
Speaker: Kelly Rose, 
Senior Fellow, 

Computational Sciences & Engineering, 
Research Innovation Center, NETL 

4/2024

Data Science & Innovation to Bridge the Digital Divide

ClaiMM
C r i t i c a l  M i n e r a l s  &  M a t e r i a l s



3

Digital Discovery is Accelerating…
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…but complex 
systems 
require more

Data science in 
action for CCS

Innovation to bridge 
the digital divide
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Critical Minerals & Materials Program 
By 2035, enable unconventional and secondary sourcing for half of domestic REE/CM needs
• Demonstrate sufficient resources usable from domestic unconventional feedstocks
• Generate a National Prospectus 
• Demonstrate economically competitive and environmentally sustainable extraction and processing technologies
• Support development of sustainable international standards for supply chains

Develop technologies for value-added carbon products
• Energy materials
• High value carbon products
• High volume carbon products

High
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• Data-driven research projects 
are starved for information
• Crowd Flower study estimates 

80% of researcher project time is 
spent searching for relevant, 
existing data

• Opportunity to reduce 
researcher time parsing the 
digital "forest"

• Improve access to available 
data resources relevant for 
each project's need

Data are the foundation for innovation 

https://visit.figure-eight.com/2015-data-scientist-report



7

• “Essentially, any information 
that can be encoded into a 
format that a computer can 
read and manipulate can be 
considered data.” 
• Gemini 2024

• Data – data products are 
defined as a single product 
or collection of information 
categorized and displayed as 
datasets, publications, tools, 
applications, and software. 
Data can be downloadable 
files or hyperlinks to a 
reputable external resource. 
•  EDX

What are “data”?

7https://edx.netl.doe.gov/reference-shelf

https://gemini.google.com/
https://edx.netl.doe.gov/reference-shelf/edx-glossary/
https://edx.netl.doe.gov/reference-shelf


The Carbon Storage & Transport Community’s Impact…. 
A decade of DOE FECM CTS Program Product Curation & Digitalization

2015 2016 2017 2018 2019 2020 2021 2022+

2015 DOE Program managers 
initiated requirements to 
contribute & curate CS data 
products from CS program in EDX

• Expanded to more FECM/NETL R&D projects 
and programs

• EDX used by each CS Program extramural 
team (>50 individual Private Workspaces)  

• NETL geo-data science and EDX teams 
launched development of AI and data-science 
enhanced efforts to acquire, tag, organize, 
refine, and improve virtualization of CS-
program products as they were accumulating

automates data 
discovery using AI/ML by …
1) Analyzing content you like

2) Finding new, targeted content

2023 DOE Public Access Plan requires 
agency-wide 2022 EO compliance
2022 ASFECM requires R&D product 
preservation

https://edx.netl.doe.gov/reference-shelf

https://edx.netl.doe.gov/reference-shelf


DOE’s FECM has Invested in Creating a Carbon Storage Digital Resource-base

• PB of carbon storage data preserved using the public and 
private sides of EDX 

• Curating access to downloadable instances of NRAP and other 
CS Program models & tools

• Developed custom, AI/ML/NLP enhanced tools to drive CCS 
data discovery and knowledge extraction 

• Enabling geospatial data and CS web mapping for select CCS 
resources to date

limitation of these data resources & 
capabilities…
… still largely require the end-user to have 
access to the right expertise and 
computational resources to put them to use….

Data is analyzed 
for spatial density 
and distribution

Need to advance for democratized use & useability 

Morkner, P., et al. 2021, Distilling 
Data to Drive Carbon Storage 

Insights, Computers & Geoscience

https://edx.netl.doe.gov/reference-shelf

https://edx.netl.doe.gov/reference-shelf
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Taking the data pieces, putting the puzzle together

Source: GeminiSource: Gemini
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DOE FECM’s Carbon Management Digital Products to Date 

Inform

Analyze 
& Optimize

Integrate 
& Label

Explore & 
Transform

Move & Store

Discover & Collect

A virtual portal and 
tool for users to 
explore and query 
CS core and rock 
property data tool

RokBase

All publicly available here:  https://edx.netl.doe.gov/disco2ver

CO2-Locate Database
National Well Database.  

