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Abstract: Discrete event modelling (DEM) can describe the behaviour and 
performance of a real-life activity or process within a facility or system that 
occurs over time. This work reports on applying DEM as a tool to provide 
fundamental insights on how small and medium-sized enterprises (SME’s) can 
incrementally improve their capability regarding the implementation of an 
Industry 4.0 strategy. The case study discussed analyses the potential changes 
to the project life cycle of an SME as it undertakes a journey towards 
implementing Industry 4.0 for its operations. A combination of value stream 
mapping (VSM) and data stream mapping (DSM) enabled holistic mapping of 
the SME’s project’s life cycle into discrete event stages, which were integrated 
on the WITNESS DEM system to enable the company to stress test and plan 
their Industry 4.0 implementation strategy over time. The findings reveal the 
interdependent nature of workforce and technology necessitates simultaneous 
development to achieve optimal functionality. 

Keywords: Industry 4.0; DEM; discrete event modelling; DES; discrete event 
simulation; VSM; value stream mapping; DSM; data stream mapping; scenario 
modelling; HIL; human-in-the-loop. 
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1 Introduction 

Digital transformation in the manufacturing industry is being enabled by the exponential 
application and growth of intelligent, autonomous and sensing technologies. Industry 4.0 
associates closely with digital transformations and is currently experiencing great 
attention in both research and industry. Central to Industry 4.0 is its interface with a smart 
infrastructure that connects and communicates across services, data and people. For some 
large manufacturing companies and industrial sectors, this is already under way but for 
many others, in particular small and medium-sized enterprises (SMEs), such a 
transformation is still a vision. The BCG survey (Rose et al., 2016) of 312 German and 
315 US companies suggests that many of its manufacturing leaders were pursuing 
isolated initiatives scattered throughout companies trying to implement Industry 4.0. 

In the UK, the British trade organisation (EEF, 2016), found that while 42% of 
manufacturers were familiar with Industry 4.0, only 11% felt ready for it. The Annual 
Manufacturing Report 2017 (AMR, 2017), provides a reality check in that only 25% of 
UK manufacturers felt they had sufficient understanding of the issues, implications,  
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threats and opportunities of Industry 4.0. In association with the Institution of Mechanical 
Engineers, BDO (2016) concluded that an understanding of Industry 4.0 processes was 
only present in 8% of UK manufacturers. These independent studies indicate that many 
manufacturing SMEs lack an understanding about where to begin with Industry 4.0. 
These reports also highlight SMEs’ concerns about resource, uncertainty on the potential 
benefits and confusion in the language of Industry 4.0, all of which are creating key 
barriers to adoption for such companies. 

While SMEs seek to make better use of the information and data produced in their 
business processes, they face a lack of consultancy experience to help them understand 
and implement Industry 4.0 technologies in their businesses. This paper highlights one 
potential solution to this issue and demonstrates how the project life cycle of an SME, 
part of the Becker Group, changes as it undertakes the journey towards understanding and 
enabling the key future steps it requires to move towards implementing Industry 4.0 for 
its machinery manufacturing division using a DEM. 

2 The need for an Industry 4.0 evaluation strategy 

Industry is increasingly under pressure to be ever more efficient while retaining 
customers. To be able to respond to demanding multivariable products with increasingly 
shorter lead times requires fast, flexible, responsive information technology that can 
overcome certain rigid planning and operation of production processes. Industry 4.0 
provides this opportunity. 

The German special purpose machinery manufacturer Becker Sonder-Maschinenbau 
GmbH (BSM) is an excellent example of the many SMEs that represent an immense 
share of a responsive economy within Germany’s strong manufacturing sector and thus 
needs to be in a healthy state to benefit from the adoption of new information and  
data-driven technologies (hardware or software). The areas in which BSM feel it will 
gain significant benefit from by focusing their resources for digitalisation include: factory 
floor and production systems, flexible manufacturing, digital processes (assembly, 
machining, sensing, systems integration), manufacturing execution systems (MES), and 
predictive maintenance; all of which are central to the implementation of Industry 4.0. 

