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Abstract

In the fiercely competitive landscape of modern manufacturing, small and medium-sized enterprises (SMEs) are navigating an intricate web of
challenges and opportunities. This environment demands constant adaptation and innovation to remain relevant and pro fitable while upholding
sustainable practices. Nowadays, Model-based Systems Engineering (MBSE) capabilities have evolved to a state where collaboration, handling
complexity, and integrating sustainability into design processes are streamlined. By leveraging digital models to holistically represent and analyze
complex systems, MBSE empowers designers to systematically incorporate sustainability issues and make informed decisions. This research
elucidates the application of MBSE in fulfilling stakeholders' needs, tracing integrated functional requirements, and finding solution alternatives
for accelerating the movement toward sustainable factories. In this regard, the Cameo System Modeler is utilized for sustainable factory design
decomposition. To facilitate factories' sustainability assessment, the first level of functional requirements is defined based on axiomatic design
theory and sustainability metrics which are highlighted in the European Sustainability Report Standard (ESRS). To present the application of
Cameo, the Austrian Post sustainability report is analyzed based on assumed sustainability targets. Results show how MBSE can help
stakeholders, managers, and designers have a big picture of a sustainable factory in one place and provide a resilient decision-making

environment.
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1. Introduction and State-of-the-Art

Despite  delegated regulations and standards on
sustainability like the United Nations Sustainable Development
Goals (UN SDGs) [1], EU taxonomy for sustainable activities
[2], the European Sustainability Report Standard (ESRS) [3],
and ISO 14001 [4], sustainable development is a challenging
task for factories which still has a high potential for research
and improvement. Because of its inconclusive nature, a holistic
approach to this issue is not introduced. The first attention to
sustainability goes back to the 1990s to the energy and resource
efficiency in manufacturing which is called "zero-emission
factories” or “environmental fair factories” [5]. The idea by
Volkswagen to use biomass for heat supply and renewable
power generation like solar and wind plants which is the so-
called "Blue Factory" is an example of an environmentally fair
factory [6].

2212-8271 © 2024 The Authors. Published by Elsevier B.V.

Designing a sustainable factory is a system of systems (SoS)
problem. In addition to the complexity of the product life cycle
to figure out the feasible and suitable way to arrange systems
and sub-systems, the lack of central ownership and authority is
a vital challenge. The autonomy of the various elements that
comprise the SoS and the resulting difficulty in achieving
stakeholder consensus and cooperation across the long life
cycle of the system subjects that system to much change.
Furthermore, external pressures such as sustainability rules that
are coming towards factories should also be considered during
this process. Whether this meant dealing with multidisciplinary
systems, arranging agents as a multi-agent system, creating the
most efficient organizational communication, or completing
manufacturing system puzzles fulfilling a set of requirements
and constraints requires creativity and innovation at the speed
of thought in nowadays competitive environment [7]. In this
respect, adopting a new perspective of systems engineering

This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-ne-nd/4.0)
Peer-review under responsibility of the scientific committee of the 31st CIRP Conference on Life Cycle Engineering (LCE 2024)

10.1016/j.procir.2024.01.104



Ali Asghar Bataleblu et al. / Procedia CIRP 122 (2024) 748-753 749

which works more with models instead of documents for
information exchange would be more helpful not only in
decreasing the complexity by providing links between different
types of engineering lifecycle information but also through
online checks and traceability capabilities. This paradigm shift
from document-centric to model-centric is known as Model-
based Systems Engineering (MBSE). According to the
International Council on Systems Engineering (INCOSE),
MBSE is defined as “the formalized application of modeling to
support system requirements, design, analysis, verification and
validation activities beginning in the conceptual design phase
and continues throughout development and later life cycle
phases [8]. MBSE is an alternative way for document-based
information exchange based on System Modeling Language
(SysML) which is an extension of Unified Modeling Language
(UML) since it was thought using a common language could
close the communication gap between systems and software
engineers. In [9], a detailed review of the perceived value of
MBSE in the literature is presented by presenting benefits and
drawbacks from different aspects from analysis capabilities to
organizational adaptation.

