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Resumo 

Objetivo – O objetivo desta dissertação é avaliar os impactos operacionais e financeiros da 

implementação de um Sistema de Execução de Manufatura (MES) integrado em uma Pequena e 

Média Empresa (PME) do setor de defesa no Brasil. O foco está em como a adoção do MES 

influencia a eficiência produtiva, controle de qualidade e desempenho financeiro dentro do 

contexto da Indústria 4.0. 

Abordagem – A metodologia adotada foi o estudo de caso, analisando uma fabricante do setor de 

defesa chamada DefCo. O estudo combina dados qualitativos e quantitativos, coletados por meio 

de entrevistas, visitas de campo e relatórios de projeto, abrangendo um período de sete anos, de 

2016 a 2023, para avaliar as mudanças antes e depois da implementação do MES. 

Resultados – A implementação do MES resultou em melhorias significativas na Eficiência Geral 

dos Equipamentos (OEE), atingindo 90% para os principais produtos. O sistema possibilitou o 

monitoramento em tempo real da produção, automação do agendamento e aprimoramento no 

controle de qualidade, resultando em uma redução de 20% nos custos de mão de obra e 33% na 

quantidade de defeitos nos produtos. A análise financeira revelou um Retorno sobre o Investimento 

(ROI) de 5,2, impulsionado pela melhoria na eficiência operacional e redução nas horas 

trabalhadas. 

Limitações/implicações da pesquisa – O estudo se concentra em um único caso, limitando a 

generalização dos resultados. Além disso, o curto período pós-implementação restringe a análise 

dos impactos financeiros de longo prazo. Pesquisas futuras devem explorar uma gama mais ampla 

de PMEs em setores semelhantes e períodos mais longos para a avaliação dos impactos do MES. 

Implicações práticas – Os resultados ressaltam os benefícios práticos do MES para melhorar a 

eficiência produtiva e competitividade em PMEs, especialmente em setores regulamentados como 

o de defesa. O estudo também destaca a importância do planejamento estratégico, treinamento dos 

funcionários e governança de dados para a adoção bem-sucedida de tecnologias MES. 

Originalidade – Este estudo aborda uma lacuna na literatura ao focar na implementação de MES 

em uma PME de defesa no Brasil, oferecendo insights sobre como o MES pode melhorar o 

desempenho operacional em indústrias altamente regulamentadas. 

Palavras-chave: Sistema de Execução de Manufatura, Indústria 4.0, Eficiência Operacional, 

Pequenas e Médias Empresas, Setor de Defesa, Desempenho Financeiro 

Categoria: Estudo de Caso sobre Impacto Operacional e Financeiro na Manufatura 
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Abstract 

Purpose – The purpose of this thesis is to evaluate the operational and financial impacts of 

implementing an integrated Manufacturing Execution System (MES) in a Brazilian defense Small 

Medium Enterprise (SME). The focus is on how MES adoption influences production efficiency, 

quality control, and financial performance within the context of Industry 4.0. 

Approach – A case study methodology was employed, analyzing a defense manufacturer named 

DefCo. The study combines qualitative and quantitative data collected through interviews, field 

visits, and project reports spanning a seven-year period from 2016 to 2023, to assess the changes 

pre- and post-MES implementation. 

Findings – The implementation of MES led to significant improvements in Overall Equipment 

Efficiency (OEE), reaching 90% for both key products. The system enabled real-time production 

monitoring, automated scheduling, and enhanced quality control, resulting in a 20% reduction in 

labor costs and a 33% reduction in product defects. Financial analysis revealed a 5.2 Return on 

Investment (ROI), driven by improved operational efficiency and reduced labor hours. 

Research limitations/implications – The study focuses on a single case, limiting the 

generalizability of findings. Additionally, the short time frame post-implementation limits the 

analysis of long-term financial impacts. Future research should explore a broader range of SMEs 

in similar sectors and longer timeframes for MES impact assessment. 

Practical implications – The findings underscore the practical benefits of MES for improving 

production efficiency and competitiveness in SMEs, particularly in regulated sectors like defense. 

The study also highlights the importance of strategic planning, employee training, and data 

governance in the successful adoption of MES technologies. 

Originality – This study addresses a gap in the literature by focusing on MES implementation in 

a Brazilian defense SME, offering insights into how MES can enhance operational performance 

in highly regulated industries. 

Keywords: Manufacturing Execution System, Industry 4.0, Operational Efficiency, Small 

Medium Enterprise, Defense Sector, Financial Performance 

Category: Case Study Research on Operational and Financial Impact in Manufacturing 
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1. Introduction 

1.1.Presentation of the topic 

 

Industry 4.0, refers to the 4th industrial revolution, characterized by the integration and remote 

control of production, using sensors and networked equipment, associated with cyber-physical 

systems, data and intelligent internet services.. Industry 4.0 represents a paradigm shift from 

traditional manufacturing processes to more interconnected and intelligent systems that leverage 

real-time data, automation, and machine learning to optimize production and enhance decision-

making capabilities. This enables a setting for manufacturing that is more efficient, flexible, and 

responsive to change, required for by a fast-paced global market (Hermann, Pentek, & Otto, 2016; 

Lasi et al., 2014). 

At the heart of Industry 4.0 is the concept of a smart factory, which is known for high levels of 

digitization and interconnectivity in different aspects of production. A smart factory relies heavily 

on cyber-physical systems that monitor and control the physical process. In the context of smart 

factories, the Internet of Things, artificial intelligence, big data analytics, and cloud computing are 

used to realize an almost integrated and inter-networked space along the value chain of 

manufacturing. Real-time data collection and analysis are assured through these facilities to 

support predictive maintenance, energy efficiency, and quality enhancement of products (Hofmann 

& Rüsch, 2017). The adopted technologies are intended to boost operational efficiency, minimize 

downtime, and allow innovation through improvements and adaptive learning (Sander et al., 

2014). 

One of the most important component in the smart factory is the Manufacturing Execution 

System (MES). MES is considered the smart factory's central nervous system, acting as an 

intermediary or bridge between the Enterprise Resource Planning (ERP) system and the shop-floor 

automation systems (Govindaraju & Putra, 2016).. The system provides the manufacturer a real-

time view of the ongoing process of production, being monitored, controlled, and optimized 

through every action. As such, it collects and analyses data from all possible sources in such a way 

that schedules are adhered to, quality standards are maintained, and resources are effectively used 

(Møller, 2016). It will, in other words, be the platform for changing traditional manufacturing 
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operation into agile, data-driven environments able to flexibly respond to rapidly changing market 

and customer demands (Mantravadi & Møller, 2019). 

  For Small and Medium Enterprises (SMEs) in the manufacturing sector, operational 

efficiency is a major concern. SMEs, having fewer resources than large companies, operate in 

highly competitive environments, therefore necessitating optimization in their production 

processes to minimize operational cost (Ghobakhloo & Fathi, 2019). MES can add value to the 

operational capabilities of the SMEs by providing means and insights through which workflow 

can be optimized, waste minimized, and productivity increased (Afonso, Zanin, & Wernke, 2017). 

However, even though it can be a very effective solution for SMEs, the cost of implementing MES 

is very high, raising the question of the cost and benefits of implementation and management 

(Govindaraju et al., 2016). 

The context of both Brazil and the defense sector introduces additional challenges and 

opportunities for SMEs in the implementation of MES. Brazil's industrial landscape is marked by 

diverse economic conditions, regulatory environments, and technological infrastructure (da Silva, 

2022). Additionally, the defense sector in Brazil operates under stringent security requirements and 

specific operational protocols, further complicating the integration of advanced manufacturing 

technologies (Squeff & Soares de Assis, 2015). Understanding the particularities of the Brazilian 

defense industry and the specific needs of SMEs within this sector is important for developing 

effective strategies for MES adoption, as it represents a gap in the literature.  

 

1.2.Research Question 

 

How does the implementation of an integrated Manufacturing Execution System (MES) impact 

the operational efficiency and financial performance of a Brazilian defense Small Medium 

Enterprise (SME)? 

 

1.3.Objectives 
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1.3.1. General  

 

The general objective of this research is to evaluate the operational efficiency and financial 

performance impacts of implementing an integrated Manufacturing Execution System (MES) in a 

Brazilian defense Small Medium Enterprise (SME). 

 

1.3.2. Specific 

The specific objectives of this study are to assess the MES implementation process in a 

Brazilian SME, identifying challenges, measure changes in operational efficiency, evaluate 

financial performance improvements, and provide practical recommendations for successful MES 

adoption and integration in Brazilian defense SMEs. 