However, being a traditional machine manufacturer BSM need a strategy that 
successfully converts their future investments in digital transformation into real business 
value. As with many SMEs, BSM also face the challenge of legacy systems and how 
these may be integrated in to a new digital infrastructure without disrupting their current 
workflows. Not only would they have to climb over these technology hurdles but BSM 
would also have to rethink the organisational aspects and processes to maximise 
outcomes by analysing the ecological validity of their Industry 4.0 business case. 
Consultation on this would be beneficial but as Bischoff et al. (2015) revealed in their 
study on the exploitation of the potential for Industry 4.0 in German SMEs, there is an 
enormous lack of consultancy experience available for companies such as BSM to do 
this. 

One solution was for BSM to conduct their own study through a strategy that is 
practical, technological and ecosystem-related. Hence, this research project was launched 
to reveal the potential for Industry 4.0 in the company. 
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The strategy involved questioning data compliances and mapping the complexities of 
the connected supply chain throughout the product life cycle to gain a better 
understanding of how to lever the convergence of information technology and operational 
technology that can monitor events and manufacturing processes. This data-centric, value 
stream mapping (VSM) approach would allow BSM to digitise essential functions within 
their internal vertical operations/processes enabling the company to make immediate 
adjustments to their production operations. Additionally, such digital functionality could 
result in an innovative, industrial digital ecosystem with data-driven services that connect 
their horizontal partners throughout the value chain. The outcomes of the study could be 
an exemplar for many other similar SMEs in future. 

3 The methodology 

The methodology starts with two fundamental analysis maps of the company’s current 
state. First, a value stream map (VSM) of a generalised project life cycle was compiled 
depicting the steps in which value is added to the typical products. Next, a data stream 
map (DSM) showing the handling and management of the necessary information 
generated throughout this process including those that were non-value added. In this way, 
a holistic sketch of the company’s core business was obtained. However, to be able to 
investigate the interaction and impact of these two process levels on one another, their 
functionality was translated into a discrete event model (DEM) from the process maps 
developed. 

Scenarios were then created to investigate how the Industry 4.0 process 
implementation would evolve through time. Each scenario was compiled using data 
handling graphs of the whole value chain, which effectively showed the effect of the 
changes; these outputs were subsequently input back into the next DEM stage and 
revaluated. 

3.1 Value stream mapping (VSM) 

Value stream mapping can be traced back work publicised by Knoeppel’s (1915,  
p.44–45). A contemporary application is as a Lean Manufacturing tool to identify waste 
and bottlenecks in industrial processes. Its inherent graphical nature provides an effective 
tool to examine the current state of a manufacturing facility, e.g., process, downtime, 
constraints, inventory, and considers information flows and interactions between multiple 
functions within manufacturing, e.g., process planning, operations management. 
Consequently, visibility is obtained regarding a systems’ current, future or ideal state and 
where improvements in both information and resource flows can be made. This is 
especially helpful when working to reduce cycle time and obtain insights in process, 
information and decision making flows for Industry 4.0 strategy development. 

Figure 1 is a VSM snapshot of the state of BSM’s current project life cycle showing 
the value creation steps and value chain connections. On receiving the customer’s order, 
during its lifetime a project’s lifecycle goes through all necessary work steps in the 
Management, Engineering and Production departments as shown in Figure 1. 
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Figure 1 Value stream mapping snapshot of the project life cycle showing all value creation steps 
within Becker Sonder-Maschinenbau GmbH as well as connections to the value chain 
(see online version for colours) 

 

A benefit of this VSM is that it does not end with the delivery of the project but with its 
evaluation since the value created is much more than physical (delivered products) and 
money (profit). During every project, intangible assets in the form of know-how are 
gathered adding value, e.g., patents. 

