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Abstract: As shared manufacturing emerges as a trans-
formative paradigm in the industrial sector, it introduces
complex resource allocation and scheduling challenges that
traditional approaches struggle to address. Current platforms
focus primarily on transaction management, lacking adequate
mechanisms for evaluating production scenarios in multi-
stakeholder environments. This research presents a novel
simulation platform designed to support decision-making in
shared manufacturing systems by enabling stakeholders to
validate and optimize their production schedules through
what-if analysis. The innovation lies in our adaptive simulation
approach that dynamically reconfigures to represent diverse
manufacturing scenarios without specialized modeling exper-
tise. We demonstrate its application in the foodmanufacturing
sector,where complexoperational conditions create significant
challenges for production planning and resource optimization.
The results show that our platform effectively supports
complex scheduling decisions while maintaining operational
efficiency. This work contributes to the advancement of shared
manufacturing by showing how simulation technology can
facilitate the transformation of traditional manufacturing sys-
tems into flexible shared resources.

Keywords: shared manufacturing; food industry; simula-
tion-based decision support; production planning; resource
optimization

1 Introduction

The manufacturing sector is experiencing a fundamental
transformation driven by increasing market volatility and

the need for more flexible production models [1]. This evo-
lution has given rise to shared manufacturing as an inno-
vative paradigm that enables efficient resource sharing and
collaborative production capabilities [2]. While cloud
manufacturing established the foundation ofmanufacturing
resources as services [3], shared manufacturing extends this
approach through peer-to-peer resource sharing and
distributed control mechanisms [4].

This transformation is particularly significant in in-
dustries with specialized equipment requirements, sea-
sonal demands, and strict regulatory compliance, such as
the food sector, where traditional manufacturing systems
often struggle to maintain efficiency while ensuring quality
standards [5]. The adoption of shared manufacturing
principles is demonstrated by major platforms including
Alibaba’s 1688 Tao Factory, Machinery Link, 3D Hubs,
Floow2, and Foxconn’s BEACON [6, 7]. However, current
implementation approaches reveal significant limitations
in coordinating multiple stakeholders and optimizing
resource allocation [8].

While existing platforms facilitate basic transaction
management and resource matching [9], they lack sophisti-
cated tools for simulating and evaluating complex produc-
tion scenarios before implementation. This gap is
particularly critical in environments with strict operational
constraints, where testing new configurations in real set-
tings could compromise product quality or disrupt opera-
tions across multiple stakeholders [10, 11].

This research addresses these challenges by intro-
ducing a novel simulation-based platform designed for
shared manufacturing environments. The platform’s key
innovation is its integration of web-based interfaces with
automatic simulation model generation that dynamically
adapts to diverse manufacturing configurations without
requiring specialized modeling expertise. Unlike conven-
tional approaches requiring expert reconfiguration [12],
our platform enables stakeholders to evaluate and optimize
production scenarios through intuitive interfaces that
automatically translate user inputs into simulation
parameters.

This research provides comprehensive tools for man-
aging orders, products, and resources while enabling
detailed what-if analyses of different production scenarios.
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This approach allows manufacturers to validate scheduling
decisions and resource allocations while considering the
broader system constraints and stakeholder requirements,
ultimately supporting more efficient and reliable shared
manufacturing operations.

The remainder of this paper is organized as follows:
Section 2 presents a comprehensive review of shared
manufacturing literature and current challenges. Section 3
outlines the methodological steps guiding our research
approach. Section 4 introduces our simulation-based plat-
form, detailing its architecture and implementation. Section
5 demonstrates the platform application through a pre-
liminary case study in the food manufacturing sector.
Section 6 discusses the results and implications of our
research, including opportunities and challenges for prac-
tical implementation. Finally, Section 7 concludes the paper
by summarizing our contributions and outlining future
research directions for advancing shared manufacturing
systems.

