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The MBSE industry in numbers
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Source: International Council on Clean Transportation (2021). VISION 2050: A strategy to 
decarbonize the global transport sector by mid-century
Source: Cloutier, R. (2019). 2018 MBSE Survey Results. At: Proceedings of the 2019 
INCOSE MBSE Workshop
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Challenge of marine shipping
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Source: Τα δύο νεότευκτα Bulk Carriers της Atlantic Bulk Carriers Management Ltd. – 
Isalos.net

Transportation of goods, 
resources, passengers

On-time
vs.

environment
vs.

market demands

Decarbonization
vs.

legislation
vs.

cost



2023 IMO GHG strategy
• Reduce the total annual 

GHG emissions from 
international shipping

• 2050: Net-zero GHG 
emissions
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Source: International Maritime Organization (IMO). (2023). 2023 IMO Strategy on 
Reduction of GHG Emissions from Ships 
Source: Comer, B., & Carvalho, F. (2023). IMO’s Newly Revised GHG Strategy: What It 
Means for Shipping and the Paris Agreement

No measures (= BAU) à
climate targets not reached!
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Technical solutions
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Focus of the case study
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Bulk carrier with Flettner rotor sails
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Source: M/V Afros - The world's first rotor sail bulk carrier - Anemoi (anemoimarine.com)
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Routing options
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Virtual means models (ideally)

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 13

…

tech
nica

l do
mai

n

discipline
le
ve
l

mechanics

electrics/elec.
software

marine
transportation

bulk carrier

propulsion
system

engine

behavior
structure

capabilities

…

FEA structural strength model

FEA thermal model

control system model

M-CAD geometry model

DMU model

E-CAD model

…

system architecture model
Capella/SMW 
with ARCADIA

system models

Cube of models

Source: Hick, H., Bajzek, M., & Faustmann, C. (2019). Definition of a system model for 
model-based development
Source: ISO/IEC/IEEE 24641:2023

specific models



ARCADIA method for solution development
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Why ARCADIA & Capella/SMW?

• Tool with integrated method
• Steep learning curve
• Made for architecting

– Architecture diagrams
– Combined views
– “Modeling experience”
– Excellent reuse
– And much more …
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Going from the
need …

… to the
solution!



Operational situation as-is
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Analyze the operational context
& stakeholder interactions!



System-to-be-defined
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system

system actors 



Deriving the logical architecture
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Logically integrate GHG 
emissions reduction solutions!



The physical architecture of the bulk carrier
• Model and connect all 

relevant subsystems & 
functions

• Consider physical actors
• Define interfaces & 

exchanges
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The essential step for further
discipline development!



The physical architecture of the bulk carrier
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The basis for
integration, V&V!

• Auxiliary propulsion
subsystem integrated
in bulk carrier system

• Structural, 
hierarchical, & 
functional view



Teamcenter

Integration to PLM
• Link artifacts from different models 

& tools
• Defined workflows with underlying 

methods
• Realized in the Digital Lifecycle Lab 

by IME & ANTEMIA
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