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Abstract: In crises, small and medium-sized enterprises (SMEs) are under more 
significant pressure than large companies. However, SMEs are more adaptable to 
changes caused by external influences. To leverage this strength, the focus is on 
increasing transparency, identifying bottlenecks in the material flow, and evaluating 
a defined target state of the material flow based on company-specific key performance 
indicators (KPIs) for sustainable production. Varieties of different methods are 
suitable for determining these KPIs. In this paper, a simulation-based analysis is 
performed to determine such indicators. For this purpose, an application example from 
practice illustrates these methods' applicability to increase the SMEs' adaptability to 
external influencing factors. First, a value stream analysis of the current state of the 
material flow is performed. Based on the results, suggestions for changes are given 
and implemented in a new optimized value stream. A simulation study compares the 
new value stream with the current one. 

1 Introduction 
For production, manufacturing in large quantities is very economical. However, the 
shortening of product life cycles, the demand for more-innovative product concepts, 
growing product diversity, intensified competition, and changes in behavior in the 
socio-political environment require a faster response to these change processes and 
make large-scale production almost impossible (Appenzeller 2021). Especially for 
SMEs, these demands for high flexibility and quick reactions to new circumstances 
represent a significant challenge. Current crises such as the Corona pandemic or the 
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war in Ukraine make this particularly clear (Miklian and Hoelscher 2022). This results 
in challenges like uncertain supply chains and rising raw material prices. The pressure 
generated by external circumstances is intensified by corporate issues such as low 
transparency (Becker et al. 2017; Eggers 2020). 
Eggers (2020) describes how SMEs can deal with crises optimally. The most 
significant difference between large enterprises and SMEs in times of crisis is that 
SMEs can react more flexibly to opportunities or threats (Eggers 2020). To improve 
the SMEs’ flexibility, this paper focuses on increasing transparency, identifying 
weaknesses and bottlenecks, and evaluating the target state of the material flow using 
the combination of value stream analysis and simulation. 
For this purpose, the research findings around the combination of simulation and value 
stream analysis are presented in Section 2. Subsequently, the use case is illustrated, 
and a product group is selected for the demonstration in Section 3. Section 4 describes 
the conceptual approach, and the combination of the two methods before the value 
stream analysis (VSA) is performed (Section 5). Based on the analysis findings, a 
value stream design (VSD) is developed in Section 6. In Section 7, a simulation study 
is conducted that compares both scenarios. Finally, Section 8 summarizes the results 
obtained and provides an outlook. 

2 Related Work 
Sohny (2022), Kaiser (2021), and Urnauer and Metternich (2019) show that the 
combination of the value stream method and simulation is suitable to support both 
methods. For example, the value stream analysis complements the simulation study's 
data procurement and system analysis (Kaiser 2021; Urnauer and Metternich 2019). 
Especially in the manufacturing industry, numerous literature reviews point this out 
(Romero and Arce 2017; Hartini et al. 2017; Suhadak et al. 2015). Exemplarily, 
Suhadak et al. (2015) examined various layout variants through simulation and value 
stream analysis of an SME operating in the food industry. However, 90 % of the 
articles deal with the company's manufacturing area, and a large part shows the 
application based on a case study in which lead time reduction is often considered the 
most important performance indicator (Romero and Arce 2017). 
Nevertheless, SMEs still rarely use these methods despite their great potential (Dingli 
et al. 2021). Wiese (2016) highlighted that around 85 % of the SMEs did not 
previously utilize simulation experiments because of short-term costs and barriers by 
initial resources. This is also the case in the cold-forming sector. In addition, for SMEs 
in this sector, retooling of the production area due to old machinery, takes an 
exceptionally long time, and larger investments are often impossible. To demonstrate 
this potential for small and medium-sized enterprises in the cold-forming sector, an 
application example is necessary because all identified use cases differ from the 
objective mentioned and do not take into account the specifications of cold-forming 
SMEs. 

