
 Eindhoven University of Technology

MASTER

Process Oriented manufacturing execution system selection framework for small & medium-
sized enterprises

Kandasamy, D.

Award date:
2021

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/b7d696b5-b25a-489b-993f-f5ed4b03f857


 
 

 

                                                                                                                                                           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Process Oriented manufacturing 

execution system selection 

framework for small & medium-

sized enterprises. 
 

D. (Dinesh) Kandasamy 

1342797 

 

 

 

In partial fulfillment of the requirements for the degree of  

Master of Science  

in Operations Management and Logistics 

 

 

 

Supervisors: 

Prof. dr. ir. P.W.P.J. (Paul) Grefen, IE&IS 

Dr. ir. I.T.P. (Irene) Vanderfeesten, IE&IS 

MSc. K. (Konstantinos) Traganos, IE&IS 

  

 

 

 

Eindhoven, July 2021 



 
 

2 
 
 

TU/e School of Industrial Engineering 

Series Master Thesis Operations Management and Logistics 

 

 

Keywords: manufacturing execution system, process – oriented, selection framework, manufacturing 

process management system, scenario, small & medium enterprises  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

3 
 
 

 

Management Summary 

The market competitiveness has created new challenges, leading SMEs to seek fundamental solutions in 

quality, performance and agility in their processes and products; hence, the manufacturing execution 

system (MES) has been indispensable to assist them in this process. The system brings together the 

company’s planning and production, providing access to information displayed in graphics that enables 

to monitor and analyze production, as well as products and equipment status, making it possible to 

trace its use which leads to optimization. However, selecting an MES package is a complex process as 

there are many options available in the marketplace, and each organization has a unique set of 

requirements (Padhi, 2018). A checkmark or grade on each of the eleven MES functions is not sufficient 

to evaluate the fit of an MES an organization’s needs. Numerous MES solutions seem to have similar 

footprints, but some MES cater to specific industries (Padhi, 2018). To make an informed assessment, it 

is necessary to gather more specific requirements to find the correct MES solution that can fulfil the 

execution of end-to-end manufacturing process management. Although there are many methodologies 

for selecting the MES, these solutions are company-specific, and a generic theoretical framework for 

selecting a process oriented MES solution in SMEs is yet to be formed. Therefore, the objective of the 

research is to develop a method or a tool that provides insight into a selection of a process-oriented 

MES solution. 

The paradigms used to conduct this research are the problem-solving cycle by van Aken, Berends and 

Van der Bij (2012) and the Design Science Research Methodology (DSRM) (Peffers et al., 2007). The 

research consisted of six stages and started with the problem definition. The problem definition was 

followed by a process-oriented analysis of manufacturing execution systems in the market, which 

resulted in the identification of process-oriented gaps across them. These gaps led to the introduction of 

Manufacturing process management system (MPMS) which resulted in performing a functional analysis 

between two systems. The inferences from the functional analysis were then used to design a scenario 

selection framework to realize a process oriented MES solution. The scenario selection framework was 

then applied to a manufacturing case that is based on production processes of Thomas Regout Internal 

(TRI). The framework was evaluated using Technology Acceptance Model (TAM) (Davis, 1989). The 
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framework scored best on perceived usefulness and intention to use, and lower on the perceived ease 

of use. Some suggested changes to the design were implemented to increase the usability. 

The main research question was “How can the framework for selecting the right MES solution for SMEs 

to attain the full potential of process-oriented manufacturing management look like?” the selection can 

be done using the previously described framework. the framework can be used to select a process 

oriented MES solution for SMEs. 
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1. Introduction 

This study documents the process and outcome of a research project conducted at the Eindhoven 

University of Technology. The project partially fulfils the requirements for the degree of Master of 

Science (MSc) in Manufacturing Systems Engineering – Operations management & logistics. The 

research was conducted at the Information Systems research group, part of the Industrial Engineering & 

Innovation Sciences department. 

Chapter 1 introduces the project showing its context, the problem definition and defining the research 

goal consecutively. 

1.1. General problem context 

Today competition is no longer local but global, with companies increasingly required to reduce total 

costs, maximize investment return, shorten lead time, and enhance customer demand response. For 

SMEs, the changing global economic conditions and greater competition cause additional challenges; 

thus, effective enterprise information systems to enhance competitive advantage are increasingly 

important (O Alaskari et al., 2019). SMEs look to make better use of the information in order to make 

better decisions. 

On the contrary, many SMEs struggle to survive, and they display limited productivity. One of the 

significant factors contributing to the low SME survival rates is the lack of successful adoption and use of 

information technologies (IT) (Devos et al., 2014).  IT can be seen as an enabler for business growth, 

significant competition, and innovation in SMEs (Higon, 2012). IT helps to manage information in 

industrial enterprises; IT makes it easy for an enterprise to integrate many decision functions in the 

subsystems, which are essential in manufacturing and distributing a product. These subsystems are 

sales, production planning, purchasing, process control, quality control, and supply chain logistics.  

Nowadays, the classification of IT in the industry is categorized into three levels, i.e. 1) business level, 2) 

manufacturing operations level, and 3) lower level comprising the activities of manufacturing 

operations, automation and control, and physical transformations. The primary information systems 

that correspond to levels 1 & 2 are the Enterprise resource planning (ERP) system and Manufacturing 

execution system (MES). The ERP systems have provided an opportunity to manage SMEs within and 

beyond the organizational scope. This ERP improves communication within internal and external 

business networks, enables a high level of integration, and enhances the decision – making process. ERP 
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can solve the strategic problem at the upper level and mainly handle internal and external relevant 

resource issues. 

On the contrary, it also limited flexibility and lowered the competitive advantage, particularly in the 

manufacturing industry. Manufacturing management relied more on the production information from 

the shop floor. Production information was primarily used for investment decisions and evaluating plant 

loadings to make routine operating and planning decisions. Decisions that used to require days were 

needed in hours, and hourly based decisions were needed in minutes. A gap was developed between 

the available information and the needed information, and that gap was based on time. Manufacturing 

execution systems (MES) sought to eliminate this time and information gap and provided the plant with 

real-time information while business functions were provided with timely information to support 

business planning decisions (Besutti et al., 2019). MES increased manufacturing competitiveness by 

controlling plant resources, including material, equipment, personnel, and facilities. The implementation 

of MES across SMEs has derived numerous benefits.  

However, when it comes to IT adoption, SMEs do not perform well due to the shortage of expertise, 

resources and managerial aspects. The introduction of IT creates numerous challenges for organizations, 

technologies, and employees. Moreover, the foundation for the digital transformation of SMEs are 

available in the form of roadmaps, frameworks and models. This master project focuses on building a 

framework for the selection of Manufacturing Execution System (MES)) for the SMEs. 

1.2. Problem scope 

In this chapter, the main problem of this research is introduced and formulated. The problem is 

formulated based on barriers mentioned in the literature and the challenges experienced in the 

selection of Manufacturing Execution System (MES) in Small & Medium-sized Enterprises (SMEs). The 

chapter describes the problem context, problem motivation and the problem formulation (section 1.2.1) 

that help frame the main research goal. 

1.2.1. Problem context 

Today’s products are faced with a high level of critique from customers, and with competition between 

companies being fierce, manufacturing facilities need to ensure that products are made to a high 

standard while operating at an optimum pace (Liu et al., 2017). Since the manufacturing industry is 
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gradually transferring from traditional product-oriented architecture to service-oriented architecture, 

SMEs’ IT infrastructure faces several challenges due to the dynamic changes that they undergo. 

The small and medium-sized industry, to not lose competitiveness and respond to customer’s demand, 

will have to increase their agility and flexibility while maintaining their productivity and quality (Xu, 

2012). The real-time access to information and response to unplanned disruptive events are becoming 

essential issues due to the rigidity of most traditional manufacturing systems; there has been a weak 

response to unplanned disruptive events.  

To overcome these challenges, MES seemed to be one of the information systems that acted as a 

factory execution system and enabled run-time control of the activities on the shop floor. The operator 

directly interacts with the MES to step through the execution of the work to produce the product. The 

MES provided the workflow, visibility and event notification required to ensure that manufacturing had 

met the enterprise demands. However, the manufacturers had a problem in choosing the right MES. 

Though leading vendors continue to add new capabilities to their MES, the core functionalities have 

remained mostly the same for a long time. The constant upgrades and changes by the MES vendors 

have made the selection process difficult for the SMEs in need of new MES and the SMEs that are 

looking to replace the existing MES. The significant reasons for the replacement are – existing MES 

becoming technically obsolete, not offering the needed functionality, and MES not being flexible enough 

to adapt to current business needs. There are also alternatives for traditional MES, as manufacturers can 

choose between function-specific applications, custom-built MES, Do-it-yourself MES1.  

Relevant topics needed for working with these challenges are presented in the upcoming sub-sections. 

Sub-section 1.2.1.1 illustrates the functional hierarchy levels of the manufacturing industry. Then, the 

MES is briefly explained in Sub-section 1.2.1.2. 

1.2.1.1. Functional hierarchies  

The functional hierarchy of IEC62264:2013-1, as shown in Figure 1, acts as a reference framework to 

classify the various types of control found in modern factories, ranging from control of complete 

enterprises to control of individual devices (Chen, 2005).  

 
1 https://tulip.co/resources/mes-ultimate-guide/ 

https://tulip.co/resources/mes-ultimate-guide/
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Figure 1 - Functional hierarchy of control in manufacturing enterprises (Source - IEC, 2013) 

At the top of the hierarchy, level 4 (Business planning & logistics) is concerned with the broader business 

management, including the resource, financial and supply chain management functions. Level 3 

(manufacturing operations management) is responsible for planning, directing, coordinating, and 

monitoring operations in the factory. Levels 1 and 2 are shown together, representing the actuators and 

sensors (on level 1) and their control systems (on level 2). Finally, Level 0 is not a control level but 

represents the process itself, i.e. the flow of material and product through the factory (IEC, 2013). The 

functional hierarchy (IEC/ISO-62264) attempts to construct a unified model of concepts and activities 

that occur at the interface between the EIS. Though the functional hierarchy (Figure 1) nowhere uses 

the terms MES, it does make clear that the MES belongs to level 3 as the MES supports the control of 

activities in the shopfloor. The master project majorly focuses on the selection of the right MES solution 

present in level 3. The MES is explained in the upcoming section. 

1.2.1.2. Manufacturing execution system 

An MES is a factory floor execution system. Its primary purpose is to enable run-time control of the 

activities on the shop floor. Resources (operators, machines) in the shop floor directly interact with the 

MES to step through the execution of the work to produce the product. MES provides workflow, 

visibility and event notification required to ensure that manufacturing is meeting enterprise demands. 

An MES is used to define, monitor and control the five significant elements of production, which are - 

materials, equipment, personnel, documentation and facilities and it provides real-time information 
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from each component of the shop floor and fills the communication gap between the manufacturing 

planning system and the control systems (Deuel, 1994). 

MES acts as a centralized information system in managing shop floor activities, material planning 

systems, scheduling. To standardize the concept of MES, an organization named the Manufacturing 

Enterprise Solutions Association (MESA) created a formal report (MESA 1997). Based on the MESA 

international report, an MES can be defined as follows: 

“MES delivers information that enables the optimization of production activities from order to launch to 

finished goods. Using current and accurate data, MES guides, initiates, responds to and reports on plant 

activities as they occur. The resulting rapid response to changing conditions, coupled with a focus on 

reducing non-value-added activities, drives effective plant operations and processes. The MES improves 

the return on operational assets and on-time delivery, inventory turns, gross margin and cash-flow 

performance. Also, MES provides mission-critical information about production activities across the 

enterprise and supply chain via bidirectional communications.” 

(Ugarte et al., 2009) presents a depiction of the role and functions of the MES, as shown in Figure 2. 

The eleven MES functions shown in Figure 2 are based on the findings of a survey (MESA, 1997) by the 

Manufacturing Enterprise Systems Association (MESA).  

 

Figure 2 -Primary functions of MES (source - Ugarte et al., 2009) 
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1.3. Problem formulation 

The market competitiveness has created new challenges, leading SMEs to seek fundamental solutions in 

quality, performance and agility in their processes and products; hence, the manufacturing execution 

system (MES) has been indispensable to assist them in this process. The system brings together the 

company’s planning and production, providing access to information displayed in graphics that enables 

to monitor and analyze production, as well as products and equipment status, making it possible to 

trace its use which leads to optimization. 

MESs are generally classified in the area of discrete manufacturing as a “process-oriented manufacturing 

management system” and as the comprehensive driving force for the organization and execution of the 

production process with the following major tasks (ZVEI, 2010) – Organization and support of all 

activities related to the production process - Process requirements (order processing, resource planning, 

quality requirements), Operational actions (ensuring the availability of resources, the flow of material, 

and quality), tracking and analysis. MES is the nerve centre of shop floors; this is where operators log 

shop floor transactions (both manually & automatically), maintain traceability, track machine status, 

generate dashboards. Increasingly, organizations are adopting packaged MES in their plants. Moreover, 

MES is a critical component of industry 4.0 that acts as an enabler to achieve end-to-end digitization and 

provide an integrated ecosystem for real-time information exchange between the shop floor. 

However, selecting an MES package is a complex process as there are many options available in the 

marketplace, and each organization has a unique set of requirements (Padhi, 2018). A checkmark or 

grade on each of the eleven MES functions is not sufficient to evaluate the fit of an MES an 

organization’s needs (Padhi, 2018). Numerous MES solutions seem to have similar footprints, but some 

MES cater to specific industries. To make an informed assessment, it is necessary to gather more specific 

requirements to find the correct MES solution that can fulfil the execution of end-to-end manufacturing 

process management. The MES selection will inevitably have a massive impact on manufacturing 

process effectiveness, handling real-time information, and overall operational efficiency.  

Structuring the knowledge obtained from the existing MES packages in the market and the 

characteristics of production processes in SMEs into a selection framework can help achieve a process-

oriented manufacturing management system. 

The previous section illustrated certain challenges faced by SMEs in selecting the right MES solution. 

Moreover, it also highlights the purpose of MES for process-oriented manufacturing management. 
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Although there are many methodologies for selecting the MES, these solutions are company-specific, 

and a generic theoretical framework for selecting MES in SMEs is yet to be formed. Therefore, the 

problem statement is defined as follows:  

“The lack of a framework for selecting the right MES solution affects the small and medium enterprises 

from attaining the full potential of process-oriented manufacturing management.” 

The problem defined here marks an issue for the entire manufacturing industry. The problem statement 

shows the relevance of this study and the need to provide the enterprises with a tool that contains the 

knowledge that allows them to pursue process-oriented MES. 

1.4. Research goal  

The goal of the research project is to design a process-oriented MES selection framework for SMEs by 

creating structure in the process-oriented characteristics of MES. The selection framework helps SMEs 

achieve end-to-end manufacturing process management (defining and executing manufacturing 

processes, managing resources, and evaluating).   

As this research is conducted according to the design science paradigm, the eventual goal is to produce 

a solution, to solve the design problem, in the form of an artifact. Therefore, it is vital to state the 

objective of this research. Based on the problem introduction as well as the above-defined problem 

statement, the research goal is defined as follows: 

“The Objective of this research is to develop a Process-oriented MES selection framework for SMEs.” 

The deliverable of this study will be an artifact of the type model, as defined by the design science 

research terminology of (Peffers, 2007), that shows a representation of the process-oriented MES 

characteristics, which helps enterprises to pursue and develop within the process-oriented paradigm. 
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2. Research methodology 

This chapter describes the methodologies used to carry out the project and meet the above-defined 

research goal. The paradigms used to conduct this research are the problem-solving cycle by van Aken, 

Berends and Van der Bij (2012) and the Design Science Research method (DSRM) paradigm by Ken 

Peffers, Tuure Tuunanen, Marcus A. Rothenberger & Samir Chatterjee (2007). First, the design science 

paradigm is introduced (Section 2.1), which leads to the DS methodology used in this thesis (Section 

2.2), followed by the research questions and research approach (Section 2.3), including a mapping 

between research activities and this thesis structure. Finally, the chapter is ended with the research 

scope (Section 2.4). 