 

1.4.Justification 

 

The arrival of industry 4.0 has reshaped the manufacturing processes around the world, and 

this applies in the defense sector. The defense sector, as a strategic sector contributes a lot to the 

national security and economic development of Brazil, but it is heavily constrained mainly due to 

a lack of resources and high regulatory requirements (Sufrin, 2020).  Economies, particularly in 

developing countries like Brazil, are heavily dependent on Small and Medium Enterprises (SMEs) 

for economic growth, employment generation, and innovation (Beck, Demirguc-Kunt, & Levine, 

2005). In Brazil, Small and Medium Enterprises (SMEs) represent approximately 99% of all 

businesses and contribute significantly to the country's economy. They account for about 27% of 

Brazil's Gross Domestic Product (GDP) and are responsible for over 50% of employment in the 

private sector (Sebrae, 2020). However, these enterprises often face numerous challenges, 

including limited access to finance, technology, and markets. Enhancing the operational efficiency 

and financial performance of SMEs through the implementation of advanced manufacturing 

systems like MES is crucial for fostering economic development and competitiveness (OECD, 

2017).  
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Despite the studied benefits of MES in enhancing production capabilities and optimizing 

resource use in large companies, there is a noticeable gap in the literature concerning its application 

in SMEs, especially in the Brazilian defense sector. This study aims to evaluate the specific 

changes that the introduction of an integrated Manufacturing Execution System might bring to the 

operational performance and financial results of Brazilian Defense SMEs. 

2. Literature Review 

Industry 4.0 is the fourth industrial revolution along the way of integration of advanced digital 

technologies in the traditional processes of production. This ensures highly automatized and 

interconnected production systems that can communicate with each other. It features technologies 

such as the Internet of Things, Artificial Intelligence, Big Data Analytics, and Cloud Computing 

(Hermann, Pentek, & Otto, 2016). The key objective of Industry 4.0 is to enable real-time data 

collection, analysis, and communication across the whole manufacturing value chain in a way that 

enhances the improved production efficiency, flexibility, and decision-making. (Lasi et al., 2014) 

2.1.Smart Factories 

 

The concept of the smart factory can be considered the base of the 4.0 industry, as it plays the 

central role in realizing a totally digital and integrated production and manufacturing ecosystem. 

It is defined as an advanced, highly digitized and networked production facility that uses cyber-

physical systems (CPS) for real-time monitoring and control, and correspondingly, for adaptive 

optimization, in all types of manufacturing processes (Kagermann, Wahlster, & Helbig, 2013). 

Such a smart factory incorporates a number of different elements and technologies that together 

bring about a seamless and adaptive production environment capable of reacting dynamically to 

both market demands and changes in operational conditions. 

These smart factories use the capabilities of CPSs to collect and process extensive amounts of data 

streaming from sensors, machines, and production lines to generate visibility across the entire 

production setup (Hofmann & Rüsch, 2017). Real-time data processing enables a factory to 

observe the production activities carried out at any point in time and to rectify anomalies as they 
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arise. With the help of AI algorithms and IoT devices, predictive maintenance can be achieved. 

With predictive maintenance, the lifespan of equipment can be extended (Lee, Bagheri, & Kao, 

2015). 

The adoption of smart factory technologies offers numerous benefits that enhance manufacturing 

performance. Key advantages of smart factories over traditional manufacturing processes are 

operational efficiency, flexibility, and customization; improvement of quality and  the optimization 

of resources. Within smart factories, production processes are streamlined through automation and 

optimization. This leads to increased throughput and reduced cycle times. Smart factories facilitate 

monitoring the process in real time and making appropriate changes by revealing in time any 

bottlenecks and inefficiency (Brettel et al., 2014). Smart factories are set up in a way that can 

flexibly and rapidly configure manufacturing lines to meet changing customers' needs. (Wang et 

al., 2016)). Modern and advanced data analytics and machine-learning algorithms allow constant 

monitoring and control to ensure quality and to reduce the appearance of defective products. 

Automated inspection systems control the quality at a high level for all stages of the production 

process (Rüßmann et al., 2015). The operation of the smart factories is based on resource 

optimization, so it  reduces wastes and energy consumption. Resource optimization, when 

information received in real time with respect to material, labor, and energy, just-in-time 

production, minimize waste thus to sustainable manufacturing practices (Kusiak, 2018). 

2.2.The Role of MES in Industry 4.0 and Smart Factories 

Manufacturing Execution Systems (MES) are fundamental for the successful implementation of 

Industry 4.0 principles in smart factories. As the foundation of modern production operations, 

MES connects enterprise-level planning with shop-floor and machine control, thus enabling real-

time data collection, analysis, and process optimization.  

The concept of MES first emerged in the early 1990s from the previous phase of manufacturing 

management systems known as MRP II (Manufacturing Resource Planning) and the ERP 

(Enterprise Resource Planning) systems. At the outset, MES was aimed to meet the critical need 

for real-time data collection and control on the shop floor level and targeted to provide a much 

finer level of management of production than the ERP systems (Mullin, 1999). The system has 
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gradually developed and integrated new technologies over the years to extend its use to extensive 

manufacturing processes and practices (Morel et al., 2003). 

According to Lee et al. (2012), MES performs core and support functions which promotes the 

effectiveness and flexibility of manufacturing operations. First, real-time data is collected from 

sources on the shop  floor, such as machines, sensors, and production lines. The data are analyzed 

and through that, there is actionable insights can be extracted. This provides information on how 

the production is performing, the state of the equipment, and effectiveness of the process. Real-

time data collection is useful because operations are continuously monitored, anomalies cued, and 

corrective actions implemented. Thus, downtime can be minimized while general productivity can 

be improved. Secondly, the MES optimizes production scheduling maintaining optimal resource 

allocation in terms of labor, materials, and machinery. It helps in creating a detailed production 

schedule in line with enterprise and customer demands. demands (Brettel et al., 2014). Thirdly, 

the MES allows real-time tracking of the quality metrics collected with that of the process 

parameters. Real-time decisions on defects and deviations from standards are possible. Real-time 

quality monitoring, ensures that high and consistent product quality is maintained. Optimization 

of the process is supported through the analysis of the data on production for the identification of 

rooms for optimization hence increased efficiency in production and minimized waste. 

Additionally, MES ensures up-to-date document control, dispatches production units as needed, 

manages maintenance schedules and activities, and tracks products while maintaining their 

genealogy (Saenz de Ugarte et al. 2009).  Finally, MES is the link between enterprise-level 

systems, such as ERP and Supply Chain Management (SCM) systems, and the shop floor. 

According to Møller (2016), MES integration provides communication and data sharing across all 

functions relating to manufacturing. MES thus bridges the gap between planning and execution; 

as any change in production schedules, market demand situations, or even disruptions in the supply 

chain are reacted to quickly. Figure 1 shows an overview of the functionalities of MES (Saenz de 

Ugarte et al. 2009).  
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Figure 1: Overview of  the functionalities of Manufacturing Execution Systems (Saenz de Ugarte 

et al 2009) 

To summarize, in the context of Industry 4.0, MES is vital for real-time data exchange and 

integration across different manufacturing levels. It enhances control over production, quality, and 

maintenance processes, essential for automated and smart manufacturing systems. By integrating 

MES with ERP and shop floor operations, manufacturers can achieve seamless information flow, 

operational efficiency, and the ability to respond quickly to changing conditions, driving 

continuous improvement and supporting strategic objectives. In addition to that, MES is to be 

further enhanced with IoT, artificial intelligence, and big data analytics to observe, control and 

automate even more production processes (Mantravadi & Møller, 2019). 

2.3.MES Implementation in SMEs 

Small and Medium Enterprises (SMEs) are characterized by having between 1 and 250 employees, 

as defined by the Organization for Economic Co-operation and Development (OECD) (Alexander 

et al., 2019). In Brazil, 99.7% of all enterprises fall under the SME category (Relação Anual de 

Informações Sociais – RAIS, 2019). Brazil's industrial sector is divided into extractive and 

manufacturing industries. In 2018, the entire industrial sector accounted for 21.8% of the Gross 

Domestic Product (GDP), with the manufacturing industry contributing to 14.8% of employment, 

making it the second-largest employer after the services industry (IBGE & Marta, 2018). 
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Thus, SME play a critical role in global economies and even more in developing countries, driving 

innovation, employment, and economic growth (OECD, 2017). However, SMEs often face unique 

challenges when it comes to adopting advanced manufacturing technologies such as 

Manufacturing Execution Systems (MES). 

One of the main challenges with MES implementation for SMEs is the financial investment 

necessary. The implementation of MES involves the purchase of software and hardware, system 

integration, and maintenance, which adds to the value of the cost involved. This is in addition to 

the Computer Numerical Control machines, a computer-controlled machines that automates 

certain machining tasks for the MES is necessary in the first place (Beck, Demirguc-Kunt, & 

Levine, 2005). With limited financial resources compared to multinationals, it  can be hard for 

SMEs to justify and procure the required funds for such an investment. MES implementation 

requires high technological skills for installation and management. The majority of SMEs lack IT 

facilities for managing the sophisticated nature of MES installation (OECD, 2017). Unfortunately, 

the available IT infrastructure in SMEs may be old and poor, thus needing costly upgrades to 

support MES functions. A large proportion SMEs have serious problems in the management of 

data volumes produced by MES. Information asymmetry arises when there are no standardized 

processes for data gathering and analysis, resulting in inconsistent and unreliable data. For 

effective utilization of the MES, data governance is a key factor, but it is problematic for SMEs to 

manage best practices in data governance (Ghobakhloo & Fathi, 2019). SMEs can have difficulties 

handling best practices in data governance, although it is necessary to leverage the full potential 

of MES. 

