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INCOSE Vision 2035
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• Applications
• Practices
• Tools
• Research
• Competencies

https://www.incose.org/publications/se-vision-2035



Sustainable Development Goal 7
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“Ensure access to affordable, reliable, 
sustainable and modern energy for all”



How can Energy Enterprise meet SD Goal 7?
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• Sources (Renewable / Non-Renewable)
– Nuclear
– Solar
– Wind
– Fossil Fuel

• Distribution & Management
– Transmission Network
– Energy Storage

• Environment
– Geographical Locations
– Climate

• Market
• Safety, Reliability and Security

AI Generated Image by DALL·E 



Stakeholders
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System / Service
Vendors

Regulators

Environmental 
Agencies

Communities
Investors

Multiple Regional 
Governments

Markets



Why Model an Energy Enterprise?
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• Complexity
– Multiple Stakeholders
– Systems of Systems

• Planning & Efficiency
– Best Utilisation of Technology & Resources

• Risk and Compliance
• Economic Viability

– Uncertain Markets
• New Technology
• Mapping to SD Goal 7



Offshore Wind to Hydrogen 
Enterprise
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Offshore Wind to Hydrogen
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Offshore Wind to Hydrogen
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Renewable 
Offshore Energy



Offshore Wind to Hydrogen

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 10

Using Undersea 
Cables



Offshore Wind to Hydrogen
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Connected to a 
Port



Offshore Wind to Hydrogen
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Producing Green 
Hydrogen



Offshore Wind to Hydrogen
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To be Stored & 
Sold



Offshore Wind to Hydrogen
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Excess 
Electricity Sold to 

the Network



Offshore Wind to Hydrogen
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Modeling the Enterprise
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Frameworks Considered
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• Enterprise Frameworks
– Zachman
– TOGAF

• Defence Frameworks
– DoDAF - U.S. Department of Defense's Architecture Framework
– MoDAF - U.K.'s Ministry of Defence's Architecture Framework
– NAF - North Atlantic Treaty Organization's (NATO) Architecture 

Framework
• Unified Architecture Framework (UAF)
• MBSE Grid / MagicGrid



Framework Selection
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• What type of thing are you modeling?
– Enterprise / SoS / System

• Who are you modeling for?
• How will you use your model?

– Output Formats (Diagrams, Tables etc.)
– Simulation

• Existing Resources Available?
– Industry Examples
– Documentation
– Capabilities



Why UAF
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• Suitable for
– Enterprise
– System-of-Systems
– System

• Based on SysML
• Well Documented with Examples

System of Systems

System

Enterprise



Application of UAF for an Energy SoS
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Information for the Entire Architecture (Dictionary, Viewpoints) 

Captures Goals, Objectives and Capabilities

Understand the SoS from Operational / Logical Perspective

Identify Services to Abstract Behavior and Capabilities

Understand Constituent Energy Systems of Systems and Relationships to Personnel / Organizations

Perform Security Analysis – Cyber, Physical

Understand Development Milestones

Capture Government Standards & Compliance

Execution - Actual Instances of Resources Deployed or Allocated



Application of UAF for our Energy SoS
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• How will we meet our 
enterprise goals?

• What will the project 
cost?

• Can we meet the 
sustainability targets?

• What design options 
meet the requirements?



Demo
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Scenario One
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• Strategic Layer
– Drivers
– Challenges
– Opportunities

• Investigating
– Design Options
– Constraints

• Techniques
– Trade Analysis
– Requirements Validation

INCOSE UK. (2020). Z1 Guide: What is Systems Engineering? 3.1 (Z1)



Trade AnalysisConstraints

Scenario One Steps
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Run the Analysis
Specify the 

Constraining 
Requirements

Specify the 
Alternatives

Design Alternatives

Drivers, 
Challenges and 
Opportunities

Motivation



Motivation
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Drivers, 
Challenges and 
Opportunities

Motivation



Motivation
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Drivers, 
Challenges and 
Opportunities

Motivation



Constraints
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Specify the 
Constraining 
Requirements

Constraints

• Height of North Turbine
– Aviation Regulations

• Total Cost



Design Alternatives
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Specify the 
Alternatives

Design 
Alternatives

• North and South Sites
– Three Size Options
– Four Wind Turbine Options

• Three Hydrogen Production Plants

• 432 Combinations = 3x3x4x4x3 



Design Alternatives
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Specify the 
Alternatives