2 Background

The evolution of manufacturing systems towards more
open and collaborative paradigms has led to significant
developments in production models. While Cloud
Manufacturing introduced the concept of manufacturing
resources as services [3], Shared Manufacturing has
emerged as a more flexible and distributed paradigm [1].
Unlike centralized architectures [4], it promotes a peer-
to-peer approach to manufacturing resource sharing [2],
fitting within the broader sharing economy context [13, 14].

This transformation is supported by Industry 4.0 tech-
nologies [15, 16] and cyber-physical systems [17]. The social
aspects of manufacturing [18, 19] have evolved to include
collaborative consumptionmodels [20] and strategic sharing
of resources [21]. This approach is particularly relevant in
sectors like food manufacturing [5], where seasonal pro-
duction patterns and specialized equipment requirements
create opportunities for resource sharing among producers
[22, 23].

SharedManufacturing introduces significant challenges
in managing and coordinating shared resources [8], espe-
cially in environments with strict hygiene and quality re-
quirements such as food production facilities [24]. The
concept of social factory [25] has emerged alongside new
frameworks for credit assurance [26] and trust mechanisms
[27]. Production planning in shared environments requires
innovative approaches to manage multiple stakeholders
[28], with various implementations demonstrating signifi-
cant challenges [29].

Resource virtualization [30] and IT service integration
[31] have become crucial elements, while shared ware-
housing systems [32] complement the production infra-
structure. In particular, optimal resource allocation and
activity scheduling [33] become significantly more complex
compared to traditional systems, as they must account
for product-specific processing conditions, perishability
constraints, and cleaning requirements [34].

While literature has extensively explored technological
and operational aspects of shared manufacturing, including
trust and security issues [35], there remains a significant gap
in simulation-based decision support tools. The servitization
of manufacturing [36] has introduced new challenges [37] in
system design [38]. Existing methodologies for production
planning in shared environments [39] do not provide
adequate mechanisms for preemptively evaluating sched-
uling decisions’ impact on the overall system [40].

While [41] presents a notable linear programming
model for production scheduling with multiple shared-
common resources in the yogurt industry – representing one
of the few implementations in foodmanufacturing – the lack
of simulation capabilities limits the model’s applicability
for what-if analysis. This limitation becomes particularly
critical in food manufacturing, where production con-
straints [42] demand accurate planning and preliminary
validation of operational decisions [43].

The need for sharedmanufacturing-specific simulation
tools is further highlighted by the evolution of cyber-
physical systems and the integration of advanced digital
technologies in production [9]. The fundamental frame-
work of social manufacturing [44] is being enhanced
through cloud computing and IoT integration [45]. While
various manufacturing paradigms have benefited from
dedicated solutions for service optimization [46], shared
manufacturing still requires more robust approaches for
capacity planning [47]. This gap is particularly evident in
industries with complex production requirements and
strict quality standards, where the ability to simulate and
validate production scenarios before implementation
becomes crucial for maintaining product quality and
operational efficiency.

3 Methodological phases

This section outlines our systematic approach to developing
and validating a simulation-based decision support platform
for shared manufacturing in the food industry. Our meth-
odology ensures research replicability through a structured
sequence of phases that combine theoretical foundation
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with practical implementation. Figure 1 illustrates the main
research phases.
(1) Literature Analysis: the research identified a signifi-

cant gap in decision support systems for production
scheduling in shared manufacturing, particularly
regarding the integration of simulation-based technol-
ogies. A comprehensive review of existing approaches
revealed limitations in their ability to evaluate complex
production scenarios involving multiple stakeholders
with competing priorities and resource requirements.

(2) Conceptual Framework Development: based on
identified requirements, a system architecture was
designed integrating web-based interfaces with simula-
tion capabilities. This phase adopted a systems thinking
approach to define essential information flows and
interaction points, with particular attention to the inte-
gration of what-if analysis functionality for production
planning and resource allocation.

(3) Technological Implementation: object-oriented pro-
gramming principles and model-driven design tech-
niques enabled the creation of a flexible simulation
environment. The implementation utilized Python Flask
for the web application and Tecnomatix Plant Simulation
for the adaptive simulation model. A key development
focus was the comparative scenario evaluation algorithm
that powers thewhat-if analysis, allowing stakeholders to
quantitatively assess alternative production schedules
through parameterized simulation runs.