2.1. Research paradigm 

Conducting adequate research is essential, but if research is not well-embedded in its environment, its 

potential is wasted. Therefore, before the operational research methodology is introduced, the 

Information Systems Research Framework by (Hevner et al., 2004) is briefly introduced to emphasize the 

importance of research relevance and rigor (Figure 3).  

 

Figure 3 - Hevner et al.’s Information Systems Research Framework. 
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Even though this study does not explicitly address a “business goal” as suggested by the framework, the 

manufacturing process management ability of MES can be interpreted as a business need. The 

developed artifact shall be applied in the appropriate environment to realize the framework support. 

Simultaneously, previous research, existing and current MES standards, theories and others provide 

practical knowledge to be used in the artifact design process. Upon project conclusion, the designed 

artifacts are added to the knowledge base, enabling future work to use or extend the introduced 

concepts to yield even greater and more impactful results.  

Research relevance is obtained by synthesizing a practical use case from a manufacturing company 

combined with close collaboration with MES practitioners and researchers. Research rigor is mainly 

obtained through search efforts in literature. This study will also serve to demonstrate feasibility. 

2.2. Design science methodology 

To conduct design science research in a structured manner, van Aken et al. (2012) defined a problem-

solving cycle. This cycle consists of the following five steps (1) Problem definition, (2) Analysis & 

diagnosis, (3) Solution design, (4) Implementation, and (5) Evaluation (Figure 4). These steps must be 

followed precisely throughout the research. Note that the first step of the cycle, problem definition, is 

already provided in the previous section of this report. 

 

 

Figure 4 -Problem - solving cycle (Van Aken et al., 2012) 
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Besides the problem-solving cycle of van Aken et al. (2012), this study also uses the Design Science 

Research method (DSRM) paradigm because it aims to design an artifact as the solution for the problem 

described in Chapter 1.  

Mainly because this study does not aim to solve problems in organizations, Peffers et al. (2007) was 

chosen as a basis for research design instead. They provide a Design Science Research Methodology 

(DSRM). The design process includes six steps: problem identification and motivation, the definition of 

the objectives for the solution, design and development, demonstration, evaluation, and 

communication. Besides the six process steps, the process makes a distinction between four entry 

points (Peffers et al., 2007): (1) Problem centred initiation, (2) Objective centred solution, (3) Design & 

development and (4) Client/context initiated. The DSRM for this research (Figure 5) is presented below: - 

 

Figure 5 -Design Science research framework for this research project, based on (Peffers et al., 2007) 

The six significant steps of the research project are mapped to the six process steps present in the 

DSRM. As the proposed DSRM process model is self-explanatory, at least for the research activities, no 

more explanation will be given. However, there is no compulsion to proceed in sequential order as the 

process can start from any step and move outward (Peffers et al.,2007). The process sequence is 

decided based on the “possible research entry points”. A problem-centred approach is considered for 

this master project as it is the basis of the nominal sequence, starting with activity one. The reason for 
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choosing the problem-centred approach is that the master project is a research activity based on the 

observation of the problem from the previous research works.  

As this research follows the problem-solving cycle of (van Aken et al., 2012) and uses the design science 

research method (Peffers et al., 2007) to design the solution. The problem-solving cycle and the DSRM 

nearly have a similar approach towards design science research. The usage of the problem-solving cycle 

to structure the research brings the activity in line with (Peffers et al., 2007) DSRM. To provide some 

structure, an overview is given on the synthesis of the constructs of both methods is shown in Figure 6. 

 

Figure 6 - Research overview 

The five steps of van Aken’s problem-solving cycle form the basis on which the five main principles of 

Peffer’s DSRM are positioned. The design objective is mainly part of the analysis step as it provides the 

knowledge base for the eventual design. The design & development part within DSRM is mainly part of 

the design step. Similarly, the demonstration part is aligned with implementation, and the evaluation 

part is aligned with the evaluation in the DSRM. The DSR paradigm defines three fundamental research 

cycles, the rigor, relevance, and design cycle (Hevner, 2004). Each of these cycles has an essential role in 

the successful solution design of an artifact. The research cycles are put into the context of this project 

in the next section. 
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2.3. Research questions & Research approach  

To reach the defined end-goal of this study, it is necessary to gather knowledge such that the artifact 

can be constructed. The master project sets out to draw upon relevant literature to systematically 

uncover existing MES packages, methods and concepts that can be used then to design the selection 

framework as an artefact. This artefact is subsequently applied in practice on one of a manufacturing 

use case. 

Therefore, the following research question is raised: 

 

How can the framework for selecting the right MES solution for SMEs to attain the full potential of 

process-oriented manufacturing management look like? 

 

To provide an answer to the above-defined question, it is necessary to answer several sub-questions, 

shown in Figure 7. This figure also introduces the research method as it visualizes the link between the 

problem-solving cycle by van Aken et al. (2012), the DSR research cycles by Hevner (2004), and the sub-

questions. 

 

Figure 7 - Research method 
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Figure 7 shows that RQ1 and RQ2 focus on the rigor cycle. This suggests that primary research is based 

on the knowledge base. However, as the design needs to be useful in practice, the research is also 

driven by relevance. This ensures that the eventual design is based not only on academic rigor but also 

on the industry’s relevant aspects. Furthermore, RQ1 and RQ2 provide the results for the second step in 

the problem-solving cycle of van Aken et al. (2012), analysis and diagnosis. The answer to these RQs 

establishes the knowledge base required for the design of the selection framework. The design cycle is 

an iteration between the actual development of a design artifact and the evaluation. Therefore, RQ3 is 

divided into two sub-questions, RQ3a, RQ3b. RQ3a provides the basis for the remainder of the design. 

The answer to this research question provides the key inferences from the functional analysis between 

MES and a state-of-the-art process management system. The answer to RQ3b will be the actual scenario 

selection framework. The resulting artifact is the outcome of the solution design step in the problem-

solving cycle. Lastly, the implementation, step 4, and evaluation, step 5 are answered by research 

questions 4 and 5. Question 4 exhibits the application of the design in RQ3 to a discrete manufacturing 

case. The answer to the last research question will measure the usefulness and effectiveness of the MES 

selection framework. These research questions are mainly relevance driven and supported by the rigor 

cycle to ensure the link with the existing knowledge base. 

This thesis structure loosely follows the Peffers et al. (2007) DSRM process model structure. A mapping 

between the process model and this thesis’s chapters can be found in Table 1. Note that the DSRM 

process model describes multiple iterations. In this thesis, the design iterations are not presented as 

separate chapters or sections, but findings from all iterations are aggregated into their relevant chapter 

or section. 

Activity Chapter 
Identify problem 
& motivate  

Chapter 1 - Introduction 

Define the 
objectives of a 
solution  

Chapter 1 – Introduction  

Design & 
Development  

Chapter 3 – MES product survey 
Chapter 4 –Design of Selection Framework 

Demonstration Chapter 5 - Implementation 

Evaluation Chapter 6 - Evaluation  

Communication Entire Thesis 



 
 

25 
 
 

Table 1 - Thesis structure 

The thesis is structured as follows: the second chapter discusses the research methodology that has 

been applied for this research. The third chapter provides a theoretical background on the process-

oriented support provided by the MES products in the market, including the process oriented MES 

market analysis which acts as a motivation for designing the selection framework that eventually leading 

to the answer of RQ1 & RQ2. The fourth chapter utilizes the results from the process-oriented analysis 

of chapter 3 to introduce a state-of-the-art process management system, followed by a functional 

analysis of MES and the process management system that answers the RQ3. The inferences obtained 

from the functional analysis is used as a base for the actual design of MES selection framework (Section 

4.6), thus leading to the answer of RQ3b. The fifth chapter utilizes the framework design of chapter 4 to 

show the application of the selection framework to a discrete manufacturing case. This chapter also 

describes the manufacturing case as well as how the framework has been applied to this case leading to 

the answer for RQ4. In chapter 6, the evaluation of the selection framework is discussed, including the 

evaluation method and evaluation results. This chapter also discusses a user manual for the application 

of the selection framework in discrete manufacturing industry. Thus, the sixth chapter answers RQ5. 

Finally, chapter 7 concludes the thesis by providing a discussion on the different research results, as well 

as the limitations of the research, suggestions for future research, and a general reflection on the 

research process.  

2.4. Research scope 

Since there is only a limited amount of time available to conduct the research, it is crucial to determine 

the scope of the research to ensure its feasibility. Therefore, several decisions are made to adjust the 

research’s magnitude to ensure the research load is manageable, and the research does not become too 

broad. The decisions for scoping are described in this section. 

The first scoping decision to discuss is the application domain. This study only considers the discrete 

manufacturing domain, where physical production processes are the primary type of process. Secondly, 

the goal is not to create a framework that includes all the MES modules. Instead, the focus is put in MES 

elements that can be related to the concept of manufacturing process management (MPM). To have a 

consistent scoping across the whole research, a process-oriented perspective is required. The process-

oriented perspective is realized using two approaches. First, the process-oriented perspective in the 
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analysis of MES products was introduced through VDI 5600 guideline and second, the process-oriented 

perspective in the design of selection framework was introduced through the manufacturing process 

management system (MPMS) (Erasmus, 2019). For the application and evaluation, only one 

manufacturing case is used for the application and evaluation of the prototype. It would have been 

preferable to use multiple cases. However, this was not feasible due to time constraints. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

27 
 
 

3. MES Market Analysis 

This chapter addresses the first & second research questions: “Which relevant MES products are 

currently available in the market within the small and medium-sized enterprises?” and “What is the 

current status of MES products from a Process-oriented perspective?”. In this chapter, the MES vendors 

are shortlisted and analyzed from a process-oriented perspective.  

Before the design of the selection framework can start, it is essential to determine a common ground. In 

line with the objective of this research, the MES market analysis investigates the existing MES products 

in the market to establish a knowledge base. The goal of this research is to design a framework for the 

selection of MES. Therefore, an analysis of the state of the art of MES products in the market is 

performed. After that, the process-oriented limitations of these MES products are discussed, which form 

the basis for the design requirements for the selection framework. 

Manufacturing Execution Systems (MES) play a crucial role in achieving manufacturing excellence and 

meeting growing customer demands. Today, however, there is a growing need for manufacturers to 

align their MES with the transition to Industry 4.0 and embrace digitally integrated and intelligent supply 

chains. The primary purpose of MES market analysis is to navigate the complex MES market and to 

provide a landscape, i.e., the basis for making choices. 

The analysis provides comparative data on MES vendors and their products across standards such as 

MESA, ISA and partially into smart manufacturing. Manufacturing industries have their own priorities, 

and their need for MES varies greatly; each may have different requirements for functionality, 

scalability, and vendor services. This study provides an objective path to shortlist the available systems. 

One of the complex challenge’s companies have in MES selection lies in identifying the best appropriate 

products. Some of the vendors do not call their products MES, even though they fit the definition. They 

may use a different category or concept name based on industry terminology and marketing positioning. 

Some of these companies also do not have a significant marketing presence outside their home 

countries, limiting their recognition by some manufacturing companies. 

 

To perform the MES market analysis, relevant information on the products are required. Some of the 

ways to obtain the data are: 

• Structured interviews with the product owners 
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• Exploring the product's website 

• Surveys (structured questionnaires) 

 Structured interviews with the product owners were not possible due to the time limitations of the 

project. Moreover, the exploration of vendor websites does not give all the required data. Also, it is not 

the case that MES vendors cannot provide the information they do not mention directly on their 

website.  Thus, out of the three options, surveys were used for obtaining the relevant information as it is 

less time consuming and feasible. The process involves asking vendors for information through a 

questionnaire circulated online via networking platforms and E-mail. 

The chapter is structured as follows. First, section 3.1 gives the objectives of the MES market analysis. 

Then, the process of shortlisting the MES vendors and questionnaire design are explained in section 3.2 

& 3.3, respectively. Finally, the results of the questionnaire are discussed in section 3.4. 

3.1. Objectives  

Before the questionnaire design can start, it is essential to determine the significant objectives of the 

MES market analysis. The objectives of the MES market analysis are as follows: 

I. To describe the MES market in terms of offering, deployment, discrete industry. 

II. To get a first impression of the available products and their possible use. 

III. To realize the status of MES and their gaps concerning specific MES standards. 

IV. To understand the level of process support provided by the MES. 

This MES market analysis may also be of value to some groups of readers. The primary recipients of this 

document are system integrators and vendors. 

• System integrators 

The survey contains information for getting a first impression of the available products and their 

possible use. It aids the system integrators to have a closer look into some of the leading MES products. 

The criteria used are Vendor focus & experience, MESA functions, ISA95 analysis of MES products. The 

survey partly provides a framework for asking the right questions to the vendors to evaluate their 

products from a process-oriented perspective.  

• Vendors  
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For the vendors, this survey provides an overview of the gaps present in their product regarding a 

process-oriented manufacturing management system. It also gives an impression of the trends in the 

market. 

3.2. Participants  

In this chapter, the process of shortlisting the vast array of MES vendors is explained in detail; sub-

section 3.2.1 presents the overview of the sources used in finding the MES vendors, which are followed 

by the selection criteria in sub-section 3.2.2, and Vendor shortlisting strategy in sub-section 3.2.3, Finally 

ended with the results in sub-section 3.2.4.  

3.2.1. Sources 

In order to find the MES vendors, two search approaches were considered. In the first place, the 

following search approaches were consulted: 

• MESA international website – Manufacturing Enterprise Solutions Association  

• Gartner peer insights – the world’s leading research and advisory company  

3.2.2. Selection criteria 

The following criteria are set to decide if the vendors and their respective MES product is included in this 

study. These criteria were applied to the list of products yielded from the sources. 

The chosen criteria are: 

• Vendor categories – software provider 

• Software categories – only MES/MOM 

• Language – English  

• Manufacturing process - Discrete manufacturing. 

These criteria are all chosen so that the vendors’s come under the scope of the research. The first 

criterion was selected because the MESA international website’s vendor solution directory classified 

vendors into three categories: consultant, system integrator, and software provider. As the survey 

focuses on MES products, only the software providers and the Vendors that provided MES/MOM 

software’s were considered in this survey. The survey’s scope is to focus on the MES software’s that 
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support the discrete manufacturing process. The final criterion only includes MES software in English. 

Language problems may arise when considering another language MES software. 

3.2.3. Vendor shortlist strategy 

This section describes acquiring the list of vendors for the survey: steps are taken to manipulate the 

dataset, and a strategy to select and filter vendors is introduced. In Figure 8, the shortlist strategy is 

shown. 

 

Figure 8 - Vendor shortlist strategy 

First, the sources (section 3.2.1) were used in finding the MES vendors. The vendors obtained from the 

search are merged and filtered according to the selection criteria. Then the vendor list is checked for 

duplicates and removed. Subsequently, the MES products associated with the vendors were investigated 

through their brochures and websites. Moreover, some vendors were removed due to lack of popularity 

(the popularity of the products was assessed by the user reviews provided by industry practitioners and 

consultants in Gartner insights), geographical and reachability constraints. 

3.2.4. Results 
The previous sections elaborated on the search & selection protocol. This section presents the results 

that are yielded from using the sources (section 3.2.1). Table 2 gives an overview of the number of 

vendors obtained per source. 

Source Results 

Vendor solution directory (MESA international) 45 
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Gartner peer insight 40 

Table 2 - Search results 

The selection strategy begins with the initial search of MES vendors in the two search engines, which 

yield 85 vendors from which 38 vendors were selected based on the selection criteria, which are 

explained in section 3.3.2. After removing the duplicates and reading the brochures and websites, a 

total of 13 vendors were selected. Additional analysis was performed based on the popularity and 

reachability of each Vendor so that the gathering of information is simplified, which brought the final 

count of MES vendors to 9. Figure 9 provides an overview of the full selection process. 

 

Figure 9 - Selection process overview 

Table 3 provides the final list of MES vendors and their corresponding products shortlisted for the 

survey. 

