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Overview: Energy Sector

« Complex, expensive

megaprojects.

« Often over budget
and behind
schedule.

* Needs rigorous

s SYSIemS

engineering!
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Resistance to Traditional SE

+ Systems engineering:
— Often characterized as “labor-intensive” and “time-consuming.”

— Traditionally document-based = Workflows difficult to trace,
especially for complex projects.

* Current needs of the energy sector:

— Al data centers, manufacturing, domestic consumption -
Rising energy demand.

— Requires quick deployment of new facilities and sustained,
efficient operation of existing ones.

— Traditionally slow-paced industry but now needs speed and
agility.
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Solution: Digital Engineering + Al

Digital Engineering Artificial Intelligence
Use of digital models and data Computers emulating complex
for lifecycle management of human behaviors (e.g., learning,
engineered systems processing human languages)

Flexibility, modularity,
traceability, efficiency

Automation/autonomy,
data interpretation & analytics

Systems

Engineering
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Digital Engineering

3D models

Modeling &
simulation

Physics & numerical models

MBSE

= Authoritative Sources of Truth

D.Igltal. — Project databases
Engineering

Integration/PLM

Descriptive DT

Informative DT

Digital Twin
Predictive DT

Living DT

=
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Artificial Intelligence

Key Al concepts for
energy applications:

« Supervised,
unsupervised, and
reinforcement
learning

«  Physics-informed
neural networks
(PINN)

 Natural Language
Processing (NLP)

 Large Language
Models (LLMs)

 Engineering-oriented
GenAl (e.g., text-to-
CAD)
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The Systems Engineering V-model

How can DE and Al
augment/accelerate

each step of the SE
V-model, especially
for the energy sector?

Implementation >
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Project Assessment and ConQOps

LLM Project breakdown
Stakeholder needs &  iructure, process
™ Tools flows, etc.

Conceptual models

(system-level)
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LLM + MBSE for Conceptual Modeling

LLM
Tools

_|_

MBSE
Tools

Al-assisted
conceptual

model
generation

Examples:

« MITRE’s Systems Engineering
Language Modeling Assistant
(SELMA) [1]

 NASA multi-step LLM-based
conceptual modeling tool [2]

[1] Gadewadikar, J., Esho, T., & Marshall, J. (2024). Systems Engineering Language Modeling
Assistant (SELMA). https://sercuarc.org/wp-content/uploads/2024/09/Slides-
%E2%80%8BSystems-Engineering-Language-Modeling-Assistant.pdf

[2] VanGundy, B., Schneide, M., Phojanamongkolkij, N., Levitt, I., & Brown, B. (2024).
Developing Concepts of Operations Using Multi-Step Tool Techniques With Large Language
Models. https://ntrs.nasa.gov/citations/20240011037
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Requirements Definition

Requirements Management Tools: Requirements in MBSE Software:
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System Architecture
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3D models

* Physics-based simulations
« PLM tools or databases

» Other project artifacts
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Al-assisted system architecture?

« ldentify candidate architectures based on
requirements and constraints,

« lteratively optimize the architecture based on
metrics like cost and performance,

« Automate the connections across the digital
thread,

« Conduct system-level risk assessments, etc.
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System Development and Integration

Architecture ' Digital Twin
model Prototype

Al-assisted
AR

3D model + : Descriptive
metadata Digital Twin
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Verification and Validation

V&V within MBSE Tools Potential for Al:

Example: Simulink Test

Parsing text-based requirements and
identifying the systems they apply to.

T ——_— === « Autonomous generation of test cases for
%@ Eo-F-we@p » -s e m— e R V&V
« Automated sequencing and execution of
: simulation-based tests under various
. N operating conditions.
reaume P —CD
NN « Early detection of errors and conflicts.
Al-augmented V&V is gaining traction in
Courtesy: MathWorks software engineering; this could be expanded
to broader systems engineering applications.
P @
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Operations and Maintenance

Al-augmented digital twins can
enable:

 Multi-domain coordination
* Live monitoring

* Predictive and preventative
maintenance

* Prognostics/diagnostics,
anomaly detection, risk

assessment
« Performance optimization
Courtesy: AWS  Identification of future design
Improvements
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DE and Al in the DOE National Labs
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Courtesy: US DOE

The DOE National Laboratory complex consists
of 17 R&D institutions that tackle challenges
related to energy, science, national security,

critical materials, etc.

estern States Regional Conference

Digital engineering is helping accelerate
and optimize projects related to nuclear and
alternative energy, defense systems,
manufacturing, and fundamental science
across the complex.

Artificial Intelligence has been applied to:

«  Spectroscopy data analysis and
parameter extraction,

« Design optimization for fusion reactions,

 Unsupervised analysis of X-ray
experiments,

« Material property prediction,
« Resilient control of microgrids, etc.
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DE and Al at Idaho National Laboratory

0

Demonstrated first nuclear reactor digital twin, used ML for anomaly detection.

Applied DE and AR technologies to microreactor & nuclear materials testbeds.

|d0h0 NOTIOHGI LGbOfOfOTY DeepLynx: DE integration framework, uses knowledge graphs to store data.

MIRACLE: ML-based application for screening nuclear power plant conditions.

Creating Al-powered digital twin of a test facility for commercial microreactors.

DIGITAL INNOVATION
CENTER OF EXCELLENCE

Initiated projects on autonomous design and operation of nuclear reactors.
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Challenges and Path Forward

DE/AI Challenges:

« Data security and |IP protection
« Quality and reliability of results
« Software integration and

interoperability  DE + Al = Engineering rigor while accelerating
« Computational cost execution/deployment of complex projects.
« This can lead to the deployment of new power

e Cultural transformation . g :
generation capabilities at scale, on time, and
 Knowledge transfer within budget.

 Important to mitigate the risks, demonstrate
trustworthiness for widespread acceptance, and
expand application to prove value addition.

DE/AI Value DE/AI
Addition Challenges
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