Leveraging Class II Well data to inform 
potential reuse, site selection, risk 

analysis and other stakeholder needs

CCS Pipeline Route 
Planning Database

>90 gigabytes of data aligned to 
critical features needed to 
evaluate routing of CCS pipelines
and transport of CO2

Class VI Map It Tool
Geodatabase of spatial data 
layers to support the initial 
development of 
Underground Injection 
Control (UIC) Class VI permits

CCS EJ-SJ Database
Social and 

environmental 
justice database 

aligned to carbon 
storage systems

CS Technical Viability Database V1
Geodatabase of key public data needed to 
completed TV evaluations.  Includes 
geologic, geophysical, structural,  hydrologic, 
energy extraction, transportation 
infrastructure, political boundaries, 
community and environmental data

https://www.rokbase.org/
https://edx.netl.doe.gov/dataset/co2-locate
https://edx.netl.doe.gov/dataset/co2-locate
https://edx.netl.doe.gov/dataset/3d3133aa-dabb-41c3-a39a-3ffd28d91fa4/resource/f5b9fc05-b74a-44a1-9ff6-03b237d99e25
https://edx.netl.doe.gov/dataset/3d3133aa-dabb-41c3-a39a-3ffd28d91fa4/resource/f5b9fc05-b74a-44a1-9ff6-03b237d99e25
https://edx.netl.doe.gov/dataset/class-vi-data-support-tool-geodatabase
https://edx.netl.doe.gov/dataset/ccs-ej-sj-database
https://edx.netl.doe.gov/dataset/edx4ccs-carbon-storage-technical-viability-database-version-0-1
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Leveraging geo-data science to do more

Geosciences

MathematicsComputer 
Science

Spatio-
temporal 
statistics

AI/ML

Data discovery, 
processing, QA/QC, 

programming

Geotechnical 
Engineering

Geophysics

Geology Geochemistry

Geo-microbiology

Geostatistics

Geography

GIS

Using data to enable science-
based predictions to improve 

our understanding of the whole
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AI to Improve Subsurface Property Predictions

Deep learning approach to support subsurface modeling predictions.
• NETL advanced the subsurface trend analysis (STA) workflow 

with an AI-informed image segmentation/embedding model.

• The STA method was created to be a 
foundational technology, capable of assisting 
any subsurface predictive need.

• The image embedding tool uses convolutional neural 
networks (CNNs) to:

• Extract images from unstructured data

• Categorically label the images

• Create a repository for geologic domain postulation

• A case study on data available for the Gulf of Mexico 
shows the STA image embedding tool extracts and 
accurately labels images with 90% to 95% precision.

• The STA 2D Tool is available on NETL’s Energy Data 
eXchange® (EDX).

STA Workflow

Visualization of multi-category 
training data for STA image 
embedding tool.

Hoover B, Zaengle D, Mark-Moser M, Wingo P, Suhag A 
and Rose K (2023) Enhancing knowledge discovery from 
unstructured data using a deep learning approach to 
support subsurface modeling predictions. Front. Big 
Data 6:1227189. doi:10.3389/fdata.2023.1227189

https://www.frontiersin.org/articles/10.3389/fdata.2023.1227189/full
https://edx.netl.doe.gov/dataset/subsurface-trend-analysis-2d-tool
https://edx.netl.doe.gov/?__no_cache__=True
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AI for Natural resources forecasting & modeling

Federated-AI modeling for improving 
discovery of domestic critical mineral deposits

Also used for Groundwater, Carbon Storage, 
H2, hydrocarbons, geothermal and more

Creason, et al., (2023). 

• NETL’s geologic resource assessment AI Model helped 
uncover the largest unconventional deposit of 
magnetic rare earth elements (REE) in the U.S.

• The AI model was tested at a coal mine in 
Wyoming's Powder River Basin and revealed the 
largest unconventional deposit of magnetic 
REEs discovered in the US.

• Featured in the Wall Street Journal - WSJ
• Also featured in energy trade journal, JPT

• In the last year, NETL has released five, peer-reviewed, 
data-driven products that help characterize 
unconventional critical minerals

Try the Database: REE and Coal Open Geodatabase - Submissions - EDX (doe.gov)
Read more about the URC Method: A Geo-Data Science Method for Assessing Unconventional Rare-Earth 
Element Resources in Sedimentary Systems - Submissions - EDX (doe.gov)

Fast Facts
Database released 9/18

Method published 3/22

Tool in Development

Using AI/ML to support finer scale predictions 
and support increased abundance of data