3 Objects of Consideration 
An application partner is identified for this purpose. The partner is a traditional 
German company that is active in the field of cold forming and high-precision turning. 
The company’s customers demand high flexibility and responsiveness to short-term 
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order changes. At the same time, transparency and information flow deficits make 
planning and controlling for the company difficult. However, the company's 
organizational form as an order-related production with the push principle leads to 
overproduction and high inventories. This results in a lead time of over 130 days with 
a total production time of less than one day. Daily changes in customer orders lead to 
strong fluctuations in demand, which are further increased by the lot-push principle 
and a lack of production leveling. Therefore, the company's flexibility must be 
increased. 
Before an analysis of the value stream can be realized in combination with simulation, 
a suitable product must be identified. Therefore, it is necessary to select a relevant 
group of products. Following the selection of the product group, a product that is 
particularly relevant for this group must be determined, which is suitable to carry out 
a representative value stream analysis. 
The cold forging production program was selected for this study together with the 
company. The object of consideration is a part of the chassis and steering group, which 
represents a suspension and connection component and contributes to driving safety. 
Although the corresponding product family has a comparatively low share of sales, a 
reasonable potential for improvement is expected due to the more-complex production 
and the higher number of defects. 
After choosing the group, it is essential to identify a group representative. For this 
purpose, the ABC analysis with sales value is suitable. First, the segments must be 
defined: The A articles comprise 70 % of the sales, B articles 25 %, and C articles 5 % 
(Ford Dickie 1951). Notably, Articles 1, 2, 3, and 4 are responsible for most of the 
sales. Figure 1 shows the result of the accomplished ABC analysis. 

Figure 1: ABC-Analysis of the group of products 

However, the company points out that Articles 1 and 2 are irrelevant, because these 
parts are run-out products. For illustration purposes, sales trends were evaluated. 
These show that the sales of Articles 5 and 6 have converged to the A products in the 
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last four years and that the trend for Articles 3 and 4 is declining. In contrast, sales for 
Articles 5 and 6 have risen continuously in the recent years and further sales growth 
is expected. Hence, Articles 5 and 6 are suitable as representatives for the part family, 
and the current state is analyzed accordingly. 

4 Methodology 
The initial situation in this case study shows a non-transparent value stream, leading 
to an unsuitable data-based value stream analysis. First, transparency must be created 
to identify unnecessary waste in the flow of materials and information. Kaiser (2021) 
presents in his study three benchmarks on the classic value stream method by 
Erlach (2020), Rother et al. (2018), and Klevers (2009). In this paper, the method of 
Rother et al. (2018) is used for identifying waste and bottlenecks and developing a 
new value stream. 
The value stream has to be compared with the current situation. Simulation is a 
suitable tool for this purpose. In particular, discrete event simulation is an efficient 
method as it illustrates the interdependencies of individual logistics processes and 
enables comparability of scenarios (Clausen et al. 2013). The process model from VDI 
Guideline 3633 Part 1 is used, since it has considerable relevance in production and 
logistics in the German-speaking area (Rabe et al. 2008; VDI 2014). 
Based on the results of the investigations using the methods identified, 
recommendations for action are made. These recommendations specify the necessary 
measures and strategies to eliminate the identified weaknesses and bottlenecks and to 
implement a more flexible value stream. To make it more comprehensible, the 
schematic procedure is shown in Figure 2. 

 
Figure 2: Schematic procedure of the study 

5 Value Stream Analysis 
As explained in Section 3, the value stream analysis relates to Articles 5 and 6 of the 
company due to increasing sales. The value stream mapping was carried out according 
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to the specifications of Rother et al. (2018), where uniform symbols and a language 
were used to create a shared understanding (Bertagnolli 2018). With this language, 
the value stream and the information flow from the external customer via the 
production processes to the suppliers were mapped. To determine the current state of 
the value stream, electronic data processing (EDP) evaluations, expert surveys, and 
own recorded and estimated values were collected and processed. 
Gottmann (2016) was used as a guideline for determining the most important key 
figures. Thus, the target key figures, flow rate, and responsiveness were determined 
using the customer requirements. These include the key figures for Overall Equipment 
Effectiveness (OEE), Every Part of Every Interval (EPEI), the range of how long stock 
can cover the daily demand, the replenishment time, and the batch size. 
All production steps were integrated into the value stream, and the corresponding key 
performance indicators were added. These cover everything from the entry of the 
starting material in the form of the supply of the material through the production 
processes to the shipping department. 
Next, all waste has been identified and marked. High inventories, a lack of feedback 
and key figures, inefficient transports, long setup times, and the push system represent 
the primary waste in the production process. The high inventories are responsible for 
a long lead time of 137 days. In addition, high inventories hide the actual reasons for 
failure-prone processes, the production of defective goods, and other waste. 
Furthermore, some materials are stored in a block storage, which causes unnecessary 
restacking.  
The lack of feedback and key figures makes the production process intransparent and 
challenging to measure. The machine operators are, at the same time, logistics 
employees in the role of material suppliers and transport the materials with forklifts 
to the next production step. In some cases, the machine operator also collects the 
materials himself, as there is no buffer near the machine. High setup times slow down 
the responsiveness to the consumption of subsequent processes. 
Furthermore, the push system ignores the actual requirements of the downstream pro-
cess and induces overproduction, because scheduled materials are not needed at this 
time. Moreover, machines and employees are unnecessarily employed. Another dis-
advantage of overproduction is the hiding of failures and unnecessary capital commit-
ment. The already produced and defective parts remain hidden in inventory until their 
malfunctions are discovered in the downstream process. Short-term changes in the 
production sequence, fluctuating and short-term changes in demand quantities, fluc-
tuating lead times, and the "replenishment routine" are wastes in the information flow. 
While fluctuating and short-term changes in demand quantities cause short-term 
changes in production orders and fluctuating lead times, the major cause is the push 
system and the lack of leveling. The "replenishment routine" is closely linked to the 
bonus system and reports incorrect information back to the system to be able to pay 
the employees the appropriate bonus. In addition to the waste, the calculated OEE and 
cycle times provide first indications of the bottleneck machines. 