This lifecycle includes inputs and outputs from the supply chain; however, only 
instances with a major influence on a projects’ realisation need be considered. VSM 
contains serial and parallel work sequences; hence, the node added value streamlines 
nodes split and merge as required and were carefully considered during later modelling. 
Consequently, the VSM represents all major key steps in the value creation process  
such as capital goods, e.g., components/subassemblies, and documents, e.g., drawings, 
engineering information, etc.; anything major contributing to the project’s value. 

3.2 Data stream mapping (DSM) 

Data stream mapping maps the data streams of all the required information related to or 
associated with the project lifecycle. Three sub processes are required: 

• gathering the information from previous work steps 

• processing the information to generate the required data for the current work step 

• providing feedback to appropriate instances. 

Figure 2 illustrates the structure of this information handling process within the DSM for 
the company. The foundation upon which a business operates and grows is determined by 
its organisational structure. Inter-person communications is a common characteristic for 
many SMEs, especially if the business only operates in a single location. Yet, even with 
less layers of management, the numerous connections in Figure 2 highlight the vast 
complexity of system operation information flows. 
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Figure 2 Data stream map of the project life cycle with the structure of data handling within the 
company and connections to the supply chain. Dotted lines indicate manual data 
handling; yellow lines indicate automated data handling via ICT (see online version  
for colours) 

 

Compared to large industries, SMEs often have a flatter communication hierarchy. BSM 
intends to build and implement technological and organisational frameworks capable of 
harnessing the potential of both small and big organisations and data. Consequently, the 
internal and external communications policy must be understood and considered in the 
methodology when compiling the DEM for considering future scenarios. 

3.3 Linking VSM and DSM 

With the process mapped across via VSM and DSM, interconnections between these then 
had to be established. Sufficient precision is required as this forms the basis for the logic 
used and embedded within the DEM. The question formulated to search for such 
relationships was: ‘For each step, which work is done in the VSM and which DSM data 
must be handled to execute it?’ This produced a data hierarchy cross-functional flowchart 
as (or graph) shown in Figure 3. The first column shows the documents compiled in the 
VSM, separated by rows; in the second column, the data processed in the DSM is linked 
accordingly. 

The outcome is that Figure 3 shows a hierarchy of all a project’s documents from top 
to bottom. 
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Figure 3 The correspondence between VSM and DSM within the MES (see online version  
for colours) 

 

Connecting lines illustrate the relationships between different documents. In this way, a 
document’s origin is tracked along with its evolution or incorporation into later 
documents. The same applies to the data column, where the shape colour highlights 
whether the data is newly generated or reused. This approach indicates a document’s 
importance and its associated data. For the development of future scenarios, this insight 
enables the identification of how documents and data can be managed and handled. 

3.4 Discrete event modelling (DEM) 

Depending on their complexity, manufacturing systems can be notoriously difficult to 
analyse and/or model. Discrete event modelling (DEM) is a useful tool with which to 
describe the behaviour and performance of a real-life activity or process within a facility 
or system operating over time (Pidd, 1998). Discrete event simulation (DES) (Banks and 
Carson, 1986) uses event models to provide insights into solving scheduling issues, 
improve efficiency or, in this study, understanding the impact/implications of 
current/future information flows/data interactions in a project lifecycle. 
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In the previous sections, the current state of the process were recorded. To enable the 
testing of current and future stages variants and stages of BSM’s functionality the 
relevant process analyses were simulated. The DES software WITNESS (Lanner Group 
Ltd) was applied due to its broad range of modelling capabilities, especially across 
complex supply chains. All instances identified previously were replicated via suitable 
discrete elements equipped with associated logic to control their interaction. Figure 4 
shows the procedure of model work step execution. 

Figure 4 Flowchart of the general procedure of executing a work step in the model (see online 
version for colours) 

 

On verification of the correct function of the combined VSM – DSM model the time 
parameters of each element were adjusted according to the real process. Here, the time 
data is estimated in conjunction with the company’s experts to assure appropriate values 
for the generalised process. 
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To obtain more realistic results, distributions such as timings were used to vary time 
settings in the model. This was also applied to distribute the possibility of errors that may 
occur in the VSM and DSM steps. 