Significant strides in the application of MBSE in different
fields of research from conceptual design [ 10] to the system life
cycle [11] in the last decade are clear to everyone. Although
MBSE is still increasing in coverage, there is solid evidence in
the literature for a positive Return on Investment (ROI) in this
shift [12]. Nevertheless, the significant advantage of MBSE is
closing the communication gap which is what is necessary
when it comes to sustainability. Finding a better way to
exchange information to finally achieve a more sustainable
factory is what is addressed in this paper. The four crucial topics
under the layer of sustainability include environmental,
economic, social, and governance pillars. The tradeoff between
the competing criteria of these pillars disrupts the sustainability
of the problem. Business/profitability criteria have necessarily
ruled business decisions up to this point. Even though
stakeholders consider sustainability along with other valid
business goals, some of these business goals may conflict based
on the limits of current technology and other continuity-of-
business constraints [13]. In numerous manufacturing sectors,
the circular economy has been recognized as one of the most
promising drivers for sustainability [14] to achieve the United
Nations Sustainable Development Goals (UN SDGs) [1].
Although the circular economy is one of the solutions for one
of the functions of the sustainability problem, it has been one of
the results of a greater desire towards the economic pillar. In
moving toward sustainable factories, developing smart
factories relying on digitalization is another solution. As
technology progresses in this kind of upgrade, the form of
complexity also has changed to the cyber-physical in nature
[15]. Document-centric SE will have immense difficulty with
capturing and managing cyber requirements, and continuous
verification and validation [16]. Therefore, looking at the big
picture of the sustainability problem, it seems to be a simple
problem with separate pillars. But in practice, not sharing the
same values and not providing the same solutions for those
shared values and humans that acting as the main role, reveal
the complexity of dealing with sustainability more and more.
Therefore, without functional requirements decoupling

pathways identified, achieving consensus appears to be beyond
reach.

There is no single path and no single solution to achieve
sustainable factories [17]. Some of the recent approaches are
pushing companies toward Industry 4.0 and one of its
fundamental elements Operator 4.0 [ 18], and developing high-
level sustainability assessment tools to identify the factories'
situations toward sustainability [19, 20]. Sustainability
solutions are affected by many factors including unions,
government, stakeholders, managers, organizational culture,
Technology Readiness Level (TRL), Manufacturing Readiness
Level (MRL), a holistic and systematic design approach, and
adoption process leaders. Successful SE practices provide a
way ahead in addressing this problem, including efficient
resource allocation, streamlined project management, and
enhanced collaboration among team members. Therefore, in the
first step, the needs must be captured, the requirements and
related  sustainability —metrics specified, requirements
decomposed to further levels and alternative physical solutions
identified, sustainability assessment performed, short and long-
term plans evaluated, and feasible scenarios to more sustainable
factories extracted.

This paper considers sustainability metrics highlighted in the
European Sustainability Report Standard (ESRS) [16] and how
a factory can appropriately adapt to them by mitigating
coupling through a systematic functional decomposition. To
this end, the Cameo Systems Modeler is utilized with the vision
of requirements management to demonstrate sustainable
factory decomposition and sustainability assessment. The paper
is structured as follows: Section 2 introduces the characteristics
of sustainable factories based on ESRS and how such factories
evolve. Section 3 describes the MBSE approach to design
decomposition and requirements management. Finally, Section
4 summarizes the results and draws conclusions and remarks.