6 Value Stream Design 
Based on this VSA, a VSD has been developed according to Rother et al. (2018). 
Exemplary, two of their seven key questions are answered below. 
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Key question 1: What is the cycle time on the pacing process for this product family? 
The pacing process for the articles was identified. Only bottleneck machines were 
considered, as these set the pace. Since the cycle times of these machines are similar, 
the machine with the lowest output is selected. Thus, the cycle time on the pacemaker 
process for this product family is defined. 
Key question 2: Where can you use continuous flow production? 
Due to the spatial separation and arrangement of workshop production, continuous 
flow production is unsuitable. In addition, some machines cannot process individual 
work pieces one after the other. Consequently, controlling the production in batch 
mode through pull systems is adequate. 
Based on the guidelines and key questions, a value stream design has been developed 
together with the employees. The generated value stream design focuses on a pull 
process with Kanban-controlled supermarkets as buffers. However, this focus is 
difficult for SMEs, since short setup times are almost impossible due to the old 
machinery. Furthermore, supermarket buffering can only be reasonably implemented 
with transparency due to the complexity of the variety of variants. Finally, solutions 
are necessary to make the material flow transparent without completely changing the 
production logic that has grown over decades. Simultaneously, setup times for 
existing machines should be shorted without purchasing a new machine. Nevertheless, 
the changes developed can have a positive influence on the processes. For example, a 
one-time process transparency was created for all participants. In addition, 
optimization potentials were identified and subsequently implemented. An example 
in this context is the increased performance of the pacemaker process, which was 
realized through a workshop in cooperation with employees. Further investigation by 
a simulation study is required before implementing the target process. 

7 Simulation 
Following the investigations carried out concerning the value stream, the planned 
changes and measures from the value stream design have to be compared with the 
current state from the value stream analysis with the help of simulation methodology.  
A simulation model has been designed using the simulation software AnyLogic 8.8 
according to the described procedure of Rabe et al. (2008). The goal was described 
and the task defined. The task specification was created with the help of the concept 
model and the prepared data. Based on this, an executable simulation model has been 
developed. Finally, the two simulation experiments were executed. 
A detailed goal definition, including the task specification, was established. Key 
figures were defined to be used to evaluate the scenarios. These include throughput, 
inventory, cycle time, occupied buffer locations, machine utilization, and distances 
traveled by the forklifts for a period of one production month. All data required for 
the simulation have been obtained and prepared. Three data types are necessary to 
model a production system (VDI 2014): technical, organizational, and system data. 
Technical data contain information concerning the structure of the production 
building, for example, the layout, equipment, or capacities of storage facilities. 
Organizational data include the process structures like employees' shift schedules or 
the allocation of the resources used for the tasks. Finally, the system data, including 
the production orders, were prepared for simulation.  
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A conceptual model has been created afterward. Here, the system limits are the 
warehouse for the raw materials and the product shipment. In addition, the material 
flow for full and empty containers and waste is shown. A load carrier change occurs 
at some production steps, e.g., from internal containers to customer containers. Only 
specific forklifts are available for each production step with its own buffer. 
Following the creation of the conceptual model for the entire production process, the 
entire process was divided into individual processes. These separate processes have 
been represented as event-driven process chains, which subsequently simplified the 
implementation of the logistical processes in the simulation model. 
Thus, the correctness of the executable model is observed and techniques of validation 
& verification accompany the simulation study (VDI 2014). Validation in dialog took 
place with experts from the company. For this purpose, the formal model, the model 
behavior, the prepared data, and the introduction of new parameters (e.g., the maxi-
mum number of buffer locations) were explained. The respective experts' comments 
and suggestions for correction were adopted in formalizing the system components. 
For the simulation, a representative month was defined regarding the order volume. 
A week includes six working days in 24-hour shifts. Stochastic effects influence the 
model, and each simulation run has individual starting conditions (due to shift influen-
ces, machine failures, RDL initial inventory, ...). This makes it necessary to identify 
the transient phase to evaluate the simulation experiment independently of this period. 
Figure 3 depicts the progression of throughput over three months. According to 
Conway (1963), the transient phase ends after 12 days. According to Welch (1983), a 
pattern for the method appears from day 18. Due to the extended observation period 
of 3 months, a misinterpretation of the method's transient phase can be excluded, 
according to Conway (Gutenschwager et al. 2017). However, the settling period is 12 
days. All collected statistics are, thus, reset after 12 days, and the measurements for 
the simulation experiment start there. 