Despite all the challenges that exist, the returns realizable through MES successful implementation 

in the case of SMEs are significant. One of the most important of these benefits is enhanced 

efficiency and productivity in the performance of operations. MES helps gain real-time visibility 

into production processes and helps SMEs to optimize how they allocate resources to avoid 

downtimes and execute workflows in the most streamlined manner possible (Afonso, Zanin, & 

Wernke, 2017). Improvements in these aspects result in high efficiency, which eventually leads to 

an improvement in the productivity of the enterprise. MES can enable SMEs for effective resource 

management through insights gained into their production processes and resource allocation. The 

resource allocation may be tracked to ensure optimization and to a large extent minimize wastage 
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in the use of resources, in relation to the production volume (Govindaraju et al., 2016). These not 

only drive down operational costs but also help to achieve sustainable manufacturing. There can 

be improvement in the financial performance of the SME through MES. Efficiency in operations 

and less waste in production ensure lower production costs and higher gain for the same amidst 

the consistent quality delivery of the products in the market and quicker response to any change in 

market, a source of competitive edge for SMEs (Mantravadi & Møller, 2019). This factor may 

help SMEs use MES strategically to compete more effectively with large firms. 

 

2.4.SME and MES in the Brazilian Defense Industry 

The defense industry is a strategic segment of the Brazilian economy, related not only to national 

security but to national industrial development. Nevertheless it presents specific challenges that 

would benefit from the adoption of advanced manufacturing technologies and MES. 

Not only is the defense industry a vital sector in the national economy but it also involves the 

participation of the economy in the provision of national security and other economic aspects like 

employment. It involves a wide range of activities that either engage in manufacturing military 

equipment, aerospace technology, defense-related services, among others. The sector is a source 

not only of direct employment opportunities but also technological innovation and industrial 

development (Gonçalves da Silva, 2019). The Brazilian defense industry is the subject of very 

stringent regulatory frameworks that are supposed to meet the aspect of security, quality, and 

reliability. In fact, these regulations cover almost all aspects, from material sourcing to product 

testing. Compliance with these protocols is critical, as any deviations can have important 

implications for national security and operational effectiveness (Squeff et al., 2015). 

One of the challenges the Brazilian defense industry faces is fulfilling its strict security 

requirements. It exerts strict control over information flow, production processes, and supply 

chains to prevent unauthorized access to the integrity of defense products (Gonçalves da Silva, 

2019). MES may be a way out of this problem, as it allows for additonal security features and full 

traceability of all manufacturing operations (Mantravadi & Møller, 2019). The defense industry is 

characterized by very convoluted processes, which entail a number of stages and—what is more—
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high-precision manufacturing. High demand for precision manufacture including the slightest 

attention to details, along with high standards, dictates the requirement for MES software to be 

included. MES can better control processes, offer coordination for various stages of production, 

and perfectly accomplish quality regulations (Lee et al., 2012). 

 

2.5. Empirical Studies on MES in SMEs 

Empirical studies that address practical challenges, strategies, and benefits when implementing 

MES in a manufacturing enterprise are valuable. An empirical research report by Lee et al., 2012 

explored the implementation of MES in manufacturing SMEs in Korea as effective. The study 

showed that factors  such as top management support, the level of investment to the system, the 

system developers' capability, and user participation were critical for the success of  the MES 

implementation. Such factors are show to have a positive impact on MES implementation quality 

and level of success, effecting and improving the manufacturing performance. Additionally, the 

study indicated strategic planning, appropriate funding, and stakeholder involvement in 

overcoming MES adaptation issues. adoption. Research conducted by Skrzeszewska and Patalas-

Maliszewska (2020) focused on the effectiveness of MES in SMEs within the European 

automobile industry. The study was based on an in-depth case analysis performed in automobile 

manufacturing firms that implemented MES with the objective of production process 

improvement. The study found that the MES had enhanced the process of production scheduling, 

management of quality, and managing the resources. The study indicates that the success of MES 

is as a result of continuous improvement and adjustment to the system. A research study done by 

Mantravadi and Møller, 2019 analyzed the adoption of MES in the electronics industry in the 

United States of America. The study was done based on multiple case studies featured in a number 

of electronics manufacturing companies to have integrated MES into its production system. The 

result was that the MES can be used to collect and analyze data in real-time, which helped in 

making informed decisions and optimizing the processes of production. A study also showed the 

critical nature, need for IT and human resource infrastructure support. 
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Empirical studies consistently emphasize that top management support is a critical success factor 

for MES implementation. The management should be supportive of necessary resources, creating 

an innovative culture, and employee support during the change. The support is provided if the 

management can overcome resistance to changes and make it clear that the MES implementation 

is in line with strategic objectives of the organization (Lee et al., 2012). To minimize risks of MES 

implementation and supply chain disturbances, a step by step MES implementation can be adopted, 

or MES implementation can be done in phases. Starting with a pilot project for system testing, 

collection of feedback, and making necessary adjustments before full deployment. Such an 

approach will assist companies in building confidence among employees and will aid in facilitating 

a smoother transition (Skrzeszewska & Patalas-Maliszewska, 2020). MES review must be treated 

with a philosophy of continuous improvements. It is advised that companies should regularly 

review the MES performance. The users must be asked for feedback, and the necessary 

improvements proposed following data-driven insights. In this way, the MES system will be 

adjusted so that it meets the ever-changing production requirement and technological 

developments (Mantravadi & Møller, 2019). 

The empirical findings from various studies are highly relevant to the Brazilian defense sector, 

which faces unique challenges and opportunities in MES implementation. Lessons from 

companies in different industries and regions put in perspective the importance of strategic 

planning, adequate resources, and support for the life cycle of MES to be successful. These 

conclusions can guide Brazilian SMEs in the Defense Industry to define successful strategies of 

implementation of MES, reaching new operational and financial performances in the Industry 4.0 

era. 

 

2.6.Gaps in the Current Literature 

Despite existing research on the implementation and impact of Manufacturing Execution Systems 

for different manufacturing cases, some gaps stand for further investigation; this section 

emphasizes the following: realization and impact of MES in different plants with limited focus 

and attention on SMEs in emerging markets, underrepresentation of the defense sector, and the 
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call for thorough impact studies that would combine operational and financial performance 

analysis. 

Most of the existing studies on the implementation of MES focus on developed countries; the latter 

are those where infrastructure, financial resources, and technical capabilities are readily available. 

On the other hand, SMEs in the emerging market of Brazil face unique challenges not well 

documented in literature. The latter set of challenges generally revolves around constrained 

financial resources, poor technological infrastructure, and regulatory and economic instability 

(Veiga & McCahery, 2019; OECD, 2017). Thus, there is a need for empirical work that focuses 

on the conditions and constraints that on SMEs in emerging markets. Studies could focus on 

adaptation strategies, support from government and industry, and detailed case studies of 

successful implementations of MES for SMEs in emerging markets. 

Major differences relate to the specific requirements of the defense sector, as opposed to plants in 

the average manufacturing sector; these imply compliance with rigid security protocols, the 

maintaining of high precision in the production line, and compliance with complex regulatory 

standards (Squeff et al. 2015). Despite these unique needs, there is a noticeable lack of research 

focusing on MES implementation in the defense sector, particularly within SMEs. Future research 

should address areas such as security and compliance, integration with defense-specific 

technologies, and empirical studies and detailed case analyses of MES implementation in defense 

SMEs. 

While the advantages of MES have been established, especially at the operational level, there is a 

lack of comprehensive studies integrating both operational and financial performance metrics. It 

is, therefore, necessary to take due consideration of financial implications resulting from MES 

implementation, thus enabling SMEs to make informed decisions regarding investment in the 

same. Most of the studies, however, are based on empirical research conducted shortly after the 

MES implementation, as a snapshot. There is therefore a need for longitudinal studies that would 

be in a position to trace the long-term impact of MES in terms of effects on the operational 

efficiency as well as the financial performance. In addition, such studies would be in a better 

position to reflect the sustainability and continuous advantages of MES over time. Moreover, most 

of the research include a small number of measures for performance, but a greater scope of 
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measures that include the environmental impact, employee satisfaction, and customer satisfaction, 

among others, influenced, can furnish a more holistic assessment of outcomes of MES 

implementation. Future studies could develop evaluation frameworks, long-term impact 

assessments as well as explore various industry contexts. 

Thus, the literature gaps identified in the present form an opportunity to enhance the knowledge 

of MES implementation and impacts. By focusing on SMEs in emerging markets, exploring the 

unique needs of the defense sector, and conducting impact studies, future research can provide 

valuable insights that support the successful adoption and integration of MES in various 

manufacturing environments. These efforts will eventually drive innovation, efficiency, and 

competitiveness in the global manufacturing context in line with broader goals of Industry 4.0. 

 

3. Methodology 

 

3.1.Research typology 

This research aims to analyze the implementation and effect of a manufacturing execution system 

in a Brazilian defense SME that will be referred to as DefCo for confidentiality reasons. To achieve 

this, it employs a blend of descriptive, exploratory, and explanatory research approaches in a single 

case study. The descriptive part one outlines the MES implementation process, steps, technologies 

in use, timeline, at DefCo. The  exploratory dimension deals with the nature of challenges and 

opportunities in adoption and specifies the main barriers, facilitators, and contextual factors. The 

final numerical dimension aims at establishing the relationship between the implementation of 

MES and changes in operational and financial performance by analyzing key performance 

indicators.  