(4) Preliminary Validation: platform validation employed
a conceptual case study based on Italian specialty food
production, applying discrete event simulation tech-
niques to evaluate system behavior under various pro-
duction scenarios. The validation methodology assessed
the effectiveness of the what-if analysis functionality by
comparing baseline performance metrics against alter-
native scheduling configurations.

(5) Analysis and Synthesis: results were analyzed using
comparative performance evaluation, examining both
technical functionality and practical applicability. This
systematic assessment identified key strengths and
limitations of the simulation-based approach for shared
manufacturing decision support, with particular atten-
tion to the effectiveness of what-if analysis in facilitating
informed scheduling decisions.

This methodological framework prioritizes reproducibility
through explicit specification of techniques, tools, and
evaluation criteria. The simulation-based what-if analysis
approach represents a key methodological contribution,
allowing stakeholders to evaluate production scenarios
before implementation. The following section details the
specific implementation of our simulation-based platform,
demonstrating how these methodological principles were
operationalized through concrete system architecture and
functional components.

4 Simulation-based platform for
shared manufacturing

This section presents our simulation-based platform
designed to address scheduling challenges in shared
manufacturing environments. We first provide a high-level
overview of how the framework operates within a shared
manufacturing context to support decision-making through
what-if analysis. Subsequently, we detail the technical
implementation of the user interface and its integrationwith
the simulation model. Finally, we present the specific func-
tionalities developed in our platform, showcasing its prac-
tical application in managing shared manufacturing
operations.

4.1 Framework overview

The framework functions as a decision support system
powered by a combination of real-time data collection and
simulation capabilities. While the complete framework en-
compasses multiple components, this paper focuses specif-
ically on the development and implementation of the user
interface and its integration with the simulation model.
Nevertheless, we first present a high-level conceptual over-
view of the entire framework to provide context for our
implementation.

Figure 2 illustrates the conceptual system architecture
and information flow between its main components: theFigure 1: Research phases overview.
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Stakeholder Interface, Simulation Model, and the Shared
Manufacturing System with its Information System. In this
context, stakeholders comprise both resource providerswho
make their manufacturing equipment and facilities avail-
able for sharing, and resource customers (producers) who
utilize these shared resources for their production needs.
Specifically, resource providers include facility managers,
equipment owners, and manufacturing capacity brokers
who possess underutilized production assets, while resource
customers encompass production managers, supply chain
coordinators, manufacturing directors who require addi-
tional capacity to meet production demands or handle peak
workloads, and product developers seeking to prototype and
test new products without significant capital investments.
This dual-stakeholder approach enables effective resource
allocation and production planning within the shared
manufacturing ecosystem.

The architecture shown in Figure 2 consists of two
distinct environments: the Simulation-Based Platform (gray
area) and the Production Environment (blue area). The
Shared Manufacturing System represents the physical pro-
duction facility with shared resources, where multiple
stakeholders operate manufacturing equipment. The Infor-
mation System serves as the central data repository,

collecting real-time operational data including resource
states, production progress, and order status. Within the
platform, the Simulation Model creates a digital represen-
tation of the manufacturing environment that predicts
system behavior, while the User Interface connects stake-
holders with the simulation model for configuration and
analysis.

The framework operates through four sequential steps
shown in Figure 2. While our implementation focuses pri-
marily on the Simulation-Based Platform, understanding the
complete workflow helps contextualize our contribution:
– Step 1 – Data Collection: the Shared Manufacturing

System transmits real-time production data to the In-
formation System (step 1.0), ensuring simulations reflect
current conditions. This data includes machine states,
processing times, order status, resource availability, and
other metrics needed to create an accurate simulation
model of the manufacturing environment.

– Step 2 – Baseline Simulation: the Information System
forwards production data to the Simulation Model
(step 2.0), which runs a simulation using the current
system configuration (step 2.1) and sends baseline
results to the User Interface (step 2.2). This establishes
the reference point for comparative analysis, capturing

Figure 2: Decision support system in shared manufacturing – framework architecture.
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the manufacturing system’s current state with existing
resource allocation and production schedule. Key per-
formance indicators such as resource utilization,
throughput, and lead times reflect current operational
performance.