No. Vendor Products 
1 ABB Hangzhou Winmation Automation Ltd. ABB ability MOM suite 
2 3D Value 3D Value 
3 GE Digital GE Proficy MES 
4 Siemens  Siemens Opcenter 
5 Parsec Automation Corp. Traksys 
6 Rockwell Automation FactoryTalk production centre MES 
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7 SAP  SAP Manufacturing execution 

8 Critical Manufacturing  Critical Manufacturing v7 
9 mikrolab GmbH Hydra MES 

Table 3 - List of MES Vendors 

 

3.3. Questionnaire 

The previous chapters cover the objectives and overview of the Vendor shortlisting process; this chapter 

elaborates the questionnaire. First, the design of the questionnaire is discussed in sub-sub-section 3.3.1, 

then followed in sub-section 3.3.2, by describing the questionnaire items, including various reasons that 

have been used to frame the questions.  

3.3.1. Questionnaire design 

The primary purpose of the questionnaire is to determine how best to proceed in analyzing the MES 

vendors. By extension, to give a first indication of the usefulness of the MES market survey for building 

the MES selection framework, i.e., the evaluation is used to benchmark the product features and 

generate a set of process-oriented requirements for the right selection of MES in manufacturing 

industries. The questionnaire’s secondary purpose is to illustrate functional and technical differences 

between systems that help the MES vendors position themselves. 

3.3.2. Questionnaire items 

The questionnaire used in the study consists of multiple parts. The parts are as follows: - 

• Vendor information 

• Manufacturing process typology 

• Market focus 

• Projects 

• Platform, Database & Technology 

• MESA compliance 

• ISA 95 compliance 

• I4.0 compatibility 

The explanation of questionnaire items and the complete Questionnaire is presented in Appendix A & 
Appendix B. 
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3.4. MES Product Survey Results 

The MES product survey results are analyzed in this chapter. The elements present in the questionnaire 

are analyzed under the process-oriented perspective. First, the process-oriented perspective is 

explained in section 3.4.1. Secondly, the elements of the questionnaire are mapped into the process-

oriented perspective in section 3.4.2. Finally ended with a conclusion comprising a heat map covering all 

MES products and the process-oriented perspective in section 3.4.3. 

3.4.1. Process-oriented Perspective 

The goal of the research is to develop a process-oriented selection framework. Hence, the MES product 

data obtained through the questionnaire is analyzed under a process-oriented view. The VDI Guideline 

5600 generally categorizes MES in discrete manufacturing as a “process-oriented manufacturing 

management system” and as the “comprehensive driving force for the organization and execution of the 

production process” (ZVEI, 2010). The VDI 5600 was directly relevant to MES and was formed in 

accordance with MESA and ISA 95 standards (Meyer. H, 2009). According to the guideline, the 

functionality of MES covers all chronological aspects of the production process, namely (1) planning of 

production processes (2) management of the production processes (3) Analysis and evaluation of the 

production processes. The guideline categorizes MES with the following major tasks –  

a) Process requirements (order processing & resource planning), Operational actions (ensuring the 

availability of resources & flow of material), Tracking and analysis (inventory control; calculation 

of Key Performance Indicators; basis for Continuous Improvement Processes). 

b) Implementation of the closed loop of all actions related to the execution of the production 

processes (planning, initiation, managing, controlling, documentation, evaluation, review, etc.). 

c) Exchange of information with other levels such as corporate management (Enterprise Resource 

Planning, ERP) and the manufacturing/process levels, as well as operational support systems, for 

example, Product and Process Engineering (P / PE), Supply Chain Management (SCM). 

In the upcoming section, questionnaire elements are mapped to the major tasks for analyzing the 

current state of the art of MES products. 

3.4.2. Mapping of Questionnaire elements 

In previous sections, both the questionnaire elements and the process-oriented perspective have been 

introduced. In this section, the fit between the questionnaire elements and the perspective will be 
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discussed. The primary purpose of this section is to determine how the nine MES products could be 

analyzed from the process-oriented perspective.  

The elements present in the questionnaire are mapped towards the major tasks in order to realize the 

process-oriented perspective. The mapping is presented in the below Table 4 - Mapping of 

Questionnaire elements to major tasks:  

 Major Tasks MESA functionalities ISA 95 (POM) functions Smart 
manufacturing 

functions 
A • Process requirements (order processing & resource 

planning) 
• Operational actions (ensuring the availability of 
resources & flow of material) 
• Tracking and analysis (inventory control; calculation 
of Key Performance Indicators; basis for Continuous 
Improvement Processes). 

• Resource Allocation 
Dispatching Production 
Units 
• Detail Scheduling 
• Product Tracking & 
Genealogy 
Performance Analysis 

• Production Resource 
Management 
• Production Dispatching 
• Detailed Production Scheduling 
• Production Tracking 
• Production Analysis 

• Defining manufacturing 
resources, such that it can 
determine which resource 
is needed for an activity 
• Selection of resources for 
activities, based on the task 
requirements and resource 
attributes 
• Next - Gen Tech (Digital 
twin & Data Analytics 

B Implementation of the closed loop of all actions 
related to the execution of the production processes 
(planning, initiation, managing, controlling, 
documentation, evaluation, review, etc.). 

• Process Management 
• Data Acquisition 

• Production Definition 
Management 
• Production Execution 
Management 
• Production Data Collection 

• Defining Dynamic 
Manufacturing Processes  
• Response to the changes 
in the manufacturing 
processes 

C Exchange of information with other levels such as 
corporate management (Enterprise Resource 
Planning, ERP) and the manufacturing / process levels, 
as well as operational support systems, for example 
Product and Process Engineering (P / PE), Supply Chain 
Management (SCM) 

    • Integration into the 
existing enterprise 
architecture of a 
manufacturing enterprise  
• Vertical Integration 
Coordinating the activities 
of heterogeneous actors 

Table 4 - Mapping of Questionnaire elements to major tasks 

The process-oriented elements of the questionnaire are depicted in Figure 10 
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Figure 10 - Process-oriented perspective of the questionnaire elements 

 

3.4.3. Conclusion  

In this section, a heat map is presented covering the process-oriented perspective and the nine MES 

products. The design of the heat map is based on the priority scores given by the vendors (Appendix C). 

The heat map describes the products on an individual basis. The vendors are classified over the major 

tasks (section 3.4.1), including some of the standards. Here it can be easily seen which vendors support 

what functions. This allows for identifying the functional gaps in the vendor list. The heat map is 

presented below in Figure 11 
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Figure 11 - Heat map analysis 

The rows show the different vendors. The columns assess all vendors in different aspects. The top row 

presents the major tasks and the second row represent the questionnaire elements (functions from 

various standards). The blue, yellow and purple columns indicate the functions from ISA 95, MESA 11 

and smart manufacturing elements. The green coloured part of the heatmap indicates a high level of 

support, and the red coloured part is vice versa.  

The following inferences can be derived from the heat map: 

• All the MES vendors show good response and support towards the Production operation 

management (POM) module of the ISA 95 standard. 

• The focus towards the MESA 11 standard is less compared to ISA 95. The low level of support by 

the MES products is highlighted in red blocks. 

• The smart manufacturing capabilities received a neutral response as all the products did support 

all the requirements. 

Based on the inferences derived from the heat map, it is evident that some of the MESA 

functionalities do require a high level of support. The MESA 11 standard is one of the significant 

specifications required for realizing end-to-end manufacturing process management as it covers all 

manufacturing functions. Moreover, to define a bigger picture, the MES products fall short in the 

area of - Process requirements (order processing & resource planning), Operational actions (ensuring 

the availability of resources & flow of material), Tracking and analysis (inventory control; calculation 
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of Key Performance Indicators; basis for Continuous Improvement Processes). This process-oriented 

gap in the MES products gives the motivation to introduce a standalone manufacturing process 

management system that does not replace the existing MES solution but rather compliment them in 

achieving the potential of process-oriented manufacturing management. In the upcoming chapter, a 

state-of-the-art process management system is introduced, and the design of the selection 

framework will be realized. 
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4. Design of the selection framework 

This chapter addresses the third research question: “What is the structure of the process-oriented 

selection framework for manufacturing execution systems?”. In the previous chapter, the gaps in the 

level of process support provided by MES were found based on the process-oriented market analysis. In 

this chapter, the process-oriented gaps are filled by introducing a state-of-the-art process management 

system (MPMS) (Section 4.2) and the design of a selection framework for the co-existence of two 

systems.  

Initially, the design approach used for specifying the selection framework in section 4.6 is elaborated. 

It is essential to consider the purpose of the selection framework during its design. In this case, the main 

objective is to develop a framework through which a process-oriented MES solution can be selected. 

Therefore, the framework's primary goal is to provide a structured blueprint for selecting scenarios to 

fulfil the process-oriented incapableness of MES. It also functions as a general approach for the co-

existence and integration of MES and the Manufacturing Process Management System (MPMS). The 

steps for the design approach are as follows:  

The first step in the design approach is to establish the core functionalities of MES and MPMS. The 

Manufacturing Process Management System is introduced (section 4.2); Core functions are derived from 

literature and the HORSE project (Grefen & Boultadakis, 2021). (Section 4.1 & 4.3) 

The second step in the design approach is to perform a functional analysis between the two systems, 

where the core functionalities of MES and MPMS are analyzed under different perspectives to find key 

inferences that form a base for building the framework. (Section 4.4) 

The third step in the design approach is to form functional distribution scenarios based on the key 

inferences obtained in the previous section. (Section 4.5) 

The fourth step in the design approach is the actual design of the scenario selection framework, where 

scenarios are developed for the co-existence of MES and MPMS (Section 4.6) 

The fifth and final step in the design approach is to develop data interfaces for the scenarios. Data 

interfaces are built between the MES & MPMS for each scenario. (Section 4.7) 

Figure 12 provides an overview of steps that were used during the framework design. 
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Figure 12 - Design Approach overview 

4.1. Core Functions of MES 

As the term MES spans over a wide variety of standards, the mix-up of concepts could be simplified to 

some extent. An MES must have the entire production process under control and therefore must cover 

aspects such as production control system, production information systems, production planning 

systems.  

In 2009, Heiko Meyer established a conceptual approach and suggested a division of MES functions into 

three core processes (Meyer, 2009). The three core processes were formed by mapping the following 

functions.  

▪ The complete technical description of the product ("product definition management") and its 

management. The task schedule is a central component. 

▪ Management of all resources required for the product ("resource management") and their 

allocation into the task schedule. 

▪ Planning the order pool and establishing a sequence. 

The three core processes comprise several sub-functions. The overview of the core functions is 

presented in Figure 13. 
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Figure 13 -Core functions of MES 

The core functions are elaborated in the following sub-sections. 

a) Production flow-oriented design 

The production process (at the core of the task schedule in all details) is mapped with user-friendly 

graphic (where possible) planning tools. This production flow is saved as a data model, which should be 

as complete and consistent as possible for all articles to be produced (Meyer, 2009). 

b) Production flow-oriented planning 

The production flow is planned in consecutive production orders (function "production planning"). The 

flow-oriented approach extends not only to the sequence of the orders but also to all necessary 

resources, with a solution at the operating sequence level. The provision of human resources, 

equipment, raw materials, or components thus is also planned (Meyer, 2009). 

c) Order Processing 

All other functions of the MES mentioned earlier reside in the actual implementation process. The 

production process is controlled and monitored, and the resulting product and production-relevant data 

are collected and documented in a flow-oriented manner (Meyer, 2009). 

The sub-functions were further decomposed into individual functions. The individual functions are listed 

in Table 5. 

Code Description 

F1 The system is able to interface with ERP to obtain the Order related data (Product, 

machines, personnel, work plans, Part lists) for production flow-oriented planning. 
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F2 Material requirements planning to ensure material availability through supply 

management and Material requirement calculation 

F3 The system is able to perform Material disposition (direct B2B contact with the material 

supplier) 

F4 System is able to bring the orders from the ERP system (generally a pool of orders for a 

defined time period with a fixed supply) into an optimal sequence using suitable 

algorithms. 

F5 The updated work plan - The system should have a tool that compares the time targets 

from the work schedule with the actual times and then adjusts the target times 

F6 Work scheduling by considering the following factors - customer order, product, 

production process, production resources,  

F7 The system should have a planning algorithm able to resolve and synchronize complex 

process chains and to carry out collision-free planning of a time container with many 

orders, taking resource availability into account. 

F8 A User interface must be designed - Capable of information filtering function, planning 

object selection, Data & graphic display section. 

F9 A system capable of Personal planning based on personnel calendar, availability, the 

attendance situation, and personnel qualifications must be 

Checked in this planning phase. 

F10 The System is able to provide formatted information to departments (production 

management or materials management)  

F11 The system has a production terminal comprising - list of orders, capture & control data, 

Graphic Representation of the Work Plan, call up information on finished orders, machine 

performance, and the status of already completed work processes, Displaying Events 

and Exceeding Limits, Display of SPC/SQC Data 

F12  Order Preparation & setup - System has a  machine setup function; the individual 

machine is prepared for the actual production process  - (a) Material provision, Tool 

Integration, Setting machine parameters, Startup activities, cleaning processes. 

F13 The system is able to control and trace production units  

F14 The system is able to manage production bin (When the last operation for an article is 

reached in order processing, the produced quantity is booked to its final storage place. 

F15(a) Material flow control - (a) Material Usage Function - The system should be flexible 

enough to ensure that additional quantities of the required material can be used from 

other deliveries. 

F15(b)  Recording output in operation - System must be proficient in following forms of output 

recording (MES must be possible to allocate any data from the process to any production 
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unit. 

F16 System has a functional group Operating data acquisition (ODA) for recording 

and controlling all production performance data 

F17 System is able to record the performance of the machines/facilities for defined periods 

and constantly monitor deviations. 

F18 Ongoing Analysis & Evaluation - System is able to collect relevant performance control 

information - Performance analysis for products and resources, Proof of performance 

for compliance standards, Event management, real-time performance control 

F19 System able to perform long term Analyses and evaluations - (resource performance 

with regard to the Order, Dependency analysis) 

F20 System is able to do (a) Forward planning - production start based on material 

requirement planning with basic requirements (b) Reverse planning - production start 

based on the delivery time (c) bottleneck planning - production start based on bottle 

neck resources. 

F21 System able to perform collision free planning of individual orders and their production 

operation, with minimal time gaps within the delivery date. 

Table 5 - Decomposition of core MES functions 

4.2. Manufacturing Process Management System (MPMS) 

A business process management system (BPMS) can orchestrate the activities of resources across the 

entire organization, supported by various information systems (Qing Li, 2012). The BPMS is a system 

that assigns work items to the resources that utilize an information system to perform them. Moreover, 

the BPMS helps in the efficient execution of activities. 

 A layered architecture was used to illustrate the relationship between infrastructure and application 

layers where the BPMS and the database management systems were positioned along with the 

infrastructure layer (Erasmus, 2019). A two-dimensional view was adopted to avoid confusion. The 

vertical dimension featured the levels of the functional hierarchy (sub-section 1.2.1.1), ranging from 

level 1 to 4, while the horizontal dimension featured the infrastructure and application layers.  

A unified Manufacturing Process Management System (MPMS), built on BPM concepts, can serve 

multiple application systems and acts as a single process management system that delivers the process 

management functionality to all application systems (Erasmus, 2019). The MPMS serves as an epicentre 

for information systems, human interfaces and robot systems in a manufacturing process. 
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The process-centric architecture for computer integrated manufacturing that shows MPMS as an 

orchestration hub for level 2, 3 and 4 systems is shown below –  

 

Figure 14- process centric architecture for computer integrated manufacturing (source - Erasmus, 2019) 

The MPMS initiates a process instance for a customer or production order based on the schedule 

defined in the ERP or MES. The MPMS then sends work items and instructions to application and control 

systems, as specified in the process model. A human interface and two automated agent control 

systems are shown in Figure 14. The MPMS can send work items to a variety of different control systems 

and human interfaces as necessary. (Erasmus, 2019) mainly proposed the use of a unified process 

management system to facilitate integration between the levels of manufacturing enterprise. The cross-

functional process included several business functions of level 3 and level 4 of the functional hierarchy.  

