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Abstract 

To compete in the global market, organisations have to ensure that their production is 

synchronised with their other business activities. To achieve this, companies deploy a variety 

of solutions known as Manufacturing Execution Systems (MES). These systems provide the 

bridge between control and business systems and are used by a variety of people across 

many business functions. Typical users range from production and maintenance personnel to 

engineers, finance and management. 

Sectors within the manufacturing industry have their own definitions of MES and these are 

based on their functional requirements and by the offerings of vendors in that sector. Thus, 

people differ in their understanding and definition of MES. To ensure common understanding 

of what fundionalities or modules constitute MES, the Manufacturing Execution Systems 

Associat~on (MESA) has defined MES to cover the following eleven areas: 

Resource Allocation and Status 

OperationslDetail Scheduling 

Dispatching Production Units 

Document Control 

Data CollectionlAcquisition 

Labour Management 

Quality Management 

Process Management 

Maintenance Management 

Product Tracking and Genealogy 

Performance Analysis 

On examining the Manufacturing Execution Systems literature, it was realised that 

functionalities and definitions exist but a standard approach and implementation 

methodology is lacking. Thus, a framework was developed based on a literature study as 

well as from experience within the MES environment. To ensure that the framework meets 

the needs of organisations, two questionnaires were developed and sent to people from 

various functions within large South African companies (and across divisions). 

The results of the empirical study showed that for large organisations, i.e. organisations with 

over 200 employees and an annual turnover in excess of R 40 million, some form of 

manufacturing execution systems were used in all the companies surveyed. The most 

common functionality deployed was Data Collection1Acquisition and the payback on these 

systems was greater than two years. The respondents highlighted that MES governance and 
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an overall company wide strategy for MES implementation was non-existent or not enforced 

across the group of companies. 

The respondents also indicated that the implementation was time consuming and that the 

projects usually exceeded the allocated budget andlor were late. The respondents were not 

unanimous on who was accountable for MES within the organisation and a quarter felt that 

this was unclear within the organisation. 

When asked about the process that was followed in the selection of a vendor and solution, 

the majority felt that the process was not well defined. However, respondents noted that 

change management is used on all major projects and the outcome is generally successful. 

All the companies outsource either some or all of their IT services and the relationship with 

the vendor seems successful, as the rating received for MES support was very good. 

The benefits of implementing Manufacturing Execution Systems are also being realised by 

those companies that responded to the questionnaires. The overall impression is that over 

75% of the respondents feel positive about the benefits and state that the benefits are 

realised. The only major shortcoming is that information is not being shared across business 

units and sites as half of the respondents felt that this was not happening in their companies. 

The proposed MES Engagement and Implementation Framework that was tested with the 

empirical study was subsequently updated. The framework suggests that all MES 

implementations should begin with a review of the business and ICT strategy as these would 

assist when defining the business requirements and the criteria for the selection of the 

technology, vendor, and solution The business requirements should be ascertained and a 

realistic business case should be developed. The project team should re-confirm the 

requirements once a vendor is selected, and, with the necessary change management, 

implement a portion of the solution as a pilot project. Once successful, then only should the 

entire solution be rolled out. Another parallel process should consider the outsourcing for the 

support phase. The entire process of implementing MES is cyclical as new requirements, 

additional functionality, and benefits tracking results in new projects. 

In conclusion adopting this framework would result in better implementation and ensure that 

the benefits are realised for all MES projects and that the solution is adequately supported 

after implementation. A model for the implementation has also been proposed and it should 

be developed and tested further to guide MES implementation. 

Key words: MES (definition, functionality, benefits, piffalls), ERP, ICT, IT Outsourcing 
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CHAPTER 1: PROBLEM IDENTIFICATION AND 

RESEARCHPROPOSAL 

1.1. Introduction 

With the advances in lnformation Technology, the amount of data generated is increasing at 

an alarming rate. Gartner (2005:l) predicts that by 2014 the amount of data available would 

have doubled when compared to data that is available at present. Data is manipulated by 

different people to achieve different results. According to O'Brien (2002:20) users of data and 

systems can broadly be classified in three main areas that support: 

strategies for competitive advantage 

business decision making and 

business processes and operations 

From this perspective, lnformation Systems provide a distinct focus to specific users. 

Although the systems might be the same, the objective and required outcome dictate the 

type of reports andlor results generated. 

When embarking on the implementation of these different systems, Lientz and Rea (2000:7) 

however, warn that the following challenges face the lnformation Management function and if 

not addressed would erode value rather than provide support. These key challenges include: 

Dealing with management's rising expectations for the benefits of technology 

Successfully involving business in the implementation (and getting ownership of the 

solution) and 

Understanding the impact on the business processes 

However, especially when new production units are designed, the IT considerations are 

becoming increasingly important as they contribute significantly to the cost of the entire 

project and can influence the viability of the project. According to a White Paper by DeltaV 

(2002: 4), the approach to automation within the manufacturing industry has also changed 

from focussing on individual production units to focussing on achieving benefit across the 

entire business, and hence sharing of information across production units and business 

systems. This consolidation and cross sharing of information has been grouped together and 

termed Manufacturing Execution Systems (MES). 



1.2. Background 

Manufacturing organisations require information that is relevant, timeous and accurate to 

operate more efficiently. Historically, plant information was obtained and used directly from 

the control systems. However, with the introduction of Enterprise Resource Planning (ERP) 

systems, plant data is also now used for longer term planning and other purposes. 

Normally on complex process plants, deviations from the operational plans are experienced 

that might have resulted due to poor forecasts, unforeseen breakdowns or process 

inefficiencies. Additional information is thus required to fulfil orders and revise the plans. To 

achieve this, companies require a set of IT solutions to assist with manufactur~ng execution. 

These systems are commonly referred to as Manufacturing Execution Systems (MES). 

These applications fill the gap between the control and the EPR layer and include systems 

that keep track of production schedules, inventory availability, work in progress, and a range 

of other operations and ensure that management-related information flows to and from the 

shop floor (Vijayan, 2005: 1). The Manufacturing Enterprise Solution Association (MESA, 

2005) defines MES as "systems that deliver information that enables the optimisation of 

production activities from order launch to finished goods." As current and accurate data is 

used, it guides plant activities as they occur. This improves the efficiency of the process. 

The SP95 Standard (ISA, 2003) explains the position that MES plays in the information 

hierarchy. This standard has been reproduced below in Figure 1 and shows that the MES 

layer resides between the control and ERP layers and its deployment is essentiai in bridging 

plant information and enterprise information. 

The interfaces or boundaries between the levels are normally blurred as there is some 

overlap in functionality and consensus is hard to reach on defining the boundaries exactly. 

Companies sometimes make the distinction based on current functional (departmental) 

responsibilities. The descriptions shown on the right hand side of Figure 1 

(FunctioniKnowledge) is also used by some companies as a differentiator. The important 

distinction is that MES is used for Production Co-ordination rather than actual plant control. 

In other words, whereas Level 1 and 2 are used for execution, Level 3 and 4 are used for 

tactical planning and decision-making. 



Figure 1: MES position within Information Hierarchy
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Companies have ignored manufacturing systems when compared to enterprise resource

planning (ERP) systems, customer relationship management (CRM) applications, or even

supply chain management (SCM) systems (Bartholomew, 1998:61). This can be attributed to

the fact that their existence is hard to justify on cost reductions, although studies have shown

that their deployment does lead to an overall cost reduction (Machine Design, 2004:24).

However, with the integrated information requirements of the global organisation, the

importance of manufacturing data is being realised. This has changed the perception of

manufacturing systems and companies are now implementing them as part of their

Information Management/Business strategy.

MES information is used in different contexts. While an operator can use the same data for

production execution, it might also be used in an aggregated form to report on compliance or

regulatory requirements, as explored by Vinhais (2004:1). The difficulty lies in realising the

value of using the data to achieve both manufacturing and business requirements.

Manufacturing execution systems act as the central hub for data distribution and collection

for all other enterprise systems. The Manufacturing Execution Systems Association

International (MESA, 2005) summarises the functionality that Manufacturing Execution

Systems provides as: liMES uses current data to guide, initiate, respond to and report 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. MES provides mission-critical information about production activities across the

enterprise and supply chain via bidirectional communications."
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1.3. Problem Statement 

When designing production facilities the focus is generally on the Process Automation 

Systems (PAS) layer and the Enterprise Resource Planning (ERP) layer as the impact is 

more visible to the users and managers. Without a well-developed PAS layer the plant will 

function sub optimally due to a lack of measurement during the manufacturing process. The 

ERP solution is focussed on due to transactional flow of information that is required for 

processing the manufactured products. 

As explained in the preceding section (1.2), within these two layers resides the 

Manufacturing Execution Systems layer. The benefits of implementing the MES layer is 

usually neglected as the benefits are seen as less tangible. However, attention to this layer 

can provide an organisation with a competitive advantage as it supports business decision 

making. The MES layer is also required, since the PAS and ERP are not intended or 

designed for achieving manufacturing excellence. 

With information required from different systems across the supply chain, the importance of 

the MES layer is also getting more prominence (Russel, 2004:38). Suppliers and customers 

require accurate and updated production information for their own planning and MES 

provides a good source of consolidated information across departments, division and even 

across different companies. 

This study focuses on understanding the Manufacturing Execution Systems (MES) layer and 

provides a framework for organisations to implement MES solutions that would create 

additional value for its shareholders. It also defines what functionality these systems offer 

and provides guidelines for the selection of a vendor and/or solution. 

1.4. Objectives 

This study comprises of primary as well as secondary goals. The objective is to focus and 

meet the primary goals. However, the secondary goals were also realised. 

1 A.1. Primary Objectives: 

1.4.1 . I .  Framework for MES: Provide a framework to manufacturing enterprises for 

the development and implementation of the MES layer. The framework defines an 

approach that should be followed and the factors that should be considered for 



successful implementation. In conclusion, a suggested model for the implementation 

of manufacturing execution systems is proposed. The Proposed Model has been 

termed "The MES Engagement and Implementation Model". 

1.4.1.2. Cost-Benefit Summary: The study includes a list of the major costs involved 

in implementing MES solutions and the possible benefits that can be realised by 

implementing them. 

1.4.1.3. Criteria for solutionlvendor selection: As many potential solutionslvendors 

exist, criteria have been developed to guide organisations in determining the optimal 

solution for their operations. 

1.4.2. Secondary Objectives: 

The study also focuses on the following areas: 

1.4.2.1. Change Management considerations: An MES implementation normally 

results in changes to processes, activities, roles and responsibilities. This impact 

should be minimised to reduce negative consequences. Change Management 

Models that can be used are outlined. 

1.4.2.2. Outsourcing: The solution requires proper maintenance and support after the 

project phase. Companies need to focus on their core competencies to deliver 

maximum value to their shareholders and thus might outsource some or all of the 

maintenance and support. This study explores the options available to organisations 

when determining which portions to outsource. 

1.5. Constraints 

The scope of this study considers the implementation of Manufacturing Execution Systems 

within large organisations in South Africa, and might have to be adapted if used for the 

deployment of MES within other countries. It also does not cater for companies that have 

operations across different continents. 

