


Digital twin : From the industry 4.0 to geosciences ?

The Digital Twin as « a digital model that accurately represents a product, production process or the performance

of a product or production system in operation »

It is used before a real product or service is produced, and during the lifetime to the real product, the Digital Twin is
used to monitor and adapt the real twin’s functions and performance. For that purpose, the Digital Twin has to
be able to behave like its real twin, being equipped with all its knowledge, capabilities and characteristics

The content you capture of a Digital Twin is based on a use case. What you monitor is what you care about

Different people interacting with the Digital Twin might want different lenses of it

The key technologies i.e. loT (Internet of things), 3D simulation tools and predictive analytics sits at the core of

digital twin
The loT informs the Digital Twin with real-world performance insights

Ultimately, a Digital Twin will unify all the data an organization needs

World’s First Digital Twin For Mine Value Chain Optimisation (June 2018):

at Future of Mining 2018, PETRA Managing Director, Penny Stewart demonstrated the
world’s first digital twin for mine value chain optimisation. Two years of historical data from
PanAust’s Ban Houayxai mine was ingested into the MAXTA digital twin.

AXTA machine learning digital twin enables rapid simulation of mine planning,
blasting, metallurgy and process control options.

Digital Twin Technology in Upstream Oil and Gas (2019):

subsurface modeling and technology advancements where now subsurface and the
surface can be connected so that you can optimize surface oil & gas production
operations based on what the subsurface models predict what changes will occur in
production rates.

What is the Digital Twin?
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The Digital Twin is a tool that can potentially
account for the whole system of a product or
service. It keeps track of all the information
about a system vou need and from that
information assists in the decision-making
process. (Image courtesy of Wikipedia.)




SmartCity: Digital Twin? Ordnance Survey Developments

John Kedar Director International Engagement

Ordnance Survey, Great Britain

Connecting infrastructure: all roads lead to the Digital Twin

Data for the
public good

The next Smart City?... “the Digital Twin”

A digital version of the real world including physical
assets indoors, outdoors, above and below ground.

A federated approach - multiple contributors, multiple
geometries

A Digital Twin enables scenario modelling, simulation
and analytics

Dynamic and linkable representations of real-world
features, supported with strong, persistent identifiers.

Machine readable content, integrated with other views
of the real world

‘The UK will develop a national digital twin: a virtual model
of our national infrastructure which will both monitor
infrastructure in real-time and have predictive capability.
This will help manage, plan, predict and understand the UK’s
infrastructure, delivering resilient, responsive, high-
performance systems.’
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Digital medicine, integrator of the medicine of the future

Digital twin — in medicine ... and geosciences ?

o The ability to convert virtually all medical data (clinical, genomic,
imaging for example) into digital data understandable by a
computer (the digital patient) opens the way to a new medicine
based on these data.

o In this context, the doctor-patient relationship is a confrontation of
the real world and a virtual world in which three partners interact:
scientific knowledge and data, the digital representation of
the patient (digital patient or digital twin) and the algorithms of
artificial intelligence (or digital doctor). The latter interpret the
digital patient and provide medical decision support by proposing
diagnostic and therapeutic precision recommendations. The doctor
becomes a critical mediator of information and remains the
guarantor of the human character of this new medicine.

https://theconversation.com/et-demain-la-medecine-110854

Cet article est publié en partenariat avec le CEA, qui consacre le numéro 67 de son magazine Clefs a la
médecine du futur. Il a également été publié dans la revue Hématologie (2018 ; 24(6)).
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https://theconversation.com/et-demain-la-medecine-110854
http://www.cea.fr/multimedia/Documents/publications/clefs-cea/CLEFS67-FR-PAGES.pdf
https://www.jle.com/fr/revues/hma/revue.phtml

Digital twins

» Produce digital "models" that aim to reproduce as accurately as possible the behavior of complex systems
(alive or not), using all kinds of digital tools ("traditional™ physical models) and also the tools of data
science, learning and other Al methods using all available sensor data) to simulate as closely as
possible the expected behaviours

» For geological bodies at different scales (from the basin scale to very local)

> ie Digital Twins for “facilities" combining built infrastructures and geology (CCUS, nuclear waste storage, geothermal,
tunnel, ...) allowing :

to advance on the design

to evaluate performance

to test on a numerical model the scenarios of normal and degraded operation

then establish risk assessments and long-term behavior studies after stopping injections

to exchange with stakeholders, to develop a shared vision of the operation of the facility, and to have a participatory approach (test
scenarios)

to prepare from the expected performances the economic approaches
but also to test different typologies of implantation sites

o O O O O

» THROUGH A COLLABORATIVE APPROACH

@ bBéosciences pour une Terre durable
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Potentie! d'application de la géostatistique en géoingénierie

Bourgine B. (1996) - Potentiel d'application de la géostatistique en géoingénierie N ot h i n g real Iy n ew ?

(France). Rap. BRGM R 39049, 70 p, 26 fig, 1 ann.

» 3D models for mining using kriging and simulation techniques to which

TR 1_9-9_6— * model will better replicate the behaviour of the real deposit ?
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« are built FROM requirements to replicate specific behaviour
* incorporate sensors and other additional live data sources
* can learn and improve “by themselves”

« are able to combine in a single digital “object” geological features and built environment (ie described in BIM)

« we usually create models that replicate the geological history, and are further transformed (simplified ?) to be used
for simulations (seismic, waterflow...), do we have to do it differently ?

 can we “re-use” our national / standard models ?

« can we better capture the “geological knowledge” during the modelling process, so we can more easily use “analogs”
to “feed” the DT ?

« aunique or multiple DTs for the same geological object depending on the usage ?

» produce and use DT “as a service”?

@ bG ssssssssss pour une Terre durable
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Not a conclusion but some observations ...
Clearly a buzz word... but also something which goes further than « 3d modelling »
Need to really focus on user(s) requirements

>

>

» The integration of differents geo* disciplines to produce something for non geo*
> A (the?) way to connect our knowledge and models to the « smart city » world
>

We need to learn from other disciplines (medicine...) and from IT (IOT, Al,...)

> ... and follow the OneGeology initiative on Digital Twins...

@ Géosciences pour une Terre durable
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Thank you for your attention

Francois ROBIDA

f.robida@brgm.fr
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