4.3. Functions of MPMS 

The MPMS comprises three process functions associated with manufacturing process design and 

execution; the main three process functions contain at least one sub-function. The overview of process 

functions is presented in (Grefen & Boultadakis, 2021):  
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Figure 15 - Process functions of MPMS 

The Major process functions are explained in the upcoming sub-sections.  

a) Horizontal Business Process Management 

The system allows the user to model, plan, configure, and support the execution of the manufacturing 

process using a view that integrates the overall (Horizontal) end-to-end process and the (Vertical) sub-

processes of the various work cells in the manufacturing system. The system coordinates orders, plans, 

and assigns resources and handles exceptions in the overall process execution (Grefen & Boultadakis, 

2021). 

b) Resource Management 

The system deduces the process resources required to complete the process by interpreting the 

manufacturing process configuration. The system makes decisions based on the most appropriate 

resource, such as capabilities (cf. a worker's competency matrix or a robotic actor's technical 

specifications) and availability. As a result, it keeps track of current and pending assignments and tasks 

for process resources such as workers, robots, containers, trucks, and other materials. The system will 

identify whether the required resources for a certain production unit are available using data received 

from this monitoring function (Grefen & Boultadakis, 2021). 

c)  Actor Control 

The system processes manufacturing configuration models, manage the overall production process, 

assigns the appropriate resource to tasks, and handles process level exceptions by reallocating 

resources, among other things. In order to accomplish this, the actor control function enables 

interaction with numerous types of actors. It allows worklists to be communicated to authorized actors 

and monitors execution progress (e.g., by halting and resuming the task execution of an actor) (Grefen & 
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Boultadakis, 2021). The sub-functions were further decomposed into individual functions. The individual 

functions are listed in Table 6. 

Code Description 

F1  The HORSE System shall be able to monitor for every Robotic Actor: 
a) its capabilities, including at least a.1) maximum load, and a.2) availability, 
b) its performance, including at least b.1) task actual completion time, b.2) task estimated 
completion time, b.3) task successful execution estimation 

F2 System is able to identify alternative manufacturing system configurations, based on input 

information 

F3 System is able to monitor: 

a) resources availability 

b) performance, including at least b.1) process actual completion time, b.2) process 

estimated completion time 

c) process current state 

F4 System is able to present information to the Operator including at least a) condition, b) state, 

and c) alerts, for each Robotic Actor and Production human actor. 

F5 System is able to visually present production schedule alternatives based on input data and 

Operator selections 

F6 The Robotic Actor is able to support mobility concerning Logistics, when interfacing with the 

ERP system (i.e. autonomic bringing of the products depending on the received Order). 

F7 System is able to alert the Operator while it is uncertain if one of the Robotic Actors can 

successfully complete a task within a minimum possibility of failure. 

F8 During exception handling, the system is able to initiate the out‐of‐normal action process. 

F9 System is able to re‐allocate actors, in response to external events, including at least a) 

safety alerts and b) sensor failures. 

F10 The system is able to re‐allocate tasks to actors, based on cumulative work load and 

manufacturing system status. 

F11 The HORSE system shall be able to determine the availability of actors needed for a specific 

manufacturing system configuration. 

F12 System is able to dynamically re‐allocate actors to tasks based on task safety risk and 

ergonomic information. 

F13 System shall be able to select and allocate appropriate actors to tasks based on their 

specific capabilities. 

F14 During exception handling, System is able to halt or resume the task execution of an actor, 

based on manufacturing system status. 
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F15 System is able to send a list of tasks to be performed by each actor in the production line, for 

a specific production order. 

F16 System is able to accept notifications from actors in the production line regarding a change 

of manufacturing system status, including at least a) actor availability and b) safety risks. 

F17 System is able to manage operational mode and the task state, for all actors. 

Table 6 - Individual functions of MPMS 

4.4. Functional Analysis 

The previous sections discussed the already existing functions of MES and MPMS. In this section, these 

functions are further analyzed. Generally, both the MES and MPMS are categorized across level 3 of the 

functional hierarchy. This Order motivates the functional analysis. The significant purpose of this 

analysis is to provide a functional landscape of the two systems. After that, the analysis allows finding 

commonalities between the systems, which leads to the design of the selection framework.  

4.4.1. Approach 

Specific perspectives are required to position the functionalities of MES and MPMS and uncover the 

commonalities between them. Manufacturing processes can be supported in their different phases: at 

the design of the processes, at their execution (i.e., actual production manufacturing), and further 

analysis of the execution. The definition of each phase is as follows (SHOP4CF, 2020): - 

▪ Design – The design phase covers the support for the conception and design of manufacturing 

process models that define the desired behavior of the system. 

▪ Execution – the execution phase covers the support for the execution of the manufacturing 

process models, i.e., Execution of the actual manufacturing process. 

▪ Monitor – the monitor phase provides support for data analysis resulting from the process 

model execution for real-time monitoring of production processes and optimization of either 

execution or design. 

Moreover, processes can be supported at different manufacturing levels: an upper level (Process level) 

that provides functionality for end-to-end manufacturing process support and a lower level (Event level) 

that provides functionality to support work cells in the shopfloor. 
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All three phases are considered for analyzing the functionalities of MES & MPMS. As the project's scope 

is aligned towards process management, only the upper level (Process level) is considered for the 

functional analysis. A 1x3 table was formed to position the functionalities of MES & MPMS. Figure 16 

represents the 1x3 functional analysis approach. 

 

Figure 16 - Functional Analysis Approach 

 

4.4.2. Positioning of MES & MPMS functionalities 

The individual functionalities of MES and MPMS in sections 4.1 & 4.3 are mapped to the 3x1 functional 

analysis approach (Section 4.4.1). All individual functions are positioned to respective manufacturing 

phases, such that a "functional landscape" of both the systems is obtained. Figure 17 depicts the 

mapping of the functional analysis approach to the individual functions of MES and MPMS. 
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Figure 17 - Functional Landscape of MES & MPMS 

The functions are indicated as small rectangles with their function codes; for visualization purposes, the 

rectangles are coloured in red and green, where the former corresponds to MES and the latter to the 

MPMS.  

4.4.3. Inferences  

In this section, some key inferences from the functionality mapping are discussed. The positioning of 

MES and MPMS functions across the phases of the manufacturing process led to certain conclusions 

which act as a basis for building the framework. The key inferences are presented below- 

▪ Standalone MES functions were found across the analysis; these standalone functionalities were 

highly aligned towards the planning and scheduling area of MES (i.e., mostly aligned towards the 

design phase) 

▪ Similar functionalities of both the systems (MES-MPMS) were found across the analysis; these 

common functionalities were partially spread across the design and execution phases. 
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▪ Standalone MPMS functions were found across the analysis; these standalone functionalities 

were partially spread across the design and execution phases. 

The key inferences are visualized in Figure 18  – 

 

Figure 18 - Positioning of functionalities to the inferences 

Based on the significant information derived from the functional analysis, three categories are 

established, which form a base for building the framework. 

I. Standalone approach (MES oriented) – MES covers all the phases of the manufacturing process. 

II. Mixed approach (MES-MPMS) – The phases of the manufacturing process are covered by both 

the systems (i.e., the co-existence of MES and MPMS). 

III. Standalone approach (MPMS oriented) – MPMS covers all the phases of the manufacturing 

process. 

The three categories will be elaborated on in the upcoming section. 
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4.5. Functional Distribution Scenarios 

In the previous section, functional categories were developed to build a basis for the framework. Now 

the three categories are translated into scenarios; these scenarios lead to the design of the selection 

framework. In the mixed approach (MES-MPMS), all the manufacturing process phases are said to be 

covered by both systems. However, the use of the functionalities is trivial, and it is not clear what 

activities will be carried out by each system. In order to provide a comprehensible solution, category 

two is branched into three scenarios.  

1. Highly MES oriented scenario – The scenario uses both MES and MPMS for end-to-end process 

management. However, a substantial part of the functions is covered by MES. 

2. Even-handed scenario – The scenario uses both MES and MPMS for end-to-end process 

management. However, an even-handed approach is considered where the two systems equally 

cover the functions. 

3. Highly MPMS oriented scenario – The scenario uses both MES and MPMS for end-to-end 

process management. However, a substantial part of the functions is covered by MPMS. 

Although the scenarios give a viewpoint towards the distribution of functions, a detailed functional 

distribution is required to know which activities will be supported by which system (MES/MPMS). To 

realize a clear solution, functional groups are formed. In 2011, Bratukhin and Sauter proposed an MES 

distribution scheme comprising four functional groups distinguished from the 11 MES functionalities. 

The four functional groups are (Bratukhin et al., 2011):- 

▪ Order Related Functionalities: Operation and Detail Scheduling, Dispatching Production Units. 

▪ Resource Related Functionalities: Resource Allocation and Status, Process Management. 

▪ Supervision Functionalities: Data Collection and Acquisition, Performance Analysis, Document 

Control, Tracking of Product and Genealogy. 

▪ Supporting Functionalities: Labor Management, Quality Control, Maintenance. 

The dispatching production unit is a sub-function of scheduling and resource allocation providing 

mechanisms to track the product's performance. The dispatching functionality can be placed accordingly 

over the two functional groups based on the manufacturing process specification. The functional groups 

are depicted in Figure 19- 
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Figure 19 - Function distribution 

As the project's scope is aligned towards a process management perspective, the supporting 

functionalities – labour management, Quality control and maintenance- are not considered in the 

framework's design. The functional groups are adapted to the scenarios in the upcoming section to 

establish the final scenario selection framework. 

4.6. Scenario Selection Framework  

In this section, the scenarios and the functional groups of section 4.5 are combined to arrive at the 

structure of the scenario selection framework for the co-existence of MES & MPMS. This framework is 

shown in Figure 20. The framework has five scenarios corresponding with the three function groups 

presented in Figure 19. Two scenarios (Scenario 1 & 5) have been declared as a standalone approach (a 

single information system supports, i.e., all the functional groups) as discussed before. The main 

emphasis is given to the scenarios that involve two information systems (MES & MPMS).  
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Figure 20 - Scenario selection framework 

In scenario 2 majority of the function groups are dominated by MES; the Order and resource-related 

functions are placed in the area of MES, as these require finer planning, scheduling, and resource 

allocation activities. The supervision related function is placed in the region of MPMS, as these require 

better monitoring and performance analysis capabilities. 

In scenario 3, the functional groups are equally split among the MES and MPMS. The resource-related 

function is split into two segments – resource allocation and process management- to provide an even-

handed approach. The order and resource allocation functions are placed in the area of MES, as these 

require finer planning, scheduling, and resource allocation activities. The process management and 

supervision related functions are placed in the region of MPMS, as these require better process 

execution, monitoring and performance analysis capabilities. 

In scenario 4 majority of the function groups are dominated by MPMS; the resource and supervision 

related functionalities are placed in the area of MPMS, as these require better process execution, 

monitoring and performance analysis capabilities. The Order related function is placed in the region of 

MES, as these require finer planning, scheduling activities.  

 



 
 

53 
 
 

4.7. Interfaces  

The framework in Figure 20 is not yet a complete specification, as there are no interfaces between the 

two information systems. In order to complete the design of the scenario selection framework, 

interfaces must be added between the two systems. The positioning of the function group to the 

scenarios forms a clear specification for the examination of data to be exchanged. 

Bi-directional communication is established for each scenario to link the MES and MPMS. The significant 

purpose of the link is to transfer the design-related data to the MPMS and execution-related data to the 

MES. Moreover, the data interfaces serve as a medium for enhancing the information transaction 

between the two systems, which helps to perform end-to-end manufacturing process management. 

Before the design of interfaces, it is necessary to present certain factors –  

• No interfaces are designed for the standalone scenarios (scenarios 1 & 5) since they are only 

supported by a single information system.  

• Data interfaces are only focused on the two systems (MES & MPMS) and not between the 

functional groups. 

• Due to the project's scope, the design of interfaces to the external systems (ERP & PLM) are 

neglected.  

The interfaces for each scenario are discussed in the following sub-sections. 

4.7.1. Data interface - scenario 2 

In scenario 2, the MES is used herein to translate the production orders into work instruction and 

elaborate the method of dealing with resources and plant floor execution. Generally, the design and 

execution phases of the manufacturing process are covered by the MES. The key features of the system 

include: 

• Creation of production plan (Sequence planning of orders) 

• Creation of a material plan for the production order 

• Creation of task list for resources in the shopfloor 

• Allocation of resources  

• Setting up target delivery times 

• Dispatching of production units 

• Execution of production plan  



 
 

54 
 
 

Meanwhile, on the other side of the spectrum, the MPMS is used herein to monitor the execution of 

orders and utilization of resources; in other words, it covers the monitor phase of the manufacturing 

process. The system covers functionalities such as document control, data collection and acquisition, 

product tracking and performance analysis. In order to form a better process management environment 

and to fully exploit the potential of the scenario, the following data transactions are required –  

• The MES must provide timely information to the MPMS. Two types of data output from MES 

must be established. One is the Order and material planning, which in particular is a planned 

order and target delivery date. The other is the production execution data. Moreover, the data 

from MES aids MPMS to compare the actual plan and the execution of processes to provide 

valuable insights on the performance. 

• The MPMS must provide real-time information to the MES regarding the Shop floor data, the 

status of execution, performance analysis of production and resources, product exceptions and 

rework notification of the production process. Moreover, the real-time information from MPMS 

aids the MES in creating alternative sequence plans to adapt in case of exceptional conditions. 

Also, the analysis data assists MES in the optimal planning of production orders. 

The transaction of data between the two information systems for scenario 2 is depicted in Figure 21. 

 

Figure 21 - Data interface - scenario 2 

4.7.2. Data Interface – scenario 3 

In scenario 3, the MES is used herein to translate the production orders into work instruction and 

elaborate the method of dealing with resources. The key features of the system include: 
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• Creation of production plan (Sequence planning of orders) 

• Creation of a material plan for the production order 

• Creation of task list for resources in the shopfloor 

• Allocation of resources  

• Setting up target delivery times 

• Dispatching of production units 

Meanwhile, on the other side of the spectrum, the MPMS is used herein to execute and monitor the 

production plan. The system covers functionalities such as process management, document control, 

data collection and acquisition, product tracking and performance analysis. In order to form a better 

process management environment and to fully exploit the potential of the scenario, the following data 

transactions between the systems are required –  

• The MES must provide timely information to the MPMS. The significant data output is the Order, 

resource and material plan, which in particular is a planned order and target delivery date. 

Moreover, the data from MES aids MPMS to perform the actual production process and 

comparing the actual plan and the execution to provide valuable production insights. 

• The MPMS must provide real-time information to the MES regarding the Shop floor data, 

production status, performance analysis and resource exceptions. Moreover, the real-time 

information from MPMS aids the MES in creating alternative resource plans to adapt in case of 

exceptional conditions. Also, the performance data assists MES in the optimal planning of 

production orders. 

The transaction of data between the two information systems for scenario 3 is depicted in Figure 22. 
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Figure 22 - Data interface - scenario 3 

4.7.3. Data Interface – scenario 4 

In scenario 4, the MES is used herein to translate the production orders into work instruction. The key 

features of the system include: 

• Creation of production plan (Sequence planning of orders) 

• Creation of a material plan for the production order 

• Creation of task list for resources in the shopfloor 

• Setting up target delivery times 

Meanwhile, on the other side of the spectrum, the MPMS is used for the execution and monitor phases 

of the manufacturing process. The key features of the system include – 

• Dispatching production units 

• Allocation of resources based on capabilities. 

• Production plan execution (Exception handling) 

• Monitoring & performance analysis of production process 

• Data collection & acquisition 

In order to form a better process management environment and to fully exploit the potential of the 

scenario, the following data transactions are required –  
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• The MES must provide timely information to the MPMS. The system provides production and 

material plan along with target delivery times. The data from MES aids MPMS in executing the 

actual production process. 

• The MPMS must provide real-time information about production status and performance, which 

aids MES in managing incoming production orders. 

The transaction of data between the two information systems for scenario 4 is depicted in Figure 23. 

 

Figure 23 - Data interface - scenario 4 

 

 
A data flow analysis has been performed to check the completeness and consistency of the interfaces in 

the above sections. This analysis is presented in Appendix D of this document. 

