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Abstract. This contribution explores the role of business process sim-
ulation to address change management projects dealing with organiza-
tional growth. In particular, we consider the adoption of new ICT appli-
cations in the context of a growing Small Medium Enterprise based in
northern Italy. As income doubled in very few years, managers exploited
the opportunity to implement a more efficient material resource planning
together with an accurate business process analysis. First, the organiza-
tion was modeled by adopting standard notation BPMN 2.0. Second,
data analysis explores organization details as orders arrival, duration of
activities, staff working hours. Finally, discrete-event simulation of busi-
ness processes offers interesting suggestions by varying incoming transac-
tions as well as different parameters in the model. The approach clearly
shows how modeling, computational simulation and scenario analysis of
business processes are suitable tools to support organizational change.

Keywords: Business Process Management · Discrete-Event Simulation
· Change Management · Scenario Analysis.

1 Introduction and related work

Industrial organizations are often called upon to reorganize their business pro-
cesses, in particular to adapt their processes to new market perspectives. In
particular, companies with increasing incomes and therefore dealing with orga-
nizational growth in terms of net profit, revenue and other financial data, must
decide how to face new opportunities by changing the internal organization to
improve their performance [11]. In the context of Business Process Management
(BPM) [7, 17], simulation are underused even if they can play a key role in defin-
ing new processes or restructuring older ones [1]. Several modeling techniques
have been developed in the analysis of the actual (As-Is) situation of organiza-
tion’s processes, as well as in the re-engineering phase that leads to restructured
(To-Be) processes [5]. Among the existing techniques, computer-based Discrete
Event Simulation (DES) [13] is one of the more used analysis approach, since
planning, management and decision-making in the enterprise would greatly ben-
efit from the analysis of the outcomes of simulated scenarios. Simulation results



2 A. De Lellis et al.

allow to detect inefficiencies, bottlenecks, constraints, and risks [3] as well as to
estimate the performance of the system when process modifications have been
applied.

To evaluate the impact of ICT on organizational processes and stress the
relevance of adopting computational simulation, we focus on the real-case of a
medium-sized Enterprise (SME). The company produces excellent plastic deco-
rations for high fashion stylists, rapidly increasing in recent years by almost dou-
bling profits as well as production. From January 2017 the Company adopted a
Material Requirements Planning (MRP) to improve management. Such innova-
tion introduces considerable benefits in organizational efficiency [14, 15]. In our
approach, we explore the industrial organization changes by adopting a method-
ological framework based on three phases: Context and Data Analysis, Process
Engineering, and Scenario Analysis.

This paper refers to business process and change management [10], with the
goal is to improve, re-engineer and automate the processes of a business organi-
zation [11]. Process modeling techniques support changes at different levels, as
human resources, documents, organizations, or applications [4]. Such techniques
include specific languages, as the standard notation named Business Process
Modeling and Notation (BPMN) [2]. Among the existing modeling and anal-
ysis software we adopt in our methodological framework the powerful iGrafx
Process [12]. The tool natively adopts BPMN and implements the main phases
of BPM analysis by performing Discrete Event Simulation (DES) [13]. In addi-
tion to DES, other common simulation modeling methods are System Dynamics
(SD) [8] and Agent-Based Modeling (ABM) [9, 16]. In similar works, scenario
analysis explored different options before applying effective changes on an exist-
ing process [4, 6].

The remainder of this paper is structured as follows. Section 2 presents the
methodological framework, which is used in section 3 to develop and discuss the
case study. Section 4 describes scenario analysis, while some remarks and future
works conclude the paper in Section 5.

2 The Methodological framework

This section introduces the proposed methodological framework consisting of
three main phases:

1. Context and Data Analysis. The context analysis step aims: i) to set the
overall strategic scenario of the Company, and ii) to determine the organiza-
tional components (units) that will be investigated in relation to the process
in question. The data analysis step collects, for each unit, the information
relevant to the process, i.e. data related to activities as duration, destinations
of products, transformation rules of products, export to other enterprises.

2. Process Engineering. The purpose of this phase is the determination of ac-
tivities that are carried out in units involved in the process and of the causal
relationships existing between them. The process is then reconstructed from
external input/output events and objects by a process diagram (i.e. process
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map or flowchart). The process model must therefore be validated with the
interested parties involved in the process obtaining the so-called As-Is model.
This model provides managers and engineers with accurate Company spec-
ifications in their current form. Simulations based on this model allow for
detection and understanding of inefficiencies, bottlenecks, constraints and
risks.