In this way, running the model reproduced the generalised project life cycle with due 
regard to the lead time. WITNESS reporting records characteristics such as load factors 
and errors for each element, enabling model evaluation based on the efficient comparison 
of the different scenarios. 

3.5 Addition to the model: detailed shop floor 

A special BSM characteristic is its manufacturing philosophy. It strongly adheres to an 
in-shoring policy, ensuring maximum operational flexibility and maintaining internally 
design for manufacture knowhow; consequently, it has a broad range of shop-floor 
processes with which to make its machines. It is noteworthy that shop-floor 
communication is deregulated to the greatest possible extent such that operations 
management briefly instructs the workers on a project at production initiation. However, 
subsequently, tasks are distributed and managed independently, and management only 
monitors progress and provides support when necessary. Consequently, the 
‘Manufacturing’ step requires detailed modelling, meaning that a shop floor model 
comprising all critical manufacturing processes was added to the VSM and its associated 
data image to the DSM. This virtual shop floor then ‘produces’ three typical parts when 
the simulation executes the ‘Manufacturing’ step but could be expanded. 

Detailing the shop floor like this enables component flow and associated data 
observation. This DEM feature allows manufacturing philosophy variant testing when 
simulating future scenarios. 

4 Scenario modelling 

This section introduces the main considerations for the scenario modelled, all of which 
include the evolution of BSM’s current system; highlighting key Industry 4.0 application 
changes made as the four stages planned evolve. 

4.1 Stage 1 

The first Industry 4.0 stage (Figure 5) alteration included the introduction of additional 
database automation and exchange for more effective information handling. Introducing a 
manufacturing execution system (MES) further supports this objective enables shop floor 
organisation via computer devices operated by workers. 

As a result, workers become part of a cyber-physical-system (CPS) with a positive 
effect on information handling speed. Frequent production process feedback captured by 
the MES improves engineering and management processes. However, a trade-off is that it 
may take additional time to feedback this information compared to in-person 
communications. 

The introduction of a service app into the simulation sees customer support improved. 
It gathers crucial machine data via a remote asset maintenance module and, via intelligent 
algorithms, evaluates this so that the customer and company can take advantage of new 
lifecycle services. 
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Figure 5 Stage 1 DSM (see online version for colours) 

 

4.2 Stage 2 

The second step (Figure 6) introduces customised intelligent software applications, which 
enable efficient access to required data and provide tools to make better use of these. 

This applies to all departments of the company and is supposed to simplify the 
communication of feedback or results. Accordingly, employees document their work 
more precisely, leading to improved knowledge management and decreased lead times as 
the system implementation has its full effect. 

Moreover, intelligent algorithms in the manner of Big Data analysis increase the 
surveillance of the production facilities. As a result, time for machine breakdowns 
decreases while quality and reliability increase. Software applications now dominate the 
communication within the supply chain. Hence, processes, such as the purchase of 
materials and components, are automated with positive effect on reducing delivery time. 
This also applies to the company’s own service app. 

4.3 Stage 3 

In the penultimate Industry 4.0 iteration, all databases merge together to achieve optimal 
efficiency for data management (Figure 7). Moreover, first steps of the project life cycle 
are almost completely automated: the purchase of materials and components and 
compiling of technical documentation are both done using intelligent software. Likewise, 
the service is organised automatically. However, in case of errors which cannot be solved 
by ICT algorithms, company experts are still required to intervene. 
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Figure 6 Stage 2 DSM (see online version for colours) 

 

Figure 7 Stage 3 DSM (see online version for colours) 
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Additionally, the design and production of machines changes due to new production 
methods. For instance, units that were built components, subassemblies and final 
assemblies can now be made via additive manufacturing. Also, autonomous automation 
substantially increases due to intelligent machines and robotics being used. 

In this scenario, the relationship between the supply chain stakeholders expands due 
to systematic exchange of life cycle data along the supply chain. This enables detailed 
documentation of crucial components with benefits for debugging and quality 
improvement. 