The scenario selection framework, as it is visualized in Figure 20, can be used as a medium to support 

SMEs to shift towards a process-oriented approach for manufacturing management. The individual 

scenarios show a spread of two information systems (MES & MPMS) across functional groups to achieve 

end-to-end manufacturing process management. The data interfaces displayed in the scenarios help for 

the coexistence and integration of traditional (MES) and state of the art (MPMS) systems. The 

framework does not claim to be complete but does show some elements for selecting a process-

oriented MES solution. How the framework can be applied to a discrete manufacturing case is presented 

in the next chapter. 
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5. Application of Framework in a Manufacturing Case 

This chapter addresses the fourth research question: “How can the Process-oriented MES selection 

framework be applied in a discrete manufacturing case?”. 

Up to this point, this research has remained very theoretical and abstract. This was done on purpose so 

that the developed framework could be applied to a wide range of discrete manufacturing enterprises. 

However, in order to be able to indicate the appropriateness of the framework, it would need to be 

applied to a manufacturing case. In this chapter, the selected manufacturing case and the application of 

the framework are discussed.  

5.1. Thomas Regout International 

The business case that was used is based on Thomas Regout International B.V. (TRI). TRI is a Maastricht 

based company that produces telescopic slider systems and curtain rails. For this case, only the 

production of telescopic slider systems will be considered. The main reason to select this manufacturing 

case was that there were already contacts with the company due to their involvement in the HORSE 

project. This also meant that there already was a lot of detailed information available about their 

production processes. The information that is presented in the following sections is the information that 

was available from the HORSE project (Horse, 2020). 

5.2. General Production Process 

The telescopic slider production process of TRI consists of four stages. The first stage is the toolset 

preparation, during which the toolset is assembled that will be used during the cold forming process. 

Every product can have different dimensions, hole positions, and other features and therefore requires 

a specific combination of tools. This specific combination of tools is assembled into a toolset, where the 

individual tools are gathered from the tool storage if they are available or are assembled from 

standardized parts if they are not.  

The second stage consists of the cold forming process. During this process, steel coils are guided through 

a particular machine, called a "Profistans", in order to produce the steel parts of the telescopic sliders. 

All products go through the standard cold forming process. However, some of the more complex 

product variants require additional cold forming or special cold forming in order to get the required 

shapes and features.  
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The third stage consists of the galvanization of the steel profiles. The profiles are first hung on racks, 

after which they automatically go through several baths, which apply a zinc coating to the profiles. The 

profiles are then removed from the racks, after which they are ready for the fourth and final stage of the 

production process.  

The fourth stage consists of the assembly of the various parts into the final product. There are three 

different options for the assembly process, where the selection of the option is based on the complexity 

of the final product. The least complex and more standardized products are assembled by a fully 

automated assembly line. Here workers are only responsible for providing the inputs to the assembly 

line, after which conveyor belts transport the parts past a series of machines and robots that perform 

the actual assembly. Slightly more complex products are assembled on the semi-automated assembly 

line. Here a conveyor belt transports the products through several assembly steps that are mostly 

performed by human workers with the aid of several robots and machines. The third option is the 

manual assembly of the various parts into the final product. This is performed at specialized 

workstations, where teams of workers perform all the different steps that are necessary for the 

assembly. Manual assembly is only performed when the products are either too complex or too 

divergent in shape to be assembled on the automated or semi-automated assembly lines. Finally, there 

is a fourth option for the assembly. This is the special products assembly, which is reserved for the 

products that are too complex to be assembled by the average worker and are therefore assembled by a 

special team. However, for this case, this fourth option has been included in the manual assembly 

option. The process models of the TRI production process can be found in Appendix E. 

5.3. Functional group mapping 

In order to begin the application of the scenario selection framework, the fundamental step is to form 

the functional groups. The manufacturing processes are mapped to the functional groups introduced in 

section 4.5. The segregation of production processes to the functional groups are presented in Table 7. 

Order Related Functionalities 

(Decomposition of Production 

order) 

Resource Related Functionalities 

(Order execution) 

Supervision Related 

Functionalities 

Tool assembly planning  Resource allocation for Monitoring 

Tool assembly material 

planning 

Tool assembly process Tool assembly status 
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Cold forming planning Cold forming Cold forming Status 

Profile assembly planning Loading & unloading of profiles Galvanization process 

Dispatching bin for galvanizing Assembly of profiles  Profile assembly status 

Shop floor logistic planning Shop floor logistics Warehouse/Storage status 

  Execution of Performance Analysis 

  Tool assembly process Tool preparation 

  Movement of material across shopfloor Cold forming  

  Cold forming Resource  

  Galvanization process Galvanization process 

  Profile assembly Profile assembly process 

Table 7 - Functional distribution of TRI case 

5.4. Case Oriented Scenarios 

In this paragraph, all five scenarios (section 4.6) are employed in the TRI manufacturing case. Before the 

application of scenarios, several assumptions are taken into consideration. The assumptions are as 

follows –  

• All the functional groups in the TRI manufacturing case are either supported by MES or MPMS. 

Other information systems such as ERP, PLM are not considered due to the scope of the project. 

•  Only one instance of the production process is taken into consideration. A least complex and 

standardized production order is considered for better understanding. 

The manufacturing sequence of a single production order is shown in Figure 24. 
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Figure 24 - Manufacturing sequence of a single production order (TRI) 

TRI will act as the primary, practical case for this research. As such, five scenarios have been identified to 

apply the framework to orchestrate a better process management system. The scenarios are discussed 

separately and can be defined as the following.  

I. MES only scenario, all the functional groups, are supported by MES. The order planning (ORF), 

order execution and monitoring activities of the TRI production order are orchestrated by a 

single information system (MES). Figure 25 represents scenario 1 of the TRI manufacturing 

process. 

 

Figure 25 - Scenario 1 - TRI case 
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II. Highly MES oriented scenario, the functional groups are supported by two information systems 

(MES & MPMS). MES covers the majority of functional groups. Figure 26 represents scenario 2 of 

the TRI manufacturing process. 

 

Figure 26 - Scenario 2 - TRI case 

III. Even-handed Scenario, the functional groups are supported by two information systems (MES & 

MPMS). Equal precedence is given to both systems. Figure 27 represents scenario 3 of the TRI 

manufacturing process. 

 

Figure 27 - Scenario 3 - TRI case 

IV. Highly MPMS oriented scenario, the functional groups are supported by two information 

systems (MES & MPMS). MPMS covers the majority of functional groups. Figure 28 represents 

scenario 4 of the TRI manufacturing process. 
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Figure 28 - Scenario 4 - TRI case 

V. MPMS only scenario, all the functional groups, are supported by MPMS. The order planning, 

order execution and monitoring activities are orchestrated by a single information system 

(MPMS). Figure 29 represents scenario 5 of the TRI manufacturing process. 

 

Figure 29 - Scenario 5 - TRI case 

The data transactions between the two information systems are presented as UML (Unified Modelling 

Language) sequence diagrams. The sequence diagrams for the TRI Manufacturing case can be found in 

appendix F. 

The application of the framework was successful for the manufacturing case. All the scenarios and their 

interfaces of the selection framework could be orchestrated for the TRI manufacturing case, the result 

of the framework application. For the TRI manufacturing case it provided a perception towards a 
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transition from a legacy scenario, which has a traditional system (MES) for process management, to a 

greenfield scenario, which has a state of the art system (MPMS) for process management.  

It must be noted that the manufacturing case had been adjusted to make the application feasible. 

Therefore, the framework could be executed for the different types of production orders. But only for a 

single instance. Nevertheless, the applicability of the framework was still valuable, as it explains the 

significance of the function groups and scenarios. 

It is difficult to conclude anything on the general applicability of the framework, as the framework was 

not applied in real-time due to the technical difficulties and the vastness of the process. 

It can cautiously be concluded that the framework, the application works as a result(scenarios) were 

comprehensible. A detailed user guide and the usefulness of the framework is presented in the next 

chapter.  
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6. Framework Evaluation 

This chapter addresses the following research question: "Is the framework useful to select a process-

oriented MES solution?". In this chapter, the evaluation of the scenario selection framework will be 

discussed. First, the design of the questionnaire will be discussed in section 6.1. This is followed in 

section 6.2 by a description of the evaluation itself, including the topics that are covered during the 

workshop presentation. Finally, the results of the evaluation are presented in section 6.3. 

The scenario selection framework has been evaluated by focus group experts through a presentation on 

the scenario selection framework, followed by a questionnaire with items based on the Technology 

Acceptance Model (TAM).   

6.1. Questionnaire Design 

The primary purpose of the questionnaire is to determine the perceived usefulness of the system and, 

by extension, to give a first indication of the usefulness of the scenario selection framework (MES – 

MPMS). The secondary purpose of the questionnaire is to gather general feedback for the designed 

framework. This includes feedback on the strengths and weaknesses as well as suggestions that should 

be included in any future design iterations of the framework. The TAM used to design the questionnaire 

is explained in subsection 6.1.1, which is followed by the questionnaire items in sub-section 6.1.2.  

6.1.1. Technology Acceptance Model 

The main goal of the evaluation is to determine the usefulness of the system. TAM is one of the most 

influential models of user technology acceptance in the Information System field (Moody, 2003). It 

measures three primary constructs (Davis, 1989). 

• Perceived Ease of Use: "the degree to which a person believes that using a particular system 

would be free of effort". 

• Perceived Usefulness: "a person's subjective probability that using a particular system would 

enhance his or her job performance". 

• Intention to Use: "the extent to which a person intends to use a particular system".  

According to the TAM, a technology has perceived usefulness and perceived ease of use influence the 

intention to use that technology, which in turn influences the actual usage of the technology (Davis, 
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1989). The perceived usefulness is also directly influenced by the perceived ease of use. While both 

constructs are measured independently, a low rating on perceived ease of use can, in turn, also lead to 

lower ratings on perceived usefulness. It, therefore, makes sense to measure both constructs during the 

evaluation. The TAM is shown in Figure 30. 

 

 
Figure 30 - Technology Acceptance Model (source – (Venkatesh & Davis, 2000)) 

6.1.2. Questionnaire Items 

A significant advantage of using the TAM as a basis for the evaluation is that the TAM provides 

measurement items for the various constructs that have been evaluated on validity and reliability by a 

wide range of empirical studies (Moody, 2003; Venkatesh & Davis, 2000). The measurement items that 

are used in the questionnaire are therefore based on the measurement items for the perceived 

usefulness, perceived ease of use and intention to use as specified by the original TAM by (Davis 1989) 

and the extended TAM2 by (Venkatesh & Davis, 2000). The items have been revised in order to better fit 

with the context of the evaluation. Each of the items was measured through a five-point Likert scale, 

ranging from "Strongly Disagree" to "Strongly Agree". Furthermore, the survey is extended by adding 

open questions in order to gather more feedback regarding the framework. Therefore, the following 

questions were added: 

• The framework contains the following strengths: 

• Regarding the design of the framework, I suggest the following changes: 

• Regarding the content of the framework, I suggest the following changes: 

• Comments: 

The final version of the evaluation form can be found in Appendix G. 
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6.2. Scenario Selection Framework Evaluation 

In order to be able to evaluate the framework, the framework first needed to be explained to the 

various focus group experts in such a way that they would be able to provide informed answers to the 

questionnaire items. This was achieved by presenting the scenario selection framework through the 

context of the TRI manufacturing case.  

6.2.1. Evaluation Sessions 

The framework was evaluated by questioning five personnel from Atos. The evaluation was conducted 

during two separate sessions due to the availability constraints of the attendees. Both evaluation 

sessions were conducted according to the same structure: 

• Introduction to Manufacturing Process Management System (MPMS) – Process execution 

environment for mixed actor processes. 

• Process Oriented MES market analysis. 

• Scenario Selection framework for the coupling of MES-MPMS 

• Case- oriented Explanation of the framework (TRI Manufacturing Case) 

• Q&A session on the scenario selection framework 

• Filling out the evaluation form 

6.3. Evaluation Workshop Results 

This section documents the evaluation workshop findings and outcomes. Interpretation and reflection of 

these results take place in the conclusion of this chapter. In total, five people participated in the 

evaluation workshop. All of them were called in via a video conference. Due to the relatively very small 

group of respondents  

6.3.1. Background 
The participants were asked about their background. They classified their job, resulting in the 

information presented in Table 8. 

Classification Count 

I4.0 ICT consultant 1 

Business & management consultant MES 1 
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I4.0 (MES) consultant – Business Analyst 1 

Principal consultant MES 1 

Senior lead business analyst 1 

Table 8 - Job classification of the participants 

6.3.2. Evaluation form results 

The results of the evaluation can be seen in Table 9. The survey participants are indicated in letters (A-

E). The survey contained positive and negative questions, answered on a 5point Likert scale. It can be 

noted that the framework received an average positive score on the perceived usefulness and intention 

to use and slightly lower on the perceived ease of use.  

Perceived Usefulness 

 

Nr. 

 

Question 

Strongly 

Disagree  

 
 

 

Neutral 

 
 

Strongly 

Agree 

1 The scenario selection framework would be useful 

for attaining the full potential of process-oriented 

manufacturing management? 

  E AB CD   

2 The scenario selection framework would be less 

efficient for selecting the scenarios for the co-

existence of MES & MPMS? 

  EACD B 
 

  

3 The scenario selection framework would make it 

easier to select scenarios for the co-existence of 

MES and a process management system? 

  BC E AD   

4 Overall, I found the scenario selection framework 

useful. 

  BE AC D   

5 The scenario selection framework would make it 

easier to shift towards the process-oriented 

manufacturing management paradigm? 

  E BD AC   

 

Ease of Use 

 

Nr. 

 

Question 

Strongly 

Disagree  

 
 

 

Neutral 

 
 

Strongly 

Agree 

1 I found the procedure for applying the scenario 

selection framework complex and difficult to 

follow. 

 
CD A BE 

 

2 Overall, I found the scenario selection framework D C 
 

ABE 
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difficult to use. 

3 I found the scenario selection framework easy to 

learn. 

E 
 

BCD 
  

4 I found it difficult to apply the scenario selection 

framework to the case. 

 
C B A 

 

5 I found the rules of the scenario selection 

framework clear and easy to understand. 

 
BE 

 
AC 

 

6  I am not confident that I am now competent to 

apply this scenario selection framework in 

practice. 

  BD AC E 

 

Intention to Use 

 

Nr. 

 

Question 

Strongly 

Disagree  

 
 

 

Neutral 

 
 

Strongly 

Agree 

1 I would definitely not use this framework to 

select scenarios for the co-existence of MES and a 

process management system? 

D A C B E 

Table 9 - Evaluation Results 

6.3.3. Feedback and suggestions 

The questionnaire also contained open-ended questions to gather the strengths, weaknesses and 

suggestions for future improvements. The answers to these questions can be found in the filled-in 

evaluation forms that have been included in Appendix H. However, a lot of these answers are concise, 

which might make them unclear. Therefore, an extended reflection of the gathered feedback and 

suggestions can be found in this sub-section. 

The framework did contain some strengths, such as the good structure of the framework, the structure 

of the framework was well received, and the participants did agree that the framework does provide a 

methodology for selecting the scenarios for the co-existence of the two systems, which satisfies the 

purpose of the project. One of the significant comments given by a participant was that the framework 

gives an overview of the different good aspects of both the systems (MES and MPMS). Adding to the 

above two, another comment mentioned was that the framework does not show MPMS as a 

replacement for MES but rather a system that compliments MES by highlighting the functional 

capabilities.  
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While some of the experts noted similar limitations of the system, such as lack of usage of industrial 

level standards such as ISA 95 and ISA 88 in the framework, some of the participants found the 

framework challenging to apply in practical cases as it lacked a manual for applying it in industry. The 

framework was perceived to be a bit overwhelming because most of the participants were not familiar 

with the concept of MPMS. Furthermore, questions were raised on the need for using two information 

systems. 

Regarding the content of the framework, several ways to improve the framework were suggested. It was 

also suggested to include industry standards and to do further research on including situational 

attributes (like process complexity, quality control strictness, traceability requirements, flexibility 

requirements).  

It is interesting to note that the difficulty in using the framework was covered by developing a user 

manual for the scenario selection framework. This means that the exclusion of the user manual in the 

presentation is likely to have slightly affected the ease of use construct. 