The definition of a large organisation used was that of the South African Department of Trade 

and Industry (DTI, 2005). The literature study also revealed that there are many definitions 



for large organisations and the definition used might includelexclude organisations that could 

have been classified differently by using other definitions. 

The literature study concentrated on material found within the period January 1997 to 

November 2005 and included books and journals found in South Africa and material found in 

the public domain on the Internet. The sites consulted were those that are freely available 

and exclude analyst information that requires membership and advice fees. 

Additional areas that should be developed and explored further and have been identified as 

part of the recommendations. These areas were not covered as part of this minidissertation 

as they do not form part of the primary or secondary objectives that were explained in section 

1.4. 

1.6. Methodology and Layout 

The approach taken to achieve the objectives of this mini-dissertation is shown below: 

1.6.1. Literature Study 

The primary focus of this phase was to research and document available research on the 

topic being investigated. This also provided a theoretical base from which the empirical study 

could be launched. The following topics were researched: 

1.6.1.1. Definition of Manufacturing Execution Systems 

A standard definition for manufacturing execution systems does not exist and thus various 

sources were consulted to provide a guideline for organisations that would like to implement 

an MES Strategy. The position of MES within the information hierarchy was also explored to 

understand how MES contributes to an organisation's information value chain. Both these 

areas also provided the boundaries for the scope of this mini-dissertation. 

1.6.1.2. Evaluation criteria for MES solutions/vendors 

MES products have evolved and instead of designing a custom-built solution for a particular 

organisation, various solutions and vendors exist that can deliver industry specific solutions. 

This literature study identified criteria that are used in selecting a vendor/solution for a 

specific company. 



1.6.1.3. Change Management Considerations 

As the deployment of MES requires changes to people, technology and processes, the 

impact on the organisation can be considerable. To reduce the negative impact change 

management considerations are important. This is usually neglected when implementing IT 

projects. Models that can be used to ensure effective change management are discussed. 

1.6.1.4. Outsourcing 

The practice of transferring business processes to an outside company was investigated. For 

manufacturing execution systems, this is important as new functionality is required and the 

systems have to be updated to ensure that the current business and process conditions are 

accurately reflected. 

1.6.2 Empirical Study 

In order to test the findings of the literature study, an empirical study was conducted. The 

literature study included the collection of data from published reports, journal articles and 

other printed material. Based on this, a framework was developed to guide companies in 

their implementation approach when considering MES deployment. To test the framework, 

questionnaires were sent to large manufacturing organisations. The responses from industry 

provided the basis to improve on the framework and develop a proposed model that is 

presented as part of the conclusion. 

1.6.3 Analysis of Data 

The data collected during the previous phases was then analysed to create a better 

understanding of the MES environment as well as to identify current shortcomings that 

organisations experience. The analysis phase was also used to further refine the original 

framework that was proposed and formed the basis for the recommendations and conclusion 

for this study. 

1.6.4 Recommendations and Conclusion 

Once the analysis was completed, a set of recommendations for implementing MES were 

explored. This included a suggested framework as well as possible impacts on the 

organisation. 



A conclusion was then reached that the updated implementation framework and the 

proposed model would provide guidance to large organisations that embark on implementing 

Manufacturing Execution Systems. 

1.7. Definitions and Acronyms used 

Acronyms and concepts have been used throughout this study. To provide a common 

understanding, some of these concepts have been explained and the abbreviations used 

have been listed below: 

BCP: 

CRM: 

ERP: 

DCS: 

DRP: 

DTI: 

FAT: 

ICT: 

Integration: 

Business Continuity Planning 

Customer Relationship Management 

Enterprise Resource Planning 

Distributed Control System 

Disaster Recovery Planning 

Department of Trade and Industry 

Factory Acceptance Test 

Information and Communication Technology 

The act of taking data from one data source and using it, without human 

intervention as an input in another application 

Large organisation: According to the South African Department of Trade and lndustry (DTI 

2005), an organisation that meets at least two of the following criteria: . Total annual turnover in access of R40 million . Total assets excluding fixed property greater than R15 million 

Employs more than 200 full time employees 

Manufacturing Execution Systems (MES): A collection of systems, usually integrated, that 

are used for the monitoring and execution of various functions that support manufacturing 

operations 

MESA: Manufacturing Execution Systems Association International 

PAS: Process Automation Systems 

PLC: Programmable Logic Controller 

ROI: Return on Investment 

SAT: Site Acceptance Test 

SCM: Supply Chain Management 

SLA: Service Level Agreement 

SPC: Statistical Process Control 

TCS: Tata Consulting Services 
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CHAPTER TWO: LITERATURE STUDY ON 

MANUFACTURING EXECUTION SYSTEMS 

The literature study shows that there is no universal definition of Manufacturing Execution 

Systems (MES) and that many companies, organisations and authors have tried to provide 

their interpretation of the definition. According to Tata Consulting Services (2002:7), MES 

also means different things to different people and varies widely depending on the context of 

the plant operation. The definition is sometimes specific to a particular industry. Seeley 

(2002:45) says that operators see it as applications that help them to perform more 

effectively while business people see it as applications that translate plant floor data into 

useable and understandable business information. MES provides real time information from 

the factory floor to plant managers and thereby increase plant efficiencies. This is essential 

for business as it allows access to end-to-end information and hence decisions can be taken 

that encompass multiple factors. 

The Machine Design Journal (2004:27) says that Manufacturing Execution Systems (MES) 

deliver information that enables the optimisation of production activities from order launch to 

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

reports on plant activities as they occur. 

McClellan (2004:35) further states that these systems were originally envisaged as being 

modular and could be deployed across multiple industries. However, customisation of the 

unique factors within an industry has resulted in functionality that is unique to that particular 

industry. This had therefore led to multiple definitions of the MES concept. 

2.1. Definition of Manufacturing Execution Systems (MES) 

A few definitions and characteristics that make up the MES space are explored below, so 

that a better understanding can be developed. 

Many authors, including Trebilcock (2005:72) and Mintchell (2001:53), say that 

Manufacturing Execution Systems bridge the gap between the planning system and the 

controlling system using on-line information to manage the current application of 

manufacturing resources. It serves as a hub that collects and provides information and 

direction for production activities. To support on-line management decisions the MES usually 

includes direct connection to functions such as Statistical Process Control. Time & 



Attendance, Product Data Management, Maintenance Management, and any other similar 

tool. 

The focus of MES is more than a planning tool. It is an on-line extension of the planning 

system with an emphasis on execution or carrying out the productionlmanufacturing plan. 

Execution includes activities such as making products, changing order priorities, assigning 

inventory and scheduling of equipment (Homer, 2005:2). In essence, it is focused on the 

short term and may provide links to ERP and other software for higher level planning and 

control tasks. 

Lighthouse Systems (2005) say that MES thus focuses on plant activities and provides the 

near real-time information needed to react to events as they occur. It combines this with the 

plan to meet targets and company-wide objectives. The target audience for MES is wide and 

includes supervisors, operators, management and others in the enterprise to meet global 

goals as well as unit specific targets. 

Another definition used is that of the Manufacturing Execution Systems Association 

International (MESA, 2005). It explains the definition in terms of the functionality of MES and 

sees it as systems that use "current data to guide, initiate, respond to and report 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. MES provides mission-critical information about production activities across the 

enterprise and supply chain via bidirectional communications." 

In summary, the definition of MES can be seen as a collection of systems that provide near 

real time information for a variety of users and is used for co-ordination and optimisation 

instead of plant control. It serves as a gateway for information between plant control and 

enterprise resource planning and can be used for tactical decision making. The next two 

sections explain the position of manufacturing execution systems within the information 

hierarchy and the functionality that the systems provide. 

2.2. Position of MES within Information Hierarchy 

The American National Standards InstitutellSA (ISA, 2005) depiction can best be used to 

explain the position of MES within the information hierarchy. Figure 2 below is a 

representation of this as depicted by these institutes: 



Figure 2: The position of MES within the information hierarchy

Levels
2,1,0

Level 4

Level 3

Source: Ansi/ISA-95.00.01-2000 Standard (ISA, 2005)

Levels 2, 1, and 0 define the line supervision functions, operations functions, and process

control functions. According to Koskinen (2004:7), there are several different models for the

functions at these levels based on the actual production strategy used. Typical deployment of

equipment and systems include DCS's, PLC's and field instruments.

As described by many, including TCS (2005), level 3 is the MES space and it occupies the

gap between business processes and control systems and integrates with both these layers.

It supplies information to and receives information from both these layers.

MES can thus be seen as an implementation of systems between a company's business

systems (typically ERP) and the real-time operating system of the plant floor (typically control

systems). It is a near-real-time information broker between the transaction-based business

system and the real-time plant floor environment (Bachelor, 2005:1). Manufacturing

execution systems capture data at a frequency that is required for execution purposes and

the timeframe is normally in minutes while the data for the control layer is required for control

purposes and the frequency is in seconds or milliseconds. Thus, the rate at which data is

captured is less than that required by the control layer but greater than for ERP applications,

where information is captured when transactions take place. Table 1 below summarises the

timeframe, type of data, and focus of the three layers that have been discussed.
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Table 1: Summary of different layers of the information hierarchy 

1 Process Automation 1 Manufacturing 

Timeframe 

making and execution (accounting), tactical 

and strategic planning 

Enterprise Resource 

Type of data 

Focus 

2.3. Functionality 

As with the definition of MES, different authors (Singer, McClellan and MESA) have 

described the functionality of MES differently. However, all acknowledge that MES consists 

of various systems that provide specific functionality. Table 2 below shows the functionality 

that is considered as part of MES by three different authorslorganisations. 

Systems 

Seconds-milliseconds 

Table 2: Functionality that constitutes Manufacturing Execution Systems 

Execution Systems Planning 

Minutes to hours 

Operational 

Control 

Tactical andlor 

aggregated data 

Tactical decision 

Singer (2005) 

Production tracking and 

I I Data Collection 1 Document Control 

years 

Transactional 

Transactional 

management 

Scheduling 

Quality control 

Regulatory compliance 

Inventory control 

McClellan (2003) 

Work Order Management 

I I 1 Quality Management 

MESA (2004) 

Resource Allocation and 

Planning System Interface 

Inventory Tracking and 

Management 

Material Movement 

Management 

Exception Management 

Workstation Management 

Process Management 

Maintenance Management 

Product Tracking and 

Genealogy 

Performance Analysis 

Status 

OperationsIDetail 

Scheduling 

Dispatching Production 

Units 

Data CollectionlAcquisition 

Labour Management 



2.3.1 MESA Functionality Descript ion 

The functionality that constitutes MES according to MESA International (MESA, 2004) has 

been explained by James (2004:28) and is outlined below. The functionality is categorised as 

modular applications and can be implemented as required by business, i.e. either as singular 

applications or as a combination. 

Resource Allocation and Status - Manages resources including machines, tools, 

labour skills, materials, and other equipment, and other entities such as documents 

that must be available for work to start at an operation. 

OperationslDetail Scheduling - Provides sequencing based on priorities, attributes, 

characteristics, and/or recipes associated with specific production units at an 

operation. 

Dispatching Production Units - Manages the flow of production units in the form of 

jobs, orders, batches, lots and work orders. 