2. Sustainable factory design

The current delegated regulation on sustainability by the
European Commission and the United Nations has imposed
significant changes on manufacturing industries. Changing the
plan or strategy regarding organizational culture,
infrastructures, networks, resources, and workforce could be
some common examples. Because of the immense variety of
ways to deal with sustainability from different perspectives,
every factory has tended in one direction to improve its
situation in this competitive playground to some extent. Since
hasty decision-making on one part of this problem can have a
negative impact on others, it is essential to have expert analysis
and foresight before any managerial decision. A comprehensive
sustainability assessment will produce a brighter roadmap with
feasible milestones that will impressively reduce the risk of
capital loss.

Although the potential of Sustainable Factory (SF) in
manufacturing industries is recognized, there is no clear
definition of SF and how it takes place. Therefore, the SF
concept is often confused with the circular economy. This
section investigates scientific literature about SF to cover all
aspects of sustainability that are expected from an SF by
reducing the ambiguities around the SF concept. Since the
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sustainability metrics proposed in the literature are expert-
derived, generic, and lack usefulness in terms of applicability
and measurability [21-23], ESRS metrics [3] have been
considered as the guidelines for deriving the best high-level
functional requirements. The sustainability statement that
companies should disclose in ESRS encompasses three main
categories environmental (Eco-Economic), social, and
governance information (Fig. 1). Topics involved in these
categories are summarized in Table 1. The Eco-Economic pillar
covers topics like emissions, pollution, water resources,
biodiversity, and circular economy. The social pillar is focused
on the workforce, workers in the value chain, affected
communities, consumers, and end-users. Business conduct
including corruption and bribery, lobbying expenses, and
payment practices are considered in governance pillars [3]. This
information and related metrics are the basis for designing a
factory to be more sustainable and assessing the influence of
ways to address these metrics on the factory roadmap.
Conversely, this sustainability is neutralized if the coupling
between ESRS metrics is dominant.

European Sustainability
Reporting Standards (ESRS)

Governance
Eco-Economic

Sustainability
Statement

Fig. 1. Sustainability pillars based on ESRS.

Table 1. Topics involved in ESRS sustainability statement structure [3]

Pillars Codification  Content
ESRS E1 Climate Change
ESRS E2 Pollution

Eco-Economic  ESRS E3 Water and marine resources
ESRS E4 Biodiversity and ecosystems
ESRS ES Resource use and circular economy
ESRS S1 Own workforce

Social ESRS S2 Workers in the value chain
ESRS S3 Affected communities
ESRS S4 Consumers and end-users

Governance ESRS G1 Business conduct

Identifying customers' needs comes first when attempting a
systematic way to design an SF based on these criteria. Global
concern about environmental crisis is the pioneer item in this
area. Then, demand for productivity and innovation as well as
low-cost products considering sustainability comes to
manufacturing. Suppliers and investors are looking for
sustainability benefits in Business-to-business (B2B). Finally,
circularity requirements in the supply chain and distributors
should be thought out. Therefore, the inputs and outputs and
the internal production process of a factory along with its
external communications in the investment and supply cycle
will all be involved in the design of an SF (see Fig. 2). The
input could be included, for example, commodities, offsets, or

energy sources; whereas products, emissions, and wastes
characterize the outputs. The workforce, production line
equipment, parts manufacturing, quality control, assembly, and

packaging constitute the production process.
Needs

Environmental crisis

.
= Productivity
= Innovation
= circularity
.

Inputs Outputs
= Commodities = Products
= Offsets = Waste
= Energy = Emissions
. = Pollution
. .

Water

Production Process

Fig. 2. Sustainable factory design interactions.