– Step 3 – What-If Analysis: stakeholders modify the
system configuration through the interface (step 3.0),
which the platform forwards to the Simulation Model
(step 3.1). The model runs a simulation with these
modifications (step 3.2), returns results to the user
interface (step 3.3), which then presents a comparison
between baseline and what-if scenarios to the Stake-
holder (step 3.4). This core analytical component enables
evaluation of potential changes such as adding products,
adjusting resources, rescheduling orders, or modifying
processes before implementing them in the actual
environment.

– Step 4 –DecisionMaking: the Stakeholder analyzes the
comparison (step 4.0) and makes decisions that directly
impact the Manufacturing System (step 4.1). This
component combines quantitative simulation results
with qualitative business considerations, helping
stakeholders evaluate trade-offs between objectives like
resource utilization, punctuality, and system efficiency
to make data-driven decisions.

Our approach addresses the unique challenges of shared
manufacturing environments where multiple stakeholders
with competing interests must coordinate within the
same production system. The framework supports multi-
stakeholder coordination by facilitating transparent
resource allocation, evaluating seasonal variations in utili-
zation, identifying potential scheduling conflicts proactively,
and enabling rapid evaluation of changes to accommodate
new products or stakeholders.

This approach creates a dynamic ecosystem where
potential changes can be evaluated before implementation.
Through these simulation capabilities, stakeholders can
assess various scenarios such as production planning,
capacity utilization, and equipment investments without
disrupting ongoing operations.

4.2 Simulation-based platform

This section presents the technical implementation of our
decision support system (grey area of Figure 2), detailing
both the web user interface and the underlying simulation
model that powers it. We first describe the platform
architecture that provides the user interface and data
management capabilities, followed by an explanation of

the simulation model that enables dynamic scenario
evaluation.

4.2.1 User interface

The user interface is implemented as a web application built
using the Python Flask framework. This platform serves as
the interface between stakeholders and the simulation
environment, providing intuitive tools for system configu-
ration and result analysis. The implementation leverages
several key technologies:
– Web Application Framework: the system uses Flask

for handling HTTP requests and routing, with custom
handlers for resources, products, and orders. The
application structure includes specialized modules for
data management and simulation control, enabling
efficient data processing and state management.

– Frontend Interface: a JavaScript-based frontend pro-
vides interactive user controls and real-time visualiza-
tion capabilities. The interface is modularly designed
with separate managers for orders, products, resources,
and simulation control, facilitating maintainable code
organization and efficient state management.

– Data Exchange Protocol: communication between
components is handled through HTTP-based APIs with
JSON payloads. The system implements custom JSON
encoders to handle complex data types and ensure
consistent data serialization across the platform.

The integration between the web platform and simulation
model is managed through a dedicated SimulationHandler
component that coordinates model execution and results
processing. This handler manages the simulation lifecycle,
including configuration translation, execution control, and
results processing.When simulation results are received, the
platform transforms them into interactive visualizations
that allow stakeholders to analyze and compare different
scenarios, supporting informed decision-making in the
shared manufacturing environment.

4.2.2 Simulation model

The simulation model forms the analytical core of our sys-
tem, providing the computational capabilities necessary for
scenario evaluation and performance prediction. Our
methodological approach employs Discrete Event Simula-
tion (DES) as the primary analytical technique due to its
proven effectiveness in modeling complex manufacturing
systems with stochastic elements and resource constraints.
We selected this approach specifically to address the unique
challenges of shared manufacturing, where multiple
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stakeholders access common resources under varying pro-
duction schedules.