4.4 Stage 4 – Industry 4.0 

Finally, in Stage 4 (Industry 4.0 implemented), employees are now responsible for high-
level control and decision-making. Highly skilled labour undertakes much of the work 
while intelligent algorithms execute processes to produce machines (BSM’s products) 
automatically (Figure 8). 

Figure 8 Stage 4 DSM (see online version for colours) 

 

To take advantage of knowledge management and knowledge transfer economies of 
scale, stakeholder companies move the majority of their IT into the Cloud, leading to 
globalisation of the complete project life cycle. Not only are physical components being 
purchased on the international market, but knowhow is acquired in form of cloud-based 
services. 
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Consequently, project realisation happens in parallel rather than serially because the 
resources available to process it are not limited to the company. Thus, the use of 
autonomously operating ICT and CPS reduces project lead times substantially and leads 
to improved knowledge management. 

4.5 Translating scenario changes into the model 

An important objective of this case study is to enable a clear assessment of Industry 4.0 
technologies. Hence, the layout of the model remains the same in all scenarios with only 
changes made to the interacting elements. 

Table 1 Parameters in DSM and VSM 

Model Time parameter Error quote parameter 
Communicating tasks 
Information processing 

DSM 

Communication feedback 

Information handling 

VSM Executing task Executing task 

Consequently, a set of parameters has been used to vary time values and error quotes with 
due regard to the anticipated changes in each scenario. The mechanics of this 
methodology is to first identify whether a human, by ICT or by both, executes the sub-
processes of a step (Table 1). Then, its influence on execution time and error is quantified 
and incorporated into the model in the form of a parameter. The ‘Time Parameter’ and 
‘Error Quote Parameter’ column show the aspects changed by the VSM and DSM 
respectively. 

5 Results 

In order to investigate the influence of the distributions used to vary the model time 
settings, every scenario ran for 50 project life cycles and relevant graphical outputs 
generated. Over time, the continuous decrease in total lead time and its deviation over 
time is shown in Figure 9. In the ultimate Industry 4.0 scenario, a project requires only 
22.6% of the initial total lead time with the standard deviation reduced to 3.2% from 
11.4%. 

In terms of the sub processes of communication, information processing, working, 
information error and working error Figure 10 shows the relevant lead time reductions. 
Furthermore, the time spent on these processes is attributed to the shop floor 
(production), top floor (management, engineering) and supply chain. 

With the ongoing evolution towards Industry 4.0 the percentages for communication 
and information processing decrease as smarter data capture and exchange technologies 
are employed. It is significant that the model shows that the time spent for both sub  
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processes is close to zero for full Industry 4.0, whereas the supply chain in particular 
reaches its minimal level beforehand in the second scenario. 

Figure 9 Relative total lead time relative over scenario evolution (see online version for colours) 

 

Figure 10 Percentage of the total lead time for communication and information processing  
(see online version for colours) 

 

The percentage working time spent on the shop floor is also of interest. Figure 11 shows 
the workload as a percentage of the total lead over the stages. A significant decrease is 
observed in the Supply Chain and Top Floor. 

In Figure 11 the time spent debugging errors barely reduces in Stages 1 and 2; 
however, from the third scenario on it decreases evenly across all three sectors. 

The total lead time distribution over the sub-processes (working, information 
processing, communication, working error and information error) is shown in Figure 12. 
This compares all sub-process contributions to the total lead time. As shown, there is a 
significant reduction as full Industry 4.0 evolves with information processing and 
working time reducing relatively dramatically. 
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Figure 11 Percentage of total lead time for information errors and working errors respectively  
(see online version for colours) 

 

Figure 12 Lead time comparison over all processes (see online version for colours) 

 

6 Discussion 

The results presented clearly show the usefulness of DEM in demonstrating the value of 
different Industry 4.0 options and trends. There are significant reductions in time for 
information processing and communication, even though they provided small 
contributions to total lead time, their influence revealed great potential for overall 
reductions. This correlates with the opinion of experts advocating increasing the speed of 
information handling via intelligent algorithms (Albert, 2015; Hoske, 2015). Figure 13 
shows evidence of immense time savings in management and engineering when 
automated ICT is applied to support these processes. 