Design 
Alternatives



Trade Analysis
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Run the Analysis

Trade
Analysis

• Weighting
– Total Cost
– Electricity Produced
– Hydrogen Production



Trade Analysis
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Run the Analysis

Trade
Analysis



Scenario Two
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• Operational Perspective

• Investigating
– System Behaviour
– System Interactions

• Techniques
– SoS Simulation
– Monte Carlo Simulation

INCOSE UK. (2020). Z1 Guide: What is Systems Engineering? 3.1 (Z1)



Scenario Two
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• Operational Perspective

• Investigating
– System Behaviour
– System Interactions

• Techniques
– SoS Simulation
– Monte Carlo Simulation

INCOSE UK. (2020). Z1 Guide: What is Systems Engineering? 3.1 (Z1)



Monte Carlo
SoS 

Connection

Scenario Two Steps
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Randomise 
Variables & 

Simulate the SoS

Connect the 
Systems 
Together

Simulate the SoS

Model
Simulation

Specify System 
Behaviour

System
Behaviour



System Behaviour
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Specify System 
Behaviour

System
Behaviour



SoS Connection
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Connect the 
Systems 
Together

SoS 
Connection



Model Simulation
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Simulate the SoS

Model 
Simulation



Monte Carlo
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Randomise 
Variables & 

Simulate the SoS

Monte Carlo



Findings
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Benefits Realised
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• Confidence in Meeting the Enterprise Goals
– Business Case Simulation
– Trade Analysis – All Options Considered

• Demonstrate Links to Government Targets
– Government Support

• Reduced Risk
– Early Requirements Validation/Verification
– Common Understanding



Future Enhancements
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• Operational Layer
• Detailed Simulation
• System Phasing 

– Pink/Purple Hydrogen (Nuclear Power Source)
• Regulations
• Progressing Vision 2035



Discover More
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Booth 6 & 8

What will you model next?



Resources

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 43



Presenters

Joseph Hughes
BSc(Hons) CEng MIET CSEP MINCOSE

joseph.hughes@3ds.com

Matti Koskipää
MEng MINCOSE

matti.koskipaa@3ds.com

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 44

mailto:joseph.hughes@3ds.com
mailto:Matti.KOSKIPAA@3ds.com


UAF Example
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UAF Specification
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https://www.omg.org/spec/UAF



SoS Layer – EA Guide
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Object Management Group. (2022). Enterprise Architecture Guide for UAF V1.2 (OMG Document Number: formal/22-07-10).



System Layer - MagicGrid Approach
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https://discover.3ds.com/magicgrid-
book-of-knowledge



CATIA MAGIC Simulation
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• Trade Studies
– CATIA Magic User Guide – Trade Study Analysis: 

https://docs.nomagic.com/display/MSI2022xR1/Trade+stu
dy+analysis

– CATIA Magic User Guide – Requirements Verification: 
https://docs.nomagic.com/display/SYSMLP2022xR2/Requi
rements+verification

• Simulation
– CATIA Magic User Guide – Model Simulation: 

https://docs.nomagic.com/display/MSI2022xR1/Model+sim
ulation

– CATIA Magic User Guide – Probability: 
https://docs.nomagic.com/display/CST2022xR1/Probability

– CATIA Magic User Guide – Using Guards on Transitions: 
https://docs.nomagic.com/display/CST2022xR1/Using+Gu
ards+on+Transitions

https://docs.nomagic.com/display/MSI2022xR1/Trade+study+analysis
https://docs.nomagic.com/display/MSI2022xR1/Trade+study+analysis
https://docs.nomagic.com/display/SYSMLP2022xR2/Requirements+verification
https://docs.nomagic.com/display/SYSMLP2022xR2/Requirements+verification
https://docs.nomagic.com/display/MSI2022xR1/Model+simulation
https://docs.nomagic.com/display/MSI2022xR1/Model+simulation
https://docs.nomagic.com/display/CST2022xR1/Probability
https://docs.nomagic.com/display/CST2022xR1/Using+Guards+on+Transitions
https://docs.nomagic.com/display/CST2022xR1/Using+Guards+on+Transitions


CATIA Magic Community
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https://go.3ds.com/catia-magic
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