The simulation component employs an Automatic
Simulation Model Generation (ASMG) methodology imple-
mented in Tecnomatix Plant Simulation [12, 48]. Built on
object-oriented programming principles, the model com-
bines modular and data-driven approaches to enable flex-
ible reproduction of variousmanufacturing systems through
input configuration changes. This methodological choice
facilitates systematic analysis of different configuration
scenarios while maintaining consistency in the underlying
model logic, an essential requirement for reproducible
research in manufacturing simulation. This architecture
facilitates resource allocation, bottleneck prediction, and
production scheduling from operational to strategic levels
without requiring model reconstruction.

The implementation follows these replicable methodo-
logical steps:
(1) System specification through structured JSON docu-

ments containing resource, product, and order
definitions

(2) Automatic translation of specifications into simulation
objects using predefined templates

(3) Execution of simulation with configurable run parame-
ters (simulation duration, random seed, etc.)

(4) Structured data collection of key performance indicators
at both resource and system levels

(5) Statistical analysis of simulation outputs to evaluate
scenario performance

This structured approach ensures that the simulation pro-
cess is repeatable and results are comparable across
different experimental configurations.

The data-driven approach utilizes specialized libraries
that serve as manufacturing resource templates. When
configuration data arrives through the web interface, these
templates are instantiatedwith specific parameters to create
digital representations of workstations, material handling
systems, and processing units. This approach allows the
simulation to adapt dynamically to different manufacturing
configurations without manual model rebuilding.

At the completion of each simulation run, the simulation
environment generates comprehensive production data
outputs including resource utilization metrics, order
completion statistics, throughput rates, and queue dy-
namics. These outputs provide detailed insights into system
performance under different operating conditions. The
simulation model automatically collects and organizes these
metrics, preparing them for transmission back to the plat-
form where they are processed into comparative
visualizations.

The simulation results serve as a powerful tool for
conducting comprehensive what-if analyses, enabling
stakeholders to systematically explore and evaluate alter-
native manufacturing scenarios. By varying input parame-
ters such as resource configurations, production schedules,
and operational constraints, decision-makers can simulate
potential outcomes, identify optimal strategies, and mitigate
risks before actual implementation. This analytical
approach transforms the simulation from a mere predictive
tool to a strategic decision-support mechanism, providing
quantitative insights that guide more informed and confi-
dent manufacturing planning.

4.3 Platform description

The SharedManufacturing Simulation Platformprovides four
integrated management tabs: Order Management, Product
Management, Resource Management, and What-if Analysis.
The first three tabs follow a consistent interface design with
fundamental operations including addition, modification,
visualization, and deletion of their respective elements, as
illustrated by the Resource Management tab in Figure 3.
– Resource Management: as shown in Figure 3, this

tab provides a comprehensive view of available
manufacturing resources. The interface displays key
resource parameters including ID, Name, Capacity, and
Number of Shifts. Users can add new resources, modify
existing ones, and remove unavailable resources. The
tab consists of two main sections: a resource overview
that lists all current resources withmodification (green
button) and deletion (red button) actions, and a
resource addition form where users can input basic
information for new manufacturing equipment
including identification details, capacity specifications,
and operational parameters such as number of shifts.

– Order Management: enables stakeholders to handle
production orders in the shared environment. Users can
add new orders with specific requirements, modify
existing orders and delete orders when necessary.

– Product Management: allows users to manage the
product portfolio within the shared manufacturing
system. Stakeholders can add new products with their
processing requirements, modify existing product
specifications, visualize product details, and remove
products.

– What-if Analysis: enables stakeholders to simulate
different manufacturing scenarios before implementa-
tion. The detailed functionality and interface of this
analysis tool will be demonstrated through the pre-
liminary case study presented in the following section.
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Figure 3 demonstrates how the platform maintains a clear
overview of available manufacturing resources. The tabular
layout provides quick access to essential resource informa-
tion, while the action buttons enable efficient resource
management.

These functionalities collectively enable stakeholders to
effectively manage their shared manufacturing operations
while maintaining strict control and visibility of all system
components. The platform’s ability to track and modify
resources, orders, and products supports both operational
efficiency and system-wide coordination. Through these
comprehensive management interfaces, the platform
acquires all essential data required to execute simulation
models for production planning, allowing stakeholders to
make informed decisions about resource allocation and
scheduling in the shared manufacturing environment.

