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A GOLDEN AGE FOR MATERIALS SIMULATIONS
NICOLA MARZARI

THEORY AND SIMULATION OF MATERIALS, EPFL
CENTER FOR SCIENTIFIC COMPUTING, THEORY, AND DATA, PSI
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TWO TAKE HOME MESSAGES

1) Materials enable the technologies that drive our 
economy and transform our world and our societies.
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TWO TAKE HOME MESSAGES

1) Materials enable the technologies that drive our 
economy and transform our world and our societies.

2) Theoretical and algorithmic advances, computational 
power, ML, and AI are changing our entire paradigm of 
scientific discovery and technological innovation.
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HOW DO MATERIALS TRANSFORM SOCIETIES?
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CLARA AND FRITZ
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NEXT TIME YOU FLY

@Rolls-Royce



MARVEL Fest: Party-ingaway –Slide 7

HUMAN FOOTPRINT (ERICH WIMMER: NO PLANET B!)
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WORLD ENERGY CONSUMPTION (in Exajoules) 

Renewables
Hydro
Nuclear

Coal

Natural gas

Oil

@BP Statistical Review of World Energy 2022

600 Exajoules/year =
100 billion barrels/year =
12 barrels/person/year
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DIRTY MINERALS FOR CLEAN ENERGY
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MARVEL VISION –2011/12

1) Accelerated design and discovery of materials displaying novel 
physics or improved properties via a

2) ƳŀǘŜǊƛŀƭǎΩ ƛƴŦƻǊƳŀǘƛŎǎ ǇƭŀǘŦƻǊƳ ƻŦ database-driven, high-throughput 
quantum simulations

3) predictive accuracy supported by advanced or innovative electronic-
structure capabilities, 

4) verified and validated thanks to code interoperability and automated 
benchmarking

5) applied to materials for energy, information-and-communication 
technologies, and pharmaceuticals.
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MARVEL VISION –2011/12

1) the writers: a communityof database-driven interoperable quantum
engines

2) the library: a database of materials, of materials’properties and
performance,and of the results of quantum simulations,that starts
with the structuresof knownmaterials,andthat continuouslyexpands

3) the language: a data managementsystem that allows to store data
heterogeneously,in its originalandusuallymostnaturalformat

4) the librarian: the agent that controls the quantumengines,readsthe
library, directsthe effort to fill the library with the missingpieces,and
addressesthe grand challenges of the vertical materials design
projects
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ADDRESS KEY ISSUES FOR SOCIETAL WELL BEING 

ïEnergy harvesting, conversion, storage, efficiency

ïEnvironmental protection and reparation

ïHigh-tech and high-value industries

ïHealth care and biomedical engineering

ïPharmaceuticals 

ïMonitoring, provenance, and safety of foods 

ïInformation and communication technologies

ïFundamental science (from 2D materials to entangled spins)

ïExperimental science (detectors and sensors)
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MATERIALS REVOLUTION

¸Ŝǘ ǘƻŘŀȅΣ ǿŜΩǊŜ ƛƴ ǘƘŜ ƳƛŘǎǘ ƻŦ ŀ 
materials revolution. Powerful 
simulation techniques, combined 
with increased computing power 
and machine learning, are 
enabling researchers to automate 
much of the discovery process, 
vastly accelerating the 
development of new materials

.!wwhbΩ{ ό!ǇǊƛƭ нлмфύ
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THE BUSINESS MODEL: 100% RETURNS EVERY 16-18 MONTHS

A calculation that took 
one year in 1993 takes
one second in 2026
(30-million-fold increase).

Just with bits. Qubits maybe not, 
ML and AI for sure. 21st-century 
science and technology will 
greatly benefit from, and be 
driven by, computational 
science.
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IMPACT OF FIRST-PRINCIPLES SIMULATIONS

THE TOP 100 PAPERS:
12 papers on electronic-
structure simulations in 
the top-100 most cited 
papers in the entire 
scientific-medical-
engineering literature. 

2 in the top 10 

NATURE,  OCT 2014
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IMPACT OF FIRST-PRINCIPLES SIMULATIONS

THE TOP 100 PAPERS:
12 papers on electronic-
structure simulations in 
the top-100 most cited 
papers in the entire 
scientific-medical-
engineering literature. 

3 in the top 10 

NATURE,  APR 2025
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THIS IS BIG SCIENCE
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CERN: 1086 papers in 2025; 2026 budget: 1.65 bn EUR 
Quantum ESPRESSO: 3858+ papers in 2025; 2026 budget: EUR

QE 2009 citations



THE ANSWER IS 42 (YEARS)

https://sssp.materialscloud.org
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https://sssp.materialscloud.org/
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WHAT CAN WE DO?

N. Marzari, A. Ferretti, and C. Wolverton, 
Nature Materials 20, 736ς749 (2021)



WHAT CAN WE DO?

N. Marzari, A. Ferretti, and C. Wolverton, 
Nature Materials 20, 736ς749 (2021)
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MAJOR INVESTMENTS: FROM MAJOR COMPANIES…
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…TO 1B$ IN STARTUPS…

https://www.technologyreview.com/2025/12/18/1130102/ai-materials-discovery/

https://www.technologyreview.com/2025/12/18/1130102/ai-materials-discovery/
https://www.technologyreview.com/2025/12/18/1130102/ai-materials-discovery/
https://www.technologyreview.com/2025/12/18/1130102/ai-materials-discovery/
https://www.technologyreview.com/2025/12/18/1130102/ai-materials-discovery/
https://www.technologyreview.com/2025/12/18/1130102/ai-materials-discovery/
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…TO NOBEL PRIZES

O. Yaghi moved to Tsinghua in 2026, to create a 
University-level AI Chemistry and Materials 
Research Institute, AIMATRY (AI ×Materials ×
Chemistry).

Χ that will develop forward-looking AI-enabled 
technologies for materials design and 
synthesis, … spanning the full chain from 
theory and computation to R&D and 
production 

K. Novoselov moved to NUS in 2019 to create I-
FIM ςInstitute for Functional Intelligent 
Materials.

…tight coupling between theory, algorithms 
ŀƴŘ Řŀǘŀ Χ the materials will be synthesised … 
using computational models, time-dependent 
machine learning and optimal control.
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THE BEST IS YET TO COME

ÅML as the great accelerator

ÅLLM as knowledge integrators

ÅAI agents as drivers of simulations



THANK YOU ALL!
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