Document Control - Controls records/forms that must be maintained with the 

production unit, including work instructions, recipes, drawings, standard operating 

procedures, part programs, batch records, engineering change notices, shift-to-shift 

communications; and edits as planned and as built information. 

Data CollectionlAcquisition - Provides a link to obtain the intra-operational 

production and parametric data. 

Labour Management - Provides the status of personnel in an up-to-the-minute time 

frame. 

Quality Management - Provides real time analysis of measurements collected from 

manufacturing to assure proper product quality control and to identify problems 

requiring attention. Some systems can provide yield information and track rework 

requirements by serialized unit number. 

Process Management - Monitors production and either automatically corrects or 

provides decision support to operators for correcting and improving in-process 

activities. 

Maintenance Management - Tracks and directs the activities to maintain the 

equipment and tools, and to ensure their availability. 

Product Tracking and Genealogy - Provides visibility of where work is at all times 

and of its disposition. Status information may include who is working on it; component 

material by supplier, lot, and serial number; current production conditions; and any 

alarms, rework, or other exceptions related to the product. 

Performance Analysis - Provides up-to-the-minute reporting of actual manufacturing 

operations results along with comparisons to previous and expected business result. 



From the descriptions, it is evident that the scope of MES can be large and that companies 

should determine what functionality is required to address their needs. The MESA definition 

does not however prioritise the different functionalities and thus companies have to ensure 

that they build their own priority list and roadmap if multiple functionalities will be deployed. 

2.3.2 McClellan functionality description 

Very few systems have been implemented as broadly as the possibilities presented by 

MESA. Michael McClellan (1997:25-120) defines another approach for these systems and 

divides MES functionality into Core Functions that are directly associated with managing the 

production process and Support Functions that are peripheral to the value-adding production 

process. 

2.3.2.1. Core Functions 

These functions are the initial functionality that should constitute any manufacturing 

execution systems rollout and will provide the maximum value to the business. 

Planning System Interface - This describes the connection with the planning system 

(ERP) and defines how and what information is exchanged. 

Order Management - This function includes the accumulation and management of 

Work Orders in the system. 

Work Station Management - This function is responsible for implementing the Work 

Order production plan, Work Station scheduling, and the logical configuration of each 

Work Station. 

Inventory Tracking and Management - The inventory tracking function develops, 

stores and maintains the details of each lot or unit of inventory. 

Material Movement Management - The movement of material, manual or 

automated, is managed and scheduled through this function. 

Data Collection - This segment acts as the clearinghouse and translator for all data 

that is needed and/or generated on the plant floor. 

Exception Management - This function provides the ability to respond to 

unanticipated events that affect the production plan. 

There is an overlap with the MESA functionality that has been described in the previous 

section. Another observation is that as the actual definition differs, organisations must ensure 



that their requirements are categorised according to the definition that they would like to 

standardise upon or adopt. 

2.3.2.2. Support Functions 

In addition to the core functionality, the following has been identified by McClellan (1997:120- 

200) and is regarded as being support functionality. The idea is that the system design 

should "provide the ability to plug and play" and hence allow other functionalities to be easily 

supported. Some support functionality includes: 

Maintenance Management - These systems are to manage production related 

assets and maintenance related issues including predictive maintenance, work order 

and labour scheduling, procurement and storage of the repair parts inventory. 

Time 8 Attendance - There are many software system products that produce this 

type of information that can be used on a wide scale. 

Statistical Process Control - Statistical process control (SPC) is a quality control 

method that focuses on continuous monitoring of a process rather than the inspection 

of finished products. The intent is to achieve control of the process and eliminate 

defective production, thereby reducing the amount of rework. 

Quality Assurance - Quality assurance packages may or may not be tied together 

with SPC andlor IS0 9000 systems. Either as separate packages or combined they 

are frequent components of the production process. 

Process DatalPerformance Analysis - Process data collection and management 

can be a standard package developed for specific applications such as timelcost 

variance information or manufacturing process record. 

DocumentlProduct Data Management - This can be a very large component of the 

manufacturing system used to create product drawing and process information. A 

modern view of this area is Product Lifecycle Management, a system used to manage 

and record product data from design to disposal. 

GenealogylProduct Traceability - Genealogy and traceability are similar functions 

designed to provide a complete history of a serialized item or a group of items. In 

addition to the in-house production data, most systems can include similar 

information on each bill-of-material item going into the finished product. 

Supplier Management - This is usually a custom designed tool to communicate with 

suppliers. Data may include genealogy information, schedule information, quality 

assurance data, and logistics information. 

Warehouse Management - Warehouse management systems are primarily used to 

monitor and manage outbound inventory activities with some systems capable of 
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inbound, raw, or purchased material management. Product location information and 

order fulfilment instructions are two of many on-line functions. Sometimes called 

supply chain execution systems they can include logistics and other traffic 

management data. 

In reality, companies implement a few or combinations of the functionalities listed above. The 

implementation is done either as an integrated system or as separate applications. Some 

companies implement one module and term it their MES system. Companies should also 

define what they consider as value-add functionality to their company and then prepare a 

realistic business case for each module that is required. 

2.4. Benefits 

The benefls of MES are numerous and many authors and vendors have highlighted them in 

order to explain the significance of MES or sell their products. A consolidated summary of the 

benefits are shown below: 

Collaboration is one of the primary benefits that MES delivers. Previously manufacturing 

applications were installed with a view to addressing a specific production unit's need and 

this made it difficult to justify. MES is now seen as supporting the entire enterprise by 

providing crucial information that is shared across boundaries. This has resulted in benefits 

such as improved inventory management, improved customer sewice, shorter process cycle 

times, true competitive advantages, improved profitability, and wider stakeholder access 

(McClellan, 2004:35). 

A study by Rockwell Automation (2003) found that plants that installed MES grew faster than 

those that did not, regardless of size, industry or process type. Productivity growth was 

between 60, 70% greater, and the study also showed reductions in manufacturing time and 

energy costs. When analysing productivity growth, the impact on the entire value stream 

should be ascertained, as a local improvement would just move the bottleneck somewhere 

else. The Rockwell study did not give an indication if the productivity improvement was for 

the production facility only or for the entire value chain. 

MESA International (MESA, 2005) has conducted studies on companies using MES and 

states that numerous benefits have been realised. Table 3 shows some of the benefits as 

reported by the users. 



Table 3: Benefits according to MESA Study (MESA, 2005) 

I Reduction in manufacturing cycle time 1 Reduction or elimination of data entry time 

From a business perspective, MES provides the link between production and business. The 

additional visible benefits and their impact on business, as identified by various authors 

(Bowden, Vinhais , Seeley, Tata Consulting Services and others) are listed below in Table 4. 

Reduction in work-in-process inventory 

Reducespaperworkbetweenshifts 

Empowers plant operations people 

Responds to unanticipated events 

Table 4: Additional business benefits of deploying MES 

A decrease in the total time from production Accurate real time data to identify root 

Reduces lead times 

Improves product quality 

Improves customer service and satisfaction 

Eliminates lost paperworklblueprints 

to delivery, thereby decreasing holding costs 

An improvement in yields leading to a 

thus allowing quicker resolution to problems I learn quicker with the graphical displays and 

causes of problems 

It provides for full production history allowing 

decrease in raw material costs 

Visibility of information from remote locations 

for better analysis capabilities 

Less training of new employees as they can 

when they occur 
- 
Reduces regulatory compliance costs. 

operators follow the process as designed by / usage and synchronisation between plant 

interactions of the production variables 

Allows for synchronisation of best practices 

1 across plants 

Assists in design control by ensuring that 

Labour, Material Costs, IT Systems) 1 terms of timely and accurate data 

Reductions in inventory levels, material 

engineers as deviations are tracked. 

Reduction in costs (Direct Labour, Indirect 

While many benefits have been listed above, implementation teams should identify what will 

be measured and how these measurements will be obtained. This is essential as some of the 

benefits are not easily quantifiable and might be difficult to measure if the benefit tracking 

process and measures are not properly defined. 

and corporate activities 

Improved visibility of the supply chain in 

The previous section (2.4) described the benefits of implementing an MES solution. 

However, as with any systems implementation, there are also costs and pitfalls that should 

be considered before an implementation is commenced. 
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The major obstacle is usually the integration of the MES layer to the ERP layer and other 

systems. In this context, integration refers to the act of taking data from one data source and 

using it, without human intervention as an input in another application. Thus, integration 

makes MES information available to other systems and users, while it also requests and 

uses information from other applications. In an article in "The Strategic Direction Journal" 

(2004), the author says that if the integration it is not done properly, the true cross- 

organisational benefit is not realised and the system is then used in a localised manner or 

with manual data transfer between systems. These systems then do not function optimally as 

they use data only within a small portion of the manufacturing organisation instead of across 

plants and functions. MES implementation is thus more difficult in companies that have 

legacy systems and multiple applications from different vendors as all these systems have to 

be integrated as information is required from multiple locations to make informed decisions. 

A requirement of integration is that the sharing and communication between applications 

must be in a common format. The lack of standardisation is problematic since achieving 

integration would then require knowledge of software integration, networks, protocols and 

programming languages that oflen bear little resemblance to each other and require layers of 

middleware and connectivity tools. All these specialised skills increase the cost of 

implementation. 

According to Seeley (2002:45), many companies deploy some MES modules or 

functionalities within a part of the operation and then try to expand it across areas after some 

time. If a strategy does not exist for this, then scalability of the solution does not necessarily 

result, and the final solution often cannot be hosted on the original architecture. This leads to 

rework and the additional rollout does not make use of the existing base, resulting in 

increased costs that could have been prevented if a strategy existed for future expansion. 

Managers also expect that the implementation time should be short. In practice, the time 

required to implement and configure is long and usually spans months or even years. Thus, 

the initial investment is high with payback only after considerable effort has been expanded. 

This has resulted in a dilemma of either implementing a partial or full MES functionality at 

once, i.e. big bang or phased approach, with either missing full functionality versus a 

considerable strain on resources. 

Manufacturing Execution Systems are also not cheap to implement and can cost from a few 

hundreds of thousands Rand to hundreds of millions Rand. An accurate estimate of an MES 

implementation is difficult to obtain if the specific requirements are unknown, i.e. the cost is 



dependent on the functionality that the company requires and the existing information 

systems and business processes being used. Typically a new MES implementation, with 

multiple functionality at a 100 000 barrel a day refinery would cost in the region of R 200 

million. 

The solutions are also industrylcompany specific and highly skilled resources are required for 

configuration. This results in requiring funding for development, customisation and integration 

in addition to vendor and license costs. Costs of initially validating the system and 

revalidating on changes also have to be considered when financing the project. The common 

pitfall is that projects do not consider all the cost components with the result that additional 

funds have to be requested from the board and cost overruns have to be explained. 

According to Russell (2004:50), the potential application area of MES is also very large, as 

explained in section 2.3 where the functionality of MES was discussed. This can result in 

scope changes and changes to the definition of success for the project, with a result that the 

project team fails to deliver on the original requirements that were agreed with business. 

In summary, the above discussion might indicate that the difficulties in implementing MES 

are insurmountable. However, if these pitfalls are factored into the implementation framework 

and approach, then the benefits of implementation far outweigh the costs and pitfalls. 

