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We demonstrated
the end-to-end
application of Al
in a slab section
of Meta’s data
center

Building a
greener future.

Met all critical use-case requirements

® Faster: 43%

® Stronger: 37%

® Lower carbon: 40% below regional benchmark (v3.2)
e Similar cost

e Standard materials



Outline

® Why this partnership
O Data centers and concrete
O Al opportunities

® Al development
O Foundational data
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® Scaling the use of Al
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Data centers and concrete
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https://www.datacenterdynamics.com/en/news/not-a-bubble-3-trillion-data-center-investment-supercycle-expected-by-2030-despite-challenges-jll/?utm_source=chatgpt.com
https://concretefinancialinsights.com/us-cement-industry-data
https://gccassociation.org/concretefuture/cement-concrete-around-the-world/
https://www.nature.com/articles/d41586-021-02612-5




Manual Auto Delivery Auto Pick/Deliver/Drop Bigger Rack Automation
Max Concrete point load Max Concrete point load Max Concrete point load Max Concrete point load

7.2 MPa (1038 PSI) 8.1MPa (1170 PSI) 7.9 MPa (1146 PSI) 10.38 MPa (1506 PSI)
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We need Faster, Stronger, Greener concrete that meet critical
Data Center use-case requirements - and Al is a key enabler

® Portland Cement @ Fly Ash Substitution
Low-carbon concrete

Relative proportion 7 6000
of ingredients by weight E 2000

© 4,000
7 Cement 8.4% ‘% 3,000
® Fly Ash1.5% 2 2,000 LOWER CARBON
® Siag1975% § o0 SLOWER LESS |
® Water 5.22% g 0 STRONG, EXPENSIVE

Fine Agg. 35.9% ] ; 5 . ; 1 ’8
® Coarse Agg. 46.9%
Curing age (Days)

STRENGTH COST

P —

SUSTAINABILITY QUALITY
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https://fred.stlouisfed.org/series/PCU3273103273100

Al development
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Adaptive Experimentation

- Meta develops central tools and methods for efficient optimization of ML models, online
experiments, and hardware

- Meta’s Adaptive Experimentation team maintains two open-source software (OSS) projects
- Ax: platform for running adaptive experiments
- BoTorch: framework for Bayesian optimization research

- Team engages with academic research community via publications, OSS, and workshops.

ax.dev

B DEPLOY

oooooooooooooo
Developers A/B Test

1 ML System
o DATA & PROBLEM SUGGESTED

SPECIFICATION CONFIGURATIONS

Applications

BoTorch

botorch.org

Researchers

Ax and BoTorch can efficiently learn & solve high-dimensional design

problems, and concrete mix design seems promising - what else is needed?
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k((x,t), (x',t) = akiime(logt,logt’) + Bkioint ((x,logt), (x,logt’))

A problem: The path to a solution: Sustainable Concrete via
L . Bayesian Optimization,

A naive application of a Gaussian Process (GP) is | ncorPorate physics-inspired features NeurlPS 2023 Workshop
inaccurate 1) conditioned to have zero str.ength at day zero zero, on Adaptive Experimental
and worse, 2) pased on Iog—trgr.msfor.med time, o DLS"QM

yields non-phy;sical 3) includes an additive tlme—dependen.t, composition independent Learning in the Real
predictions component that learn a representative strength curve, from World
’ which we can model composition-dependent deviations. 11/33



https://arxiv.org/abs/2310.18288
https://arxiv.org/abs/2310.18288
https://arxiv.org/abs/2310.18288
https://arxiv.org/abs/2310.18288
https://arxiv.org/abs/2310.18288
https://arxiv.org/abs/2310.18288
https://arxiv.org/abs/2310.18288

Al has arrived

Al can learn, predict, and optimize basic concrete
performance with modest training & standard materials

Pareto Frontier of concrete strength
and sustainability

[ Pareto @ Batch 2 (Al ® Batch 4 (Al Batch 6 (Al)
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12,000 _ 12,000 . oz
= @
& 10,000 £ 10,000 .. o §
z ﬁ [ ) ]
B 8,000 2 8000 °® o BE
g 1 g ° °
S B O
"i 6,000 (A . 2 6000 ® 9 A @
© ) e o 3
T 4000 L i o 4000 ® o
- ® ° 'E ~

® o
2,000 @ 2,000 * o
0 ® e (| 0

-200 -175 -150 -125 -100 -75 -50 -25 [o] -200 -175 -150 -125 -100 -75 -50 -25 (0]