The single-case study design allows for an in-depth investigation of MES implementation within 

the specific context of Ares. This methodological choice is particularly suited for studying 

contemporary phenomena within their real-life settings, providing rich insights that are both 

detailed and contextually relevant (Yin, 2014). The case study approach facilitates a holistic 
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analysis by integrating qualitative and quantitative data from various sources, including document 

analysis, interviews, surveys, and direct observations. 

This multi-faceted approach will serve as a sufficient contributor toward understanding MES 

implementation at DefCo, throwing light on the implications it may have in both academic 

literature and practical implementations related to smart manufacturing and Industry 4.0. 

 

3.2.Case Study 

 

      The company in this study will be referred to as DefCo in order to protect confidentiality. 

DefCo is a Brazilian SME with around 120 employees that has been designing and producing 

defense solutions for over 50 years. It owns and operates its own factory, including the production 

of parts and assembly of final products.. The company produces tailor-made products on request, 

which are called for by customer demand.  The main customers are the Brazilian government and 

its parent company.  

      In 2010, DefCo was acquired by an international group, and this acquisition caused 

administrative changes, shifting from a family business to a new organizational structure that 

adhered to contemporary management approaches. In 2016, with the deepening of the economic 

crisis in Brazil, DefCo began to incorporate intercompany manufacturing projects in their 

portfolio. These projects have weaker margins, and are volumes based on a weaker value 

proposition. To adapt, the management team made the company change focus to improved 

efficiency. For this reason, its senior management decided to invest in better operations.  

      The company had been founded as a familial company. This family dimension of the company 

culture was still present in 2016; however, new employees with diversified profiles were being 

brought in. At this time, in 2016, the biggest problems that DefCo faced were disordered data 

storage and an absence of any performance-oriented procedure. In 2016, DefCo began its journey 

towards better operations with the introduction of new concepts for lean manufacturing. In this 

first  phase, several challenges appeared, such as a compromise on the side of upper management 



22 

 

and disbelief in reported data. The use of the ERP was partial and reports were filed on paper and 

reviewed manually, which contributed to disbelief in the accuracy of data.  

      In 2017, support from upper management had increased. Employee engagement had also 

increased, giving a more collaborative workforce and higher motivation. The first positive results 

began to be observed within the company from the LSS methodology, marking a turning point in 

the company's journey to improve its operations. Greater confidence in the reported data was 

gained by DefCo in 2018. Moreover, the company started to invest in plain ERP, and increase the 

data analysis as more inter-company projects required reliable and accurate data. More and more 

intercompany projects required statistical software to be put in place for greater improvement in 

data-driven processes and decisions. 

      2019  was a major milestone for DefCo from the investment point of view: the company made 

a huge investment in smart manufacturing machines connected to MES. Such an investment has 

allowed integrating MES into production lines and the beginning of the journey towards a smart 

factory. Management showed extensive support for the operation and implementation of the new 

system. In 2020, the company added the assembling lines to MES. At first the company 

encountered resistance from the engineers, however, the management support offered targeted 

trainings and seminars, in order for the workforce to be acclimated to the new system.  

      By 2022, there was a higher level of satisfaction with the new system among the engineers.. 

The company saw results were positive for some KPIs, reflecting the progress in operational 

efficiency, and factory productivity. The factory flexibility has been increased as well. In 2024, the 

company believes that their quality control will be fully integrated with the MES. To this day in 

2024,  there is still duplication in MES, ERP, and Paper Reporting systems. However, DefCo is in 

the process of phasing out the paper system for reporting to further enhance operations and allow 

better data accuracy and efficiency. The case study begins with the implementation of the MES in 

2019, but provides previous culture change efforts that led to the adoption of the MES., as 

presented in figure 2 and 3. 
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Figure 2: Company evolution in LSS culture up to 2019 implementation of integrated MES 

(prepared by author)  

 

Figure 3: Company evolution post 2019 implementation of integrated MES (prepared by author) 
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3.3.Data collection and research sequence 

 

3.3.1. Interviews  

A series of 6 interviews were conducted for this study. The format of these interviews were 

semi-structured and personalized to the specific interviewee, varying in length. Most of these 

interviews took place in person, two more were conducted through video-conferencing. A range 

of stakeholders were consulted, including management, supervisors and shop floor engineers. In 

particular, the Director of production was responsible for the digital transformation at the company, 

initiating the implementation of Lean Six Sigma concepts and the implementation of the integrated 

MES. The director provided ample content to understand the context and reasoning behind the 

MES implementation and the preliminary culture work done before it. All interviews took place at 

the company’s headquarter and factory. 

Table 1 provides an overview of the interviews conducted at  DefCo, including the length of each 

interview and a short background of each interviewee. Names of interviews are not included in 

order to preserve anonymity and confidentiality. 

 

Position Production 

Engineer 

Manager 

Planning 

and 

Control 

Manager  

Director of 

production 

Engineer 

#1 

Machine 

Operator 

Engineer 

#2 

Engineer 

#3 

Department  Administrative Control Administrative Production Assembly Assembly 

Length of 

interview 

1h20 minutes 42 

minutes 

90 minutes 50 minutes  45 

minutes 

30 

minutes 

Time in the 

Company 

2 years 8 years 12 years 5 years 7 years 6 years 

Education Ing. Msc Msc MBA Eng. Msc Diploma Diploma 

Table 1: Overview of the interviews conducted at DefCo Headquarters and Production facility. 
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3.3.2. Field research 

As part of the field research, an in-depth site visit was conducted in order to directly observe 

the shop floor operations and assess the practical usage of the integrated MES. The visit was led 

by the Production Engineer Manager (interviewed afterward as well). During the visit, the 

researcher had the opportunity to examine how the MES is utilized in real-time production 

processes and gather firsthand insights from its users. The visit included a  walkthrough of the 

production areas where the MES is actively employed. Important processes, from initial material 

handling to final product assembly, were explained. This allowed for a understanding of the 

workflow changes and system interactions facilitated by the MES. 

 

3.3.3. The project 

To evaluate the operational and financial impact of implementing the integrated Manufacturing 

Execution System, this study conducts a deep dive into a specific project within the company. This 

selected project is a manufacturing intercompany order where the customer is the parent company. 

The project involves the delivery of two types of high-precision mechanical parts, referred to as 

Part A and Part B, which are essential components for a defense product. The project was chosen 

for analysis due to its recurring nature, with regular production orders spanning several years both 

before and after the implementation of the integrated MES. Data for this project has been 

meticulously collected since 2016, allowing for a longitudinal analysis of the impact of MES on 

operational performance, quality control, and financial outcomes. 

The data was sourced primarily from DefCo's MES and ERP software, which provided records 

of production orders, machine operation times, non-conformity rates, and other key performance 

indicators. Additionally, a substantial amount of manual reports from machine operators and 

quality control personnel were collected. These manual reports included information on machine 

stoppages, labor times, and specific instances of production deviations. To complement the data 

obtained from the MES software, additional manual reports were used. Data from the period before 

MES implementation was sourced from historical records and legacy systems maintained by 

DefCo. This allowed to compare performance metrics before and after the implementation.  
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4. Analysis of the Results  

4.1.Results of the Interviews 

The implementation of the MES at DefCo has led to several positive impacts, particularly in terms 

of improved efficiency and easier access to data. Operators and supervisors agreed that the MES 

has enhanced their ability to track and manage production processes. The system's real-time data 

collection and analytics capabilities provide immediate insights into production status, allowing 

for prompt identification of issues and quick decision-making. 

One of the operators stated, "The MES has made it much easier to track production progress and 

identify bottlenecks in real time." Another supervisor added, "With the MES, we can access 

production data instantly, which helps us make quicker and more informed decisions." 

Additionally, the MES has facilitated better communication and coordination among various 

departments. By providing a centralized platform for data sharing, the system ensures that all 

relevant stakeholders are informed and aligned, leading to smoother operations and fewer 

misunderstandings. The system's real-time monitoring capabilities also allow for immediate 

detection of anomalies and production issues, enabling faster response times and more effective 

problem-solving, thus reducing downtime and enhancing overall productivity. 

A supervisor emphasized, "We can now detect and address issues much faster than before, which 

has reduced downtime considerably. For example, if we see that Machine 4 has been idle for too 

long, we get an alert and can check it out directly." Another operator mentioned, "The ability to 

monitor production in real time means we can catch problems early and take corrective action 

immediately rather than wait until the problem reaches the assembly." 

One of the central benefits identified was the automation in production scheduling. The MES 

automates scheduling tasks, optimizing resource allocation and ensuring that production deadlines 

are met more efficiently. Initially, many employees were skeptical about how the automated 

scheduling would impact their workflows. However, they saw that any delay reported from one 
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machine caused the MES to automatically update the entire schedule, which prevented cascading 

delays throughout the production line. 

An engineer shared "At first, we thought the automated scheduling would just add more 

complexity to our work. But then we realized that it was actually reducing our workload. When a 

machine went down for maintenance, the MES would immediately adjust the schedule for all the 

other machines. It was like having an extra team member who was always on top of things." 

A production manager also noted, "The automation in scheduling has been a game-changer. It 

optimizes our resources and helps us meet production deadlines with greater ease. It gives us a 

better overview of the scheduling chain and reduces the manual effort required to keep everything 

on track." 