The simulation effectively demonstrated the influence of certain Industry 4.0 
measures for business improvement. Therefore, DEM has been shown as a useful tool for 
BSM’s Industry 4.0 evaluation. The caveat being that the results of the DEM are limited 
due to necessary simplification of the process and the assumptions made, as is the case 
with any model. 
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Figure 13 Percentage working time of the total lead time (see online version for colours) 

 

Moreover, the current models do not involve the downstream effects of errors and need to 
be incorporated in further research. A possible approach to do this could be to use a 
function to distribute the occurrence of errors along the value stream and a further 
function that distributes its recognition. 

Nonetheless, Becker Sonder-Maschinenbau is typical of numerous SMEs operating a 
highly flexible production system. This case study has also proven to the company the 
enormous potential for reducing lead time by advanced automation in its business sector. 
The decreased time to manufacture and market suggests that Industry 4.0 is very likely to 
increase its profitability. 

6.1 Human factors (HF) in manufacturing 

A key finding is that both workforce and technology are interdependent necessitating 
simultaneous consideration and development to function optimally. The focus on the 
production flow process reveals the progressive trend many SMEs face, i.e., the 
variability of how human systems and technological systems coordinate. The potentially 
large variety of production processes means interfacing people and technology can cause 
disturbances in the production process (human-machine errors). Improving the human-
machine interface (HMI) becomes an important HF manufacturing challenge to be 
overcome. 

An HMI has to enable a better overview of the machine parameters and control units 
for the operator to achieve its full range of functionality. During this case study, the 
research associated with IT’S OWL (Dumitrescu et al., 2016) and VADER (Sung et al., 
2013) was referenced and applied to help understand distributed information flows and 
interrelations between workforce and technology. The purpose was to establish the 
impact on, and to best assimilate, information-based products that optimally support user 
skills in a digitised workflow. 

The study also indicates a need for both qualified labour and upskilling employees’ 
digital literacy. A unique trait in Germany is that traditional SMEs constitute the 
backbone of the German apprenticeship system (Welter, 2018) with a focus on 
continuing vocational training (CVT) for all employees. Industry 4.0 education now 
needs to be at the heart of this. There will be a new empowerment of people in Industry 
4.0 production systems, but automation and new machines will replace many low skilled 
jobs. 
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6.2 Manufacturing execution systems 

According to Hensel (keynote on Industrie-4.0-Konzepte rütteln an der 
Automatisierungspyramide, 2012) the crucial factor for the functionality of 
manufacturing execution systems (MES) is that they form a grid linking processes in 
three dimensions: 

• production systems as cyber-physical systems (CPSs) deliver data from 
manufacturing processes and respond to commands from the MES 

• all instances of the supply chain share common databases to enable an efficient 
supply chain management 

• the lifecycle management of the product and the related machinery enables 
chronological data records to support the MESs. 

Kletti and Schäfer (2013) and Hensel claim that previous computer integrated 
manufacturing (CIM) approaches did not achieve expected success due limited 
communication between subsystems. The DSM model structured with Hensel’s concept 
beginning from Stage 2 onwards showed significant improvements. It is anticipated that 
modern MESs will employ cloud computing to effectively link remote sites. However, in 
some cases, the limited communications speeds and bandwidth issues currently existing 
need to be resolved; this is critical for real time Industry 4.0 applications, as has been 
demonstrated in the paper’s simulation results. 

6.3 Data capture and exchange infrastructure 

IEC 62832 (IEC, 2016) methods help define a reference model for the representation of 
production systems, which include devices. This is an example of a data capture and 
exchange infrastructure catering for human-in-the-loop (HIL) processes; another critical 
component in transitioning SMEs to Industry 4.0. 