Sustainability (based on carbon footprint proxy) Sustainability (based on carbon footprint proxy)

Adaptive experimentation using Al

Al/ Artificial Intelligence

Meta’s Al: open-sourced in GitHub
® Bayesian optimization for
strength, speed, CO2
® |terative testing with research &
industry partners
Meta’s Adaptive eXperimentation (Ax)
Al toolbox optimizes between learning
& optimization
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Al features available today

https://github.com/facebookresearch/SustainableConcrete/

Pareto Frontier of concrete strength
and sustainability
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Prediction
e Compressive strength curve
e GWP
e Slump

Optimization & constraints

x-day strength
GwWP
Slump
Other linear functions eg
cost
Constraints:
o  Volumes
o w/b

Pareto front

See: our 2023 NeurlPS workshop

paper
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https://github.com/facebookresearch/SustainableConcrete/
https://arxiv.org/abs/2310.18288
https://arxiv.org/abs/2310.18288

Foundational data:
lab tests

With Bayezid Baten (PhD Candidate) and Ayyan Igbal (MS Candidate)

News story: Recipe for Success (U of lllinois, October 2025)
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https://grainger.illinois.edu/news/stories/ai-optimized-concrete

Al for sustainable concrete

Developing new mixes with Al

Bayesian Optimization

Al training

Iterative
testing
(cylinder
testing)

At-scale applications
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Phase-Wise Mix Development

Phase ID Number of Mixes Mix Type Parameters Modified

In summary, 500+ diverse strength measurements from a total 123 unigue mixes at a single
lab (69 mortar + 54 concrete mixes) across five ages (1, 3, 5, 14, and 28 days)
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The Perplexity of Strength Prediction
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Role of Mix Components on Compressive Strength
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The Mix-Design Space
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/A Concrete
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Interplay between Strength and Sustainability
20 20
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Al performance
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Strength Prediction over Phases

Compressive Strength, f’_ (ksi)
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Strength Prediction over Phases
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Strength Prediction over Phases
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The Perplexity of Strength Prediction - Solved?
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Baten, Igbal, Ament, Kusuma, and Garg, 2026
(Paper under review, available on arXiv currently)
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https://doi.org/10.48550/arXiv.2603.21525

Deployment in a Meta data center
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Scaling Al for concrete
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This is what success looks like

Al code for Concrete Foundational
Data

(
Open source :
I

{ Commercial :

: SW platforms |

I |

I |

Proprietary | [
| Concrete Concrete Building GC |

Users & supplier supplier designer [

: private data I

I |

\ /

Meta’s open-sourced Al model (GitHub) is provided under MIT license: allows for commercial use with

minimum restrictions while benefiting from open-source Al advances and investments
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https://github.com/facebookresearch/SustainableConcrete/

This is what success looks like

Open source

A hyperscalers
coalition has started
to build elements of
this open source
ecosystem:

-
0\ Meta J
aWS BT Microsoft

Foundational Training

Q The iMasons
Climate Accord”

Data materials

) GitHub

Case studies

Partnership
s

|
I
|
]

Greener Concrete for Data Centers: An Open
Letter

= SustainableConcrete st O iapim | @Waich W -

Low Embodied

An.introduction to Low
Embodied Carbon.Concrete
(LECC)

https://climateaccord.org/ne
ws/greener-concrete-for-
data-centers-an-open-letter/

https://github.com/facebookrese
arch/SustainableConcrete

https://academy.opencompute.org/learn/co

urses/12/low-embodied-carbon-lec-

concrete-module-1-

introduction/lessons/95:50/lecc-module-1
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Al use-cases

Al can learn, predict, and optimize basic concrete performance with modest training & standard
materials BUT each use-case has its own requirements including Al features, data, pipelines.

Optimize mixes
[

Strength Predict field performance
Speed ® Placement Incorporate
Sustainability Means & methods novel Sat::sr use

o
Cost ® Performance materials
Workability ® Temperature

Performance limits

Al models, pipelines, data
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Closing comments

Al has arrived

® Use-cases

® Real-world at-scale
examples

® Strongopen-source
ecosystem in “traditional
domains”

® C(Coalitions of partners

® Opportunities to solve
impactful problems

Let’s work together

Scale Al

Scale foundational data
Develop the right features
and use-cases

Leverage lessons learned &
features built in other
domains

BOxCrete
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