The existence of interaction with the organizational process,
manufacturing network, and upcoming legislation like ESRS,
designing a factory with a broad field of action would be a
challenging task aiming at sustainability realization. From the
system-level view, the SF design problem is decomposed to the
first level of the functional requirements (FRs), and their related
physical solutions (PSs) as follows. The relationship between
defined FRs and the codifications mentioned in the ESRS

document is indicated in Table 2 which shows the
comprehensiveness of this decomposition.
Table 2. Main FRs and PSs for designing a sustainable factory
. . . . ESRS
Functional Requirements ~ Physical Solutions Relation
FR1- Manage Land-Use Biodiverse and Green Factory E4

Design Guidelines

FR2- Generate Power Green Power Generation Strategy ~ El
FR3- Manage Power Distribution Resource Plan Es
Distribution (DRP)
FR4- Manage Energy Energy Management Systems ES
Consumption (EMS)
FR5- Manage Emissions ~ Net-Zero Emissions Strategy El
FR6- Control Pollution Eco-Friendly Production Plan E2
FR7- Cont-rol Water Water Efficiency Action Plan E3
Consumption

Circular Economy Action Plan
FR8- Manage Resources (CEAP) ES
FR9- M.a intam Predictive Maintenance E5
Production System
FR10- Create a Resilient . .
Manufacturing System Business Resilience Strategy ES
FR11- Manage .
Workforce Satisfaction Employees Well-being Programs S1
FR12- Establish .
Workforce Inclusive Workplace Culture S2
FR13- Establish S
Workplace Culture Leadership Principles S1
FR14- Manage Affected  Policy for Ethical and $3.4
Communities' Rights Responsible Sourcing ’
FR15- Manage Business  Ethical Guidelines Clarification Gl

Conduct

Plan
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Next to the highlighted issues, new requirements and needs
could be imposed during the factory design and planning.
Therefore, to achieve more resilient technical planning, a robust
roadmap focusing on sustainability, and examining the impact
of changes on sustainability metrics of other functions, MBSE
tools relying on their online traceability, visualization, and
verification would be synergetic. In the next section, the Cameo
Systems Modeler is used to show the application of MBSE tools
in dealing with this problem.

3. Decomposition and requirements management

Having requirements management, behavior modeling,
systems architecture, design, verification, and validation all in
one place using MBSE tools provides this opportunity to handle
all aspects of the manufacturing lifecycle in a model-centric
way. Relying on these capabilities, some literature used MBSE
to solve sustainability problems in the system or sub-system
levels [24-27]. In [28], the energy smart grids have been
designed from a SoS point of view and using SysML. Cochran
et al. developed the Manufacturing System Design
Decomposition 10.0 (MSDD 10.0) using Vitech's GENESYS
as a general pattern to guide engineers in designing a
manufacturing system [29]. Also, the Cameo software is used
to improve energy sustainability in the manufacturing industry
[30].

The MBSE model presented herein has been developed in
the requirement management part of the Cameo System
Modeler (academic version 2022x). The zero level of the SF
design decomposition illustrated in Fig. 3 shows the main
functional requirement defined based on needs and the physical
solution considered to satisfy that function.

Environmental Crisis Human Need

Regulatory Changes B2B Opportunities

Id="CN1"

Text = "Concern about
the environmental crisis
and climate change"

Id="CN2" Id="CN3"

Text = "New and upcoming Text = "Businesses are
legislation (like ESRS) including  looking for sustainability in
Business-to-business (B2B)
and in the supply chain"

Id="CN4"

Text = "Increasing demands
and questions on
sustainability coming from
customers and distributors”

sustainability aspects and
circularity requirements”

Accelerate Manufacturing
Sustainability
Id="FRO"
Text = "Accelerate the transition
of manufacturing factories
toward Sustainability"
4
<<Satisfy>> |
Sustainability Assessment Tool
1d="Ps0"
Text = "Sustainable Factory
Design Decompaosition (SFDD) as
an Assessment Tool for
Manufacturing Sustainability"

Fig. 3. Zero-level decomposition of sustainable factory design problem.

