 

the long-term benefits and challenges of these technologies. In addition, including a detailed 

cost-benefit analysis could guide strategic decision-making in scalability across different 

manufacturing environments and industries. 

In conclusion, this thesis underscores the critical role of digital transformation in achieving 

operational excellence and provided practical insights and strategic recommendations that 

can guide Metso and other manufacturing companies in enhancing their operational 

efficiency, quality control, and overall competitive advantage in the fast-evolving digital 

landscape. 
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