4.1.1. Challenges  

However, the implementation was not without its challenges. Some employees initially resisted 

the new system, perceiving it as a surveillance mechanism rather than a tool to aid their work. This 

resistance was also due to concerns about the complexity of the new system and apprehensions 

about its impact on their roles. 

One machine operator explained, "At first, I was skeptical about the new system and whether it 

would really help us, or if it was just another way to monitor us." A supervisor added, "There was 

some initial pushback from the team, as people felt like they were being watched more closely. 

They felt like we’re looking over their shoulder the whole time." 

Furthermore, there was a significant incident that highlighted some of the MES's initial problems. 

During the first month of implementation, a software bug caused the entire MES to shut down 

unexpectedly. This resulted in a complete halt in production. The issue took several hours to 

diagnose, and a specialist had to be called in to fix the problem, leading to considerable downtime 

and frustration among the staff. 

A planning manager recalled, "That bug was a real wake-up call. It completely shut down 

production, and we had to get a technician from the software provider to come in and fix it. It was 
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frustrating because it showed us how much we had come to rely on the MES already, even after 

just a short time." 

This incident also revealed the necessity of having contingency plans. The director of production 

noted, "After the bug incident, we realized we needed a backup plan in case something similar 

happened in the future. We had to quickly develop protocols for manual overrides and establish a 

better communication channel with the software provider for quicker support." 

 

4.1.2. Improved Accountability and Transparency 

Despite the initial challenges, the operators realized that the MES also improved accountability 

and provided protection for employees by ensuring transparency and fair distribution of work. It 

helped in documenting and addressing any work-related concerns based on clear data. 

An operator mentioned, "Once we got used to it, we saw that the MES actually helped protect us. 

For example, if management or someone comes and asks me a question for half an hour, before it 

would show in the reporting that I wasn’t working, but here I just plug in 'support activity' in the 

system and I’m covered." Another operator added, "The MES ensures that everyone is 

accountable, and it can highlight issues that aren’t the fault of the operators, which is reassuring." 

The MES was initially perceived as creating more work because it duplicated the existing paper 

reporting system. This duplication required employees to enter data into both systems, which was 

time-consuming and seemed redundant. 

A machine operator shared, "It’s a bit more work because we had to maintain the paper reporting 

system alongside the MES, and sometimes you do one and then forget to do the other, which is a 

bit frustrating." 

4.1.3. Data Management and Security Concerns 

The Planning and Control Manager highlighted a considerable challenge: the inability to unify the 

ERP and MES due to data sensitivity and defense industry requirements. This separation is 
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necessary to comply with stringent security protocols but adds complexity to data management 

and workflow coordination.  "It's frustrating because we can't unify the ERP and MES due to data 

sensitivity requirements of our parent company. We are in the defense industry, and our data 

cannot pass through the servers of another company (MES provider). This adds another layer of 

complexity to our data management." 

4.1.4. Training and Cultural Shift 

The introduction of the MES highlighted the need for training programs to ensure all users could 

effectively operate the new system. Adequate training was crucial for helping employees overcome 

their initial resistance and adapt to the new processes. Management played a vital role in the 

successful implementation by frequently visiting the shop floor and providing support to the 

employees, ensuring they felt supported and valued during the transition. 

An operator mentioned, "It took some time, but with proper training, we got comfortable with the 

new system." Another employee noted, "The management, especially the director of production, 

often visited the shop floor during the implementation phase to talk to the operators, make them 

feel supported, and more confident in using the new system." 

The Director of Production emphasized the cultural work done prior to MES implementation. 

Transitioning from a familial company culture to a Lean Six Sigma (LSS) focused culture required 

considerable effort to align the workforce with the new operational philosophy. This cultural shift 

was crucial for the successful adoption of the MES. MES implementation supported the DMAIC 

(Define, Measure, Analyze, Improve, Control) methodology, which is central to Lean Six Sigma 

practices. The MES provides tools for process control and continuous improvement by enabling 

real-time data collection and analysis. This capability is crucial for accurately measuring 

production performance, identifying areas needing improvement, and implementing effective 

corrective actions. 

A production engineer commented, "Shifting our culture to embrace continuous improvement 

principles helped us prepare for the changes that MES would bring." Another added, "The MES 

aligns well with our DMAIC approach by providing the data and tools needed to define problems, 
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measure performance, and analyze root causes. With the MES, we can continuously improve our 

processes and control changes more effectively, ensuring sustained improvements." 

4.1.5. Future Opportunities: Exploring Industry 4.0 Technologies 

The MES implementation has not only improved current operations but has also opened up new 

opportunities to explore additional Industry 4.0 technologies. One of the most promising 

possibilities being considered is the development of a digital twin system for certain critical 

products. A digital twin is a virtual replica of a physical product, process, or system that can be 

used for simulation, analysis, and optimization. 

The Planning and Control Manager explained, "With the data and capabilities provided by the 

MES, we are now looking into creating digital twins for some of our key products. This would 

allow us to simulate different production scenarios, identify potential issues before they occur, and 

optimize the manufacturing process even further." 

An engineer added, "The digital twin concept is really exciting because it could change how we 

approach product development and manufacturing. It would give us the ability to test changes 

virtually before implementing them on the shop floor, saving time and reducing risk." 

Exploring other Industry 4.0 technologies, such as IoT devices and advanced analytics, is also on 

the horizon. The MES has laid the groundwork by digitizing and integrating existing processes, 

making it easier to incorporate these technologies into DefCo’s operations. "We're considering 

integrating IoT devices to monitor machine health more closely and predict maintenance needs 

before any failures occur," noted the Director of Production. "This would further reduce downtime 

and extend equipment life." 

 

5.  Project analysis results 

 

To evaluate the operational and financial impact of implementing the integrated Manufacturing 

Execution System, this study conducts a deep dive into a specific project within the company. This 
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selected project is a manufacturing intercompany order where the customer is the parent company. 

The project involves the delivery of two types of high-precision mechanical parts, referred to as 

Part A and Part B, which are essential components for a defense product. For the purposes of this 

study, this ongoing project will be referred to as the Intercompany Project.  

This specific project was chosen for study due to the data availability for these specific production 

orders.  These orders are central for a central defense product with limited margins, thus needing 

the collection of extensive data over a prolonged period. The production of these parts has been a 

continuous and recurring activity at the company since 2016. This provides an opportunity to 

analyze a dataset that spans both the pre- and post-implementation phases of the integrated MES. 

As a basis in 2016, within the zero-budget Profit & Losses (P&L) framework, the estimated 

financial figures for the Intercompany Project was established, as shown in Table 2. 

 

Project P&L (Zero Budget) 

Sales  565 

Labor Cost  264 

Material  160 

Other Direct Costs  26 

Factory Cost  450 

GP  20% 

Operational Profit  8% 

Net Profit  7.90% 

 

 Table 2: Project Budget Profit & Losses (Zero Budget) Source: DefCo’s internal documentation  
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The analysis spans a seven-year period, from 2016 to 2023, and is divided into two distinct phases 

based on the company's maturity and MES implementation progress. 

Phase 1: Pre-MES Implementation (2016 to 2018) During this initial period, the company faced 

challenges such as unreliable data, insufficient infrastructure for statistical data analysis. There 

was also a lack of trained personnel skilled in data-driven decision-making.  

Phase 2: Post-MES Implementation (2019 to 2023) In 2019, the company had improved its 

infrastructure, complementing the implementation and integration of the MES. Management 

invested in MES related software tools and staff training. These investments enabled the analysis 

real-time data and the automation provided by the MES.  

5.1.Production of the parts 

 

Understanding how each part is produced is important to observe the impact of MES 

implementation in its processes. Both parts have unique characteristics and production 

requirements that impact overall efficiency and cost-effectiveness. 

Part A is manufactured from steel, and its machining process is semi-automatic. This process 

requires operator intervention during the machine's cycle time. The production of Part A is less 

flexible and may face bottlenecks due to the need for human involvement, particularly in high-

volume production scenarios. 

Part B is made from aluminum and can be machined through a fully automatic process. This 

process does not require any operator intervention, provided that the process capabilities are 

maintained and the machines are operating correctly.. 

For both Part A and Part B, the raw material is fed automatically into the machines. Each bar of 

raw material can produce 14 units of Part A and 22 units of Part B. The automatic feeder has a 

capacity limit of 6 bars at a time for each type of raw material.  

 

5.2.Production requirements and measurement 
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The production process at DefCo is guided by specific critical-to-quality (CTQ) requirements and 

the voice of customer (VOC) demands. For DefCo high management, the primary focus is on 

managing operational costs while maintaining efficient production times. This is measured by the 

key performance indicator (KPI) of total hours reported per batch divided by the total machined 

items per batch, with a target to ensure that the unit cycle time for Part A is less than or equal to 

10 minutes and for Part B is less than or equal to 6 minutes. 

For the Mother Company, the emphasis is on part conformity to the specific design requirements. 

The KPI used to assess this is the ratio of non-conforming items to the total machined items, with 

a target non-conformity rate of less than or equal to 5%. 

For these two parts, the KPIs Production order time and non-conformity were measured 

continuously since at least 2016, first through manual reporting and then automatically collected 

and reported to the MES since its implementation in 2019 as shown in table 3. 