For the first level FRs-PSs, the decomposition is done based
on Table 2 information and results can be proposed like Fig. 3
continuing to the lower levels. For each FR, the ESRS metrics
can be considered functional requirements measures (FRms)
and used to analyze requirements by defining performance
requirements to check the fulfillment of these FRs. Under the
titles of FRs and PSs, there is a text that explains the concept
behind titles. To re-shape a factory to embed sustainability or
design a new sustainable one, the low dependency or
independence between these high-level functional requirements

is a crucial step to have uncoupled solutions at the end and it
helps make decisions easier. The metrics considered for each
FR will determine how and in which way (positive or negative)
they can affect each other and how they can decompose to the
lower level following their main branch. Some of these metrics
are proposed in Table 3.

Table 3. Some examples of the considered metrics related to FRs

FRs FRms Metrics

1- Total use of land (m? or ha)

2- Total sealed area (m? or ha)

3- Total nature-oriented area on-site (m” or ha)

4- Total nature-oriented area off-site (m* or ha)

1- Total energy supplied by non-renewable energy
sources (Natural Gas, Oil, Diesel, ...) (MWh)

2- Total energy supplied by renewable energy sources
(Solar Power, Wind Power, Hydropower, Biomass
Energy, Geothermal Energy, ...) (MWh)

1- Total water consumption in m*

2- Total water recycled and reused in m?

3- Total water stored and changes in storage in m®

FR1 FRmsl

FR2 FRms2

FR7 FRms7

As depicted in Table 3, according to metrics, the size of the
factory has a direct impact on FR1 metrics and FR2 solutions
are dependent on the factory's geographical location. In
addition, the metrics mentioned for FR7 depend on the
manufacturing process as well as FR2 physical solutions.
Based on these metrics, for each metric one performance
requirement can be defined, and then asked for its fulfillment
during requirements analysis.

For a clear illustration of requirements analysis, the Austrian
Post sustainability report [31] is considered. The sustainability
indicators in this report encompass economic, environmental,
and social items. The economic indicators include revenue and
other operating income, added values, and distribution. The
environmental indicators consist of energy consumption in
buildings and vehicle fleets; CO, emissions as scope 1, 2, and
3, buildings, mobility, and IT services emissions, and emissions
per revenue; and waste as paper consumption, sustainably
produced papers, hazardous and non-hazardous waste. The
social indicators include employee turnover; total employees
and employees in a management position and their diversity by
age and gender; differently-abled employees; sick leave and
accidents; and training and education differentiated by gender.

To analyze the Austrian Post's achievement in the 2022
sustainability report, for each metric that has been reported a
series of assumptions as sustainability targets are considered.
Then, Cameo was used to inform the analysis of the
sustainability report according to the dedicated values to
metrics. Fig. 4 shows the link between performance
requirements and different parts of indicators in the report.
Here, dark blue, green, and pink colors are considered for
economic, environmental, and social sides, respectively. The
light blue blocks are where performance requirements are
written based on sustainability targets and they are linked with
their related values to satisfy them. The result of requirements
analysis based on assumed targets is illustrated in Fig. 5. Green
and red colors, in Fig. 5, indicate the fulfillment and non-
fulfillment of the performance requirements defined for
sustainability, respectively. The current value of metrics and the
amount of their deviation from the targets to meet them are
presented respectively in the Value and Margin columns.
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Austrian Post
Sustainability Report