Rose et al 2021

Creason, C.G., Justman, D., Rose, K., Montross, S., Bean, A., Mark-Moser, M., Wingo, P., Sabbatino, M., 
Thomas, R.B., 2023. A Geo-Data Science Method for Assessing Unconventional Rare-Earth Element 
Resources in Sedimentary Systems. Nat Resour Res. https://doi.org/10.1007/s11053-023-10163-x

https://jpt.spe.org/exploring-the-unexpected-an-ai-model-uncovers-rare-earth-elements
https://www.wsj.com/story/he-bought-an-old-coal-mine-for-2-million-it-could-be-worth-37-billion-eca25b9a
https://jpt.spe.org/exploring-the-unexpected-an-ai-model-uncovers-rare-earth-elements
https://netl.doe.gov/node/12703
https://netl.doe.gov/node/12703
https://edx.netl.doe.gov/dataset/ree-and-coal-open-geodatabase
https://edx.netl.doe.gov/dataset/method-assessing-unconventional-rare-earth-element-resources
https://edx.netl.doe.gov/dataset/method-assessing-unconventional-rare-earth-element-resources
https://doi.org/10.1007/s11053-023-10163-x
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Supply chain spatio-temporal forecasting & modeling

Big data & AI to support supply chain optimization & decisions

Justman, et al. (2022). A database 
and framework for carbon ore 
resources and associated supply 
chain data. Data in Brief. 
https://doi.org/10.1016/j.dib.2021.
107761

Try the Platform Here: Carbon Ore 
Resources Database (CORD) -
Submissions - EDX (doe.gov)

This valuable online tool enables the recovery of high-
value carbon and critical minerals from U.S. mining and 
industrial waste streams needed to support innovative 
manufacturing while lowering environmental footprint 
of using domestic resources.

Fast Facts
Database and Platform 

released 8/21

Enables users to interact and 
query select CORD datasets.

Collection of spatial and 
non-spatial data

399+ data files associated with 
carbon ore resources in the US

https://doi.org/10.1016/j.dib.2021.107761
https://doi.org/10.1016/j.dib.2021.107761
https://edx.netl.doe.gov/dataset/cord
https://edx.netl.doe.gov/dataset/cord
https://edx.netl.doe.gov/dataset/cord
https://netl.doe.gov/node/11611
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Applied materials modeling for accelerated design & utilization

Machine learning prediction and outlier detection 
for alloy development and AI for alloy discovery 
• Clustering: assessing 

trends in materials data

• Integrating domain 
knowledge into analysis

• Assessing outliers to the 
dataset

Wenzlick, M., et al. J of Mat Eng and Perf, 2021. 
https://doi.org/10.1007/s11665-020-05340-5

AI-Enhanced Microstructural Analysis, 
Simulation, and Optimization for  
Electrochemical Device Electrodes

W.K. Epting et al., 
JACerS v100 pg 2232 
(2017)

T. Hsu et al., JPS 
v386 pg 1 (2018)

R. Mahbub et al., 
JECS v167 pg 
54506 (2020)
R. Mahbub et al., 
JPS v498 pg 
229846 (2021)

• Computer vision provides a rapid 
pathway from physical electrode 
to microstructural parameters

• Deep neural networks provide 
analysis from microstructural 
parameters to predict long-term 
performance metrics 

• Connecting the two will produce a 
rapid electrode assessment tool

To access the SOC Synthetic Microstructure Bank: SOC 
Synthetic Microstructure Bank - Submissions - EDX (doe.gov)

NETL researchers have used 
EDX® to publicly release the 
largest known bank of 3D 
electrode microstructures of solid 
oxide fuel and electrolysis cells 
(SOCs) for training ML tools.

The Artificial Intelligence Materials Selection 
Framework is used to develop a high-quality 
database for compositions, processing, and 
test parameters for various responses of 
alloys, as well as predict optimized materials 
for multi-objective problems.
https://doi.org/10.1016/j.actamat.2022.117751

https://edx.netl.doe.gov/dataset/soc-synthetic-microstructure-bank
https://edx.netl.doe.gov/dataset/soc-synthetic-microstructure-bank
https://www.sciencedirect.com/science/article/abs/pii/S1359645422001379
https://www.sciencedirect.com/science/article/abs/pii/S1359645422001379
https://doi.org/10.1016/j.actamat.2022.117751
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Building the CMM digital “library”

Your data-
driven journey 
begins with 
that first step…

Paraphrasing M. Angelou

https://edx.netl.doe.gov/ 

Ask for support edxsupport@netl.doe.gov 

https://edx.netl.doe.gov/
mailto:edxsupport@netl.doe.gov


How has NETL addressed R&D data needs?

a web-hosted, virtual library 
and laboratory 

that supports the 
NETL/FECM community

v.1 2012 12+ years EDX++ v.4 2024

2021 U.S. DOE, Secretary 
of Energy’s Achievement 

Award winner

https://edx.netl.doe.gov/reference-shelf

FECM’s foundational R&D digital infrastructure & AI test bed
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How is EDX currently supporting its community?

