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Environmental impact
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Schilter, Schwaller, Laino, Balancing Computational Chemistry's Potential
with Its Environmental Impact, Green Chem. 2024, 26, 8669.

Despite the widespread use of computational tools like DFT
and molecular dynamics in studying chemical and climate-
relevant processes, the environmental impact of these
calculations is not considered, highlighting the need for
more awareness and reporting of the resources utilized in
computational studies.
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Schilter, Schwaller, Laino, Balancing Computational Chemistry's Potential
with Its Environmental Impact, Green Chem. 2024, 26, 8669.

Jevons Paradox: technological progress aimed at
iIncreasing the efficiency of resource use can paradoxically
lead to an overall increase in resource consumption.

= The pursuit of more accurate and capable NN models has
resulted in architectures that are exponentially more
computationally intensive, thereby offsetting the efficiency
gains from hardware improvements.
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Probst, Growing Pains: Reacting to Negative Impacts of Deep Learning on Machine
Learning for Chemistry, 2022, 10.26434/chemrxiv-2022-z6s5m.

*final training

Use Hardware Time Energy
GPT-3 Large language model (LLM) 310 V100s (estimated)!®! 90 days®  1.887 GWh(®!
MT-NLG Large language model (LLM) NVIDIA Selene supercomputer 90 days! 7.862 GWh(!
with 560 DGX A100 nodes
(4,480 GPUs)")
AlphaFold2 Protein structure prediction 128 Google TPUv3[!!] 11 days''l 15 MWh?
FastFold Protein structure prediction 512 A100 GPUs!!! 2.8 daysi!'l 28 MWh?

RoseTTAFold Protein structure prediction 8 V100 GPUs (Assumed to be 28 days!'?l  0.672 MWh
1 DGX-1 node)

MegaMoIBART De novo molecular 4 DGX-1 nodes (32 V100 1 day* 0.336 MWh®
generation, reaction prediction GPUs)
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Probst, Growing Pains: Reacting to Negative Impacts of Deep Learning on Machine
Learning for Chemistry, 2022, 10.26434/chemrxiv-2022-z6s5m.

*final training

Use Hardware Time Energy
GPT-3 Large language model (LLM) 310 V100s (estimated)!®! 90 days®® | 1.887 GWh(!
1 GWhis

1.887 Million photovoltaic panels
100 Million LED bulbs

roughly 1.3 Million horses

0.5 Hoover dams
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Strubell, Ganesh,
McCallum, in the
57" Annual Meeting
of the Association
for Computational
Linguistics (ACL).
Florence, Italy. July
2019.
arXiv:1906.02243.

Common carbon footprint benchmarks
in Ibs of CO2 equivalent

Roundtrip flight b/w NY and SF (1

passenger) | 1,984
Human life (avg. 1 year) I 11,023
American life (avg. 1 year) . 36,156

US car including fuel (avg. 1 lifetime) EFLNolii]
Transformer (213M parameters) w/
neural architecture search 626,155

Chart: MIT Technology Review * Source: Strubell et al. « Created with Datawrapper
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Breakdown of the four
sources of Australian
astronomers’ emissions.
‘Per astronomer’ refers to
the 691.7 FTEs including
PhD students, postdocs
and senior researchers.

Stevens, Bellstedt, Elahi, Murphy,
Nat. Astron. 2020, 4, 843-851.
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Average emissions per astronomer (tCO.e yr ' FTE™)

0 5 10 15 20 25
Supercomputing
— Flights

Source

0 5 10 15 20

National emissions (ktCO,e yrh)

10



The cost of ML

The carbon footprint of
predicting CO, storage
capacity in metal-
organic frameworks
within neural networks.
A 28% decrease in
MAE comes at a
15,000% increase in
the carbon footprint of
model training.

GHG emissions [kgCOzeq]

Korolev, Mitrofanov, iScience
2024, 27, 109644.
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