 
Figure 3: Transient phase according to Conway (1963) and Welch (1983) 

As part of the first simulation scenario, comparing the current state with the target 
state, 30 simulation runs were performed for each state. Figure 4 shows the throughput 
of all produced items received in the distribution center. The throughput in the actual 
state is distributed between 130,000 and 185,000 pieces, whereas the target state 
shows a distribution of 155,000 to 190,000 pieces. A comparison of the median shows 
a slight improvement in the throughput of 15,000, whereas comparing the boxes 
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shows an improvement in the throughput of about 5,000 pieces. Overall, there is a 
slight improvement in throughput in the target state. 

 
Figure 4: Comparison of the production throughput 

Besides throughput, inventory is another important key figure to be evaluated (Figure 
5). This indicator shows a decline in inventory for the target state. However, some of 
the identified outliers have the same high inventory as in the current state of the value 
stream. Overall, this indicates a marginal change in inventory. 

 
Figure 5: Comparison of inventories 

Finally, the lead time needs to be considered. Figure 6 shows the allocation of lead 
times. The target state enables significantly shorter lead times, but this configuration 
also leads to the risk of substantially longer lead times. Thus, the overall variation has 
increased. Although this indicates a slight improvement in lead times, significantly 
longer lead times than in the current state are also possible, which does not meet the 
target of shorter lead times. 

 
Figure 6: Comparison of lead times 

In addition to the throughput, inventory, and lead time evaluation, machine utilization 
rates and the distances driven by the forklifts were also examined. The machine utili-
zation rates have only slightly changed between the two scenarios. For example, the 
utilization of an exemplary machine is 50.5 % in the current state and 52.4 % in the 
target state. All the forklifts considered together have driven around 625 km in both 
scenarios. 
Crucial measures and strategies for the partner company could be identified from the 
investigations listed in Table 1. Exemplary, the identified Measure 9 can be 



Simulation-based Analysis of a Value Stream 301 

 

highlighted, which was carried out directly after the investigations and enables a much 
stronger data collection and transparency. 

Table 1: Table of corresponding measures 

 Catalog of measures 
Measure 1 Increase the output rate of the pacing process machine 
Measure 2 Increase reliability of pacing process machine  
Measure 3 Reduce setup times of four machines 
Measure 4 Introduce a finished goods supermarket with an annual adjustment 

to peaks in demand 
Measure 5 Introduce self-controlling systems (pull principle) 
Measure 6 Dimension & introduce supermarkets (Günthner et al. 2013) 
Measure 7 Define & implement scrap feedback 
Measure 8 Introduce production leveling with a Heijunka box 
Measure 9 Introduce two production data acquisition (PDA) terminals 
Measure 10 Introduce the value-stream-oriented KPI-system 

8 Summary and Outlook 
The circumstances illustrate that the combination of value stream analysis and 
simulation has increased transparency by enabling KPIs to evaluate the defined target 
states and is a useful application for KPIs in the cold-forming sector. Furthermore, 
bottlenecks can be determined. Especially, the SME’s old machinery in the cold 
forming field makes a combination of processes particularly important. Thus, the 
investigation showed that these machines did not provide any information. The 
following simulation study was only possible with a value stream analysis, as the data 
basis proved insufficient. Most data around the machine, like replenishment times, 
could only be determined by sampling or estimations. Overall, it can be seen that even 
without the purchase of new machines, an improvement can be achieved in cold 
forming using a combination of both methods. 

References 
Appenzeller, H.: Kostenoptimierte Anwendungsentwicklung. Wiesbaden: Springer 

Fachmedien 2021. 
Becker, W.; Ulrich, P.; Botzkowski, T.: Industrie 4.0 im Mittelstand. Wiesbaden: 

Springer Fachmedien 2017. 
Bertagnolli: Lean Management. Wiesbaden: Springer Fachmedien 2018. 
Clausen, U.; Dabidian, P.; Diekmann, D.; Goedicke, I.; Poting, M.: Analysis of 

assignment rules in a manually operated distribution warehouse. In: 2013 Winter 
Simulation Conference, Washington, DC (USA), December 8th –11th 2013, pp. 
3430–3439. 