) [ L)
Economic Indicators — Environmental Indicators — Social Indicators
Constraints
constraintl : Added Value [ Energy [ Employee Turnover
: Added Value —_——
Constraints Constraints
Values constraintl : Total Energy Consumption constraint1 : EmployeeTurnover
._TotalRevenue : Real [EUR m] = 2629.3 TotalEnergyConsumption I:F;E____ constraint2 : Hiring Ratio
--AddedValue : Real [EUR m] o o Ty Text = "Total Energy <cSatisty>>
Values <eSatisfys>  Consumption shall be lower Values =
TotalEnergyofParts : Real ~ --eeeeseseseeees * than 800.0 mkWh" StaffDepartures : Real [percent] = 17.5 Text = "Employee Hiring Ratio
Net Revenue EmployeeHires : Real [percent] = 15.0 shall be greater than 100
- Emissions HiringRatio : Real [percent] percent”
* |d="FRm 1" Total (Scope 110 3)
{4 Text="Thetotal revenue shall be Values T — - Workforce Diversity
& more than 2500 EUR m" TotalScope_1to3 : Real [tCO2e] = 233853.0 -~ >l s _
i TotalScope_1to2 : Real [tCO2e] = 80846.0 Tle"t: TE:E' GdHG :"““‘:“S Values
v TotalScope3 : Real [tCO2e] = 153008.0 L:::;}“;‘haﬁ’:e and market: TotalEmployees : Real [Headcount] = 28542.0
; Added Value BuildingsEmissions : Real [tCO2e] = 21723.0 200000.0 (1cO2e)" TotalEmployedWomen : Real [percent] = 32.5 Differently-Abled Employees
i MobilityEmissions : Real [tCO2e] = 211972.0 TotalEmployedMen : Real [percent] = 67.5 B ——
7 d="FRm 1.1" Scope3_IT_Services : Real [tCO2e] = 158.0 TotalDifferentlyAbledEmployees : Real [percent] = 4.8 » Id="FRm 9"
Text = "The added value shall be Scope_1te2_perRevenue : Real Emissions per Net revenue EmployeesUnderAge30 : Real [percent] = 20.0 Text = "Total number of
more than 1500 EUR m" [tCO2e_per_m EUR] = 32.0 (Scape 1 and 2) EmployeesBetweenAges30to50 : Real [percent] = 50.6 Differently-Abled Employees
Scope_1te3_perRevenue : Real T —— EmployeesOverAge51 : Real [percent] = 29.4 shall be mor than 5 percent”
[tCO2e_per_m EUR] = 93.0 +dSHma
Text = “Total GHG emissions
(Scope 1:and 2) per net * Health and Safety
— Waste revenue shall be jower than 30 N
(tCO2eq/m EUR) " Values Accident Frequency
Constraints EmployeeSickLeave : Real [percent] = 7.5 T —
int1 : dueto_SickLeave : Real [working days] = 8.4 y o
constraintl : Recycled Paper ERisa e e et DEVSLU-“_, ue L . - Text = "Accident Fraquency per
constraint2 : Recycled Paper Ratio (Scope 3) OccupationalAccidents : Real [number] = 1103.0 anumber of hours warked
e AccidentFrequency : Real [accidents per hours worked] = 23.0 shall be lower than 30"
Values -2 1d="FRm 5"
TotalPaperConsumption : Real [t] = 8351 Text = "Total GHG emissions [ Training and Education
SustainablyProducedPaper : Real [t] = 7054.0 (Scope 3) per net revenue shall
NonHazardousWaste : Real [percent] = 99.99 be wllmkﬂn’m Constraints
HazardousWaste : Real [percent] = 0.01 EUR) constraint1 : Training HoursEquality
;7" RecycledPaperRatio : Real [percent] constraint2 : Training Equality Ratio
Hazardous Waste
Y B Values
i Recycled paper Ratio Y1 d="ERm 6" TotalNumberofSeminars : Real [number] = 2865:0/°"">
L — Trem——— Text = "Hazardous Waste shall AverageTrainingHours_Women : Real [hours per employee
"I(dle R‘r'rlla? led Paper Rati g lower thans peroe = Training Hours Equality Ratio
ext = "Recycled Paper Ratio . .
shall be  than 80.0 AveraﬁeTralmngHours_Men : Real [hours per employee per ceSatisfy>> . IR
percent” year] =8.6 - 1d="FRm 1
TotalTrainingHours : Real [h] = 261614.0 Text = "Training Hours Equality
TrainingEqualityRatio : Real [percent] - shall be more than 75 percent"
Fig. 4. Performance indicators classification of the Austrian sustainability report.