 

Table 3 : Data measurement, prepared by author based on company documentation 

 

5.3.Part A Production Analysis 

5.3.1. Pre-MES Implementation for Part A (2016-2019) 

Variables KPI Description
Measurement 

Way 
Measurement 

Frequency
Measurement 
Responsible

Manual reporting 
to ERP (until 2019)

Automatic Data 
collection to MES 
(post 2019)

Manual reporting 
to ERP (until 2019)

Automatic Data 
collection to MES 
(post 2019)

Machine 
Operator

Machine 
Operator

Every 
Production 

Order

X1
Production Order 

Time Report

Non-ConformityX2

Every 
Production 

Order
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The analysis of Part A's production process before the MES implementation aims to assess the pre-

MES state of operations, identify inefficiencies and areas for improvement. This analysis was 

conducted using the production orders between 2016 and 2019. 

To understand the production behavior, the Overall Equipment Efficiency (OEE) was calculated. 

OEE is a critical metric that provides a single KPI, combining performance, availability, and 

quality rates. It is used to assess the effectiveness of the production process. Table 4 

 presents the OEE results for the production run of Part A between 2016 and 2019. 

Table 4: Part A Pre-MES OEE, prepared by author  

The global OEE for Part A’s production process was 64%, showing room for improvement. The 

data indicated large downtimes and variability in production quality. Manual reporting of the 

operators were analyzed to identify the primary causes of machine stoppages. The reports indicated 

98.5 hours as stops, the reasons are graphed in a Pareto chart in Figure 4. 

Year
Production 

Order

Theoretical 

Production

Actual 

Production

Good 

Products

Available 

Time

Running 

Time
Availability Performance Quality OEE

Part A 2016 XXXX2074 2030 1197 1025 338 276 82% 59% 86% 41%

Part A 2017 XXXX2075 1127 1086 1022 188 158 84% 96% 94% 76%

Part A 2017 XXXX2076 1142 1049 1015 190 176 93% 92% 97% 82%

Part A 2018 XXXX2077 1448 1352 1027 213 203 95% 93% 76% 68%

Part A 2019 XXXX2078 1401 1115 1036 216 213 99% 80% 93% 73%

Global Part A 7148 5799 5125 1145 1026 90% 81% 88% 64%
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Figure 4: Pareto of the reasons linked to machines stop for Part A, prepared by author based on 

DefCo reports. 

Based on the interviews conducted with the engineers, the most serious causes identified as 

contributing factors to the need for engineering adjustments included problems with raw material 

properties and collision problems in machine alignment. 

5.3.2. Post-MES Implementation for Part A (2020-2023) 

The analysis of Part A's production process after the MES implementation aims to assess the new 

state of operations. The objective is to identify the improvements enabled by the implementation 

of the MES. This analysis was conducted using the production orders between 2020 and 2023. 

According to interviews, the MES provided real-time visibility into the production process, 

allowing for immediate detection of deviations and quick corrective actions. This reduced machine 

stoppages and improved overall availability by enabling operators and managers to make data-

driven decisions. Additionally, the MES permitted automated scheduling and optimized 



36 

 

workflows. This minimizes setup times for the production  of part A. It also ensured a continuous 

production flow. This shows in the data collected as the automatic scheduling and set-up through 

the MES resulted in a 270-hour reduction in labor costs, as shown in Table 5. 

 

Table 5: Labor Hours Saved Due to Automated Scheduling – Part A 

Post-MES implementation, the OEE for Part A showed improvement, with the global OEE rising 

to 90% (Table 6). This increase reflected better machine utilization, reduced downtime, and fewer 

production defects. The MES-driven optimizations stabilized and improved production processes. 

Table 6: Post-MES Implementation OEE for Part A  

The MES facilitated effective deployment of operators. This was done by reducing manual 

reporting requirements and optimizing labor allocation. The analysis confirmed a reduction in 

labor time per unit, with a statistically significant decrease validated by a Mann-Whitney test at a 

confidence level of 95.25%. Additionally, the requirements were reached and the labor reported 

reduced 20% on the basis of the CTQ.  

Year Production Order

Labor 

Reported per 

Unit (Hours)

Quantity 

Produced 

(Units)

Labor Saving per Unit Compared 

to Production Order XXXX2083 

(Hours)

2020 XXXX2088 0.192 1008 -

2021 XXXX2089 0.14 1008 0.052

2021 XXXX2090 0.153 1042 0.038

2021 XXXX2252 0.158 1042 0.034

2022 XXXX2260 0.153 1050 0.039

2023 XXXX2261 0.122 1047 0.07

2023 XXXX2262 0.168 1153 0.024

270Total Saving

Year 
Production 

Order

Theoretical 

Production

Actual 

Production

Good 

Products

Available 

Time

Running 

Time
Availability Performance Quality OEE

Part A 2020 XXXX2088 1253 1037 1008 200 199 100% 83% 97% 80%

Part A 2021 XXXX2089 1020 1015 1008 153 152 99% 100% 99% 98%

Part A 2021 XXXX2090 1074 1050 1042 165 161 98% 98% 99% 95%

Part A 2022 XXXX2091 1084 1066 1012 155 154 99% 98% 95% 93%

Part A 2023 XXXX2092 1152 1044 1008 174 172 99% 91% 97% 86%

5583 5212 5078 847 838 99% 93% 97% 90%Global Part A
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Figure 5 Part A production average minutes reported before and after MES (2),  prepared based 

on company data 

5.4.Part B Production Analysis 

5.4.1. Pre-MES Implementation for Part B (2016-2019) 

The analysis of Part B's production process before the MES implementation aims to evaluate the 

pre-MES state of operations, identify inefficiencies, and highlight areas for improvement. The data 

collected between 2016 and 2019 served as the baseline for this analysis. 

To understand the production behavior and identify specific inefficiencies, the OEE was 

calculated. Table 7 presents the OEE results for the production run of Part B between 2016 and 

2019. 

 

Year
Production  

Order

Theoretical 

Production

Actual 

Production

Good 

Products

Available 

Time

Running 

Time 
Availability Performance Quality OEE

Part B 2017 XXXX2083 1344 1013 1011 116 111 96% 75% 100% 72%

Part B 2018 XXXX2084 1320 1011 1007 110 106 96% 77% 100% 74%

Part B 2019 XXXX2085 1142 1049 1015 190 176 93% 92% 97% 82%

3806 3073 3033 416 393 94% 81% 99% 75%Global Part B
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Table 7: Pre-MES Implementation Part B, prepared based on company data and report 

 

The global OEE for Part B’s production process was 75%, indicating acceptable but not optimal 

performance. While the quality rate was high, availability and performance needed improvement. 

This indicated room for enhancement in reducing downtime and increasing production speed. 

A Pareto analysis was conducted to identify the primary causes of machine stoppages. Figure 6 

shows the Pareto chart based on the manual reports. The data indicates that "lack of energy," 

"engineering adjustments," and "cleaning and maintenance" were the main causes of downtime. 

These issues were mainly attributed to manual data handling, lack of real-time monitoring, and 

ineffective scheduling practices. This contributed to inconsistent production flow and increased 

operational costs. 

Figure 6: Part B machine stops pareto graph, prepared by author 

The production process for Part B relied heavily on manual reporting and operator interventions, 

leading to errors and inconsistencies. For example, manual reports identified a total of 10 hours of 
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machine stops primarily due to "cleaning and maintenance" issues related to the bar feeder. These 

issues were later addressed by designing and producing bushings that facilitated easier sliding on 

the feeder, thus reducing stoppages. 

Regular engineering adjustments were required to maintain production quality due to the 

sensitivity of the aluminum material used for Part B. This reliance on manual adjustments resulted 

in frequent production delays and highlighted the need for a more automated and consistent 

approach to process control. 

5.4.2.   Post-MES Implementation for Part B (2020-2023) 

Post-MES implementation, the OEE for Part B showed an increase, with the global OEE reaching 

90% (Table 8). 

Table 8: OEE calculation for Part B post MES 

The MES allowed for the complete automation of the production of part B, eliminating the need 

for an operator. A Binomial Analysis conducted after the first production run without an operator 

confirmed that the process remained stable and capable. The percentage of defective items was 

reduced to 0.44%, well below the customer’s Critical to Quality (CTQ) requirement of 5%. The 

maximum value of the confidence interval for defective items was 0.75%, indicating consistent 

product quality. 

Year
Production  

Order

Theoretical 

Production

Actual 

Production

Good 

Products

Available 

Time

Running 

Time 
Availability Performance Quality OEE

Part B 2020 XXXX2284 1630 1627 1573 163 159 98% 100% 97% 94%

Part B 2020 XXXX2306 1190 1164 1029 119 119 100% 98% 88% 86%

Part B 2021 XXXX2328 1230 1165 1104 123 123 100% 95% 95% 90%

Part B 2021 XXXX2329 1200 993 951 120 120 100% 83% 96% 79%

Part B 2022 XXXX2333 1460 1355 1298 149 146 98% 93% 96% 87%

Part B 2022 XXXX2376 1330 1298 1234 133 133 100% 98% 95% 93%

Part B 2023 XXXX2384 1410 1374 1333 141 141 100% 97% 97% 95%

9450 8976 8522 948 941 99% 95% 95% 90%Global Part B
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The MES facilitated automated scheduling, optimizing production orders to minimize setup times 

and ensure continuous flow. This enabled the elimination of the need of a set-up operation. This 

optimization led to a reduction in downtime and improved labor utilization, as illustrated by the 

labor hours saved in Table 9. 