6.4. User Manual 
Based on the established scenario selection framework, a systemic approach for implementing the 

framework is proposed. For this approach, five significant steps have been identified. Figure 31 presents 

the five-step approach for using the scenario selection framework.  
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Figure 31 - Five-step approach 

6.4.1. Step 1 - Identification and segregation of manufacturing processes to 

functional groups 

The first step in the user manual is the identification of the manufacturing process and mapping them to 

the functional groups. This step is divided into two sub-steps. 

 

Step (A)  

the objective here is to identify the manufacturing processes in a discrete manufacturing environment. 

The identification of manufacturing processes is performed by the investigation of production areas. The 

examination of shop floor processes is conducted through the study of process documentation or 

interviews with the users. Moreover, the analysis of the production areas contributes to finding the 

performance gaps in the production process. 

Step (B) 

The identified manufacturing processes in the previous sub-step are positioned across the following 

functional distribution groups –  
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• Order Related Functionalities: Operation and Detail Scheduling, Dispatching Production Units. 

• Resource Related Functionalities: Resource Allocation and Status, Process Management. 

• Supervision Functionalities: Data Collection and Acquisition, Performance Analysis, Document 

Control, Tracking of Product and Genealogy. 

6.4.2. Step 2 - Identification of current support by information System 

In this step, the functional groups which are already supported by information systems are analyzed. 

The information system could be MES, any other alternative software (Digital shop floor management 

tools), or an individual developed software package. The identified information system forms the basis 

for the next step. 

6.4.3. Step 3 - Analyze Existing MES solution 

In this step, the existing information system is analyzed to discover the process-oriented and 

technology-oriented gaps. To realize the discrepancies in the existing information system support, the 

system is put under two perspectives, namely – Functional & technical. 

In the functional analysis, the system is evaluated under several manufacturing standards and 

guidelines.  

• ISA 95 – Production Operation Management module 

• MESA 11 compliance 

• Process-oriented smart manufacturing requirements 

A process-oriented analysis is performed using the VDI 5600 guideline (Section 3.4.1) 

In the technical analysis, the system is analyzed under the following criteria. 

• Platforms 

• Database systems 

• Communication technologies 

The major objective of this step is to find the process-oriented gaps that act as a roadblock for the 

discrete manufacturing SMEs to attain the full potential of manufacturing process management. 
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Moreover, this step motivates the introduction of a state-of-the-art process management system 

(MPMS) 

6.4.4. Step 4 – Design of the future function distribution between MES & MPMS 

In this step, the future function distribution is designed, the discrete manufacturing firm would require 

IT support for all function groups, different requirement specifications can be expected for different 

production departments that leads to the decision of which information system to support which 

function group. Here the focus is on MES/MES alternatives and MPMS as they are the most likely 

contenders in this context. Based on the analysis of the existing system in the previous step, a suitable 

scenario is selected from the framework in section 4.6.  

Figure 32 shows a hypothetical scenario of a function distribution where both MES & MPMS coexist. 

 

Figure 32 - Highly MPMS oriented scenario 

In the above scenario, the order related functional group is supported by MES. The resource and 

supervision functional groups are supported by MPMS. 

6.4.5. Step 5 – Selection of interfaces between MES & MPMS 

This is the final step in the user manual; based on the scenario selected in the previous step, suitable 

data interfaces are selected (section 4.7). The information flows between the two systems are decided 

and are adapted to the production process. 
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7. Conclusion and discussion  

This chapter concludes the research and discusses the research findings and the conclusions that can be 

made from these findings. Furthermore, this chapter discusses the limitations of the research and 

provide suggestions for future research as well as recommendations for practice. The chapter concludes 

with a reflection on the research project itself. 

7.1. Conclusions 

During this project, a framework is created and analyzed to support selecting a process-oriented MES 

solution for SMEs. This artefact is to answer the following research question that was based on the 

problem statement: 

“How can the framework for selecting the right MES solution for SMEs to attain the full potential of 

process-oriented manufacturing management look like?” 

The design of the selection framework was initiated by firstly analyzing some of the MES products 

available in the market to find the level of process support that led to the discovery of process-oriented 

gaps in the existing MES solutions. This process-oriented gap served as a motivation to introduce the 

state-of-the-art manufacturing process management system (MPMS). As both the MES and MPMS were 

positioned in the manufacturing operations management layer, i.e., level 3 of the functional hierarchy, 

an analysis was required to find the commonalities between them.  

Therefore, a functional analysis was performed between the two systems by considering the core 

functions of both the systems drawn from the literature. The core functionalities were analyzed under 

different phases of the manufacturing process leading to the discovery of three significant inferences, 

which served as the basis for forming scenarios. Based on the three inferences, scenarios comprising 

both MES and MPMS were developed, which led to the actual design of the scenario framework. 

Additionally, guidelines were developed to use the framework in a manufacturing case. 

Furthermore, data interfaces were developed for each scenario to complete the design of the artifact. 

This selection framework was applied to the TRI manufacturing case and evaluated by a group of MES 

experts on perceived ease of use, perceived usefulness, and intention to use. These experts also 

provided valuable feedback and suggestions for future improvements. 
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Several conclusions can be drawn from the performed research. Each of these conclusions will be 

discussed shortly. 

Firstly, with regards to the design aspect of the research question, the research has shown that the 

scenario selection framework provides a partial approach for SMEs in shifting towards process-oriented 

manufacturing management. The scenario selection framework provides a spectrum of the transition 

from a traditional legacy scenario to a greenfield scenario. The framework also provides an elucidation 

to select scenarios for the co-existence of MES & MPMS.  Moreover, the framework also presents views 

on how a traditional MES system and a state-of-the-art MPMS can complement each other for end-to-

end process manufacturing process management. Furthermore, the developed guidelines for the usage 

of the framework helps the SMEs to select an MES solution to attain the full potential of manufacturing 

process management. 

Secondly, with regards to the usefulness aspect of the research question, based on the performed 

expert evaluation, we can conclude that the experts generally were positive about the usefulness of the 

selected framework. By extrapolation, this suggests that there is at least some merit in using the 

framework for selecting the process-oriented MES solution. However, it is important to note that the 

sample size is too small to make any definitive statements. The functional analysis was also partly based 

on own interpretation, which means that there are potentially different ways in which such a framework 

could be designed. Real-time application of the framework would have influenced the ease of use 

ratings in a positive way, but due to the complexity and unavailability of suitable real-time cases, the 

following was not possible. So, this part of the research question was answered partially.  

In conclusion, the selection framework can be used to attain the full potential of process-oriented 

manufacturing management in SMEs. However, more research is required before making any more 

definitive statements.  

7.2. Limitations 

Several factors limit the conclusions that can be drawn from this research. The most important limiting 

factor was the process-oriented analysis of the MES systems. 

Although there were some major standards covered in the MES market analysis questionnaire, the 

smart manufacturing requirements used in the questionnaire was generic, and several industry 4.0 
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standards were not included. Furthermore, it was much harder to analyze the MES products from a 

process oriented perspective. By focusing on the VDI 5600 guideline specified by the German association 

of engineers, it was possible to position the questionnaire items and to analyze the MES products. 

However, the positioning of standards such as MESA 11 and production operation management module 

of ISA 95 and the conclusions drawn from the heat map was partly based on own interpretation. This 

means that different researchers could have developed at least partly different analysis techniques and 

could, therefore, have got different results during the market analysis. This limitation could be 

addressed by conducting a detailed MES market analysis by including various industry level standards 

and by experiencing the product capabilities through live demonstrations. 

Another limitation was the inability of applying the framework to a real manufacturing case. It would 

have been preferable to use the framework in a real manufacturing environment; however, this was not 

possible due to the time and absence of a suitable manufacturing environment. This limitation was a 

significant reason for the part negative rating on the ease of use and intention to use constructs in the 

evaluation. 

Finally, the interpretation of the evaluation workshop results was conservative and could have been 

more impactful if a panel of research enthusiasts or personnel from discrete manufacturing SMEs were 

used as a means of evaluation. 

7.3. Suggestions for future research 

This research should be regarded as an exploratory study that only provides a first impression in the 

design of an MES selection framework for SMEs. Based on this research, several suggestions for follow-

up studies can be made. 

• Firstly, to enhance the proof for the usability of the selection framework, it is recommended to 

implement the framework in more case studies. It would be beneficial if the framework would 

also be implemented in real manufacturing cases and systems by an industry practitioner to get 

an industry perspective that differs from the research perspective. 

• Second, the framework can be expanded by focusing on situational attributes (like process 

complexity, quality control strictness, traceability requirements, flexibility requirements). 
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• Third, to be able to definitively determine the usefulness of the selection framework, a more 

extensive study should be performed that considers the limitations of this study. The follow-up 

research could use the developed framework as a basis and extending it based on the 

suggestions provided by the expert. 

• Fourth, based on the data interfaces, integration mechanisms can be developed between the 

MES and MPMS. 

7.4. Personal Reflection 

The last part of this chapter provides some personal reflection by the author. While there are many 

works describing research methodologies, nothing captures the unexpected course of action. For 

example, my original research proposal was to design a process-oriented reference framework for 

integrating the MES and ERP systems in SMEs by using the MPMS as bridging the gap between two 

systems. This research was proven infeasible later, given the research needed some extensive 

programming skills and some quantitative capabilities which I did not possess, and thus the research 

focus shifted to the selection of an MES solution for SMEs. It would have been simple to develop a 

selection framework by just ranking MES products under technical requirements and finding a suitable 

solution. 

However, a process-oriented approach to analyze the MES products in the market grew into the design 

of a process-oriented scenario selection framework. The beauty of this research is that the initial 

approach made way for the introduction of MPMS, and the framework itself provides not only a 

process-oriented selection but also an overview for integrating the two systems.  

It would have also been better to include one or more manufacturing enterprises earlier in the project. 

These enterprises could have, for instance, providing more feedback during the analysis phase of the 

project. 

Furthermore, the initial phase of the project commenced during the winter holidays and proved to be 

exceedingly difficult to find industrial experts who are willing to participate in the MES product survey, 

that resulted in a delay. However, it can be overcome by networking with MES consultants during the 

preparatory phase.  
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During the project, my mentor had insisted on being self-critical and emphasized on critical thinking in 

the review meetings. Although it was challenging during the project, now I can ascertain that it has 

improved my professional competencies in multitudes. 

Also, this being my first experience with qualitative research, I have been very doubtful about my 

actions including structuring of the report, interpreting the inference of my findings. It would have been 

easier by undertaking more courses on qualitative research.  

Finally, it gives me great satisfaction to complete my thesis by overcoming my shortcomings and limited 

resources at my disposal. In hindsight, I would have taken a different approach and surely could have 

done my thesis in other ways (in terms of design and organization), however while exploring 

possibilities, I learnt a lot through interactions with industrial experts, help me set up technical surveys 

and tested my inherent professional skills. The key takeaway is the larger picture of enduring the 

process, learning from my mistakes, and embracing my growth and while working towards my goal.  To 

me, personally, the prime accomplishment of the study is exploring research domains with research 

independence and to organize findings to expand horizons for future works. 
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Appendix A – MES Market Analysis 

This appendix gives a brief explanation of the contents present in the MES vendor questionnaire. Every 

section of the questionnaire and their purpose is elaborated below: - 

A.1. Vendor information 

Initially, some necessary standard data is collected to characterize respondents on an aggregate level. 

The purpose of collecting these shared attributes are strictly for sample descriptives. The following 

information was collected:-  

• Name of the respondent 

• Current job title of the respondent  

• Name of the organization 

• Name of the product (MES) 

A.2. Manufacturing process typology 

As the master project’s scope is set to discrete manufacturing, the MES vendors are classified under the 

discrete manufacturing process’s workflows. The vendors were asked to select the manufacturing 

process typology they support and the reason for selecting them. The discrete manufacturing process 

supports the following workflows: 

• Make-to-stock (MTS) – High volumes & low complexity. 

• Make-to-order (MTO) – Order-based production process/low volumes & higher complexity. 

• Assembly-to-order (ATO) – Assembling the parts manufactured in or out of the house. 

A.3. Market focus & projects 

The MES vendors were asked about their focus on market segments & the size of industries. The 

manufacturing industries are generally classified as: 

• Small scale industries – a small enterprise in manufacturing is an enterprise with full employees 

not exceeding 50. 

• Medium-scale industries – a medium enterprise in manufacturing is an enterprise with full 

employees not exceeding 250. 
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• Large scale industries – a large scale enterprise in manufacturing is an enterprise with full 

employees exceedingly over 250. 

Due to the scoping decision made in the previous chapter, only discrete manufacturing market segments 

were considered. The market segments included in the questionnaire are presented below:  

• Aerospace & Defense 

• Automotive 

• Electronics 

• Machinery & Tool 

• Semiconductors 

• High-tech industry 

Additionally, they were asked about the projects realized through their product and their market 

timeline.  

A.4. Platforms, Databases & Technologies 

Manufacturing Execution System solutions are traditionally designed on a modular basis. Thus, if the 

MES functions set is theoretically invariable, the priority between them and the configuration can vary 

and be adapted according to the company’s aims. The MES vendors were asked about their respective 

platforms, databases, and technologies. The significance of all three segments is listed below: 

 

• In this section, the concept platform refers to the fundamental computer architecture and the 

operating system used. Generally, the database also represents a platform, but this is not 

considered because only a small number of market systems (MES) support different databases. 

Users, generally in SMEs who are not set on any platforms and therefore follow the 

recommendation of vendors (Meyer, 2009). The most common platforms are Windows, Unix, 

Linux, AS/400.  

• The integration framework layer is the heart of the architecture. It is made up of standardized, 

reusable object components that provide the application infrastructure through which 

information flows among applications (Ugarte et al., 2009). This infrastructure is mostly built on 
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standard distributed object tools such as (Message/content brokers, OPC-UA bridges, ROS – 

bridges). 

• The database management systems are the central and most crucial element of the MES. 

Migration to another database system is complicated and challenging to carry out when the 

system is running. Thus, it is essential to decide on a specific database before implementing the 

MES in the manufacturing industry. The database systems used in MES are mostly (Oracle, SQL-

server, Progress, Informix, Sybase, DB/2). 

A.5. MESA compliance 

As an educational institution, MESA provides models that help those from various levels and disciplines 

within the manufacturing and production enterprise provide a standard view of what they need to 

accomplish and how enterprise solutions can assist. The MESA model provides a platform for mutual 

understanding and planning for increased performance.  

In level 3 of the functional hierarchy, IEC62264:2013-1 (IEC, 2013) lists process management as one of 

the activities of manufacturing operations management. Thus, process management is an essential 

function of each of the four categories of manufacturing operations (i.e., production, inventory, 

maintenance and quality operations) (Erasmus, 2019). The Manufacturing Enterprise Systems 

Association (MESA) views the MES as the equivalent of a Manufacturing Operations Management 

System (MOMS) (MESA, 1997). An MES includes functionality to manage maintenance, inventory, and 

quality operations (Cottyn et al., 2011). MESA defines the eleven core tasks of MES in their whitepaper 

“MES functionalities and MRP to MES Data Flow Possibilities” (MESA, 1997). The formal definitions of 

the MES functionalities are given below (Ugarte et al., 2009): 

1) Scheduling: Sequencing and timing activities for optimized plant performance based on finite 

capacities of the resources. 

2) Process management: Directing the flow of work in the plant-based on planned and actual 

production activities. 

3) Document control: Managing and distributing information on products, processes, designs, or 

orders, as well as gathering certification statements of work and conditions. 

4) Data collection acquisition: Gathering, monitoring, and organizing data about the processes, 

materials, and operations from people, machines or controls. 
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5) Labor management: Tracking and directing personnel during a shift based on qualifications, 

work patterns, and business needs. 

6) Quality management: Recording, tracking, and analyzing product and process characteristics 

against engineering ideal. 

7) Dispatching production units: Giving the command to send materials or orders to certain parts 

of the plant to begin a process or step. 

8) Maintenance management: Planning and executing appropriate activities to keep equipment 

and other capital assets in the plant performing to goal. 

9) Product tracking and genealogy: Monitoring the progress of units, batches or lots of output to 

create a full history of the product. 