5 Preliminary case study

This section presents an illustrative case study that demon-
strates the application of our simulation platform in a shared
manufacturing context. Our aim is to explorehow this platform
can support decision-making in complex multi-stakeholder
environments and take a step forward in understanding this
emerging production paradigm. The food manufacturing
sector provides a compelling context for this investigation due
to its unique operational challenges including seasonality,
perishability, and regulatory requirements.

While the scenario and analyses are conceptual rather
than reporting on a specific implementation, they are
informed by realistic operational parameters derived from
industry observations. This approach allows us to examine
decision-making processes that would be difficult to study in
traditional manufacturing systems, particularly for in-
dustries like food production where shared manufacturing
applications remain limited despite their potential benefits.

5.1 Base scenario: multi-stakeholder food
production

The facility operates as a collaborative production hub
serving nine independent food producers. The arrangement
exemplifies sharedmanufacturing’s core principle: enabling
multiple stakeholders to utilize common production facil-
ities while maintaining individual product specifications,
quality standards, and brand identities.

The facility manages three distinct product categories:
fresh products (fresh pasta, gelato, and pesto) requiring
immediate processing; seasonal products (Panettone,
Colomba, and Pandoro) with concentrated demand periods;
and non-seasonal products (dry pasta and biscotti) providing
stable year-round production.

Theproduction infrastructure consists of 26manufacturing
resources including industrial mixers, specialized forming
equipment, baking units, cooling systems, and packaging lines.
The facility operates on a two-shift system (16 h/day) with

Figure 3: Resource management interface with key parameters and controls.
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capability to extend to three shifts during peak periods.
Equipment capacities vary significantly, with some resources
supporting parallel processing while others require complete
changeover between product types, creating complex sched-
uling dependencies that must be carefully managed.

5.2 What-if analysis: new stakeholder
integration

A recent opportunity arose when a small producer reques-
ted to process excess raw tomatomaterial into tomato sauce,
presenting an interesting case for analysis. The introduction
of this new product required a two-level analysis to under-
stand its impact on the existing production system.

In shared manufacturing environments, introducing a
new stakeholder represents a complex challenge that tran-
scends simple production scheduling. The integration process
demands careful evaluation of resource compatibility, sched-
uling feasibility, and capacity impacts. Food manufacturing
presents unique complexities due to specialized processing
conditions and seasonal production patterns, requiring a
comprehensive approach to assess potential system-wide
impacts before actual implementation.

5.2.1 What-if analysis results

The simulation platform conducted a comprehensivewhat-if
analysis comparing the baseline scenario (Scenario 0) with
the tomato sauce integration scenario (Scenario 1), revealing
critical insights into potential system modifications:

The first level of analysis, shown in Figure 4, provides
a comprehensive view of how resource utilization
changes when introducing new products into a shared
manufacturing system. This visualization approach com-
pares two scenarios across four fundamental performance
metrics: Working Percentage (productive time), Waiting
Percentage (idle time), Average Time in Queue (processing
delays), and Queue Items (buffer requirements). This type
of comparative analysis enables stakeholders to quickly
identify potential bottlenecks and resource conflicts that
might arise from modifications to the production schedule.

In this specific case study, the analysis revealed signifi-
cant changes in resource utilization patterns when inte-
grating tomato sauce production. The industrial mixer
showed a notable increase from 75 % to 82 % utilization in
Scenario 1, while the preparation station experienced an
uptick from 70 % to 78 % working time, demonstrating
increased system load. Waiting times at key workstations
increased moderately, with the sorting line showing an in-
crease from 25 % to 35 %, though remaining within

acceptable operational parameters. Queue metrics also
indicated higher system pressure, with the industrial
mixer’s average queue time increasing from 45 to 65 min and
the number of items in queue rising from 4 to 6 on average.

