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TSF (TotalEnergies Semantic Framework)
graphs don’t create meaning …

… ontologies do.
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Industrial lessons learned in semantic knowledge modeling



The problem:
today we often confuse 
composition and typology 
(classification & serialization)
But no one of those mechanisms can guarantee the “meaning”

… most industrial data models organize things …

… very few explain what things are …

“The challenge is preserving shared meaning across systems and over time.”

Industrial semantic “interoperability” summit 2026
Oslo Tuesday 9th of June, 2026



The real problem is loss of shared meaning

From data to knowledge : a strategic shift industry should care

… “we still don’t share meaning” …

Semantic Interoperability as a Strategic Capability

• Data fragmentation limits operational efficiency and scalability

• Classical integration approaches reach structural limits

• Semantic interoperability becomes a strategic industrial asset



Ontologies motivations
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ISO/IEC 21838-2:2021 Information technology
Top-level ontologies (TLO)
Part 2: Basic Formal Ontology (BFO)

Application Domains

• Big data synthesis (the 3Vs: variety, velocity, volume)

• Inference and requirements checking

• AI enablement and support

• True interoperability across systems

• Knowledge Management (KM)

Strategic Advantages

• Structuring and capitalizing knowledge and data on 

solid, durable foundations that do not constrain future 

evolution (zero technical debt)

• Strong linkage between data and knowledge

• A shared human–machine language



Semantics ≠ structure

• The key differentiator is not the graph itself, but the formal semantics underneath it. This is what makes knowledge 

computable, verifiable, and reusable across systems.

• Formal axioms provide explicit constraints and relationships between entities, enabling consistency checking, inference 

and true interoperability.

• This is why rigorous semantics is a prerequisite for real interoperability.

Axioms make knowledge operational

✓Explicit constraints between entities

✓Consistency checking

✓ Inference and reasoning

✓Cross-system interoperability

Without formal semantics, a graph is just a map without rules

Required for true interoperability and AI readiness

Why a formal ontology ?
Axioms make knowledge operational
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Axioms example for a « supplying business process » 

Class (IOF ontology)
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Being a BFO / IOF Process imply Ontological Commitments … : 

Process

➢ Every process instance must have something that realizes it 

➢ Every process instance must have something that participates in it. 

➢ Processes are extended over time, so they must have at least two occurrent parts. 

➢ Every process has at least a starting process boundary. Optionally, they have ending process boundaries. 

➢ Every process instance occupies some one-dimensional temporal region. 

Process Boundary

➢ Every process boundary is occurrent part of some process.

➢ Every process boundary occupies some zero-dimensional temporal region. 

➢ Every process boundary must precede at least one occurrent that is an occurrent part of the process it is 

the boundary of.

…

Key formal patterns to drive our governing principles structuring rules



Axioms example for a « supplying business process » 

Class (IOF ontology)
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Definition : In ontologies, an axiom is a formal statement that is assumed to be true and that 

defines relationships or constraints between concepts



How do we methodologically implement this ?
“BFO gives a theory of reality; IOF brings it into industrial practice.”
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How do we methodologically implement this ?

SousLeSens in a Nutshell (rdv @demos day #3)
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• Distinguish as foundational:

- what persists (continuants)

- what happens (occurrents)

• Align business objects, processes and lifecycle

• Scale to hundreds of interconnected entities (ICE)

We deliberately adopted a formal ontology (FOL) stack based on 

BFO (ISO 21838-2) and industrial core ontologies such as IOF.

• This stack is extended through domain-specific business object 

models aligned with standards, taxonomies and classifications.

• It gives us what industry actually needs: a foundation to 

distinguish what persists, what happens, and how both relate over 

time.

A Strategic Choice: Standard-Based Semantic Foundation

• Adoption of BFO (ISO 21838-2) and IOF as core ontologies

• Alignment (today) with industrial standards (UNSPSC, CFIHOS, 

DEXPI, ISO/IEC 81346, ISO14224, …, QUDT, W3C stack … )

• Shift from data structures to formal representation of reality

• Knowledge modeled through formal axioms (FOL)

• Enables consistency, scalability and AI readiness

How do we methodologically implement this ?
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Many approaches stop at structuring data. 

Our goal is to make knowledge explicit, formal and operational:

- Connect objects, processes and lifecycle

- Scale to complex industrial systems

A Proven Foundation: Standards + Axiomatic Semantics



Change must be explicit, not implicit ; change is 

fundamental, not optional.

• Industrial systems evolve over time (states, 

events, replacements)

• We must model occurrences, not just 

definitions (Objects exist through 

occurrences)

Industrial systems evolve through time: 

installation, operation, inspection, maintenance, 

failure, replacement

We must model occurrences, not only 

definitions, classes or labels

Change must be represented explicitly as part 

of the knowledge model

Why graphs alone are not enough ?

Graph = structure

Semantics = meaning

A graph without axioms = ambiguous 

interpretation

Industrial reality is 4D
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✓ Moving beyond static taxonomies to dynamic semantic models

✓ Concepts like 'gainOfRole' enable to capture occurring changes

✓ LCI’s dynamic relationships in References’ Technical Domains Ontologies & SKG

Our “things” are 

existing, their 

characteristics are 

evolving over time 

…



• Industrial reality (is 4D !!!) = continuity + discrete changes

• Changes must be modeled explicitly:

- Installation

- Operation

- Maintenance

- Failure

- Repair, replacement

• Requires:

- continuants vs occurrents

- formal state transitions

Industrial continuity depends on the explicit representation of state transitions

A robust model must capture installation, modification, failure, maintenance and replacement as formal 

semantic patterns. Without our pattern of changes, lifecycle semantics remained partial and fragile.

