A BPMN-BASED APPROACH TO SUPPORT SMALLHOLDERS’ BUSINESS MODEL
SIMULATION

ABSTRACT

Smallholders are facing challenges and are looking for ways to improve their business model. We propose
an approach to transform a business model into BPMN (Business Process Model and Notation) to enable
its simulation and provide KPIs (Key Performance Indicators) of resource, time, and cost types. BPMN
model is a graphical business process representation , easy to understand and analyze. Then, simulation of
the BPMN model can provide valuable insights into the performance of the business process and identify
potential bottlenecks. Finally, the KPIs can be used to measure the efficiency of the business process. This
approach can support farmers to understand their current business model better, identify potential
improvements, simulate different scenarios and make informed decisions about how to improve their
business and optimize the use of resources, time, and costs. The proposed approach can be a valuable tool
for small farms to improve their business model and increase their competitiveness.
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1 INTRODUCTION

The COVID-19 pandemic, as well as other similar crises over the years, have highlighted the need for more
resilient food systems that can effectively and efficiently cope with supply chain disruptions [1]. For
instance, during the COVID-19 pandemic, many governments took drastic measures to limit the spread of
infection, resulting in the closure of key smallholder distribution channels, such as bars, restaurants, school
canteens and open-air markets [2]. As a result, food waste increased significantly due to delays in harvesting
activities and perishable goods remaining in produce warehouses, resulting from various distribution
restrictions.

In this context, the proposed research work is part of Smallders® project which overall objective is to
conduct fundamental research as well as industrial research and development activities with the aim of
identifying a framework that encompasses innovative strategies, methodologies, technologies and business
models to increase the resilience of smallholders in the Mediterranean region, to effectively and efficiently
cope with unexpected and disruptive events such as the COVID-19 pandemic. For this purpose, the research
work presented in this paper is linked to the needs of smallholders to improve their Business Model. It is
therefore proposed to use the BPMN (Business Process Model and Notation) language as a pivotal language
between a Business Model and a simulation model [3]. This will provide a clearer vision of the evolution
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of the business model by offering a simulation result with performance indicators (cost, time and resource)
[4].

In this case, the objective of this proposed research work is related to the proposition of a methodology
based on BPMN model to improve the business model of smallholders. The paper is structured as follows.
After this brief introduction, Section 2 describes a state of the art about BPMN and Simulation. Section 3
introduces the proposed approach to improve Business Model using BPMN and simulation approach. Then,
to illustrate the proposed method, a simple example with a case study is developed in section 4. Section 5
presents discussion related to the limits of this research work. Finally, section 6 presents a conclusion and
some perspectives for this research work.

2 STATE OF THE ART: BPMN AND SIMULATION

BPMN has emerged as an indispensable standard within the domain of business process management.
Offering a graphical notation that simplifies the communication of complex business processes, it
effectively bridges the comprehension gap among various stakeholders. Furthermore, the introduction of
BPMN model simulation marks a considerable advancement in the analysis and optimization of business
processes. This enables stakeholders to simulate BPMN models within dynamic environments, assessing
the potential impacts of hypothetical changes without their actual implementation. Such predictive
capability is crucial for identifying process bottlenecks and opportunities for improvement, thus enhancing
strategic decision-making [7].

There exist currently Business Process Management tools with simulation capabilities. These tools are
generally grouped into categories [8]: Stand-alone business process simulation tools (e.g., Bimp), general-
purpose simulation tools (e.g., Arena, AnyLogic) and modeling tools that facilitate simulation (e.g.,
ADONIS, ARIS Toolset, Bizagi Modeler, L-SIM, Simul8). A significant limitation of current simulation
tools is their lack of transparency, making it difficult to understand how simulation results are derived.

Numerous scholars have engaged in the simulation of BPMN models, with a significant emphasis placed
on conceptual modeling. This approach is instrumental in distilling the complexities of business processes
into more manageable forms, a fundamental step necessary for conducting effective simulation analysis.
Discrete Event Simulation presents a significant potential in the field of BPMN simulation, yet it also
presents challenges. This integration aims to enhance the analytical capabilities applied to business
processes, revealing insights into system dynamics and optimization opportunities. The Discrete Event
System Specification (DEVS) serves as a general-purpose framework that supports hierarchical and
modular discrete event modeling and simulation. This structured formalism improves the simulation
process, allowing for detailed construction and analysis of models [9].

The use of DEVS for simulating BPMN models is a significant area of research. Initial efforts to map
BPMN concepts to DEVS were outlined in [10], with subsequent expansions in [11] and [12] to include a
broader range of BPMN task categories and explore the integration of resource allocation and failure
mechanisms in [13]. Despite these advancements, the mapping has covered only a limited selection of
BPMN concepts, leaving out several key components like message flows, interrupting events, and
intermediate events. Related works [3] and [4] have advanced the transformation of BPMN into DEVS,
emphasizing a modular and incremental approach to address existing research gaps. Their focus on
modeling the interaction between BPMN models and simulation parameters, aimed at enhancing simulation
accuracy, serves as the foundation for the transformation methodology applied to BPMN simulation models
in this study, effectively bridging the gap between modeling and simulation practices.