3. Scenario analysis and Process Reorganization. This phase manage problems
eventually highlighted in the previous phase, including solutions adopted to
restructure the As-Is model by generating the new To-Be version. Starting
from the baseline scenario (related to the Company’s current As-Is situation),
the What-if analysis explores different scenarios both at medium and long
term. This step provides indications and guidelines for restructuring of the
process. The analysis is carried out by modifying the parameters of the
model and verifying the validity of these changes by evaluating, through the
simulation, the new values of the indicators.

The Process Model used in our work is based on the specification of the pro-
cess flows by means of BPMN language. The process diagram integrated with
descriptions of how each activity deals with a transaction path, representing a
patient that follows a clinical procedure or a component in a manufacturing line.
In the flows through the process we define how much time the activity takes and
what are the necessary resources. The new aspects characterizing the process
will be better illustrate in the following section.

3 The case study

Our case study concerns a medium-sized Company in northern Italy1 produc-
ing artistic decorations (stones, rhinestones and studs) used by famous fashion
designers in their products. In particular, we focus on processes that directly
affect the production unit. According to first phase of our methodology, after
several interviews with manager and operators, we documented the core aspects
of the process in a high level functional diagram as illustrated in Figure 1. The
diagram includes the following organizational units:

Scheduling: in this unit, orders from clients are processed in the Management
Resource Planning (MRP) system, which checks the stock situation and prepares
for each order:

• a production order;
• one or more contractor orders. A product may be requested as raw or must

undergo further processing (such as painting) that are done by external
companies (Contractors);

• a shipping order that prepares the final shipment to the customer of the
requested products.

1 [anonymized version]
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Molding: concerns the activities of setting the presses, molding and manual
cutting of the pieces.

Quality: concerns the control activities of products coming from suppliers and
contractors.

Warehouse: concerns the general management of materials, semi-finished and
finished products used in the production sector.

Administration: concerns the management of invoices and other administrative
documents.

In data analysis step, we consider the resources needed for the production
process, by considering 60 workers organized into two main working hours. Work-
ing hours consist of production schedule (henceforth PS, with two shift from 6
am to 10 pm) and standard schedule (henceforth SS, from 8.30 am to 5.30 pm).
We identify five main roles of workers:

• warehouse operators (4 workers for each shift, in schedule PS): they deal
with the management of materials and products, for packaging and shipping
orders to clients;

• administrative employees (2, SS): they manage invoices and other office doc-
uments;

• cutting operators (6, PS): they manually cut the pieces coming out of the
molding. Usually they are 6 but can vary depending on the workload;

• quality operators (2, SS): they control quality and quantity of products and
materials;

• production operators (3 workers for each shift, PS): they take care of the
various machines, in particular their settings.

The Company’s main machines are presses for molding parts. They work
with the production schedule PS and can be of three types: 1) Medium Tonnage
(MT) 11 presses, 2) Low Tonnage (LT) 8 presses, and 3) Plastic-Clad Silica
(PCS) 3 presses. Interviewing the operators and analyzing their tasks, we model
the activities of the process. Table 1 shows the activities obtained with their du-
ration and the resources involved in their execution. It should be noted that, for
activities with variable duration, the actual estimated duration in the simula-
tion phase is determined according to the workload (for example, the number
of pieces to be produced or to be shipped). According to the Phase 2 of the
methodology, activities, events and decision points of the Company production
process, and the causal relationships that exist among them were analyzed. The
process diagram is illustrated in Figure 2. The diagram has been designed with
the latest version of the BPMN language.

The simulation environment includes the following features in addition to the
diagram: a) the description of resources and their use in the activities, b) the time
required by the activities, and c) the generators of transactions to be entered
during the simulation. Transaction types correspond to the different start events
in the process diagram of Figure 2, as orders and administrative notes describing
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Fig. 1. High level diagram of the Company.
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Table 1. Activities of the production process.

