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A brief glimpse at a role for 
data science in GHG mitigation 

pathways, materials focus



Scale up time measured in decades
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Vision for computer aided, 
data-driven materials development

High-throughput 
virtual screening for 
promising materials

Severson et al. Nature Energy 2019

Device optimization and 
high-throughput 
experimentation

G-B. et al. Nature Materials 2016 R.E. Brandt et al. Joule 2017

Predicting lifetime of 
complex, nonlinear systems 
such as lithium-ion batteries
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Natural Language Processing

Database of Extracted Parameters

Machine Learning

Recommended Conditions



This is a semi-supervised problem

Unsupervised word embeddings Supervised classification
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Projections of words into real-value vectors where 
synonyms are projected to nearby coordinates
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Balance generalized approach with
accuracy tailored for specific examples
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Directing zeolite 
crystallization

Inorganic materials 
synthesis

Solid state 
electrolyte
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Time-based literature holdouts predict recipes 
for recently-reported perovskites

E. Kim et al., under review
[1] J. Kamalakkannan, et al., World Scientific News, 2016 
[2] H. Takatsu et al., Physical Review B, 2017

Validation includes: reaction enthalpies, commercial availability

Screening approach: Within 10 attempts; at least 1 
feasible route with commercially available precursors

Target material Suggested precursors Synthesis method

InWO3 In2O3+WO2 Solid state

InCl3+Na2WO4 [1] Solution phase

PbMoO3 PbSO4+MoCl2 Solution phase

PbO+MoO2 [2] Solid state

Collaboration with S. Jegelka



Many more zeolites are predicted to be 
stable than have been realized experimentally

9
Z. Jensen et al., ACS Central Science, 2019
Schwalbe-Koda et al Nature Materials, 2019

Applying similarity to 250k 
zeolites, we found 4k zeolites 
which are graph isomorphic 

to known ones.

Recrystallization

Diffusionless

with Gomez-Bombarelli 
group Predicting synthesis pathways for low 

framework density zeolites

Synthesis conditions 
pulled from 70,000 

manuscripts



Huang, et al. Joule 2018



There are significant opportunities 
beyond electricity

11(left figure)   Sassoon, R., et al.. Quantifying the Flow of Exergy and Carbon. 2009 MRS Spring Meeting
(right figure)  Allwood, J., et al., Options for Achieving a 50% Cut in Industrial Carbon Emissions by 2050, ES&T, 2010, 44 (6).

Source: DOE (2014) EPA (2018)



Design cements across broad set of wastes, 
enable sophisticated beneficial use

Miller et al., Cement and Concrete Research, 2018
T. Poinot et al., Resources Conservation and Recycling, 2017
P. Chaunsali et al. Cement Concrete Composites, 2018, 2019



Develop low environmental impact concrete 
mixtures through effective use of waste materials
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Early work funded through Tata Center and NSF, 
now funded through MIT-IBM Watson AI Laboratory



Thank you 

Eddie Kim, Zach Jensen, Kevin Huang, Alex van Grootel
Soon Kwon, Hugo Uvegi

MIT (Roman, Jegelka, 
Gomez-Bombarelli) 

Berkeley (Ceder) 
UMA (McCallum)

ITQ (Moliner and Corma)
olivetti.mit.edu; synthesisproject.org
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