# | aud Name Text Bounds 3 l Value I Margin |
1 FRm1 Bl [ FRm 1 Net Revenue The total revenue shall be more than 2500 EUR m >2500 26293 1293
2 FRm 1.1 [®l FRm 1.1 Added Value The added value shall be more than 1500 EUR m >1500 13483  -1517
3 FRm2 Bl (Bl FRm 2 Total Energy Consumption Total Energy Consumption shall be lower than 800.0 mkWh <800 967.5 -167.5
4 FRm2.1 (Bl FRm 2.1 Total Building Energy Consumption Total Building Energy Consumption shall be lower than 200.0 mkWh <200 180.5 19.5
5 FRm22 [el FRm 2.2 Total Fleet Energy Consumption Totai Fleet Energy Consumption shall be lower than 600.0 mkWh <600 787 -187
Total GHG emissions (location-based and market-based) shall be <200000 233853  -33853
6 FRm3 Bl [®] FRm 2 Total Emissions (Scope 1 to 3
2 (>cop ) Iower than 200000.0 (tCO2e)
Total Gross GHG emissions (Scope 1 and 2) shall be lower than <100000 80846 19154
7 31 e FRm 3.1 i mission: 1
FRm 3 3.1 Total Gross Emissions (Scope 1 and 2) 100000.0 (1CO2e)
Total Gross indirect (Scope 3) GHG emissions shall be lower than <100000 153008  -53008
8 FRm3.2 [®l FRm 3.2 Total Gross indirect (Scope 3
= Cope ) 1000000 (tC02e)
Total GHG emissions (Scope 1 and 2) per net revenue shall be lower <30
9 [E FRm 4 Emissi o
FRm 4 m 4 Emissions per Net revenue (Scope 1 and 2) than 30 (:COZeq/m EUR)
= Total GHG emissions (Scope 3) per net revenue shall be lower than <50
10 FRm 5 C#l FRm 5 Emissions per Net revenue (Scope 3
2 P Scupes 50,0 (tCO2eq/m EUR)
11 FRm6 [E FRm 6 Recycled Paper Ratio Recycled Paper Ratio shall be greater than 80.0 percent >80
12 FRm7 [ rRm 7 Hazardous Waste Hazardous Waste shall be lower than 5 percent <5
13 FRm8 [ FRm & Employee Hiring Ratio Employee Hiring Ratio shall be greater than 100 percent >100
—~ . Total number of Differently-Abled Employees shall be mor than 5 =5
14 FRm9 [E FRm 9 Differently-Abled Employees percent 4 Py
- o
< X Accident Frequenicy per a number of hours worked shall be lower <30 =~
15 FRm 10 [El rRm 10 Accident Frequency 5
than 30
16 FRm 11 el Fkm 11 Training Hours Equality Ratio Training Hours Equality shall be more than 75 percent >75 85 10

* The sustainability targets proposed here are fictive assumptions.

Fig. 5. Requirements analysis in Cameo.

4. Conclusion and remarks

Using MBSE tools in the sustainability assessment problem
provides an effective environment for designing a sustainable
factory to figure out effects earlier and make resilient decisions

[32]. The original aspect of this work is to extract the high-level
functional requirements of factory sustainability statements
based on ESRS regulation, as well as highlight their interactions
based on the metrics asked to be disclosed. Moreover, the
Cameo systems modeler as one of the common MBSE tools is
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utilized to address requirements analysis and use case
simulation to achieve a tool to design a sustainable factory.

In this research, future endeavors will center around a
comprehensive decomposition using Axiomatic Design theory,
extending it to more granular levels of FRs and PSs. This will
culminate in developing a digital shadow framework for
sustainability assessment, aligned with factories' roadmap
milestones, thereby streamlining the sustainability reporting
process. Afterward, the roadmap will be improved by
evaluating alternative PSs under various scenarios. Ultimately,
sustainability digital twins will be established to monitor real-
time sustainability indicators and predict the impact of
forthcoming solutions as the manufacturing process progresses.
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