The second level of analysis, presented in Figure 5, shifts
focus from resources to order fulfillment metrics. This
approach is essential for evaluating how changes in resource
allocation impact service levels for existing products. The
visualization tracks four critical indicators: Flow Time (total
processing duration), Lateness (delivery timing deviations),
Completion Rate (order fulfillment success), and Late Orders
(service level failures). By examining these metrics across
different time periods, stakeholders can identify seasonal
conflicts and evaluate the temporal distribution of produc-
tion disruptions.

In the tomato sauce integration scenario, this order-
level analysis revealed significant impacts on pesto pro-
duction, particularly during peak seasons when both prod-
ucts required similar resources. Order PST_2025-07(2)
showed a dramatic increase in flow time from 12 h in the
baseline scenario to 42 h in Scenario 1. Lateness patterns also
emerged, with order PST_2025-08(2) experiencing a 72-h
delay compared to on-time delivery in the baseline. While
the overall completion rate remained stable at nearly 100 %
in both scenarios, the temporal distribution revealed that
approximately 25 % of pesto orders became late during the
July–August period in Scenario 1, indicating a seasonal
conflict between the two product types.

The analysis revealed that while the system could
accommodate the new tomato sauce production, its overlap
with peak pesto season created resource contention for
industrial mixers and packaging lines. This conflict exem-
plifies a common challenge in shared food manufacturing:
seasonal peaks that create temporary resource shortages. In
this case, both tomato sauce and pesto production exhibited
seasonal patterns driven by ingredient availability, fresh
tomatoes and basil reach peak quality and availability dur-
ing similar summermonths. When these natural production
cycles align across multiple products requiring similar
resources, the shared manufacturing system can experience
capacity constraints even when annual average utilization
remains well below maximum capacity.

Using the interactive analysis tools, the small producer
identified this seasonal overlap and developed a strategic
solution that considered the full production ecosystem
rather than just individual product requirements. The
solution involved shifting tomato sauce production to late
summer (August–September) when most basil harvesting
for pesto had concluded, while still maintaining access to
quality tomatoes. Additionally, production volumes were
adjusted to optimize resource utilization during this
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transition period, with larger batch sizes that reduced the
total number of setups required.

This rescheduling approach successfully resolved the
balancing issues while maintaining existing production
efficiency for all stakeholders. By visualizing the simulated
impact before implementation, the platform enabled
collaborative decision-making that considered both the new
stakeholder’s needs and the system’s existing commitments.
This case demonstrates the platform’s effectiveness in
facilitating dynamic production planning for seasonal food
products in shared manufacturing environments, where
proactive identification of seasonal conflicts is essential for
maintaining operational harmony.

6 Results and discussion

This section presents the key findings and implications of
our research on simulation-based decision support for
shared manufacturing in the food industry. We first discuss
the core capabilities and implementation of our simulation

platform, followed by an analysis of the broader opportu-
nities and challenges in shared manufacturing adoption.
Finally, we outline critical directions for future research that
could advance this field. The discussion integrates insights
from both our technical implementation and the theoretical
framework that supports it, providing a comprehensive
view of the current state and future potential of shared
manufacturing in the food sector.

6.1 Simulation platform for shared
manufacturing

The research introduces an innovative web-based simula-
tion platform designed to support decision-making in shared
food manufacturing environments. The platform’s dis-
tinguishing feature is its adaptive simulation model that can
be configured through an intuitive web interface, allowing
stakeholders to simulate and evaluate production scenarios
before implementation [40]. This approach eliminates the

Figure 4: Resource utilization analysis comparing baseline operations (Scenario 0) with tomato sauce integration (Scenario 1).

F. Longo et al.: A simulation-based platform for shared manufacturing in the food industry 9



need for costly physical trials while providing valuable in-
sights into potential outcomes.

The system offers comprehensive management capa-
bilities through an integrated web interface where users can
manage orders, products, and resources, as well as conduct
what-if analyses [9]. Through this interface, stakeholders can
evaluate various scenarios, from introducing new products
to adjusting production schedules, all without disrupting
ongoing operations. The simulation model automatically
adapts to these changes, providing real-time feedback on
system performance.