Table 9: Labor Hours Saving Due to MES – Part B 

Additionally, the MES allowed for partial manual reporting instead of full manual reporting and 

better utilization of operator time, reducing labor costs. The Kruskal-Wallis test validated the 

impact of these changes, confirming that the operator's presence was not required continuously 

and that labor time per unit could be reduced without compromising quality. 

5.5.Financial Analysis 

The purpose of this section is to evaluate the financial impact of the operational performance 

improvements achieved through the implementation of the integrated Manufacturing Execution 

System (MES). The MES was implemented to optimize production processes, reduce waste, and 

enhance data accuracy, directly influencing the financial outcomes of the project. Table 10 presents 

the Profit and Losses (P&L) report, comparing the project's financial performance before and after 

MES implementation. It is important to note that while 2020 saw a reduction in sales due to a 

deferral of 6,000 units of Part B to the following year, the overall analysis covers data through to 

the end of 2023. 

Year
Production 

Order

Set Up 

Operation

Labor 

Reported per 

Unit [Hours]

Quantity Produced 

[Units]

Saving in Labor 

Reported per Unit 

Compared to 

Production Order 

XXXX2085 [Hours]

2020 XXXX2805 Yes 0.126 1021 -

2021 XXXX2328 No 0.11 1012 0.02

2021 XXXX2329 No 0.106 1008 0.02

2022 XXXX2333 No 0.112 1016 0.01

2022 XXXX2376 No 0.108 1016 0.02

Total Saving 69
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Table 10: Profit & Losses Comparison 

 

While the project experienced negative financial outcomes immediately following MES 

implementation in 2020, the financial data up to 2023 indicates a recovery and an overall 

improvement. The gross profit margin increased to 3.5%, and the project returned to profitability 

with a positive operating and net profit by 2023. This improvement can be attributed to the 

operational efficiencies gained from MES implementation, which helped stabilize costs and 

improve output quality over time. 

Intercompany Project 2016 2020 2023

Sales [KUSD] 565 533 615
Direct Labor [KUSD] 141 162 168
management Labor [KUSD] 34 60 69

material [KUSD] 248 316 335

ODC [KUSD] 26 70 78

Factory Cost 449 543 578

GP 20% -1.80% 3.50%
Operating Profit 47 -74 25
Net profit [KUSD] 45 -70 23

Profit & Losses intercompany project
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Figure 7: Direct Labor Cost Variation per Year, prepared by the author 

During the initial post-MES phase, the labor costs increased due to several factors, including the 

integration process and an increased hourly labor rate. However, as the MES system became fully 

integrated and optimized, these costs stabilized. This indicates a more efficient use of labor 

resources. Management strategically decided to adjust the labor hour rates to account for these 

changes, which are depicted in Figure 7. 

5.5.1. Analysis of Labor Costs and Savings 

To accurately measure the financial benefits derived from MES implementation, it is necessary to 

compare the projected direct labor hours (as budgeted), the direct labor hours based on Critical to 

Quality (CTQ) requirements, and the actual direct labor hours recorded from 2016 to 2023. Table 

11 details these comparisons. 
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Table 11: Direct Labor Savings Compared to CTQ 

The analysis shows that, from 2016 to 2023, there was a reduction of 2,175 direct labor hours 

compared to the CTQ estimates, resulting in a cumulative saving of 180 thousand dollars in direct 

labor costs. These savings are directly attributed to the improvements in production processes and 

resource allocation enabled by the MES. 

5.5.2. Return on Investment (ROI) for MES Implementation 

The MES implementation incurred three primary costs: management labor, training, and software. 

Table 12 outlines these expenses and calculates the return on investment (ROI) from the MES 

implementation over the study period. 

Year

Part B 

[units 

produced]

Part A 

[units 

produce

d]

Direct 

Hours 

Budget

Direct 

Hours 

[CTQ]

Direct 

Hours 

(Actual)

Reduction in 

Hours 

Compared to 

CTQ (Actual)

Gain in 

Hours 

Compared 

to Zero 

P&L 

(Actual)

Actual Direct 

Labor Saving 

Compared to 

CTQ [K 

USD]

2016 5962 7147 11,767 1,795 3,285 -1,490 4,095 -18

2017 14,285 15,773 - 4,065 2,289 1,776 - 47

2018 2,699 11,344 - 2,150 1,022 1,128 - 34

2019 11,113 5,759 - 965 795 170 - 5

2020 34,059 40,023 - 1,115 285 830 - 24

2021 35,134 41,002 - 1,185 347 838 - 27

2022 36,208 42,154 - 1,230 327 903 - 30

2023 37,345 43,298 - 1,275 315 960 - 31

Total - - - 13,820 9,385 2,175 4,095 180
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Table 12: Project Return on Investment 

 

The final savings from the MES implementation totaled 157 thousand dollars, with an ROI of 5.2, 

indicating a strong financial return relative to the initial investment. This demonstrates that, despite 

initial costs and challenges, the MES implementation enhanced operational efficiency and 

financial performance over the long term. 

Overall, the financial analysis confirms that the MES provided operational and financial benefits, 

improving the project's profitability and ensuring sustained performance improvements. The long-

term impact of MES implementation on financial outcomes reinforces its value as a strategic 

investment in modern manufacturing operations. 

 

6. Discussion 

 

The implementation of the MES at DefCo has resulted in notable operational and financial 

benefits, as highlighted in the previous sections. This discussion synthesizes these findings, 

situates them within the broader literature on MES and Industry 4.0, and explores the implications 

for SMEs in the defense sector. The challenges encountered during implementation and the lessons 

learned will also be addressed.  

Item Amount [K USD]

Saving in Direct Labor 

Reporting
180

Improvement Project 

Management Labor
-7

Training -13

Software -3

Final Saving from 

Improvement Project 

Application

157

ROI 5.2

Investment 23

Return 157
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6.1.Operational Improvements 

The analysis clearly shows improvements in production efficiency, quality control, and resource 

utilization following the MES implementation. For Part A, the MES enabled automated scheduling 

and optimized workflows, leading to a 270-hour reduction in labor costs due to decreased setup 

times and improved production flow (see Table 5). This aligns with the literature on MES benefits, 

particularly its role in optimizing production scheduling, reducing downtime, and improving 

overall operational efficiency (Lee et al., 2012; Brettel et al., 2014). 

Post-MES implementation, the Overall Equipment Efficiency (OEE) for both Part A and Part B 

showed marked improvements, with global OEE for Part A rising from 64% to 90% and for Part 

B from 75% to 90% (see Tables 15 and 17). These increases reflect better machine utilization, 

reduced downtime, and fewer production defects, demonstrating the effectiveness of MES in 

streamlining manufacturing processes and optimizing resource allocation. The findings are 

consistent with previous studies that emphasize the impact of MES on enhancing production 

efficiency and reducing waste (Hofmann & Rüsch, 2017; Mantravadi & Møller, 2019). 

6.2.Quality Control Enhancements 

The MES implementation also resulted in enhanced quality control measures for both parts. For 

Part B, the system's real-time tracking of quality metrics and process parameters facilitated 

immediate corrective actions, reducing the percentage of defective items to 0.44%, well below the 

customer’s Critical to Quality (CTQ) requirement of 5% (Figure 17). This aligns with the findings 

of Mantravadi and Møller (2019), who highlight MES’s role in maintaining high product quality 

through continuous monitoring and data analysis. The MES-driven improvements in defect rates—

from 6.5% to 4.2% for Part A—demonstrate its capability to support consistent product quality, 

corroborating the literature on MES benefits in quality assurance (Saenz de Ugarte et al., 2009). 

6.3.Financial implications  

 

The financial analysis indicates that MES implementation has led to notable cost savings and 

improved financial performance. Despite initial setbacks in 2020, where sales were affected due 



46 

 

to deferred orders, the overall financial trajectory from 2019 to 2023 showed a recovery and 

eventual improvement in profitability (Table 10). The reduction in direct labor hours, totaling a 

saving of 2,175 hours compared to CTQ estimates, equates to a cost saving of approximately 180 

thousand dollars (Table 11). This financial gain supports the argument that MES can enhance cost 

efficiency by optimizing labor utilization and minimizing waste, as suggested by Kusiak (2018). 

Additionally, the Return on Investment (ROI) analysis demonstrates a strong financial return from 

the MES implementation, with a calculated ROI of 5.2 (Table 12). This high ROI indicates that, 

despite the upfront investment costs associated with MES implementation—such as management 

labor, training, and software—DefCo was able to achieve financial gains over the study period, 

underscoring the system's long-term value in manufacturing settings. 

 

6.4.Challenges and Lessons Learned 

While the MES implementation at DefCo led to numerous operational and financial benefits, it 

was not without challenges. Initial resistance from employees, who perceived the MES as a 

surveillance tool, posed a large barrier to adoption. This resistance is reflective of broader literature 

findings that emphasize the human factors involved in technology adoption (OECD, 2017; 

Ghobakhloo & Fathi, 2019). Overcoming this resistance required effective communication, 

training, and ongoing support from management, highlighting the importance of a supportive 

organizational culture in successful MES implementation (Lee et al., 2012). 