2.6. Evaluation criteria for MES SolutionsNendors 

When evaluating potential systems and vendors a sound methodology should be established 

before a commitment is made. This is more relevant in the MES space as the costs of 

implementation are high and the relationship is usually seen as a long term one as switching 

costs are high. 

In addition to the functionality listed above, Table 5 below shows the technical questions that 

should be asked when evaluating manufacturing execution systems and vendors, according 

to Bowden (2004:28) and McClellan (2005:5). It is suggested that each vendor be evaluated 

against these criteria and a overall score should then determine which vendor to select. 

Additional factors include position of the vendor within the market, the ability to deliver, past 

experience and support after implementation. 



Table 5: Typical factors to consider when evaluating vendors 

QuestionlFactor to consider I ~ v a l u a t i o n l  

Score 

Does the system make provision for an integrated database that allows fast, 1 t 
flexible, traceable access to near real time and historic data? 

How is information exchanged between all legacy systems? 

I 

What security model is used to ensure data integrity and safeguarding of 1 
proprietary information? 

Is system access regulated and does it allow different access to 

types and access from remotelmultiple areas? 

How is additional functionality and changes done and incorporated into the 

As business decisions hinge on the system, it should provide the 

1 reliability required by business. 1 1 
Is the new system compatible with existing systems? I 

I I 
Does the design and philosophy allow for future growth and changes? 

L 

Adapted from: Bowden (2004:28) and McClellan (2005:5) 

From a user perspective, Vinhais (2004:2) suggests that the following factors are important 

when evaluating vendors: 

Reports should be customisable and allow for analysis 

The system should provide flexibility for end users to make some configuration 

changes 

a Maximum ease of use for all users 

Ability to do trending on events, both from a snapshot and historical perspective on 

events 

Ability to be warned of disruptive conditions or abnormal situations 

A committee instead of a single person should do the evaluation, as this would increase the 

transparency of the selection process. The other reason is that people from various 

backgrounds are needed as part of the selection process as the systems are used by 

multiple functions and the interfaces are normally not well defined (As explained in section 

1.2). 



2.7. Methodologies used in implementing MES solutions 

Many vendors use their own methodologies when implementing MES applications. The 

difference normally lies in what modules needs to be implemented and the approach that is 

preferred by the client, i.e. the amount of pre-work done in determining the scope of the 

implementation. This exercise is vital for a company as MES implementation costs are high 

(switching costs and configuration costs are high). 

2.7.1 James Model for implementing MES 

James (2004:29) suggests that the process to be used in selecting the correct 

vendorlsolution should be obtained by following the approach listed below. The model 

provides structure to the MES selection process and ensures that the needs of the 

organisation are met. 

Analyselagree on MES requirements: Match MESA or other acknowledged MES 

modules against the organisations requirements 

a Define future IT strategies and standards 

8 Define future communications standards 

8 Match strategy and standards with MES software products 

Define standard MES software products short list 

8 Pilot project for final selectionlcommercial negotiations 

Make a final decision on the proposed solution 

This approach is practical as the initial idea is to determine what is actually needed by 

business instead of implementing technology that might not necessarily be required. Analysis 

of the requirements is essential as sometimes business has to be made aware of what 

functionality is available or they might require something that is technologically impossible or 

expensive to provide. Agreeing on the requirements also ensures that the project has a 

definition of victory and that the scope is not frequently changed. 

Defining the future IT and communication strategy and standards would allow an 

organisation to match available products to their needs. This could make integration to other 

applications easier when it is required. 

Piloting also helps in reaching a final decision on the vendor as it proves that at least some of 

the functionality can be accomplished and that certain questions of the evaluation committee 

can be explained. 



2.7.2 TCS Model for Implementing MES

Another useful approach is that used by Tata Consulting Services (TCS 2002:5). The

methodology is shown below as Figure 3.

Figure 3: Methodologyand Approach used by Tata Consulting Services
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Source: TCS (2002)

The approach taken by Tata (2002:5) assumes that to realise the maximum benefit of MES,

a holistic approach should be followed and that continuous improvement is essential, as the

first implementation might not have covered all aspects of the deployment. In addition, as the

organisation gets used to the solution, additional functionality is added, hence the need for

continuous improvement.

2.7.3 Cisco Approach to MES Implementation
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Cisco Systems (2000:3) approach is similar to the previous models. It also suggests that 

implementation begins with determining the business requirements. In addition, it suggests 

that the requirements be mapped to the company strategy. This ensures that the 

requirements would complement the company strategy. The entire model for MES 

implementation is shown below: 

Business Assessment and Requirements: This phase consists of evaluating the 

current process, manufacturing, and distribution activities and then identifying a 

strategic vision as well as selecting specific performance measurements and metrics. 

Evaluate and Select Technology: Determine the best technology to support the 

business needs and strategic vision. 

Build Model and Test: Map business process to technology, customise 

configurations and test. 

Pilot: Test technology in a controlled manner and evaluate the impact of those 

groups most affected. 

Training: Ensure users are familiar and comfortable with new technology, business 

tools, processes, and operating activities. 

Full Deployment: Thereafter implement full solution to the entire organisation. 

All three models show that the implementation of manufacturing execution systems should 

take into consideration the business needs instead of deploying functionality that might not 

be required. The models also indicate that structuring the implementation would result in 

achieving maximum benefit from the functionality deployed. 

2.8. Change Management 

For a project to be a success, not only must the solution deliver on the requirements of 

business but it should also address the concerns of the people within the organisation that 

are impacted by this change. The effort to address their fears and ensure that they embrace 

the new solution is referred to as Change Management. 

Coetsee (20053) explains this as moving between the present state to a desired end state. 

To get to the desired end state requires action from both the team and management, as the 

single most important threat to successful change is the resistance to change that consists of 

both external and internal forces. These forces slow down and impede the change. To 

reduce the resistance to change the stakeholders need to be taken through a series of 

planned interventions to address their fears and concerns. 



Many models exist on how to achieve successful change within an organisation. Models are 

generally categorised into three contrasting categories and models within these categories 

are based on either Lewin and Beer or Shaw's model. These models, as explained by CPlD 

(2004), are summarised below. 

2.8.1 Lewin's Model 

This model assumes that change is a process that involves moving from one static state to 

another static state. This change is achieved by carrying out a set of predefined activities. 

Lewin sees these steps as "unfreezing, changing and re-freezing". The first stage highlights 

the reason for change and thus creates the need for change within the people. The next 

stage involves planning activities and mobilising the resources required to bring about the 

change. The final stage involves embedding the new ways of working into the organisation. 

2.8.2 Beer's Model 

This model sees change as more complex than that defined by Lewin and suggests that 

change can still be successfully achieved by a uniform process that consists of six steps. 

This model sees 'task alignment' as the focal point of change. Thus employees' roles, 

responsibilities and relationships are examined and changed to embed new ways of thinking, 

attitudes and behaving. The six step of the process are: 

Jointly diagnose the requirements so that a commitment to change is achieved 

Develop a shared vision so that all activities and thoughts are aligned . Create an environment that results in consensus and commitment to the shared 

vision 

a Educate all stakeholders and market the change 

Create formal policies so that the change can be embedded 

Monitor the impact and change the policies if required 

2.8.3 Shaw's Model 

This model sees change as a complex and evolutionary process. The initial assumption is 

that the environment of an organisation is not in equilibrium. Thus, change cannot be 

achieved by following a set of fixed steps and the starting point is not static and cannot be 



used as the basis for change. The advice is that the forces for change are already part of the 

system and will emerge as the system adapts to its environment. 

2.8.4 Coetsee's Model 

Coetsee (2005:23) also suggests that successful change is based on adopting the following 

ten principles when addressing the change: 

Establish what the results of the change process should be: This involves 

creating a vision and involving all stakeholders so that they understand the end 

deliverablels that would result from the change. 

Clarify the need for change: This involves educating the stakeholders about how 

they would benefit from the change and why the change is necessary. 

Involve and obtain the commitment of all stakeholders in the planning and 

execution of the change process: By involving all stakeholders they would feel a 

sense of belonging and it would result in their commitment and alignment with the 

objectives of the change. 

Diagnose present functioning: This helps people understand the underlying causes 

why the change is required and so that they do not feel threatened as a result. 

Develop a results-orientated rather than an activities-orientated strategy for 

change. 

Assure that enabling structures are all aligned: This ensures that the change is 

seen as meaningful. 

Pay special attention to the organisational culture and climate: All projects and 

change cannot be carried out at the same pace. Once the culture and climate is 

determined a plan can be made to fit in with the current conditions. 

Create a change adept learning organisation. 

Diagnose and manage resistance to change. 

Build in  reliable feedback mechanisms to  monitor, manage and eventually 

evaluate the change process: By measuring the process, the impact on the 

organisation can be determined and managed accordingly. 

For MES implementations to succeed, change management is required, especially when 

functionality is being deployed for the first time. Many people feel a lack of security as the 

implementation results in their knowledge and experience being captured in algorithms and 

rules within the system. Some also feel that their jobs are at stake as they see MES as a 

means of automation to replace them. Another concern is the fear that their past 

performance will be explored and exposed and that this would negatively impact on their 



performance. A proper change management intervention would address all these fears and 

ensure that all stakeholders understand the true nature and intent of the implementation. 

2.9. IT Security 

Previously, Manufacturing Execution Systems were used in isolation and were not connected 

to the broader business network. Now that information is shared with the enterprise resource 

planning (ERP) system and other business systems, security of the systems and the risk 

associated with the integration has to be managed. While it is certainly vital to protect data 

residing within operational control systems, the biggest security concern with manufacturing 

systems is the protection of operations and equipment. Either inadvertent mistakes or 

malicious attacks may cause damage ranging from increased scrap andlor rework to lost 

production, revenues, resources, and customer satisfaction (Sun Microsystems, 2003:4). 

Fortunately, most if not all, MES make use of standard operating platforms. Microsoft (2005) 

has partnered with many vendors to ensure that security is not an issue that needs to be 

dealt with in isolation. They have provided the basis for ensuring updated security is provided 

for users. This is accomplished using three different avenues: 

8 Focusing on security during the design phase, i.e. ensuring that the applications are 

built with the security requirements in mind 

Secure by default. This avenue ensures that customers review security as part of the 

implementation as the system is delivered with the maximum security profile and 

relaxation of the profile is necessary. This is in contrast with providing the products 

without the default permissions and then assigning different roles for people 

Customers are frequently updated with patches so that their systems can counter 

latest methods of attack by hackers. 

According to Kodama (2005:2), as manufacturers implement more systems based on open 

connectivity and standard protocols, it has become even more important to have a strong 

corporate security policy and operating disciplines aligned with those policies. This means 

that companies should ensure that their policies include MES, rather than just focusing on 

the usual business applications. Failure to align the business and manufacturing layers could 

result in opportunities for people seeking (unwanted) access to the company's information 

and systems. 