Activities Resources Duration (min)

Set machine (MT-LT-PCS) Production operator, presse Variable
Impress (MT-LT-PCS) Press Variable
Manual cutting products Cutting operator Variable
Deposit raw product Warehouse worker From 2 to 60
Check purchased materials Quality operator Variable
Deposit material Warehouse worker From 2 to 60
Check products Quality operator Variable
Deposit products Warehouse worker From 2 to 120
Prepare shipping to contractors Warehouse worker From 5 to 40
Withdraw from warehouse Warehouse worker From 2 to 120
Prepare shipping to client Warehouse worker From 5 to 40
Withdraw product from warehouse Warehouse worker From 2 to 120
Prepare invoice Employee From 3 to 20
Send shipping Warehouse worker From 5 to 20

Fig. 2. As-Is diagram of the Company.
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the materials and products processed. In our case, the Company information
system provided data corresponding to six months of work in 2017. The As-Is
model built in this manner can be simulated to verify that it represents the
system in a reasonable way. This validation step is performed by comparing the
results provided by the simulation for a set of critical indicators with the values
of the same indicators detectable in the real world. Table 2 shows the simulation
results for the different activities of the Company process before (2016) and after
(2017) the introduction of MRP.

Table 2. Simulation results 2016/2017 (hours).

Activities
Average cycle Average work Average wait
2016 2017 2016 2017 2016 2017

Set machine-MT 298.63 111.48 2.77 2.63 295.87 108.86
Set machine-LT 319.64 84.10 3.11 3.03 316.53 81.07
Set machine-PCS 549.24 147.40 2.44 2.37 546.80 145.03
Impress-MT 38.31 37.34 17.96 17.21 20.35 20.13
Impress-LT 10.37 8.35 4.42 3.70 5.95 4.65
Impress-PCS 24.31 19.49 10.66 9.23 13.65 10.26
Manual cutting products 23.10 18.87 3.27 3.01 19.83 15.86
Deposit raw product 1.46 1.36 0.52 0.52 0.94 0.84
Check purchased materials 17.22 40.27 0.51 0.48 16.71 39.80
Deposit material 0.33 0.45 0.12 0.12 0.20 0.34
Check products 29.15 8.16 2.00 1.86 27.15 6.03
Deposit products 0.50 0.45 0.40 0.37 0.11 0.08
Withdraw from warehouse 20.32 1.89 0.19 0.19 20.13 1.70
Prepare shipping to contractors 0.58 0.37 0.38 0.37 0.20 0.00
Prepare invoice 7.58 1.51 0.19 0.19 7.39 1.32
Withdraw products from warehouse 16.29 6.82 0.08 0.08 16.20 6.74
Prepare shipping to client 0.29 0.32 0.21 0.21 0.08 0.11
Send shipping 26.21 12.85 0.21 0.21 26.01 12.64

The Company organization has certainly improved after the introduction of
MRP, as it has encouraged the aggregation of a greater number of orders and
therefore fewer shipments in terms of transport. For this reason our attention has
been given to the results of 2017 (see Table 3) that were presented to managers
and operators in the Company who judged reasonable these simulated times,
based on their experience and an assessment with real data (controlled over
a short period of work). The comparison between simulated and actual times
concludes the validation step for the As-Is model which is then ready for the
analysis of different scenarios.

4 Scenario analysis

A scenario is as a description of a possible future situation. It is not intended
to be a complete specification of the future, but rather the description of the
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Table 3. Simulation results (hours) BS.

Activities Average cycle Average work Average wait

Set machine-MT 111.48 2.63 108.86
Set machine-LT 84.10 3.03 81.07
Set machine-PCS 147.40 2.37 145.03
Impress-MT 37.34 17.21 20.13
Impress-LT 8.35 3.70 4.65
Impress-PCS 19.49 9.23 10.26
Manual cutting products 18,87 3.01 15.86
Deposit raw product 1.36 0.52 0.84
Check purchased materials 40.27 0.48 39.80
Deposit material 0.45 0.12 0.34
Check products 8.16 1.86 6.03
Deposit products 0.45 0.37 0.08
Withdraw from warehouse 1.89 0.19 1.70
Prepare shipping to contractors 0.37 0.37 0.00
Prepare invoice 1.51 0.19 1.32
Withdraw products from warehouse 6.82 0.08 6.74
Prepare shipping to client 0.32 0.21 0.11
Send shipping 12.85 0.21 12.64

basic elements of a “possible” future in order to draw analysts’ attention to the
key factors that can help to effectively improve the process. Scenario analysis
allows you to process various scenarios in order to offer different possible results
compared to a baseline scenario. In our approach the specification of the scenarios
to be analyzed is very simple if they can be defined as changes to be made to
the As-Is model parameters. As seen above, the scenarios will be compared
based on three indicators: Average cycle, Average work, and Average wait time
for each activity. According to Company management, two different types of
scenarios have been considered for our case study, which will then be compared
with the baseline scenario provided by the As-Is model (Base Scenario - BS). 1)
Improve molding schedule (S1): in this scenario, all molding presses are allowed
to work with a continuous program, so even at night and on weekends. Such
a scenario may be necessary to deal with some very heavy orders that do not
require a particular urgency. 2) Full time schedules (S2): in this scenario, all
the operators (warehouse, cutting, production and quality) and the presses work
with a continuous schedule, i.e. for 24 hours a day and five days a week. Clearly,
this scenario concerns a situation in which there is a strong increase in the
demand for products to be satisfied as soon as possible.