Another major challenge was the separation between the ERP and MES systems due to data 

sensitivity requirements in the defense sector. This separation, while necessary to comply with 

stringent security protocols, added complexity to data management and workflow coordination. 

This finding underscores the need for strong data governance practices and careful consideration 

of sector-specific requirements in MES implementation (Mantravadi & Møller, 2019). 

Despite these challenges, the strategic alignment with the DMAIC (Define, Measure, Analyze, 

Improve, Control) methodology supported by the MES enabled DefCo to achieve sustained 

operational improvements. The MES facilitated real-time data collection and analysis, essential 
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for continuous improvement processes, demonstrating the system's alignment with Lean Six Sigma 

practices and its potential to drive long-term operational excellence (Brettel et al., 2014). 

 

6.5.Implications for SMEs in the Defense Sector 

 

The findings from DefCo’s MES implementation have broader implications for other SMEs in the 

defense sector. The demonstrated operational and financial benefits highlight the potential of MES 

adoption to enhance manufacturing performance and competitiveness in highly regulated 

environments. However, the challenges encountered also emphasize the need for careful planning, 

training, and strong data governance to ensure successful implementation. 

For SMEs, particularly in the defense sector, adopting a phased implementation approach—

starting with pilot projects to manage risks and build confidence among employees—is 

recommended. This approach is supported by empirical studies that emphasize incremental 

implementation as a best practice for technology adoption (Skrzeszewska & Patalas-Maliszewska, 

2020). Additionally, investing in training programs and fostering a culture of continuous 

improvement are essential for overcoming resistance and ensuring employee buy-in, aligning with 

the recommendations of Hofmann and Rüsch (2017). 

6.6.Limitations of this research 

 

While this study provides valuable insights into the operational and financial impacts of MES 

implementation in a Brazilian defense SME, it has several limitations. The focus on a single case 

study limits the generalizability of the findings, and the relatively short time frame of analysis may 

not fully capture the long-term effects of MES implementation. Additionally, data reliability may 

have been affected by inconsistencies during the transition from manual to digital reporting. Future 

research should consider a larger sample size, multiple case studies, and a longer time frame to 

provide a more overall understanding of MES impacts across different contexts. 
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6.7.Recommendations for Future Research 

While this study provides valuable insights into the operational and financial impacts of MES 

implementation in a Brazilian defense SME, further research is needed to explore the long-term 

effects and broader applicability of these findings. Future studies should focus on various things. 

Conducting longitudinal research to track the sustained impact of MES over several years. 

Exploring MES implementation in different sectors and regions to provide a more complete 

understanding of its benefits and challenges. Investigating the integration of MES with other 

Industry 4.0 technologies, such as IoT and AI, to further enhance manufacturing performance. 

7. Conclusions 

 

This study has conducted an analysis of the impact of implementing a Manufacturing Execution 

System (MES) at DefCo, a Brazilian SME operating in the defense sector. The findings reveal 

improvements in operational efficiency, quality control, and financial performance. This shows the 

benefits that MES adoption can offer to SMEs in similar industrial contexts. 

The implementation of the MES at DefCo resulted in a reduction in production cycle times and an 

increase in machine utilization rates for both Part A and Part B production processes. These 

improvements demonstrate the effectiveness of MES in streamlining manufacturing workflows 

and optimizing resource allocation, as indicated by the rise in Overall Equipment Efficiency (OEE) 

from pre- to post-MES periods. The MES enabled automated scheduling, real-time monitoring, 

and proactive maintenance strategies, which minimized downtime and enhanced production flow. 

Moreover, the MES facilitated enhanced quality control mechanisms, which were shown in the 

decrease in defect rates post-implementation. The real-time tracking of quality metrics and 

immediate corrective actions enabled by the MES ensured consistent product quality and reduced 

variability, aligning with the high precision demands of the defense sector. This quality 

improvement is crucial in maintaining the stringent standards required in defense manufacturing 

and highlights the MES's role in supporting continuous improvement initiatives. 

In terms of financial performance, the MES implementation led to cost savings, particularly in 

labor and maintenance costs, as the system optimized resource use and minimized waste. The 
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financial analysis shows that MES implementation can result in cost efficiencies, even in the face 

of initial resistance and integration challenges. Feedback from operators and supervisors was 

positive. The MES also enhanced data transparency and accountability, contributing to workforce 

satisfaction and engagement. 

The study's findings provide insights for other SMEs in the defense sector. The positive outcomes 

at DefCo illustrate that MES can enhance manufacturing performance, quality control, and 

competitiveness. However, the experience at DefCo also highlights the importance of careful 

planning, training, and effective data governance to ensure a successful MES implementation. 

Addressing these aspects is important  for overcoming initial resistance, managing the 

complexities of integration, and maximizing the benefits of MES. 

Furthermore, the MES has opened up new opportunities for DefCo to explore additional Industry 

4.0 technologies, such as digital twin systems and IoT integration, which could further enhance 

operational efficiency and flexibility. This forward-looking approach aligns with the strategic 

direction advocated in the literature, emphasizing the need for continuous innovation and 

integration of advanced technologies in modern manufacturing environments. 

In conclusion, the implementation of MES at DefCo has been positive, driving improvements in 

production efficiency, quality control, and financial performance. These enhancements not only 

highlight the potential of MES to improve manufacturing processes in SMEs within the defense 

sector but also underscore the broader relevance of MES in achieving the strategic objectives of 

Industry 4.0. By embracing strategic planning, providing training, and ensuring good data 

governance, other SMEs can similarly leverage MES and Industry 4.0 technologies to enhance 

their operational capabilities and sustain competitive advantage in complex and demanding 

industrial environments. Addressing the limitations identified in this study in future research will 

further improve the robustness and applicability of these findings, supporting the successful 

adoption and integration of MES across various manufacturing settings. 
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8. Glossary 

 

Industry 4.0: Refers to the fourth industrial revolution, characterized by the integration of 

advanced digital technologies such as IoT (Internet of Things), AI (Artificial Intelligence), big 

data analytics, and cyber-physical systems into traditional manufacturing processes to create 

smart, interconnected production systems. 

 

Smart Factory: A highly digitized and networked manufacturing facility that leverages cyber-

physical systems to monitor and control operations in real time, allowing for adaptive production 

processes and optimization of resources, with the goal of increasing efficiency, flexibility, and 

quality. 

 

Manufacturing Execution System (MES): A software-based system that bridges the gap between 

Enterprise Resource Planning (ERP) systems and shop-floor automation, providing real-time 

monitoring, data collection, and control over production processes to enhance efficiency and 

quality control. 

 

SME (Small and Medium Enterprises): Enterprises with a limited number of employees, 

typically fewer than 250, that play a crucial role in economic development, particularly in 

emerging markets, through innovation, job creation, and industrial growth. 

 

Lean Six Sigma (LSS): A methodology that combines lean manufacturing principles with Six 

Sigma’s focus on quality improvement, aimed at eliminating waste and reducing process 

variation to enhance overall operational performance. 

 

DMAIC: A data-driven improvement cycle used in Lean Six Sigma for optimizing business 

processes. It stands for Define, Measure, Analyze, Improve, and Control, providing a structured 

approach to solving problems and improving efficiency. 

 

Operational Efficiency: The ability of a company to deliver products or services in a cost-

effective manner while maintaining high quality, often by optimizing processes, minimizing 

waste, and utilizing resources effectively. 

 



51 

 

Throughput: The rate at which a system generates its products or services over a specific period, 

commonly used to measure the capacity and productivity of manufacturing processes. 

 

Defect Rate: A quality metric that reflects the percentage of products that fail to meet specified 

standards or customer requirements, used to assess the effectiveness of quality control processes. 

 

Cyber-Physical Systems (CPS): Integrated systems that combine computational and physical 

processes, allowing real-time monitoring and control of manufacturing operations through 

sensors, automation, and data analytics. 

 

IoT (Internet of Things): A network of interconnected physical devices embedded with sensors, 

software, and other technologies that enable them to collect and exchange data over the internet, 

often used in manufacturing for real-time monitoring and predictive maintenance. 

 

OEE (Overall Equipment Efficiency): A performance metric that combines the availability, 

performance, and quality of manufacturing processes to measure the overall effectiveness of 

equipment in production environments. 

 

Critical to Quality (CTQ): Key measurable characteristics of a product or process that have a 

direct impact on its quality and customer satisfaction, often used in Six Sigma methodology to 

prioritize improvements. 

 

Return on Investment (ROI): A financial metric used to evaluate the profitability of an 

investment, calculated as the ratio of net benefits (returns) to the costs of the investment. 

 

Predictive Maintenance: A strategy that uses real-time data from machines and sensors to predict 

when maintenance is required, allowing for proactive scheduling and reducing unplanned 

downtime. 

 

Digital Twin: A virtual replica of a physical product, process, or system that allows for 

simulation, analysis, and optimization in real time. In manufacturing, digital twins enable 

companies to model and test production processes or products in a digital environment before 

implementing changes in the real world, helping to reduce risk and improve performance.  
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