Another important aspect concerning the MES and ERP systems is that of granting correct 

access to people on these systems. The access has to be strictly controlled and according to 

von Solms and Hertenburger (2004:2) the process can be costly and inefficient. They 

suggest that security be managed by business/information owners instead of doing it 

centrally. The decentralized approach would ensure that the reason for access is understood 

and granted to the correct people. Thus, any model for MES implementation should include 

standards and security policies to ensure that information is used by the correct people. 

When determining the standards and procedures for security issues, Cisco (2003:4) 

suggests that to ensure the security, privacy, and integrity of electronic information, three 

areas should be covered. Firstly, by ensuring that access rights and privileges are granted 

only to trusted, authenticated users. Secondly, an effort should be made to protect everything 

linked to the network, such as desktops, servers and network resources against attack. 

Finally, the transport of data and voice communications should be secure to ensure privacy 

and confidentiality. 

Bentley (1998:ll) admits that after taking all the necessary precautions attacks and incidents 

can occur. To recover from these attacks disaster recovery planning (DRP) is essential. 

When considering this planning, the key elements to cover are people, systems, data and 

environment. It is also important to differentiate their impact on the immediate, short and long 

term, as this might have a different impact on all the key elements. 

In conclusion, manufacturing systems have now embraced business platforms. Thus, 

security management has become easier as standard security andlor access control 

products exist. These products can be coupled to the manufacturing systems instead of 

vendors having to develop their own security measures to counter unwanted access. In 

addition, the company security policies and strategy should be expanded to cover 

manufacturing execution systems as well. 

2.10. Outsourcing 

Wikipedia (2005) defines outsourcing as the delegation of non-core operations or jobs from 

internal production to an external entity that specialises in that particular operation. 

Outsourcing is a business decision that is made for quality or financial reasons and the 

decision is influenced by what the company sees as its core offering. When outsourcing a 

service it might be done either locally or globally and is then normally termed offshoring. 



Outsourcing requires that a third party service provider does the management and execution 

of a specific business function. This means that a significant amount of management control 

is transferred to the supplier. Thus, outsourcing involves a considerable degree of two-way 

information exchange, co-ordination, and trust. 

According to the IT Governance Institute (2005), outsourcing does not transfer accountability 

to the service provider and organisations should put processes in place to ensure that 

business does not experience any problems due to poor service delivery. Thus, this 

relationship has to be governed, i.e. the responsibilities, roles, objectives, interfaces and 

controls have to be agreed upon and implemented. 

The relationship can be easily governed if the following actions are taken: 

Ensuring contractual viability through continuous review and management of the 

relationship through service level agreements (SlAs) 

Establishment of clear roles and responsibilities for decision making, issue escalation, 

dispute management, demand management and service delivery 

Allocation of resources, expenditure and service consumption in response to 

prioritised needs 

Continuous evaluation of performance, cost, user satisfaction and effectiveness 

Ongoing communication across all stakeholders 

In conclusion, when considering an MES implementation, the support of the solution must be 

investigated during the evaluation phase so that the appropriate support structure, including 

those components that will be outsourced can be identified and negotiated. Determining this 

at an early stage would ensure that a better estimate is made on the total lifecycle cost of the 

solution being implemented and that these costs and the outsourcing approach can be 

finalised before the solution is deployed. 



Most of the sources consulted in compiling the literature study were of an international 

nature. Thus, in order to validate the findings of the literature study and define a framework 

to be used in the South African context, two questionnaires were developed and sent to large 

manufacturing companies within South Africa. 

3.1. Methodology and approach used for empirical study 

The primary purpose of the empirical study was to validate the primary and secondary 

objectives that were presented in the first chapter. These are: 

0 Provide a framework to large organisations when they consider implementing 

manufacturing execution systems 

0 Provide a cost-benefit summary of MES 

Develop criteria for the solution/vendor selection 

Consider the impact of change management on the MES project implementation 

Consider outsourcing as a means to support any MES implementation 

The empirical study also provided the basis for refining the framework as well as developing 

a suggested model that can be adopted by large organisations when they are considering 

the implementation of manufacturing execution systems. 

To achieve these goals two questionnaires were constructed and sent to various people. The 

one questionnaire required definitive responses while the other required a response on a 

five-point scale. Thus, the one measured the direct response while the other assessed the 

maturity of the organisation toward the statement that was posed. 

Instead of opting for a wider number of companies, the approach used was to target different 

people from within an organisation and obtain responses across its divisions and functions. 

This approach was chosen as Bartels (20052) says that to achieve the maximum benefit of 

MES, information across functions and divisions should be consolidated to provide better 

overall coordination. The views of the various functions and divisions were analysed to 

determine whether this actually happens within organisations and whether similar 

perceptions of MES exists across these functions. The respondents included business, 

engineering, production and ICT personnel. 



The questionnaires were sent to multiple divisions within an organisation to test whether 

companies follow a company wide approach for MES implementation or if implementation of 

manufacturing systems is done on a localised level. Both questionnaires were used in 

optimising the framework, in validating the benefits of MES, as well as providing guidance for 

the development of a proposed model for MES implementation. 

3.2. Proposed Framework to be tested 

After considering the results of the literature study, it is evident that no comprehensive 

framework is available to guide MES implementation in large organisations. To make 

implementation easier, the MES Engagement and Implementation Framework was 

developed and is represented in Figure 4. 

This framework was constructed using the information presented in the literature survey, 

including the recommendations of MESA (2005) and the AMR Research Group (2005). The 

basic premise of The MES Engagement and Implementation Framework is that any large 

organisation should actively consider certain factors before considering implementation to 

maximise their return on investment (ROI). 

3.2.1 Explanation of Framework 

The Framework indicates that for a successful MES implementation the starting point should 

be the Information Communication and Technology (ICT) Strategy and the Business 

Strategy. Thus, all efforts should be directed at fulfilling these objectives rather than 

deploying something that would be counterproductive. For example, the alignment might also 

prevent expensive investments that might not be required after some time (total outsourcing 

of manufacturing) or prevent the company from deploying ICT technologies that it does not 

see as part of its future landscape. 

Another factor to consider is the business requirements. The actual requirements as 

requested from business have to be is captured, analysed, documented and signed off by 

business. The objective of this phase is to reflect the requirements of all the end users in a 

format that the business understands, i.e. a technical document that expresses the needs of 

business in their terms. The document can then be used to develop a technical specification. 

Section 2.3 showed that the functionality covered by MES is vast and the requirements and 

understanding of business might change over time. If a considerable amount of time has 



passed from capturing the requirements and appointing a vendor to do the implementation, 

then the business requirements should be revalidated. As part of the process, this can be 

done with the chosen vendor as it gives the vendor an opportunity to interview the correct 

people so that they can commit to a specific price and/or have a better understanding of the 

implementation approach and timelines. 

Figure 4: Proposed MES Engagement and Implementation Framework 
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The development of a business case is also essential and should be done to ensure that the 

solutions that are deployed can be economically justified. The emphasis is on the 

development of a realistic business case to ensure that costs and benefits can be justified at 

board meetings and other capital approval committees within the organisation. Like most 

other projects, not all the benefits can be easily quantified. However, these benefits should 

also be captured, and an estimated monetary benefit should be associated with each of 

them. 

The vendor evaluation phase is critical when considering MES as the relationship with the 

vendor is usually a long-term one as implementation and support costs are high and this 

makes switching between vendors a costly exercise. Many vendors also offer similar 

functionality, even though very few, if any, offer the full functionality as described by MESA. 

Thus, to ensure that the vendor can meet the current required functionality as well as 

additional functionality within the near future, the choice of vendor has to be scrutinised. 

Factors that should be considered have been discussed in Section 2.3 as well as the in the 



recommendations (Section 4.3) and include integration ability, functionality offered, 

standards used and price. The final evaluation should be a weighted average of both 

technical and commercial considerations. 

Providing support to the vendor during implementation is critical for the project success. Most 

vendors would insist of full participation but organisations fail in understanding the impact. 

The requirement is that people from multiple levels in the organisation have to participate 

actively in the project. As the project usually takes many months to implement, management 

should realise that these people cannot still be part of the normal operations while on the 

project. This impact could mean a temporary adjustment to the organisational structure. The 

best employees are also required for the project as they have the experience that is required 

for changing the data into information. Their experience and knowledge is also required in 

building process models and validating the outcome of these models. 

As MES is a bridge between the control layer and enterprise resource planning, the 

information provided by the system does not result in automatic control and adjustment to 

plant variables. To leverage the most out of the systems, all stakeholders need training. 

Training should encompass both overview and detailed role-based training. 

To gauge whether the solution meets the business requirements that were captured 

previously, the best approach is to first deploy the solution in a smaller area or section. 

Normally, this pilot covers the entire scope in terms of functionality but is rolled out to a 

smaller unit or production area. Provision is also made to test possible integration and 

interfaces to other systems. The objective is to ensure that the system can be optimised 

before being rolled out across all other areas. 

Once the pilot proves successful, only then should the full functionality and scope be 

deployed to the rest of the organisation. Best practice is to ensure that all the learning points 

captured from the pilot phase be incorporated into the final design. This ensures that the final 

solution is better able to meet all the requirements that were specified. 



3.3. Questionnaire to test implementation of MES 

Two questionnaires were sent out to various people within the manufacturing industry. The 

one questionnaire required definitive responses in that respondents were asked to choose 

the option that best matched their response, while the second questionnaire tested the level 

of satisfaction or agreement to a specific statement. The two pronged approach was used so 

that the framework could be tested and the benefits and concerns surrounding MES 

implementations could be tested. However, responses from both questionnaires were used 

in determining the final framework and the proposed model for MES implementation. 

Attachment One contains a copy of the questionnaires sent. The following two sections 

explain the rationale for the questions that were selected for each questionnaire. 

3.3.1 Questionnaire Contents 

3.3.1.1. The covering page 

The intent of this page was to inform the respondent about the questionnaire and provide the 

channels of feedback that could be used for the reply. The purpose of this study was 

explained as well as clarification on the use of the information was given. As similar 

companies within an industry were also selected and the response feedback was not 

substantial, the responses were not grouped according to geographical location or industry 

as this might have allowed others to infer the strategy or practices of certain large 

organisations. 

The main purpose of the questionnaires was to test both the literature study as well as the 

proposed framework so that the final framework that is presented could be used effectively 

within industry. To achieve this, specific questions were asked and from these the framework 

and theory was tested. This method was chosen instead of asking respondents to directly 

criticise the framework, as it was felt that respondents would be more willing to answer 

questions that they are familiar with, rather than examining a framework and then provide 

feedback. 

The questionnaire was divided into eight categories. Each category asked specific 

questionslstatements to validate and improve a certain part of the framework or to test the 

benefits and concerns surrounding MES implementation. The first questionnaire (Part One) 

covered all the categories while the second questionnaire (Part Two) focussed on some of 



the categories, with the emphasis on the benefits and are realised from the implementation 

of manufacturing execution system. The categories are shown below: 

OrganisationIRespondent Overview 

MES Deployment 

Governance and approach 

MES Team Dynamics 

Methodology 

Change Management 

Solution Support 

Initial Testing 

Benefits of MES 

The rationale of each of the categories is explained below to create a common 

understanding and rninimise different interpretations. 

