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Optimization!

https://oworkers.com/8-process-optimization-techniques-how-to-get-started/
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Need of the Hour: Accelerated Process Optimization! 75- ~
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Need of the Hour: Accelerated Process Optimization! 75- -

Finding the solution through
trial and error is challenging :)

How we see innovatiol
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Data Driven Process Optimization
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Data Building Using LLM

Catalysing InnoVation e

Scientific Papers

B C D
1 Composition
2 Ga0.29Mg0.71 647 7.67 -0.27
— W% - 3 - Ga0.29Mg0.71 623 4.48 -0.80
4 QVEGORLRiNecyd(eXobl 573 2 2.26 -1.49

Prompting RAG s EECONIVELE-S ol 652 6.15 -0.49
o [ESCONEIVEORES NG 632 372 -0.99

Unstructured Data Structured Data

1.P.R. Maharana and K. Joshi, Retrieval Augmented generation for building databases from the scientific literature. (Manuscript under

preparation)
2.N Wilson, AD Verma, PR Maharana AR Sahoo And K Inshi HvStor: An Fxnerimental Database of Hydrogen Storage Properties for Various

Metal Alloy Classes, ChemRxiv, (2024), DOI:https://doi.org/10.26434/chemrxiv-2024-6.
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Integrating ML with Experiments
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Integrating ML with Experiments
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Integrating ML with Experiments
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Use-Case: Materials Discovery for Solid-State Hydrogen Storage
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Use-Case: Materials Discovery for Solid-State Hydrogen Storage

Catalysing Innovation .
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Use-Case: Materials Discovery for Solid-State

.-, 1. H, dissociated into H
150 10 ‘"

MI/Kg I
KWh/L % ! } Y
- 8 @:Me:H ‘
=
S 100
5 %
= g @&
o
T e
E 50 3!
2 & %
wn
Q ) .
S 2 Metal in H,
! atmosphere
0 — 0 2. H diffuses into the metal
Hydroge Natural Gasoline Coal Methnol Wood Lithium I .
Gas battery attlce . oy e .
3. H atoms occupy the interstitial sites
Hyd20 3(;n Gas Dekura et.al ChemPhysChem 2019, 20, 1158.
ar T T
( ) Hydriding Dehydriding
oc|
= 5|

=
o

=
=

— BOVE DE E@ER
possibilities 1 O oEm

i
Ag
]

R
Ha

BmE ERDEEE M
High H2wt% Low Hydriding Ambient Reversible & ‘
Capacity Enthalpy ~ Conditions Durability I, Jam
Hf kJ/mol

Optimist : A Data Driven Framework to Accelerate and Innovate R&D Processes



Machine Learning Models

Hydrogen Storage Capacity Predictor ]
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Equilibrium Plateau Pressure Predictor

PCT Isotherms Predictor

Active . o
PCTpro Active ML for PCT Isotherm Prediction

3 Kavita Inshi and Ashwini Verma: Provisional Patent No. 202211028454 [2022]
4. Kavita Joshi and Ashwini Verma, Provisional Patent No. 202311064135 [2023]
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Use-Case: Materials Discovery for Solid-State Hydrogen Storage {zs
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Machine Learning Models ——==% Web-App To Browse The Predictions
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3 Kavita Inshi and Ashwini Verma: Provisional Patent No. 202211028454 [2022]
4. Kavita Joshi and Ashwini Verma, Provisional Patent No. 202311064135 [2023]
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Use-Case: Materials Discovery for Solid-State Hydrogen Storage &

Machine Learning Models
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3. Kavita Joshi and Ashwini Verma: Provisional Patent No. 202211028454 [2022]
4. Kavita Joshi and Ashwini Verma, Provisional Patent No. 202311064135 [2023]
5. Ashwini Verma, Nikhil Wilson And Kavita Joshi, Solid state hydrogen storage: decoding the path through machine learning, Inter. Journal of

Hvdrogen Eneray., 50, 1518 - 1528 (2024)
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6. Ashwini Verma And Kavita Joshi, PCTpro: A Machine learnina model for rapid prediction of Pressure-Composition-Temperature (PCT) isotherms,

ChemRxiv. , (2024), DOI:https://doi.org/10.26434/chemrxiv-2024-g33f9
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Web Application for Real Time Prediction

ML predictor module ML predictions for hydrogen storage

Welcome to the Dashboard

Storage Capacity Enthalpy of hydrogenation ML predictor

@ Please enter the composition and the

temperature
HZ Enter the composition
ML predictor for H2 weight || 1 |
percent and enthalpy of
hydrogenation Enter the temperature

. |
Submit

v Hydrogen weight percent Enthalpy of hydrogenation
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Web Application: Visualization Module

ML predictions for hydrogen storage
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Use-Case: Materials Discovery for Solid-State Hydrogen Storage

H2wt% > 2.5 at room temperature and AH < 60 kJ/mol H2

Temperature 300K 400K

Total Unique Total

Alloy class number  compositions number

Binary 271 122 325
Ternary 761 289 1099
Quaternary 5304 2211 8233

compositions

500K 600K
Total Unique Total Unique
number  compositions number compositions
499 197 1487 326
1808 610 23950 3429
16734 4973 363855 31510

No. of metal alloys reported so far
with their H2 storage properties
~3000

Using our models we predicted
H2wt% and AH of 6.4 million
compositions in a day.
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7. A.Verma, P. Kumar, S. Kumar and K. Joshi, Hydrogen Storage Performance in Mg-Based Composites. (Manuscript under preparation
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Ongoing Work

Screening of ionomers with enhanced proton conductivity in
collaboration with Dr. Sreekumar Kurungot, CSIR-NCL.

https://www.sciencedirect.com/science/article/pii/S0378775322003974 ;
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Ongoing Work

Screening of ionomers with enhanced proton conductivity in
collaboration with Dr. Sreekumar Kurungot, CSIR-NCL.

Collaborating with Dr. Pol and the fuel cell team at CSIR-NCL and
CSIR-CECRI on fuel cell stack optimization.

https://www.sciencedirect.com/science/article/pii/S0378775322003974 ; https://www.quarktwin.com/blogs/battery/differences-between-hydrogen-fuel-cell-and-lithium-battery/51
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rroposed \Way Forward

Forecasting of Renewable Energy

Hydrogen storage vessel design ¢

Hydrogen Production

Optimization of electrolyzer performance

Hydrogen Storage Screening catalysts for water splitting

Exploration of advanced materials for @ ngé\
hydrogen storage ‘

Intelligent leak detection — Transportation

NOTICE
JDROCEM BTORED,
m'éﬂém '——
Hydrogen Safety @
AI-based risk analysis @—— | Predictive
Maintenance

Life cycle assessment

Al-based transportation logistics optimization

Real time fault detection

N
\

Potential Applications of Our Framework in the
Hydrogen Value Chain
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