Conway, R.W., 1963: Some tactical problems in digital simulation. Management 
Science 1963 (10), pp. 47–61. 



302 Kiefer, Maximilian; Maaßen, Jonas; Klima, Tobias; Rabe, Markus 

Dingli, A.; Haddod, F.; Klüver, C. (eds.): Artificial intelligence in industry 4.0. Cham: 
Springer International Publishing 2021. 

Eggers, F.: Masters of disasters? Challenges and opportunities for SMEs in times of 
crisis. Journal of business research 116 (2020), pp. 199–208. 

Erlach, K.: Wertstromdesign: Der Weg zur schlanken Fabrik. Berlin: Springer Vieweg 
2020. 

Ford Dickie, H.: ABC Inventory Analysis shoots for dollars, not pennies. In: Factory 
Management and Maintenance 109 (1951), pp. 92–94. 

Gottmann, J.: Produktionscontrolling. Wiesbaden: Springer Fachmedien 2016. 
Günthner, W.A.; Durchholz, J.; Klenk, E.; Boppert, J.: Schlanke Logistikprozesse. 

Berlin, Heidelberg: Springer 2013. 
Gutenschwager, K.; Rabe, M.; Spieckermann, S.; Wenzel, S.: Simulation in 

Produktion und Logistik. Berlin, Heidelberg: Springer 2017. 
Hartini, S.; Ciptomulyono, U.; Anityasari, M.: Extended value stream mapping to 

enhance sustainability: A literature review. In: AIP Conference Proceedings, Miri 
(Malaysia), December 6th–8th 2017, Article 20030.  

Kaiser, J.: Logistische Planungsalternativen im Wertstromdesign: Ein Ansatz zur 
Identifikation und Auswahl von Soll-Zuständen in der Materialflussgestaltung 
innerbetrieblicher Wertströme. Düren: Shaker 2021. 

Klevers, T.: Wertstrom-Mapping und Wertstrom-Design: Verschwendung erkennen 
– Wertschöpfung steigern. München: mi-Wirtschaftsbuch 2009.

Miklian, J.; Hoelscher, K.: SMEs and exogenous shocks: A conceptual literature 
review and forward research agenda. International Small Business Journal: 
Researching Entrepreneurship 40 (2022) 2, pp. 178–204. 

Rabe, M.; Spieckermann, S.; Wenzel, S.: A new procedure model for verification and 
validation in production and logistics simulation. In: Mason, S.J.; Hill, R.R.; 
Mönch, L.; Rose, O.; Jefferson, T.; Fowler, J.W. (eds.): Winter Simulation 
Conference, Miami, FL (USA), December 7th–10th 2008, pp. 1717–1726. 

Romero, L.F.; Arce, A.: Applying value stream mapping in manufacturing: A 
systematic literature review. IFAC 50 (2017) 1, pp. 1075–1086. 

Rother, M.; Shook, J.; Wiegand, B.; Womack, J.P.; Jones, D.T.: Sehen lernen: Mit 
Wertstromdesign die Wertschöpfung erhöhen und Verschwendung beseitigen. 
Mühlheim an der Ruhr: Lean Management Institut 2018. 

Sohny, T.: Referenzmodell basierend auf der Wertstrommethode zur Bewertung von 
automatisierten Materialflusssystemen der Produktion in der Angebotsphase. 
Dissertation, TU Dortmund University, IT in Production und Logistics 2022. 

Suhadak, N.S.; Amit, N.; Ali, M.N.: Facility layout for SME food industry via value 
stream mapping and simulation. Procedia Economics and Finance 31 (2015), pp. 
797–802. 

Urnauer, C.; Metternich, J.: Die digitale Wertstrommethode. Zeitschrift für wirt-
schaftlichen Fabrikbetrieb 114 (2019), S. 855–858.  

VDI: VDI 3633 Simulation of systems in materials handling, logistics and production. 
Part 1: Fundamentals. Berlin: Beuth 2014. 

Welch, P.D., 1983: The statistical analysis of simulation results. In: Lavenburg, S. S. 
(eds.): Computer Performance Modeling Handbook, New York, NY (USA), pp. 
268–328. 

Wiese, J.: Simulationen in KMU: Eine erste Bestandsaufnahme. In: Sucky, E.; 
Werner, J., Kolke, R.; Biethahn, N. (eds.): Mobility in a globalised world 2015. 
Bamberg: University of Bamberg Press 2016, pp. 183–189. 