4.1 Improve molding schedule (S1)

By performing the simulation of the new scenario S1 with the same workload of
the base scenario, we obtain the results shown in Table 4. Times are drastically
reduced with regard to average cycle times and waiting times in production.
In particular the activities related to setting machines decreased by 80%, while
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impress activities had an average loss of about a half. This means that production
orders have been completely satisfied, while in the base scenario compared to
1,642 production orders about one hundred have not yet been satisfied at the
end of the simulation.

Table 4. Simulation results S1 (hours).

Activities
Average cycle Average work Average wait

BS S1 BS S1 BS S1

Set machine-MT 111.48 24.12 2.63 2.68 108.86 21.45
Set machine-LT 84.10 20.99 3.03 3.03 81.07 17.96
Set machine-PCS 147.40 34.98 2.37 2.39 145.03 32.59
Impress-MT 37.34 23.87 17.21 23.85 20.13 0.02
Impress-LT 8.35 3.77 3.70 3.77 4.65 <0.01
Impress-PCS 19.49 9.32 9.23 9.32 10.26 <0.01
Manual cutting products 18.87 25.51 3.01 3.26 15.86 22.25
Deposit raw product 1.36 9.42 0.52 0.52 0.84 8.90

The greater number of orders to be cut and deposited justifies the increase
in average times for cutting and deposit activities. Since only the presses work
with a continuous program, without the intervention of any operator, it has been
considered that this scenario S1 could be useful to satisfy orders that do not have
an immediate expiry date.

4.2 Full time schedules (S2)

As in the previous case, the simulation of the new S2 scenario provided the
results shown in Table 5.

Table 5. Simulation results S2 (hours).

Activities
Average cycle Average work Average wait

BS S2 BS S2 BS S2

Set machine-MT 111.48 37.61 2.63 2.68 108.86 34.94
Set machine-LT 84.10 26.59 3.03 3.03 81.07 23.56
Set machine-PCS 147.40 48.24 2.37 2.39 145.03 45.86
Impress-MT 37.34 28.91 17.21 21.13 20.13 7.78
Impress-LT 8.35 5.22 3.70 3.69 4.65 1.52
Impress-PCS 19.49 12.40 9.23 9.32 10.26 3.08
Manual cutting products 18.87 4.82 3.01 3.53 15.86 1.29
Deposit raw product 1.36 1.02 0.52 0.52 0.84 0.50

In this case concluding suggestions are similar to those seen for the previous
case. The average cycle and waiting times have significantly dropped in com-
parison with those of BS. This requires a greater use of resources and for this
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reason this scenario can be taken into consideration in case of immediate need
of some products. The demand for products in a short time does not frequently
occur, otherwise it would became a problem both for the company in terms of
costs and for resources in terms of time.

5 Conclusions

In this paper we described an industrial application of change management tech-
niques and tools to support managers for decision-making. In our case study we
described the utility of computational simulation for a Small Medium Enter-
prise facing increasing income to evaluate and forecast their business model and
planning their organizational change. The methodological framework presented
in the paper includes three steps to model, validate and analyze business pro-
cesses, and an extended process model that combines the simulation of the actual
(As-Is) process with a What-if analysis of different scenarios to describe possi-
ble evolutions of the actual process. The possibilities offered by this framework
was illustrated through the industrial case study of a real medium Company,
with several scenario related to production process. This way manager obtained
useful suggestions for deciding on the most appropriate restructuring actions
to improve the process efficiency. Applications from Industry 4.0 can be tested
in simulated scenarios before applying in the organization. In the near future,
different analysis will be treated to assist the Company in its reorganization ac-
tivities. We plan to improve our work with a study of logistics by georeferencing
orders, customers, contractors. Furthermore we intend to study the extension of
the methodology to take into consideration the analysis of the risks connected
to the production activities.
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