In a digital factory it is not only the information and communication functionality that 
is of interest, human interactions are also crucially important events from the real world 
that feedforward into the virtualised world. To this end, an infrastructure borrowed from 
the game-based approaches could be beneficial. The developments by the authors under 
the EU BEACONING project (http://beaconing.eu/) emphasises the concept of event 
driven systems, in particular asynchronous and distributed events. It is both a cloud based 
as well as a platform of systems as a service through its use of beacons, cyber-physical 
systems, analytics and virtual-augmented environments. What is most beneficial is its 
massively multi-user, hyperextended distributed deployment capability for various data 
capture and information exchange. The core concept architecture is based around the data 
capture and interactive systems (DCIS) that afford distributed deployment where multiple 
platforms are involved (Sivanathan et al., 2017). Industry 4.0 systems will be event 
driven with HF input; therefore, the conversion of physical activities into system events 
will be a substantial feature so that it can respond to both programmatically generated 
events and physical activities, e.g., a HIL process (Figure 14). 

This enables the DCIS to adapt its characteristics in real-time according to the 
captured data. This effect is also loosely embedded in the DEM WITNESS simulation but 
needs further, more accurate modelling. 
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Figure 14 Event driven system: physical activities transformed into system events (see online 
version for colours) 

 

7 Conclusion 

Usually SMEs belong to an enterprise group (Airaksinen et al., 2015) or virtual supply 
chain. Such SMEs contribute significantly to employment and gross value added (GVA). 
Indeed, in Germany, they account for 43% of GVA and employ 34% of the total number 
of persons employed. 

The Becker Group are acutely aware that the challenge posed by recent technological 
and global economic challenges need to be met to stay competitive. Hence the need for 
this study focused on challenges regarding a structural shift towards the concept of 
Industry 4.0 manufacturing. 

The four-stage scenario simulated the evolution of their processes towards a fully 
Industry 4.0 capability. Modelling various configurations of information push and pull 
strategies in WITNESS resulted in a predictive simulation suggesting significant 
reductions of total lead times. Although the time to handle information did reduce to an 
extent, e.g., in supply chain and top floor, it turned out to have a small relative 
contribution in reducing total lead-time. However, opportunities for additional value 
creation by new information-based products such as cyber-physical systems were 
identified as a result. 

The concept of each scenario was evaluated utilising data handling graphs of the 
whole value chain. These effectively showed the changes tested via the DEM. The result 
of the predictive simulation was to obtain qualitative (and some quantitative) evidence of 
the potential of certain Industry 4.0 measures in reducing overall lead times. In turn, this 
effectively highlighted possible technological solutions for SMEs operating in the 
product development environment. Consequently, this also provides fundamental 
knowhow to companies considering aligning their business model to Industry 4.0. 
Furthermore, the innovative approach of combining VSM and DSM analysis with DEM 
provided new understanding of using DES software for predictive Industry 4.0 
modelling. 

Arguably, the most difficult aspect of this case study relates to human-factors related 
manufacturing. Obtaining data and information for the VSM and DSM is a challenging 
prospect many SMEs will face. A reluctance to change working practices will prevent 
many employees from engaging with VSM. The philosophy at BSM to embrace change 
to create a true interconnection of departments was fundamental to conducting this case 
study. 

Because DES is able to conduct experiments that are not possible on real 
manufacturing systems, BSM could design simulation models that included human 
factors to help gain knowledge that could lead to the improvement of the real system. 
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This case study has not only provided BSM a better understanding of IT and OT 
technologies but also importantly how to leverage it in services other than manufacturing. 

The proposed data capture and exchange design advocates an event handling 
mechanism for asynchronous and distributed events. This enables the building of a DCIS, 
which is ultimately dynamic and responds to the physical activities, especially from 
HIL/HMI activities. 

Finally, on the basis of this work Becker Sonder-Maschinenbau GmbH are 
developing their Industry 4.0 strategy. 
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