3.3.1.2. OrganisationlRespondent Overview 

The primary reasons for asking these questions were to confirm that the organisation does 

meet the criteria of a large organisation, as defined by the South African Department of 

Trade and Industry and to get basic information on the company and the respondent's 

background. This served as a confirmation that the questionnaire was answered by the 

correct personls within the organisation as well as that the data is valid and can be used for 

improving the proposed framework. 

3.3.1.3. MES Deployment 

This section confirmed the company's existing MES deployment and outlined the eleven 

functionalities of MES as described by MESA. This provided a base for gauging what 

functionality is currently deployed as well as to get a general feeling on MES deployment 

within the organisation. 

3.3.1.4. Governance and approach 

The questions presented in this section was to determine whether the company has 

developed governance around MES and whether that governance is enforced across the 

group of companies, if applicable. Most of the questionnaires were sent to companies with 

multiple divisions as the true benefit of MES is realised if information flows across these 

boundaries. 



3.3.1.5. Team dynamics 

Section 2.1 illustrated that MES means different things to people. The purpose of this section 

was to determine the different role players involved in MES as well as to determine how 

companies position MES within the organisation. 

3.3.1.6. Methodology 

Focus was placed on ascertaining the processlprocesses used in selecting a vendorls for 

solution deployment as well as the organisation's decision making rules in determining MES 

functionality and deployment within the company. 

3.3.1.7. Change Management 

As many projects fail because of insufficient communication and involvement from key 

stakeholders, rather than the functionality of the solution deployed, questions were posed to 

gauge whether the company makes use of change management as part of the project 

process and to gauge the effectiveness of their change management initiatives. 

3.3.1.8. Solution Support 

This category focussed on understanding the company's approach to maintaining the 

solution once it has been deployed. This component of the product lifecycle is important as 

the total user community is affected once the system is operational, and the improper use 

might affect production decisions. Outsourcing was also covered as it is used as a means for 

maintaining the solution. 

3.3.1.9. Initial Testing 

As discussed earlier, most vendors prefer to do a pilot phase first and then deploy to the rest 

of the organisation. The method of initial testing and piloting was examined to determine if 

this is done during actual project implementation and to test whether the pilot contributes to 

the overall success of the project. 

3.3.1.10. Benefits of MES Implementation 

Respondents were asked questions on the benefits of MES to determine whether these 

benefits are visible and are realised in oractice. 



3.4. Results overview 

The questionnaires were sent to various people within the manufacturing sector. Initially the 

method used to distribute the questionnaires was to contact people with MES experience 

that are known to the author. To further increase the number of respondents, telephone calls 

were made to large companies within the manufacturing industry. On identification of the 

correct people, the questionnaires were sent to them either directly or to the contact person 

identified by the company. 

The approach was also to target divisions within a large organisation. The rationale was to 

test whether MES governance exists in all divisions and whether the governance is managed 

across the various business units. An observation that was also tested was whether 

implementation was consistent across divisions and if a central, company-wide IT strategy 

existed. 

An effort was also made to target people with different skill sets and background to ensure a 

balanced view on the implementation of MES within the organisation. This is also necessary 

as manufacturing execution systems span across the organisation and many parties are 

involved. Interfaces between these groups are generally not well defined and have to be 

managed to ensure the success of the systems. 

Of the 36 questionnaires sent out, 23 responses were received for Part One of the 

questionnaire. Of these, 21 were used for the analysis, as two responses contained partial 

information and were deemed as rejects. Seventeen responses were received for Part Two 

of the questionnaire. 

The preferred medium respondents used in submitting their answers were email (86%) and 

the remainder by facsimile. No respondents made use of the postal address supplied. 



CHAPTER 4: RESULTS ANALYSIS, 

INTERPRETATION, CONCLUSIONS AND 

RECOMMENDATIONS 

4.1. Analysis of results and interpretation 

The first observation that can be made from the responses is that a framework for the 

implementation of MES within organisations is necessary to ensure that maximum benefit 

can be realised from MES implementations. The proposed framework, The MES 

Engagement and Implementation Framework, would help in addressing some of the 

uncertainties facing the manufacturing industry when they consider implementations. 

The responses received populated into an Excel Spreadsheet to make data analysis easier. 

Attachment Two contains the raw data as captured using Excel. For easier manipulation, the 

responses were given numerical values so that standard Excel formulae could be applied. 

The data was analysed using both a quantitative and a qualitative approach, i.e. the data 

was analysed using statistical formulae as well as inferring possible trends or conclusions 

based on relationships between certain responses on specific related questions and referring 

to the literature study of Chapter Two. This dual approach was necessary as the purpose of 

the questionnaire was to validate and improve the proposed framework and ascertain 

whether the benefits of MES are realised. 

The results were analysed per category as defined in the previous chapter as well as from an 

overall perspective. The results indicate the following: 

4.1 .I. OrganisationlRespondent Overview 

All the respondents were from large organisations; if the definition of the South African 

Department of Trade and Industry is used, i.e. companies that have over 200 employees and 

have an annual turnover in excess of R 40 million. All the companies surveyed have multiple 

business units. Given this, an observation of the performance and approach of a company 

without business units and one that has multiple business units cannot be made. 



The respondents were spread across all the job categories. This was intentional as the aim

was also to determine if different people within the organisation view MES differently. The

highest number of respondents that replied was process engineers. The distribution is shown

below in Figure 5.

Figure 5: Distribution of respondents according to job category
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Thereafter the highest response was from Plant Personnel with 24% and then followed by

Internal IT Consultants and Control Engineers with 14%. One respondent did not classify

him/herself in any of the categories listed. However, this person was not excluded from the

analysis as he has been exposed to MES, as revealed by another question.

A comparison of the responses of the IT Consultants and the Control Engineers will be made

later as in some companies they are accountable for MES implementation. This is due to the

boundary of MES not being well defined in most companies, i.e. depending on how

companies define the responsibilities between the MES layer and the Process Automation

Systems (PAS) layer.

The views of plant personnel were requested as they are the end users of the systems that

are implemented on the operational level. Their views have also been analysed further to

detect if they achieve what they were promised during the requirements gathering phase.

Nearly half (48%) of the respondents have over five years experience with their current

company. This is comforting from an analysis perspective as it can be assumed that they

have a sound understanding of MES within the organisation. A further 38% has between two

and five years experience with their current employer.
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4.1.2. MES Deployment

All the respondents indicated that their company has deployed some MES functionality. The

distribution on when they plan to role out new functionality shows that the majority of

companies indicate this would happen within the next two years. Of the remaining 48%, 33%

would be deploying new functionality within the next year and 14% after two years from the

present. This indicates that the value or potential of MES is known to business as they would

be considering implementation within the near future.

Figure 6 shows the payback measured in years for Manufacturing Execution Systems that

have been deployed.

Figure 6: Time taken for MES payback
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This figure indicates that 47% of respondents say that payback on these systems is over two

years. However, a disconcerting observation is that 43% of respondents indicated that the

benefits have not been measured or if they had been measured, the payback period is

unknown. This could indicate two possible interpretations; that change management is not

adequately done on the project and stakeholders are not informed on the benefits realised or

that the project is not tracked after implementation to determine whether the benefits have

actually been realised. Both these explanations are possible within large organisations and

sometimes can unintentionally limit the buy-in from end users to the system.

A question was also posed to determine if projects were done within the timelines initially

specified. Seventy one percent of the respondents felt that the implementation exceeded the

agreed timeline and that scope changes were the primary reason for such overruns. This

also indicates why the original benefits are more difficult to identify and track. Similar
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questions were asked in Part Two of the questionnaire and on a five point scale, the average 

score for projects being completed on time was 1.8 and the average score for completing the 

project within the allocated budget was 2.2. This correlates with Part One as the majority feel 

that the project overruns on its timeline and budget. 

When asked what functionality (according to the MESA definition) was currently deployed, or 

would be deployed in the near future, the responses varied. Figure 7 shows the percentage 

of companies that have deployed a specific functionality. The graph is not cumulative but 

rather indicates the presence of a specific functionality within all the organisations surveyed. 

Data collectionlacquisition is the most common functionality deployed within any 

organisation. All the respondents indicated that they had deployed some form of this 

functionality. This is not surprising because this functionality normally forms the basis from 

which additional information can be derived. In other words, in its simplest form, this module 

is used as a structured approach for data collection from various field instruments and other 

sources. 

Quality Management and OperationsIDetailed Scheduling also feature high across all 

companies with 71 and 67 percent respectively. This figure indicates that Quality 

Management and Operations are seen as important within the business. As most of the 

companies surveyed were from the petrochemical sector, this result was expected as 

regulatory compliance dictates that products should be of a certain specification. Operations 

andlor detailed scheduling is also important in this sector as most parts of the operations are 

continuous processes and need to be properly scheduled to ensure that the final and 

component storage tanks are correct. Deviation from specification and volumes could result 

in expensive rework of product. 

Maintenance Management was deployed in about half of the companies surveyed. As these 

companies are capital-intensive, the response seems a bit low. Possible explanations are 

that some systems do exist but do not form part of the MES area of control or that little or no 

integration is done between the production and maintenance functions. 

No evidence was found that Document Management or Labour Management had been 

deployed in any of the organisations as part of their MES rollout. Thus, the companies 

surveyed either do not have these functionalities or that the functionality is not seen as part 

of MES. 



Figure 7: Functionality deployed at companies
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As with MES in general, what functionality is actually packaged with which module is

subjective and varies across different sectors within the industry. Thus, the responses could

have been slightly different if a standard definition for each of the functionalities were

provided with the questionnaire, instead of companies using their own definitions.

4.1.3. Governance and Approach

When asked about the existence of formal governance within their division the responses

indicate that just over half the respondents (52%) feel that none exists. This is of concern as

MES implementation is expensive and companies need formal strategic direction on the

approach to MES, and proper governance is necessary.

The next two questions focussed on whether the MES strategy was defined for the group of

companies and whether the governance was enforced across the group. Of the responses

29% felt that an MES strategy existed for the group while 19% felt that the strategy had not

been defined (either in totality or was lacking and needed to be completed). The rest were

unaware of the existence of such a strategy. Even if a decentralised approach is used for

MES and other systems within an organisation, the feeling is that a high-level common
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strategy would help in ensuring that standards are adhered to. This would result in reduced 

duplication of effort and the necessity of maintaining multiple systems. 

Of those respondents that indicated that a company wide strategy existed, half felt that the 

governance was enforced across the group. This could imply that the strategy has either 

been formulated at a very high level or that the decentralised nature of the divisions might be 

hindering the enforcement across the group. 

When asked on how projects are approached, the overwhelming responses (71%) were that 

a phased approach is used, i.e. functionality is deployed incrementally instead of using a big 

bang approach where all the functionality is deployed at the same time. This observation 

correlates with their next response as the same number indicated that projects are done 

onsite instead of at the vendor's offices. A phased approach normally requires onsite 

development or a combination as the interaction with the user community is greater than 

when a big bang approach is used. Of the remainder, 19% indicated that a combination 

approach was used while 10% felt that the development of the solution was generally 

undertaken at the vendor' offices. 