3 PROPOSED METHODOLOGY

This research work is developed at the crossroads of Business Model, Business Process and Simulation. A
business model is a framework highlighting how a company creates, delivers, and captures value. It de-
scribes the company's core products or services, its target market, marketing and sales strategy, and its cost
structure [14]. In the Smallders context, the best business model for a smallholder will depend on several
factors, including the farmer's products, its target market, and its competitive landscape. A well-defined
business model is essential for the success of any smallholder [15]. It provides a roadmap for how the
company will create, deliver, and capture value. It also helps the company to make strategic decisions about
its products, its target market, and its marketing and sales strategy [16]. In this way, the simulation of a
business model becomes a major issue for smallholders. However, the use of simulation on these models,
requires to generate first a process model in BPMN. Indeed, BPMN language allows to have a process
vision of what smallholders will have to do and achieve in order to improve their business model and enable
the transition to a simulation model [4].
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Figure 1: Methodology proposed to improve business model smallholders.

In this way, Figure 1 shows the proposed methodology. The objective is to improve the business model by
providing information to the farmer on the cost, time and resources necessary to enable this improvement.
In a business model several items must be considered such as key resources, key activities or even customer
relations [17]. After an initial diagnosis (item to evaluate in Figure 1) of the business model and its items
[18], some items will be highlighted for possible improvement (e.g. online tracking — item 2 in Figure 1).
Indeed, it is possible that some items are not yet considered or very little developed in the current structure
of the business model. In this case, a business process will therefore be proposed with BPMN language to
develop or improve this item (e.g. process and activities based on good practices to improve online track-
ing). A second diagnosis is realized using simulation environment offering recommendations with KPI’s
results (resource, time, cost). To allow this simulation, it is necessary to transform the BPMN business



model into a simulation model as in [4]. This simulation will give KPIs in terms of resources that have to
be used, the expected time and cost to achieve the objective and complete the missing item. Finally, if the
model is approved, it will be implemented and added to the initial business model. In order to show the use
of this methodology, an application case is presented in the following section.

4  APPLICATION CASE STUDY

A small farm business model can have several items related to customers, key activities and resources. In
the case of key activities, several items are defined such as: delivery in a minimum time, optimized transport
cost, online tracking... In the case of the delivery item, 6 tasks are set to achieve the goal of delivering
products in minimum time: (1) order preparation, (2) order verification, (3) documentation and labelling,
(4) delivery planning, (5) shipment tracking and (6) confirmation of receipt. These tasks can be shown in
the business process in Figure 2.
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Figure 2: Diagnosis and recommendations for a delivery kay activity.

The simulation parameters (resources, allocation, time, cost...) for each activity are entered in the
simulation tool used in the Smallders project After an initial run, the simulation shows the task
“Documentation and labelling” in red and taking the longest to execute.. In fact, this task requires a resource
with a cost of €100 for two days of work. To reduce the execution time of this task, the simulation suggests
adding a resource with a total cost of €150 but a flagrant reduction of one day. With these results, the farmer
can improve his deliveries by adding a resource with a moderately high cost or to keep his current structure
and take the risk of not being competitive with the market over the duration of his deliveries.

5 DISCUSSION AND FUTURE WORKS

The presented research work aims to develop a methodology helping smallholders to improve their business
model. The objective is to offer a vision of the desired business model with the resources, cost and time
necessary to achieve it in a simulation environment. However, these results, even if they are very close to
reality, remain theoretical and not representative of a real situation if a disruption/deviation or even a Covid
19 type crisis were to disrupt the current business model. It would therefore be interesting to integrate a
digital twin approach [19] which would respond in real time to these deviations and disruptions [20].



It is possible to propose recommendations model to improve the business model in real time, but the
guestion that arises is: what is the impact of possible modification done in a process onto others processes?
What to be done if the impact decrease the performance of the whole process?

In this way, the future objective of this research work is to propose a digital twin solution that can be able
to follow the process in real-time and adjust the model as it evolves. This last step is still under development
and represents a question of this research work.

6 CONCLUSION

This research work focuses on the proposition and the presentation of a BPMN-based methodology using
simulation to improve business models for smallholders. Indeed, the objective is to define business model
items to evaluate and improve. In order to enable this improvement, it was proposed, in this paper, to
provide a vision of the necessary resources, costs and times it takes to achieve this item.

This simulation-based approach allows smallholders to predict their costs and resources as quickly as
possible. In order to enable this simulation, it was proposed to use a pivotal language, the BPMN language,
which also offers a graphical view of the processes implemented by the smallholders.

Future works are related to the proposition of a digital twin to follow the process in real-time monitoring
and respond to possible deviations.
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