20

NETL/FECM has invested in EDX to serve the FECM community 
as a virtual data library and laboratory

Preservation Collaboration Discoverability Compliance Management Computing

https://edx.netl.doe.gov/reference-shelf

https://edx.netl.doe.gov/reference-shelf
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https://edx.netl.doe.gov/reference-shelf/orders-initiatives-and-policies/ 

Complying with Federal Requirements….

https://edx.netl.doe.gov/reference-shelf/orders-initiatives-and-policies/


4/18/2024 https://edx.netl.doe.gov/sami/ 22

• To govern the development and use of AI safely and 
responsibly, through a coordinated, Federal Government-wide 
approach to doing so.

• The rapid speed at which AI capabilities are advancing compels 
the United States to lead for the sake of security, economy, and 
society.

• Ensure AI is safe and secure through robust, reliable, 
repeatable and standardized evaluations

• Promote responsible innovation, competition, and 
collaboration

• AI policies consistent with equity and civil rights

• Protect privacy

Date signed: October 30, 2023

EO on the Safe, Secure, and Trustworthy 
Development and Use of Artificial Intelligence

Full text of the Executive Order

https://edx.netl.doe.gov/sami/
https://www.whitehouse.gov/briefing-room/presidential-actions/2023/10/30/executive-order-on-the-safe-secure-and-trustworthy-development-and-use-of-artificial-intelligence/
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Freedom for users to use current cloud service 
providers 

• Utilize APIs to compute, transfer data
• Enabling advanced computing resources for AI and data 

science
• Connecting EDX with on-premises HPC and advanced 

compute
Improves flexibility and performance

• Does not limit users to one storage & compute platform
• Compute occurs at the data source
• Right compute solution for the need

Resilience
• Redundancy across multiple regions
• Strategic alignment for data transfer and compute across 

multiple cloud service providers 
• GOGO, NETL partnership with DOE OCIO for enterprise 

Cloud deployment

EDX++ v4, a multi-cloud solution, connecting data with compute

23

Cloud

On-Premise
Compute

Now 
Live!!!

March 
2024

https://edx.netl.doe.gov/reference-shelf

https://edx.netl.doe.gov/reference-shelf


24

Your digital publications matter

Building up the CMM data foundation

https://edx.netl.doe.gov/reference-shelf

https://edx.netl.doe.gov/reference-shelf
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Publishing data products

25

Many journals 
require models, 
tools and data be 
publicly available 
prior to journal 
publication.

can help!

https://www.nature.com/articles/s41597-023-02491-7 

https://edx.netl.doe.gov/reference-shelf

https://www.nature.com/articles/s41597-023-02491-7
https://edx.netl.doe.gov/reference-shelf
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EDX is a publisher of R&D data products

26

OSTI DOI Number

Data Citation

Data Access

Data License

Many journals 
require models, 
tools and data be 
publicly available 
prior to journal 
publication.

can help!

https://edx.netl.doe.gov/reference-shelf

https://edx.netl.doe.gov/reference-shelf
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ClaiMMBuilding an Integrated 
Critical Minerals & Materials

Management System
critical M & M



• Developing the Alpha version of 
the platform

• Front end user interface hosted by 
EDX, connecting users to digital 
CMM resources

• Enables users to search and 
download for data, tools, models 
hosted on EDX ClaiMM

• Interact with NETL developed web 
applications

• Dashboards, story maps, web maps, data 
services, etc.