The platform’s capabilities were explored through an
illustrative case study based on an Italian specialty foods
scenario. While not representing a real-world implementa-
tion, this theoretical case study demonstrates how a

simulation platform could support decision-making in a
complex shared manufacturing environment [24]. The sce-
nario involves multiple stakeholders sharing production
facilities for various food products with different
requirements and seasonal demands, showing how the
platform can help optimize resource allocation while
maintaining individual product specifications and quality
standards.

6.2 Shared manufacturing: opportunities
and challenges

Shared manufacturing represents a paradigm shift in food
production systems [1], fundamentally transforming how

Figure 5: Detailed order analysis for pesto production across different time periods.

10 F. Longo et al.: A simulation-based platform for shared manufacturing in the food industry



food manufacturers operate and scale their businesses. This
approach enables multiple stakeholders to utilize common
production facilities while maintaining individual product
specifications and quality standards.

The model presents three key opportunities for the food
industry:
– Resource Optimization and Cost Efficiency: small

producers can access specialized equipment and
temperature-controlled environments without sub-
stantial capital investments [2], reducing entry barriers
and operational costs.

– Production Flexibility and Scalability: manufacturers
can effectively manage seasonal demand variations
through coordinated facility usage [41], allowing for
dynamic production scaling based on market demands.

– Knowledge and Technology Sharing: producers
benefit from shared expertise and access to advanced
manufacturing technologies that would be cost-
prohibitive for individual implementation [3].

However, implementing shared manufacturing in the food
industry also presents significant challenges:
– Quality and Safety Management: maintaining strict

food safety standards and ensuring product traceability
become more complex in shared environments [34].

– Operational Coordination: managing multiple stake-
holders with diverse production requirements demands
sophisticated scheduling systems and efficient resource
allocation mechanisms [42].

– Regulatory Compliance: meeting various certification
requirements and food safety standards across multiple
producers demands comprehensive management
systems.

– Data Uncertainty Management: although the simula-
tion model can perform analysis using different vari-
ability ranges to manage system stochasticity, it still
relies on high-quality input data. Uncertainties in pro-
duction times, resource availability, and demand pat-
terns can potentially compromise the reliability of
results.

6.3 Future research directions

Future research and development in shared food
manufacturing simulation requires focused attention on
several critical areas to enhance practical applicability.
The research highlights three key directions for future
development:
– Advanced Food-SpecificModeling: development ofmore

sophisticated simulation models that incorporate detailed

food manufacturing requirements, including cleaning
protocols and temperature-sensitive constraints [23].

– System Integration and Standardization: creation of
standardized interfaces for integration with existing
manufacturing execution systems and quality manage-
ment systems [17].

– Intelligent Resource Management: implementation of
advanced algorithms for dynamic resource allocation and
scheduling optimization, specifically designed to handle
the unique constraints of food manufacturing [33].

– Robust Uncertainty Quantification: development of
advanced simulation frameworks that can effectively
quantify and incorporate data uncertainties through
techniques would enable more reliable decision-making
in stochastic food manufacturing environments and
reduce dependency on perfect input data while main-
taining model accuracy.

These research directions aim to bridge the gap between
theoretical potential and practical implementation, focusing
on creating more robust and industry-ready solutions. The
continued development of these aspects will be crucial in
establishing shared manufacturing as a viable and efficient
model for food production systems.

7 Conclusions

This research advances decision support in shared food
manufacturing through an adaptive simulation platform,
demonstrating how web-based tools can facilitate complex
decision-making in multi-stakeholder production environ-
ments. Through a conceptual case study in specialty food
production, we explored the platform’s potential in man-
aging diverse production requirements while highlighting
the challenges of coordinating shared operations in the food
industry. The implementation serves as a stepping stone for
future developments, contributing to the growing field of
shared manufacturing by providing insights into both tech-
nological solutions and operational challenges. As food
manufacturers face increasing pressure to become more
flexible and resource efficient, such simulation-based ap-
proaches will be valuable in helping stakeholders evaluate
and optimize their production strategies while maintaining
quality standards and meeting regulatory requirements.
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