10) Performance analysis: Comparing the measured results with the goals and metrics set up by the 

corporation, customers, or regulatory compliance. 

11) Resource allocation and status: Guiding the resources, people, machines, tools, material and 

documents required to perform a task.  

The MES vendors and their respective products are validated against the 11 MESA functions. 

A.6. ISA 95 compliance  
Every MES is different, making it challenging to provide a common understanding of the various aspects 

of manufacturing enterprises. Luckily, the ANSI/ISA-95 standard provides several generic models that 

can be used to develop this overall understanding. The ANSI/ISA-95 standard, also called the ISA-95 

standard, is a widely adopted international standard that the International Society of Automation has 

developed. The ISA-95 standard provides an extensive methodology for the integration of enterprise 

control systems in manufacturing. It was developed to provide a standardized methodology for bridging 

the gap between the high-level Enterprise Resource Planning (ERP) systems and the low-level Process 

Control Systems (PCS) (De Ugarte et al., 2009; Scholten, 2007). 

USA ANSI standard developed by an ISA committee of volunteer experts comprises five parts, namely 

(MESA International) –  

• Part 1 – Models and terminology 

• Part 2 – Objects and attributes 

• Part 3 – Models of Manufacturing operations 
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• Part 4 – Objects and attributes for manufacturing operations management integration 

• Part 5 – Business to manufacturing transactions. 

Part 3 of the ISA-95 standard (ISA, 2005) divides the MES layer into four separate activity groups: 

production activities, Maintenance activities, Quality activities, and Inventory activities. For each activity 

group, an activity model, including detailed descriptions of the various activities, has been defined. As 

this research focusses on production process management, we are most interested in the Production 

activities group, which is also defined as Production Operations Management (POM).  

POM concerns itself with the production-related activities that need to be performed on level 3 of the 

Functional Hierarchy. Quality, maintenance, and inventory-related activities are not included within 

POM but rather have separate sections within the ISA-95 standard. The activity model of POM provides 

a clear division of this activity set into eight general activities, as shown in Figure 33. 

 

Figure 33 - The activity model of Production Operations Management (Source - MESA international) 

As defined in the ISA-95 standard, POM provides detailed descriptions of each of the general activities, 

including exchanging information and the various tasks that need to be performed for each activity. The 

POM activities are further described in Table 10. 
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POM activity Description 

Production definition 

management  

Activities for managing the information about the product required for 

manufacturing, namely the product production rules, the bill of material, and the 

bill of resources. 

Production resource 

management  

Activities for managing information about the various resources necessary for 

production, namely personnel, equipment, and material resources. 

Detailed production 

scheduling 

Local planning and scheduling of production and resources based on the high-

level production schedule while taking into account the local situation and the 

resource availability 

Production dispatching Managing the flow of production by dispatching work orders to machines and 

personnel through a dispatch list 

Production execution 

management 

Managing and controlling the execution of work on the dispatch list while 

ensuring that the production rules are followed. 

Production data collection Collecting and managing the data that is produced during the manufacturing 

process. This data can, for instance, include task completion times, sensor 

readings, equipment states, and event data. 

Production tracking  Tracking the status and performance of the production process as well as 

information about the production of each product. 

Production performance 

analysis 

Analyzing the production process in order to determine various performance 

indicators which can then be used for scheduling and optimization purposes 

Table 10 - Production Operations Management activities 

The reason for using the activity model of production operations management ISA 95 is because it is 

considered as the core concept of MES (IEC, 2013). As this project focuses mainly on production-related 

activities, the manufacturing process (flow) – (the set of production operations supported by the 

modules of MES), the vendors were asked to indicate support of the listed POM functions in their 

product (on a scale of 1-6). 

A.7. Smart manufacturing compatibility 

Any system that seeks to support and implement the smart manufacturing paradigm should be capable 

of fulfilling several requirements. Therefore, an MES will need to fulfil these requirements to attain a 

smart manufacturing status. This research includes only the process-oriented elements of smart 

manufacturing. The process-oriented smart manufacturing requirements were obtained based on some 

topics derived from the literature (Erasmus, 2019); the brief explanation of the topics is given below:  
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A.7.1. Process dynamism 
A manufacturing system must adjust according to fluctuating demand, product variance and unexpected 

events, such as equipment failure. Dynamic routing and self-organization are considered as two 

important qualities of the system that supports smart manufacturing (Wang et al., 2016). Thus, the 

manufacturing processes must be dynamic enough to allow the routing and resources to be adapted 

according to a changing situation. 

A.7.2. Operations complexity 
In a smart manufacturing system, production must be planned and controlled based on the availability 

of resources, actors and other equipment’s. The MES in the smart manufacturing paradigm should have 

the capability to efficiently use the resources in manufacturing. The MES should be capable of 

determining the most appropriate set of actors and equipment to produce a specific product, complex 

production planning with a highly configurable manufacturing process and providing accurate 

instructions to the production lines (Erasmus, 2019). 

A.7.3. Next-gen technologies 
The main technology drivers from the smart factory are digital twin, augmented reality, virtual reality, 

data analytics, IIoT (Industrial Internet of things), CPPS (cyber-physical production system). The 

adaptation of these technologies is crucial for an MES to sustain itself in the industry 4.0 era (DeMartini 

et al., 2017). The mass customization and high product variants have urged the factories to dynamically 

change and improve for future needs. The next-gen technologies help the MES to realize effective 

improvements in manufacturing processes, real-time data analysis, and visualization aid the MES to 

quickly respond to changes in the shop floor. 

A.7.4. Horizontal & Vertical integration 
Vertical integration in industry 4.0 aims to connect all logical layers within the organization from the 

production floor up through product management, IT, sales, and marketing. Data flows transparently 

across these layers to ensure data-driven strategical decisions. The vertically integrated Industry 4.0 

enterprise gains a crucial competitive edge by being able to respond appropriately and with agility to 

changing market signals and new opportunities. The MES must provide integration of dynamic 

shopfloor with company-wide processes. 

The following factors were developed based on the topics above –  
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• Integration into the existing enterprise architecture of a manufacturing enterprise 

• Vertical integration 

• Next-gen MES technologies 

• Integration of the technologies that drive the smart manufacturing. 

• Defining dynamic manufacturing processes 

• Defining manufacturing resources such that it can determine which resource is  

needed for an activity. 

• Selection of resources for activities based on the task requirements and resource attributes. 

• Coordinating the activities of heterogeneous actors (humans and different robots) 

• Response to the changes in the manufacturing processes.  

All the MES vendors and their products were validated against the above factors. 
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Appendix B – MES Vendor Questionnaire 
This appendix presents the complete version of the MES vendor questionnaire. 

MES Vendor Questionnaire 

Dear participant, 

My name is Dinesh Kandasamy and I do, in collaboration with Technical University of Eindhoven, a 

Master project titled “Designing a framework for the selection of Manufacturing Execution Systems in 

small & medium-sized enterprises” under the supervision of Prof. Paul Grefen & university researcher 

Konstantinos Traganos. 

As a part of my project, I am conducting a MES product survey for which I have prepared a 

questionnaire. 

This questionnaire is part of the Master project to evaluate the MES developed by vendors. This 

evaluation is used to benchmark the product features and for generating a set of requirements for the 

right selection of MES in manufacturing industries. The questionnaire includes questions about the way 

you address your MES and how this works out for you. 

Before starting the questionnaire, I would like to point out the following: 

•       Completing the questionnaire will take about 45 minutes of your time. 

•       By completing this questionnaire, you will receive a copy of my thesis at the end of the project. 

•       The information provided by you is processed strictly confidentially. Your information will not be 
disclosed to third parties. 

If you want more information about this study, the study design, or the results, you can contact me 

Dinesh Kandasamy (Contact: d.kandasamy@student.tue.nl.) 

This questionnaire will help in determining how best to proceed in the process of analyzing your 

company's product, service, or application (Manufacturing execution systems). Please answer all 

applicable questions. Enter N/A (Not applicable) where a response does not apply. The questionnaire 

starts on the next page. The intention is that you choose the answer option that is most applicable to 

the statement. For the success of the research, it is very important that you answer all the questions. If 

you have doubts about an answer, please provide the answer that fits the best. There are no wrong 

answers. This questionnaire consists of open and closed questions. Open questions can be answered by 

typing in the corresponding blank spaces  

The questionnaire consists of eight sections and each section has a set of questions. The eight sections 

are –  

• Vendor information 

• Manufacturing process typology 

• Market focus 

mailto:d.kandasamy@student.tue.nl
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• Projects 

• Platform, Database & Technology 

• MESA compliance 

• ISA 95 compliance 

• I4.0 compatibility 

Note - The word "Product" in the questions refer to "Manufacturing Execution System (MES) software" 

Section 1 - Vendor Information 

Some background information about you and the product, the respondent and the MES, is collected for 

sample descriptives. 

Date   

Name  

Current Job Title  

Name of the organization  

 

Select your product (MES) –  

• 3D Value 

• ABB Ability MOM Suite 

• Oracle Manufacturing Cloud 

• SAP Manufacturing Execution 

• AVEVA MES 

• HYDRA MES 

• Critical Manufacturing v7 

• Syncade MES 

• Parsec TrakSYS 

 

If there is a specific online resource or site about the product, such as a link to a product brochure, 

please provide that here. 

                                                                                                                                                                                             

 

Section 2 - Manufacturing process typology 

Choose the type of manufacturing process flow supported by your product? you can select multiple 

options 
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• Make-to-stock (MTS) 

• Make-to-order (MTO) 

• Assembly-to-order (ATO) 

Can you mention for what reason your product supports the above selected typologies? (Eg- High 

market Share, Profit etc.) 

                                                                                                                                                                                        

 

Section 3 - Market segment 

This section is to find the focus of the vendor on market segments. 

 

Is your product developed generically for all market segments? If yes, then explain why? 

                                                                                                                                                                                           

 

Which of the following industries are focused by your product? 

• Small scale industries 

• Medium scale industries 

• Large scale industries 

 

Can you select the market segments that are supported by your product (MES)? 

• Aerospace & Defense 

• Automotive 

• Electronics 

• Machinery & Tool 

• Semiconductors 

• High - Tech Industry 

 

Section 4 - Projects 

Can you provide the product time-period? How long you have been in the market? When was your 

product introduced? 
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If you are willing, can you give information about your projects? How many projects have been realized 

with your product until now?  

                                                                                                                                                                                           

 

 

Section 5 - Platforms, databases, technologies 

On which platform does your product run? 

                                                                                                                                                                                           

 

What database systems are used to support your product? 

                                                                                                                                                                                           

 

What communication/integration technologies to/from other (information) systems are used to support 

your product? (e.g. Message/Content brokers, OPC-UA bridges, ROS-bridge, etc.) 

                                                                                                                                                                                           

 

How is your product hosted in a manufacturing industry? 

• Local/On premise 

• Cloud 

• Both 

 

Section 6 - MESA Compliance 

The below questions are formulated to check the compliance against the eleven MES functions. The 

eleven MES functions shown below are based on the findings of a survey (MESA, 1997) by the 

Manufacturing Enterprise Systems Association (MESA). These eleven functions are thought to 

adequately capture the full purpose of an MES, but it is acknowledged that an MES does not necessarily 

have to provide all eleven functions. 

Which of the following functionalities are supported by your product? you can select multiple options. 

• Scheduling 

• Process Management 
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• Document Control 

• Data Acquisition 

• Labor Management 

• Quality Management 

• Dispatching Production Units 

• Maintenance Management 

• Product Tracking & Genealogy 

• Performance Analysis 

• Resource Allocation & Status 

Can you arrange the selected functionalities (High to Low) based on  your product's priority? 

                                                                                                                                                                                           

 

Section 7 - ISA 95 Compliance 

For getting an impression of the compliancy of the product with the ISA 95 standard questions the 

questions are asked about the major functions as they are described in the generic activity model of 

manufacturing operations management. 

• Production resource management  

• Production definition management  

• Detailed production scheduling 

• Production dispatching 

• Production execution management 

• Production data collection 

• Production tracking  

• Production performance analysis 

You are asked to indicate the level of support provided  by your product for the listed functions on a 

scale of  

(1-6) where 1 - Minimum 6 – Maximum 
 

Question Min         Max 

Production Resource Management             

Planning human resources             

Production resource planning (machines / 
plant, assembly units and areas)     
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Allocation or sequencing of production 
orders to machines and assembly 
locations (PPS)     

        

Supply of materials for processing and 
assembly     

        

Production Definition Management             

Defining production data, production 
sequences, production flows 

            

Defining work instructions (preparation, 
manufacturing, assembly) 

            

Defining required equipment             

Defining assembly guidelines             

Defining processing procedures             

Detailed Production Schedule             

Converting manufacturing orders from 
ERP in sequences ready for serialized 
production 

            

Production and assembly planning in 
relation to technological, product- or 
production-specific constraints 

            

 Manual intervention capability (priority 
and urgent orders) 

            

Planning deployment of personnel with 
special qualifications (time management of 
human resources) 

            

Detailed scheduling for bottleneck 
machines by optimizing set-up times or 
other parameters specific to the task 

            

Production Dispatching             

Dispatching Manufacturing orders and 
their associated sub-orders 

            

Dispatching tools are able to distribute 
individual manufacturing orders among 
several workstations (e.g. if they are 
equally capable) 

            

Assigning manufacturing orders to 
machines and units (forming, cutting, 
welding, drilling, milling etc.) 
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Assigning assembly orders             

Production Execution Management             

Management of production orders             

Management of production equipment             

Transfer and display of Electronic Work 
Instructions 

            

Processing sequences             

Monitoring of target and actual order 
quantities 

            

Production Data Collection             

Machine allocation, completion signals, 
material consumption etc. (automatic or 
manual  plant data collection, barcode, 
RFID) 

            

Machine data, status, process values             

Establishing production orders 
state/progress 

            

Production and waste quantities             

Production Tracking             

Tracking processing state, degree of 
completion 

            

Tracking Material utilization             

Tracking personnel deployment             

Tracking route of order through production             

Localizing production orders (examples 
like large facilities, external production 
shops etc.) 

            

Production Analysis             

Calculation and display of all production-
relevant key performance Indicators (KPIs) 

            

Evaluation of Resource utilization and 
costs (personnel, machines etc.) 

            

Evaluation of Machine workload and 
availability 

            

Overall evaluations (manufacturing areas, 
factories) 
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Section 8 - Industry 4.0 compatibility 

The below questions are formulated to find the I4.0 capabilities of the product. 

Can your product integrate into the existing enterprise architecture of a manufacturing enterprise? If 

yes, how it is integrated? 

                                                                                                                                                                                            

Does your product support vertical integration? If yes, how it is achieved? 

                                                                                                                                                                                            

Does your product support any of the Next-gen MES technologies which are listed below? you can select 

multiple options. 

• CPPS (Cyber physical production systems) 

• Data Analytics 

• Augmented Reality (AR) 

• Digital Twin 

• IIoT (Industrial Internet of things) 

 

Can your product integrate the technologies (listed in the previous question) that drive the smart 

manufacturing? If yes, how it is achieved? 

                                                                                                                                                                                          

Can your product define dynamic manufacturing processes? If yes, how it is achieved? (Eg - Model 

driven engineering, workflow configuration, Use of BPMN etc.) 

                                                                                                                                                                                          

Can your product be used to define manufacturing resources, such that it can determine which resource 

is needed for an activity? if yes, how it is achieved? 

                                                                                                                                                                                          

Can your product select resources for activities, based on the task requirements and resource 

attributes? 

                                                                                                                                                                                          

Can your product coordinate the activities of heterogeneous actors (humans and different robots)? 

                                                                                                                                                                                          

Can your product respond to the changes in the manufacturing processes? If yes, How it is achieved? 
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Thank you for completing this survey 

Thank you for taking the time to complete this survey. I truly value the information you have provided. 

Your responses will contribute to my analysis of MES products and suggest new lines of approach for 

designing the selection framework. If you have any complaints about this study, please contact the 

supervisor, Dr. Paul Grefen (p.w.p.j.grefen@tue.nl) or Konstantinos Traganos (K.traganos@tue.nl).  