4D fundations & the « Pattern of Changes »

modeling change explicitly
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Explicit state transitions are required



Tooled’ Semantic Web Governance

combining knowledge & data
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Semantic Web

Semantics Graph

(ontologies)
OWL2 RDF RDFS

Taxonomies Constraints
Triples stores Sparql

Typing of individuals & 
properties inheritance

Axiomes

Reasoner, rules & Shacl

Logical Formalization of Knowledge, 
Unification of Concepts

Complexity management



• Business objects = time-evolving entities

• Connected to events, states, and history (lifecycle transitions)

• Reusable across systems and domains

• Business objects: the concrete proof point to semantic operationalization

• Our semantic modeling has been applied to equipment, work orders, inspections, costs and 

documents within a BFO/IOF-aligned OWL ontology.

We built semantic knowledge graphs from multi-source FPSO data, representing several millions 

of RDF triples per asset: we forecast future FPSO Work to be conducted … by analogy !

The objective is to transform fragmented data into a structured and interoperable knowledge 

layer (analogs, patterns, synthesis, automation, prediction & forecast…)

Become reusable semantic building blocks

From business objects to 4D entities & operations
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Compressor → physical asset / 

maintenance event / inspection report / 

operational state / replacement history …





Heterogeneous Closed World

Federated Open World

Alive Governed Data

From CWA to OWA, what are we doing @TSF ?
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• Semantic modeling of equipment, work orders, events and 

documents

• Knowledge graphs built from multi-source industrial data

Proof through real-world use
Business value and AI - Beyond integration: operational value
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✓ cross-asset consistency & reuse

✓ improved traceability & decisions

✓Foundation for reliable AI

Notifications & historian



Control your knowledge, … or your systems will be controlled by someone else’s models

We are not structuring data anymore : we are industrializing knowledge

Conclusions & perspectives

Control your knowledge …
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➢ Knowledge becomes the primary [key] differentiator

➢ AI without semantics = uncontrolled black box

➢ Methodology: governing rules & common way of 

modelling

➢ Formal (FOL) and (native) 4D ontology = industrial 

foundation for AI

In a future where AI models become widespread and 

commoditized, organizational knowledge may become 

the primary source of differentiation.

Formal ontologies are not an academic luxury, but a 

foundational technology for next-generation industrial 

systems.

This is how semantic modeling becomes a scalable 

industrial foundation for decision-making and AI.

How to forecast future LifeX works on our FPSO ? By analogy …



Data Office Approach & proposal 19

“Norway” can’t be a Class !

CFIHOS Semantics Working Group methodological stack driven by standards [like SPARQL, RDF, RDFS & OWL], assume a great number of foundational topics to make life easier.

But that also allows people to misuse them.

Our developments are based on standards and adoption of common governing principles to federate through a single information modelling framework

« The limit of my language mean the limit of my world » Wittgenstein

There is an axiom called class comprehension, or simply grounding axiom

Simply a Class is the set of Individual’s sharing common characteristics’

If something has a property, it has a class

A class must have members which shares a property

“NORWAY” cannot be a Class because we cannot think about any members which will have a NORWAY-like Property.”

“I can’t derivate Norway then, a State, a District or a City are not at all SubClass of Norway ”

But this axiom cannot be really expressed in our systems, … so a guide is the only way …

But whenever there is natural language, there is this risk of misinterpretation … and we care about it …

We all need a Common Data Culture



Definition - TotalEnergies / Company

The entities in which TotalEnergies SE directly or indirectly holds an interest are separate and independent legal entities. The terms 

"TotalEnergies", "TotalEnergies company" and "Company" used in this document are used to refer to TotalEnergies SE and its affiliates 

included in the scope of consolidation. Similarly, the terms "we", "us", "our" may also be used to refer to these entities or their employees. 

It cannot be inferred from the use of these expressions that TotalEnergies SE or any of its affiliates is involved in the business or 

management of any other company of the TotalEnergies company. 

Disclaimer

This presentation may include forward-looking statement within the meaning of the Private Securities Litigation Reform Act of 1995 

with respect to the financial condition, results of operations, business, strategy and plans of TotalEnergies that are subject to risk factors 

and uncertainties caused by changes in, without limitation, technological development and innovation, supply sources, legal framework, 

market conditions, political or economic events.

TotalEnergies does not assume any obligation to update publicly any forward-looking statement, whether as a result of new information, 

future events or otherwise. Further information on factors which could affect the company’s financial results is provided in documents filed 

by TotalEnergies with the French Autorité des Marchés Financiers and the US Securities and Exchange Commission.

Accordingly, no reliance may be placed on the accuracy or correctness of any such statements.

Copyright

All rights are reserved and all material in this presentation may not be reproduced without the express written permission of TotalEnergies.

Disclaimer and copyright reservation
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Thank you

Tusen takk !



Appendix

Date - Footer of your presentationIndustrial semantic interoperability summit 2026 – Oslo, 9-11 June

Many current initiatives bring valuable contributions in 

structuring industrial information.

My point today is not to dismiss these efforts, but to 

show why structure alone is not sufficient when reality, time and 

change must be modeled consistently.

In industry, everything changes. Your ontology must handle change natively

When time matters, …

…It almost always the case in real-life... 

it’s time for the coffea break, now !
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