The final question asked respondents to assess whether MES projects were done on time 

and within budget. Of the responses received, 76% indicated that these projects were either 

late or exceeded the allocated budget. A further 14% indicated that the projects delivered 

within the committed times and the remainder (10%) indicated that they were unable to 

comment on this issue. Another questionnaire is required to ascertain why these projects 

overshot their original business cases. The over expenditure and projects being late is of 

concern when viewed with a previous question where they were asked of the payback on the 

projects implemented and about half of the people felt that the payback was over five years. 

One of the reasons could be that the initial budgeted figures differed significantly from the 

actual amount spent and this increased the payback time from that originally anticipated. 

Most of the respondents also felt that some functionality was lacking in the current 

implementation as 71% agreed with the statement. The remaining 29% felt that the current 

offering captured their requirements. This also needs to be analysed in relation to the last 

question where most of the respondents felt that the budget and time allocation was 

overspent. If all three project perspectives, cost, time and quality, were sacrificed then project 

management skills within the organisation are severely lacking. However, it should also be 

realised that the business requirements are not static and the current functionality might not 

truly reflect the current requirements of business. This explanation is in line with a previous 



question where 86% of respondents indicated that additional functionality would be added 

within the next two years. 

Part Two also focussed on the ownership of the solution after implementation. Of the 

responses received, 65% either agreed or agreed totally with the statement that business are 

the owners of the solution and not other support group (such as the technical or engineering 

functions). This is a positive response as the main users are business (production) and if 

they accept ownership of the solution then the system is likely to be used and kept updated. 

The average maturity is also high at 73%, i.e. the average score for this statement was 3.6 

out of a possible five. 

Interestingly, 76% responded that people from business do not have the time or capacity to 

be part of MES projects. To bridge this gap it is essential that the value and benefits of the 

implementation be communicated to business so that they can make suitable people 

available for active participation on MES projects. This is necessary, as without proper 

business participation, the business requirement cannot be captured accurately. This leads 

to incorrect decisions being taken based on the outputs from the systems. 

4.1.4. MES Team Dynamics 

The objectives of this section were to identify the users and get an understanding of the team 

that normally deploys manufacturing execution systems within the organisation. The first 

observation, as shown in Figure 8, indicates that there is no consensus amongst the 

respondents as to who is accountable for MES within the organisation. 

In most organisations, the accountability seems to be with the Information Technology (or 

equivalent) department as 37% indicated this as their response. A further 24% admitted that 

the accountability was not clearly defined and the rest felt that Engineering (19%), Control 

Engineering (10%) or Production (10%) were accountable for MES implementation within the 

organisation. This lack of clear accountability can also confirm the previous results that 

indicated that projects were not within project cost, time and quality. It could also indicate 

why the overall strategy and governance is not enforced consistently throughout 

organisations. 



Figure 8: Function accountable for MES
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Figure 9 below, graphically shows which stakeholders respondents feel are generally part of

an MES implementation team. This is not a cumulative percentage representation but rather

indicates the percentage of respondents that feel that specific categories of people are part

of the MES team. Thus, 100% of respondents acknowledge that Plant personnel are part of

any MES implementation. IT Staff are also involved on the majority of projects as 95% of the

respondents felt that they are part of MES implementation teams.

Figure 9: Involvement within MES projects
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It seems that about half of the respondents feel that MES projects enjoy senior management 

involvement, as a project sponsor, and that 52% of projects are staffed with a process 

engineer as part of the team. Middle management do not seem to be part of all teams as 

24% indicated that they were team members and 19% indicated that Maintenance personnel 

were involved. All the respondents to Part Two of the survey felt that senior management 

involvement, as the project sponsor, is essential for MES projects to be successful. 

The low level of Maintenance Personnel involvement does not correlate well with a previous 

response that indicated that Maintenance Management functionality is deployed in about half 

of the companies surveyed. The apparent contradiction might be that maintenance personnel 

are only on MES teams when they are required, unlike Production Personnel or IT Staff that 

are required on all projects. 

All respondents identified Plant Personnel as the primary users of MES. Process Engineers 

are also seen as primary users by 81% of the respondents while only 38% feel that 

Management can be classified as primary users of the systems that have been deployed. To 

extract maximum benefit from MES, the target audience, i.e. the users, should be as large 

and diverse as possible. By ensuring that Management and other non-production people 

make use of the information, the data is transformed into information that can be used both 

for tactical and strategic purposes. 

4.1.5. Methodology 

As information is shared across various functions within an organisation, the approach to 

MES implementation should ensure that important stakeholders are adequately consulted. 

This category looked at the methodology applied within the organisations surveyed and the 

effectiveness of the methodology. 

One way of approaching MES is to ensure that the business requirements are met and that 

the chosen solution meets the criteria that had been defined. Thus the selection of a 

proposed solution requires both a technical and a commercial evaluation. Most, if not all 

businesses, have an established commercial process. When asked if they have a technical 

committee for MES evaluation, 19% felt that such a committee did not exist while 48% were 

unaware of such a committee. This gives an indication that the MES selection and 

implementation process is not well defined within the organisation. This was confirmed with 

another question where 43% felt that the overall process for selecting a vendor is not well 

defined and only 33% felt that the process exists and is being used. The remainder did not 

know if such a process existed. Part Two shows that the average score for whether a 



process exists is below three, indicating that the processes for MES selection and 

implementation are not mature in the organisations surveyed. 

To support this further, 29% felt that standard criteria did not exist for vendor selection, while 

33% agreed that criteria did exist and the remainder (38%) were unaware of the process. 

As with the accountability issue discussed previously, it seems that the decision taken to 

deploy MES within the organisation is split between the ICT Department (43%), the 

Technical MES evaluation committee (19%) and business (38%). This is disturbing as the 

spilt decision could result in decisions taken that do not address all the 

concerns/requirements of the user community. 

4.1.6. Change Management 

As with many other projects, change management is a focus with MES implementations. 

This was confirmed by the responses as all indicated that every project has some form of 

change management as part of the project. When asked about the success of the change 

management, 76% felt that it was successful and assisted in assuring the success to the 

project. It seems that stakeholders are kept informed of the project by being directly involved 

(54%), through regular emails (24%), and by hosting feedback meeting (19%). Change 

Management also made use of posters and newsletters but these were seen as a small part 

of the change initiative (5%). 

The responses also indicate that 18% responded that they believe that people might lose 

their jobs on account of the implementation of manufacturing execution systems. This is low 

when viewed with the average score of 3.4 on a five point scale, i.e. the majority of 

respondents are confident that their jobs are not at stake due to MES implementations. This 

positive perception could be a result of proper change management being done on all 

projects. 

4.1.7. Support 

Getting the system working is one part of the delivery of a successful project. Another is the 

support to ensure that the system is used and new functionality added when required. When 

asked about their general IT support, all respondents indicated that some or all of this was 

outsourced. Interestingly, only 33% of MES support is outsourced to the same service 



provider. This could be a result of the different expertise and skills set required for

maintaining the MES solution.

The approach to outsourcing seems to be organisation/division specific. Figure 10 shows the

approach graphically. The majority outsource the support totally, while the others outsource

major developments only (29%). The approach is generally dictated by what the company

sees as critical skills and have to be retained within the organisation. The average score for

support issues from Part Two of the questionnaire is 3.2, indicating that the support process

in most of the companies still requires optimisation.

Figure 10: Approach to outsourcing
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In general, the relationship with the MES vendor is very good as 38% of respondents graded

the service as excellent, 33% as good, 19% as satisfactory and only 10% as poor. This could

be a result of good supplier relationship management, as the organisations seem to have

processes in place. This relationship is maintained by reliance on the formal contract terms

and conditions (24%), by using third parties as intermediaries (19%) and the majority (57%)

accomplish this by adopting and measuring performance using service level agreements

(SLA's). These SLA's allow both parties to react to issues and they have a framework within

which they can quantify poor performance.

All the MES used are not locally developed and the question was posed if the application

could be supported locally or if overseas support is necessary to support the application. Of
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the responses received, 33% did not know if the solution could be maintained locally, while 

57% indicated that it can be maintained locally and 10% were of the opinion that this was not 

possible. As the relationship with the vendor is very good, it is possible that respondents do 

not have to worry of where the support comes from as long as the SLA and other contract 

terms and conditions are met. The fact that a third of the respondents did not know how the 

solution was being maintained indicates that they were happy with the current level of 

service. 

When asked if support was available onsite if it was outsourced, 57% indicated that they 

enjoyed support onsite. This result was expected as all the respondents outsource some 

form of their MES support. This could also indicate why many were happy with the service 

provider as they are in close proximity to respond to requests. 

4.1.8. Initial Testing 

All the models on implementation that were presented in section 2.7 showed that initial 

testing should be part of any MES implementation process. This category tested the current 

perceptions on initial testing to validate if it should form part of the proposed framework. All 

the responses indicated that initial testing was done prior to full deployment, while 62% 

indicated that both factory and site acceptance tests were done. Of the remainder, 14% felt 

that both were not done and 24% did not know the process followed for testing. Both types of 

tests are necessary as they ensure that the new functionality is tested on both simulated and 

real data. 

It seems that sometimes the tests are done but lessons learnt are not incorporated into the 

final design, as indicated by 14%. This does not make sense, as not incorporating changes 

would nullify doing initial tests. Possible explanations could be that these changes would only 

enhance the final product cosmetically (and not enhance performance or functionality) or that 

the deficiencies found require further development work before they can be incorporated as 

part of the final product. However, the need for initial testing is evident as 81% felt that the 

tests provided many learning points that improve the final solution. 

Change management during the pilot stage is not as prominent as in the full deployment as 

76% said that change management was part of the testing phase compared to 100% for the 

total rollout. The difference could be acceptable if the initial testing was done internally with 

only the project team. Once other people get involved in testing then emphasis must be 

placed on ensuring that they are taken through the change management process. 



4.2. Recommendations 

To improve the status quo and ensure that the benefits discussed in Chapter Two can be 

realised, it is recommended that the approach to MES should be more structured. The 

preceding analysis shows that the current implementation of MES within large organisations 

is not well defined. Thus, the proposed framework is still relevant and has been improved 

with the results of the empirical study. The following section describes the changes to the 

framework. 

4.2.1. Refined MES Engagement and  Implementation Framework 

Based on the analysis presented above, the framework that was tested is valid. However, to 

provide maximum benefit, additional factors have to be considered when implementing 

manufacturing execution systems within large organisations. The updated MES Engagement 

and lmplementation Framework is presented below in Figure 11. 

Figure 11: Refined MES Engagement and lrnplementation Framework 
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From an aesthetic perspective, the framework has been segregated into four areas. Each 

area relates to a part of the lifecycle when implementation would be considered. The factors 

relevant for that phase are thus group according to when they would be used. The following 

sub-sections explain some of the modifications to the framework. 

4.2.1.1. Examining the ICT Strategy 

One of the shortcomings within organisations is that the ICT Strategy is not well defined to 

cater for manufacturing execution systems and their implementation. Thus, it is suggested 

that the first step in doing an MES implementation, either for an addition of new functionality 

or a new implementation, is to examine the current strategy and determine if it is adequate. If 

the strategy does not address MES then it should be updated. This should include defining 

governance, standards and security issues for MES. Security access and policies are 

important so that the information is available to the correct people and that unauthorised 

access is prohibited. 