If you have any comments on the survey or the project, please leave a comment below 

Comments 
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Appendix C – MES Vendor questionnaire results 

This appendix presents the data obtained through the MES Vendor questionnaire. 

C.1. General Product Information 

 

C.2. Participants 
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C.3. Manufacturing process typology 

 

 

C.4. Market Segments 
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C.5. Focus on Market Size 
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C.6. Projects 

 

 

C.7. Platforms, Database systems & Technologies 
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C.8. Product Server 

 

C.9. MESA-11 compliance 
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C.10. Priority of MESA functionalities for each vendor 
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C.11. ISA 95 Compliance 

 

 

C.12. Smart Manufacturing Compatibility 
This section presents the smart manufacturing capabilities of each MES product. 
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a) Integration into the existing enterprise architecture of a manufacturing 

enterprise 

 

b) Vertical integration support 
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c) Support of Next-gen MES technologies 

 

 



 
 

108 
 
 

d) Support towards Integration of the technologies that drive the smart 

manufacturing 

 

e) Support for defining dynamic manufacturing processes 
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f) Support for defining manufacturing resources, such that it can determine 

which resource is needed for an activity. 
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g) Support for selecting resources for activities, based on the task requirements 

and resource attributes.  

 

h) Support for coordinating the activities of heterogeneous actors (humans and 

different robots) 
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i) Support to respond to the changes in the manufacturing processes. 

 

C.13. Heat map Scores 
This section of the appendix presents the heat map scores of the nine MES products. The figure shows 

how each MES product has scored under the standards included in the questionnaire. 

 

Following techniques were used to allocate scores for MESA 11 and smart manufacturing requirements: 

To calculate the level of priority for the nine products considered a priority score is introduced based on 

their performance in MES functionalities. For each MES functionality a priority score is given on a scale 

of 6.0 (highest merit) to 1.0 (lowest merit), whereas the second highest merit would have 5.5 and so on. 

Also, a fulfillment score is considered for smart manufacturing requirement on the products considered. 

If smart manufacturing requirement is satisfied, then a fulfillment score of highest merit is taken. 
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Appendix D – Data Flow diagram of interfaces 
 
In this appendix, the data flow diagram on the interfaces of each scenario in the selection 
framework is presented, as shown in section 4.7. 
 

D.1. Scenario 2 – Highly MES oriented scenario 
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D.2. Scenario 3 – Even handed scenario 
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D.3. Scenario 4 – Highly MPMS oriented scenario 
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Appendix E – TRI Manufacturing Case 
In this appendix, the Business Process Modelling Notation (BPMN) diagrams of the TRI manufacturing 

case is presented. The TRI manufacturing case is comprised of four processes, the four processes are 

depicted below: - 
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Appendix F – Scenario sequence diagram (TRI manufacturing 

case) 
In this appendix, the sequence diagrams (for all scenarios) of the TRI manufacturing case are presented:  

(Page left blank on purpose) 
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F.1. Scenario 1 – MES only scenario 
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F.2. Scenario 2 – Highly MES oriented scenario 
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F.3. Scenario 3 – Even handed scenario 
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F.4. Scenario 4 – Highly MPMS oriented scenario 
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F.5. Scenario 5 – MPMS only scenario 
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Appendix G – Evaluation form 
In this appendix, the complete version of the evaluated form is presented. 

Framework Evaluation Form 

You are invited to participate in this survey with the purpose to evaluate the scenario selection 

framework. The survey is structured as follows. 

• Some background information about you, the respondent, is collected for sample descriptive. 

• You are requested to evaluate statements regarding the perceived usefulness of the framework. 

• You are requested to evaluate statements regarding the perceived ease of use of the 

framework. 

• You are requested to evaluate statements regarding the intension of use of the framework. 

• Some additional questions for more constructive feedback. 

The questionnaire is not a test of knowledge or skill. There are no right or wrong answers, so please fill 

in the questions as realistically as possible. 

This questionnaire consists of open and closed questions. Open questions can be answered by typing in 

the corresponding blank spaces.  

Initially, I would like to collect some necessary common data from characterizing respondents on an 

aggregate level. The purpose of the collection of these common attributes is for sample descriptives. 

Name:                                                                            Date:                                                

Organization:                                                                                                                                                             

Current Job Title:                                                                                                                              

Name of the Organization:                                                                                                               

Years of Experience in the domain:                                                                                                

 
 
 
 

Perceived Usefulness 
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The second set of statements are related to the perceived usefulness of the framework. Please indicate 
how much you agree with the following statements. Always mark only one answer per statement row 
 

Nr. Question 
Strongly 
Disagree  

Agree Neutral Disagree 
Strongly 
Agree 

1 

The scenario selection framework would be 
useful for attaining the full potential of 
process-oriented manufacturing 
management?           

2 

The scenario selection framework would be 
less efficient for selecting the scenarios for 
the co-existence of MES & MPMS?           

3 

The scenario selection framework would 
make it easier to select scenarios for the 
coexistence of MES and a process 
management system?           

4 

Overall, I found the scenario selection 
framework useful.            

5 

The scenario selection framework would 
make it easier to shift towards the process-
oriented manufacturing management 
paradigm?      

 

Perceived ease of Use 
 The following statements are related to the perceived ease of use of the system. Please indicate how 
much you agree with the following statements. 
 

Nr. Question 
Strongly 
Disagree  

Agree Neutral Disagree 
Strongly 
Agree 

1 

I found the procedure for applying the 
scenario selection framework complex 
and difficult to follow.           

2 
Overall, I found the scenario selection 
framework difficult to use.           

3 
I found the scenario selection 
framework easy to learn.           

4 
I found it difficult to apply the scenario 
selection framework to the case.           

5 

I found the rules of the scenario 
selection framework clear and easy to 
understand.           
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6 

I am not confident that I am now 
competent to apply this scenario 
selection framework in practice.      

Intention to use 
The following statement are related to the intention to use the framework. Please indicate how much 
you agree with the following statement. 
 

Nr. Question 
Strongly 
Disagree  

Agree Neutral Disagree 
Strongly 
Agree 

1 

I would definitely not use this 
framework to select scenarios for the 
coexistence of MES and a process 
management system?           

 

Additional Questions 
Additional questions for more constructive feedback 
 
The framework contains the following strengths: 
 
                                                                                                                                                                                            
                                                                                                                                                                                            
                                                                                                                                                                                             
 
The framework contains the following weaknesses: 
 
                                                                                                                                                                                            
                                                                                                                                                                                            
                                                                                                                                                                                             
 
 
Regarding the design of the framework, I suggest the following changes:  
 
                                                                                                                                                                                            
                                                                                                                                                                                            
                                                                                                                                                                                             
 
Regarding the content of the framework, I suggest the following changes: 

                                                                                                                                                                                            

                                                                                                                                                                                            

                                                                                                                                                                                            

Comments: 
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Appendix H – Evaluation results 
In this appendix the results of the evaluation workshop are presented. 

Evaluation Form 

Timestamp 2021/06/15 5:34:35 pm EET 

Date 6/15/2021 

Name Dillan Spijkers 

Current Job Title Industry 4.0 ICT Consultant 

Name of the organization Atos 

Years of Experience in the domain 3 

The scenario selection framework would be useful for 
attaining the full potential of process-oriented 
manufacturing management? 4 

The scenario selection framework would be less efficient 
for selecting the scenarios for the co-existence of MES & 
MPMS? 2 

The scenario selection framework would make it easier to 
select scenarios for the coexistence of MES and a process 
management system? 4 

Overall, I found the scenario selection framework useful. 4 

The scenario selection framework would make it easier to 
shift towards the process-oriented manufacturing 
management paradigm? 3 

I found the procedure for applying the scenario selection 
framework complex and difficult to follow. 2 

Overall, I found the scenario selection framework difficult 
to use. 1 

I found the scenario selection framework easy to learn. 3 

I found it difficult to apply the scenario selection 
framework to the case.   

I found the rules of the scenario selection framework 
clear and easy to understand.   

I am not confident that I am now competent to apply this 
scenario selection framework in practice. 3 

I would definitely not use this framework to select 
scenarios for the coexistence of MES and a process 
management system? 1 
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The framework contains the following strengths: 

- Shows that MPMS is not a MES competitor but a 
complement by highlighting functionalities. 

- Once again highlights the benefits of more process-
oriented thinking in the manufacturing world. 

- Framework is a good depiction of the spectrum between 
MES and MPMS (see weakness below). 

The framework contains the following weaknesses: 

- Difficult to apply to practical cases; MPMS can fill gaps but 
it's hard to imagine due to shortage of (practical) examples. 

- The distinction between scenarios is not strict. The 
framework is ground for discussion (by itself, this is actually 
a strength) but that makes it hard to base decisions on this 

framework. 

Regarding the design of the framework, I suggest the 
following changes: 

The term "scenario" implies a choice or a mutually exclusive 
option list, while it seems that the scenarios are actually 

chosen points on a spectrum of full MES / full MPMS. 

Regarding the content of the framework, I suggest the 
following changes: 

You based the framework on the functionalities provided 
by MES and MPMS. Consider including situational 
attributes (like process complexity, quality control 

strictness, traceability requirements, flexibility 
requirements et cetera) 

Comments: 

Interesting presentation, nice to see practical projects 
linked to this field of research. For the framework 

presentation, you should add a clear goal and purpose of 
the framework before you introduce it. Now the audience 

is requested to define their own use for the framework  
based on the content. 
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Evaluation Form 

Timestamp 2021/06/15 11:44:25 am EET 

Date 6/15/2021 

Name Reinoud Visser 

Current Job Title Principal Consultant MES 

Name of the organization Atos 

Years of Experience in the domain 31 

The scenario selection framework would be useful for 
attaining the full potential of process-oriented 
manufacturing management? 2 

The scenario selection framework would be less efficient for 
selecting the scenarios for the co-existence of MES & 
MPMS? 2 

The scenario selection framework would make it easier to 
select scenarios for the coexistence of MES and a process 
management system? 3 

Overall, I found the scenario selection framework useful. 2 

The scenario selection framework would make it easier to 
shift towards the process-oriented manufacturing 
management paradigm? 2 

I found the procedure for applying the scenario selection 
framework complex and difficult to follow. 4 

Overall, I found the scenario selection framework difficult to 
use. 4 

I found the scenario selection framework easy to learn. 1 

I found it difficult to apply the scenario selection framework 
to the case.   

I found the rules of the scenario selection framework clear 
and easy to understand. 2 

I am not confident that I am now competent to apply this 
scenario selection framework in practice. 5 

I would definitely not use this framework to select scenarios 
for the coexistence of MES and a process management 
system? 5 

The framework contains the following strengths: ? 

The framework contains the following weaknesses: 

It lacks the use of definitions and concepts that already 
exist in Industry standards like ISA 95 and ISA 88. A more 

in depth literature study (the MOM solution guide, 
MESA whitepapers) would have helped to give better 

understanding of the current knowledge level in 
industries  

Regarding the design of the framework, I suggest the 
following changes: 

Link the framework to the problem: selecting the right 
MES solution 

Regarding the content of the framework, I suggest the 
following changes: Include the industry standards, concepts 
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Comments: 
What is in your opinion "the full potential of process-

oriented manufacturing management?" 

 

Evaluation Form 

Timestamp 2021/06/15 11:45:31 am EET 

Date 6/15/2021 

Name Herman Beerling 

Current Job Title Business and Management Consultant MES  

Name of the organization Atos B&PS BTN Digital 

Years of Experience in the domain 16 

The scenario selection framework would be useful for 
attaining the full potential of process-oriented 
manufacturing management? 3 

The scenario selection framework would be less efficient for 
selecting the scenarios for the co-existence of MES & 
MPMS? 2 

The scenario selection framework would make it easier to 
select scenarios for the coexistence of MES and a process 
management system? 4 

Overall, I found the scenario selection framework useful. 3 

The scenario selection framework would make it easier to 
shift towards the process-oriented manufacturing 
management paradigm? 4 

I found the procedure for applying the scenario selection 
framework complex and difficult to follow. 3 

Overall, I found the scenario selection framework difficult to 
use. 4 

I found the scenario selection framework easy to learn. 4 

I found it difficult to apply the scenario selection framework 
to the case. 4 

I found the rules of the scenario selection framework clear 
and easy to understand. 4 

I am not confident that I am now competent to apply this 
scenario selection framework in practice. 4 

I would definitely not use this framework to select scenarios 
for the coexistence of MES and a process management 
system? 2 

The framework contains the following strengths: It has a structure 

The framework contains the following weaknesses: 
I see no best practices at this moment. It is not full based 

on industrial standards 
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Regarding the design of the framework, I suggest the 
following changes: 

Have a look at the MOMS site and the (other) literature 
which is already there  

Regarding the content of the framework, I suggest the 
following changes: May be it can be improved by using standards 

Comments: 

You can improve the framework by using standards and 
studying the literature which is already there and 

approved. 

 

 

Evaluation Form 

Timestamp 2021/06/15 5:30:55 pm EET 

Date 6/15/2021 

Name Mark Delnoije 

Current Job Title Senior Lead Business Analyst 

Name of the organization ATOS 

Years of Experience in the domain 28 

The scenario selection framework would be useful for 
attaining the full potential of process-oriented 
manufacturing management? 3 

The scenario selection framework would be less efficient for 
selecting the scenarios for the co-existence of MES & 
MPMS? 3 

The scenario selection framework would make it easier to 
select scenarios for the coexistence of MES and a process 
management system? 2 

Overall, I found the scenario selection framework useful. 2 

The scenario selection framework would make it easier to 
shift towards the process-oriented manufacturing 
management paradigm? 3 

I found the procedure for applying the scenario selection 
framework complex and difficult to follow. 4 

Overall, I found the scenario selection framework difficult to 
use. 4 

I found the scenario selection framework easy to learn. 3 

I found it difficult to apply the scenario selection framework 
to the case. 3 

I found the rules of the scenario selection framework clear 
and easy to understand. 2 

I am not confident that I am now competent to apply this 
scenario selection framework in practice. 4 
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I would definitely not use this framework to select scenarios 
for the coexistence of MES and a process management 
system? 4 

The framework contains the following strengths: A methodology for selecting scenarios 

The framework contains the following weaknesses: 
Missing the actual goal of what we are trying to 

accomplish 

Regarding the design of the framework, I suggest the 
following changes: 

Better explain the goal of the framework before diving 
into content 

Regarding the content of the framework, I suggest the 
following changes: 

better explain short names/abbreviations before using 
them in slides 

Comments:   

 

Evaluation Form 

Timestamp 2021/06/15 5:33:12 pm EET 

Date 6/15/2021 

Name Kevin Korsten 

Current Job Title I4.0 (MES) Consultant - Business Analist 

Name of the organization Atos 

Years of Experience in the domain 2 

The scenario selection framework would be useful for attaining the 
full potential of process-oriented manufacturing management? 4 

The scenario selection framework would be less efficient for 
selecting the scenarios for the co-existence of MES & MPMS? 2 

The scenario selection framework would make it easier to select 
scenarios for the coexistence of MES and a process management 
system? 2 

Overall, I found the scenario selection framework useful. 3 

The scenario selection framework would make it easier to shift 
towards the process-oriented manufacturing management 
paradigm? 4 

I found the procedure for applying the scenario selection 
framework complex and difficult to follow. 2 

Overall, I found the scenario selection framework difficult to use. 2 

I found the scenario selection framework easy to learn. 3 

I found it difficult to apply the scenario selection framework to the 
case. 2 
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I found the rules of the scenario selection framework clear and 
easy to understand. 4 

I am not confident that I am now competent to apply this scenario 
selection framework in practice. 4 

I would definitely not use this framework to select scenarios for 
the coexistence of MES and a process management system? 3 

The framework contains the following strengths: 
Gives a good overview of the different 'good' aspects of both 

type of systems. 

The framework contains the following weaknesses: 
For me it is too high-lever, details would make it clearer why 
one system would be better fulfilling the gaps of the other. 

Regarding the design of the framework, I suggest the following 
changes: Include more detail in the different functional blocks. 

Regarding the content of the framework, I suggest the following 
changes: Include more functionality differences between the systems. 

Comments:   

 