As highlighted previously, the Chief Information Officer should also ensure that the strategy 

is valid for the entire group of companies and that it is enforced across divisions. This is 

necessary, especially when it comes to integrating different portions of the business that 

spans across sites and business units. 

The business strategy should be examined to determine the impact of the system on the 

business. For example, if the strategy calls for backward integration, then when evaluating 

potential solutions the functionality required for this is also assessed now for future use. 

4.2.1.2. Evaluation criteria for MES vendorlsolution 

Another requirement that emerged from the responses is that the companies do not follow a 

standard process for selecting vendors andlor solutions in the MES arena. Section 2.6 does 

give guidelines of what functionality to consider when choosing a vendor. The criteria can be 

classified according to the following areas: 

Functional requirements: This category evaluates the business requirements that 

were captured against the offerings of various vendors to determine the level of fit 

between the two. 



Product fitment for future needs: In addition to the current requirements, the 

potential solutions must be scrutinised to ensure that future requirements can be 

addressed and that standardisation and scalability is possible. 

Ease of use of the application by the end user: The level of sophistication and the 

needs of the end user have to be gauged against the interface provided. Some 

solutions might be elegant in modelling the solution but the end view (the graphical 

user interface) might not capture the attention of the end users. As many different 

people from a variety of backgrounds make use of the system, this is an important 

dimension to consider. 

Availability of  a configuration tool for configuringlmodifying the application: 

Users of MES usually first need to work with the system before the full functionality 

and benefit is realised. The ability to change reports and displays to meet moving 

business goals is also essential. The choice to do additional configuration is however 

also dictated by the post project support as configuration changes will be done by 

different parties with different skills. 

Vendor support, vendor position within industry and similar experience: The 

relationship with the vendor is a long term one as switching costs are high. 

Experience with the vendor should be considered as well as how effectively they are 

servicing the industry sector. Vendor position can sometimes be used to measure 

this. 

Governance: Adherence to the organisation's governance should also be 

considered. For example, if a particular operating system is chosen as the standard 

then the solution must be compatible with that rather than developing on two different 

platforms. 

Integration with other systems: The proven ability to connect to other systems 

should be reviewed. This includes both source data as well as systems that would 

make use of the information. 

Infrastructure requirements: While vendors might profess that their systems do not 

require fancy equipment, these claims should be checked against current constraints 

and future requirements. 

System integrity (RAM): High levels of availability are required as many operations 

are continuous. The reliability and maintainability of the systems should be 

considered as well. 

Existing systems: Compatibility with legacy systems must be possible, without 

requiring extensive programming or custom-made interfaces. 



A spreadsheet containing the factors and their weights is usually adequate as it allows other 

stakeholders to do sensitivity analysis and helps to reach a quantitative decision on which 

vendor or solution to choose. 

4.2.1.3. Revisiting the current outsourcing strategy 

The draft framework did not consider this as part of the overall implementation plan. 

However, the results of the empirical study show that it is essential that this should be also 

considered. With the global trend of using a combination of in-sourcing, outsourcing, and 

offshore sourcing, the optimal combination should be determined for the company's 

requirements, the nature of their business and the criticality of the information that would be 

produced. 

4.2.1.4. Benefits tracking on MES Initiatives 

A large percentage of respondents indicated that they were unaware of whether the benefits 

were realised for the manufacturing execution systems that are deployed. The framework 

suggests that for both the outsourcing contracts and the project, a measurable benefits 

initiative be started. This would ensure that future business cases are more realistic, without 

overselling the functionality and that if business requirements are not met then they can be 

revisited and the necessary functionality included before the final sign-off on a project. 

Benefit tracking is easier to achieve if key performance indicators are identified as part of the 

project phase. This ensures that the information is measurable and stakeholders know what 

criteria will be used to evaluate the success of the project. 

4.2.2. Proposed Model for MES Implementation 

The refined MES Engagement and Implementation Framework indicates areas that an 

organisation should consider when implementing MES. A proposed model, The MES 

Engagement and lmplementation Model, was then developed to expand on the framework 

and depicts the relationship between the various elements of the framework. Figure 12 

shows the proposed model that was developed. The model has been designed to include 

activities that are required before, during and after implementation and has thus been named 

to include all these phases. 



4.2.2.1. Explanation of  MES Engagement and Implementation Model 

Section 4.2.1 and section 3.2.1 explained each of the elements of the framework. This 

section expands on the previous explanations and indicates the process to be followed for 

MES implementation. 

The model commences with examining the ICT and Business Strategy. This is essential as 

any solution or requirement should align with these strategies. If discrepancies exist between 

the strategy and the solution, then the project should not continue or the differences should 

be explained. Once the business requirements are captured, a realistic business case should 

be developed. 

A suitable vendor is then selected, based on a combined technical and commercial 

evaluation. The selected vendor then confirms the business requirement and the scope is 

frozen. The vendor also requires induction training, and an awareness of the organisation's 

culture and work practices, as the project approach is dependent on the specific situation. 

A parallel process investigates how the implementation will be supported after 

implementation. This includes what portions of the support that will be outsourced, and the 

process that users will use in addressing deficiencies and additional functional requirements. 

To improve the chances of a successful outcome for the project, a comprehensive change 

management programme is essential. This includes making the stakeholders aware of the 

change, training the end users, and updating all stakeholders with regular communication on 

the progress of the project. 

The model indicates that the process should not terminate after a successful pilot and the 

subsequent deployment of the entire solution, but should include benefit tracking. If the 

solution does not deliver on the business requirements or on the maintenance strategy 

chosen, then the entire process should be re-initiated. 

This model can also be used when new functionality is required. In this instance, certain 

activities of the model will be validated rather than completing all the activities of that sub- 

process. For example, if the current solution can provide the functionality then a complete 

vendor evaluation would not be necessary. 

It is recommended that the proposed model should be tested by completing a thorough 

empirical study. 



4.2.3. Further factors to consider 

This mini dissertation focussed on the implementation of MES within large organisations. 

This is a broad definition and future studies should concentrate on narrowing this down to a 

particular industry andlor sector within an industry. In this way, industrylsector specific 

models can be created to guide organisations with their typical problems. 

Another study could also concentrate on MES implementations within smaller organisations 

and note differences between this study and a model applicable to small and medium 

enterprises. 

Further research can also be done on classifying vendors and scoring them against the 

vendor criteria specified earlier to provide an indication of which vendors excel at which 

functionality (module). If this can be frequently updated, it would help companies to narrow 

their search when implementing any particular MES functionality. 

4.2.4. Improving on the empirical study 

To improve the quality of the empirical study it is suggested that the questionnaire be sent 

out to more respondents and they be asked for their comments with regard to certain issues 

instead of using the current approach of posing questions that they have to answer. 

Another recommendation is that the study explores different sectors within the manufacturing 

industry rather than finding a universal solution. However, the current framework can be used 

as a basis for future refinement, and that specific frameworks per sector might be required, 

based on the analysis of the sector-based approach. 

It is also recommended that proposed MES Engagement and Implementation Model that is 

presented as part of the conclusion be adopted by companies. After some time, the 

questionnaires should be re-sent to gauge whether the model did indeed make an impact on 

the implementation process and if the benefits that have been identified are subsequently 

realised. However, as this is an iterative process, which will take many months to measure 

and implement, and was thus not done as part of this mini-dissertation. 



4.3. Conclusion 

The preceding analysis shows that within companies, the implementation of manufacturing 

execution systems is not well defined and processes are not followed when selecting a 

vendor or new functionality. 

From the empirical and literature study a few interesting observations can be made: 

A standard definition for MES does not exist. Companies adopt a definition based on 

the functionality required and the offerings of the vendors in that sector. 

a The Manufacturing Execution Systems Association (MESA) definition of what 

functionalitylmodules encompass MES is gaining wider acceptance. 

The benefits of MES are enormous and to realise the full benefit the information 

generated should be used in an integrated fashion across departments, sites and 

divisions. Some companies also share this information with their customers and 

suppliers. In doing this, precautionary measures should be taken so that no security 

breach takes place. 

MES projects usually takes time to implement properly and spans months instead of 

days. To ensure an optimal solution, the organisation should define the requirements 

well and ensure that the solution and vendor chosen meet the business requirements. 

Due to the effort and cost associated with MES implementation, changing vendors or 

solutions is not feasible in the short term and thus proper selection is essential. 

0 Overall accountability is also an issue as the boundaries of MES are not well defined 

and multiple users make use of the systems. Once accountability has been 

determined, multi-discipline teams are still necessary to ensure all stakeholder needs 

are addressed and information is made available from different sources. 

A general model for the implementation of MES does not exist. The empirical study 

has provided an insight into possible areas that can be addressed when an 

organisation considers a new mplementation or when implementing new functionality 

andlor new solutions. Based on the updated framework, a model has been proposed 

that can assist in implementing MES. This proposed model, as shown in Figure 12, 

should be tested to verify that it does positively influence the implementation of MES. 

This can be done by implementing it in organisations and then testing their responses 

to Part Two of the questionnaire. The responses from this study can be used as the 

baseline before the use of the model and the next measurement after 

implementation. The gap between the results would indicate improvements. Use of 

the five-point scale would also give an indication of the increased maturity of the 

organisations, as a higher score for most of the statements would indicate an 

improvement in the implementation of the systems. 
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Figure 12: Proposed MES Engagement and Implementation Model
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This study has highlighted areas that would make the implementation of MES easier and

more beneficial for organisations that use the suggested framework and model. The model

and framework also addresses all the objectives that were identified for this study. However,

many additional areas can be explored within the MES arena. These include:

. Validatingand improvingthe proposedmodel

. Identifying an implementation approach and model for small and medium sized

organisations

. Developingcriteriafor selectingan MESoutsourcingpartner

. Determining Key Focus Areas (KFA's) for tracking benefits after Manufacturing

Execution Systems have been implemented
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6.0. Attachments 

Good Day, 

Implementing manufacturing execution systems in  large organisations 

Please complete the following questionnaire, preferably electronically, and send you1 

responses back to me by using any of the following communication channels: 

Email: Muhammed.karani@grnail.com 

Facsimile: +27 11 522 7488 

Postal Address: P.O. Box 469 

Parklands 

2121. 

This questionnaire is part of my mini dissertation that is required as part of my MBA 

degree at the North-West University. The topic registered with the university is: 

Implementing Manufacturing Execution Systems (MES) in large organisations. 

Responses will only be used for academic purposes and will not be shared with any other 

organisation for commercial gain or further analysis. 

For more details on my mini-dissertation topic or issues with the questionnaire please 

contact me on +27 82 888 1808. Alternatively contact my study leader, Mr JC Coetzee on 

+27 18 299 4012 andlor e-mail: pbsjcc@puk.ac.za. 

Instructions for completing the questionnaire: 

For each questionlstatement tick the block that best indicates your response or feeling 

towards the questionlstatement. Part Two based on the five point scale, where: 

1 = Totally disagree 

2 = Disagree 

3 = Neither agree nor disagree 

4 = Agree 

5 = Totally disagree 

Regards, 

Muhammed Karani 

6.1. Attachment One: Questionnaire sent out to validate the framework 
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