28

EDX ClaiMM Platform

EDX ClaiMM Alpha version is progress 

Digital Infrastructure for the Critical Minerals & Materials Community (CMM)



Next steps
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EDX ClaiMM Platform
Digital Resources for the Critical Minerals & Materials Community (CMM)

Coming soon (2024): 
EDX ClaiMM Alpha Website
• Continue incorporating key datasets and resources
• Website hosting CMM specific data, tools, and 

resources for internal testing

EDX ClaiMM Alpha version is progress 

Longer term: 
EDX ClaiMM Beta Platform (July 2024)
• Continue incorporating key datasets and resources and 

improving site layout
• Release beta version for outside stakeholder testing

EDX ClaiMM (Version 1) Platform (March 2025)
• Implement updates based on feedback from stakeholders
• Public release of version 1



1. EDX ClaiMM: The Energy Data eXchange Critical 
Minerals & Materials Platform (FWP-1022420)

1. Presenter: Devin Justman, National Energy Technology Laboratory

2.  Energy Data Exchange (EDX) new cloud system
1. Presenter: Kevin Kuhn, National Energy Technology Laboratory

3. RokBase (FWP-1025007)
1. Presenter: Dustin Crandall and Tom Paronish, National Energy 

Technology Laboratory

4. NEWTS Database and Dashboard Demo (FWP-
1022428)

1. Presenters: Nicholas Siefert and Rachel Yesenchak, National Energy 
Technology Laboratory

5. Advanced Infrastructure Integrity Model (AIIM)
1. Presenter: Lucy Romeo, National Energy Technology Laboratory

6. Unconventional Rare-Earth and Critical Mineral (URC) 
Assessment Method

1. Presenter: C. Gabriel Creason, National Energy Technology Laboratory

7. Critical Minerals & Materials Matchmaker (CM3)
1. Presenters: Jennifer Bauer and Neyda Maymi, National Energy 

Technology Laboratory

EDX ClaiMM Related Tool Demos

30

Poster Session / 
Interactive Demos / 

Reception – 

BALLROOM FOYER
Wednesday 

4/3/2024
5:00 p.m. – 6:30 p.m.

Stop by the EDX/SAMI booth 
for more information, tools, 

and resources
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Bagdonas, D., Nye, C., Thomas, R., and Rose, K., 2019, Rare Earth Element Occurrence and Distribution in Powder River Basin Coal Core, Wyoming, Proceedings of the Thirty Sixth Annual 2019 International 
Pittsburgh Coal Conference, September 3 - 6, 2019, 13 pgs.

Creason, C.G., Justman, D., Rose, K., Montross, S., Bean, A., Mark-Moser, M., Wingo, P., Sabbatino, M., Thomas, R.B., 2023. A Geo-Data Science Method for Assessing Unconventional Rare-Earth Element 
Resources in Sedimentary Systems. Nat Resour Res. https://doi.org/10.1007/s11053-023-10163-x

Creason, C. G., Montross, S. N., Justman, D., Mark-Moser, M., Thomas, R., Bean, A., Rose, K. 2021. Towards A Geo-Data Science Method for Assessing Rare Earth Elements and Critical Mineral Occurrences in Coal 
and Other Sedimentary Systems; DOE/NETL-2021/2653 ; NETL Technical Report Series; U.S. Department of Energy, National Energy Technology Laboratory: Albany, OR, 2021; p 32. DOI: 10.2172/1809028 

Justman, D., Creason, C.G., Gordon, A., Yesenchack, R., Mark-Moser, M., Rose, K., Montross, S., Wingo, P., Sabbatino, M. (2023). A Regional Geospatial Characterization of Rare-Earth Occurrence Potential within 
Unconventional Sedimentary Systems of the Central Appalachian Basin. Natural Resources Research. In preparation

Justman, D., Creason, C.G., Montross, S., Mark-Moser, M., Thomas, R.B., Bean, A., Rose, K. 2021. Supplementary data for Technical Report: Towards A Geo-Data Science Method for Assessing Rare-Earth Element 
Occurrences in Coal and Other Sedimentary Systems, 5/24/2021, https://edx.netl.doe.gov/dataset/supplementary-data-ree-sed-trs , DOI: 10.18141/1784272

Justman, D., Creason,. C.G., Rose, K., Bauer, J., 2020.  A knowledge-data framework and geospatial fuzzy logic-based approach to model and predict structural complexity, Journal of Structural Geology, Volume 
141, 2020, 104153, ISSN 0191-8141, https://doi.org/10.1016/j.jsg.2020.104153 .

Justman, D., Creason, C.G., Sabbatino, M., Rocco, N., DiGuilio, J., Rose, K., Thomas, R.B., REE and Coal Open Geodatabase, 2018, https://edx.netl.doe.gov/dataset/ree-and-coal-open-geodatabase , DOI: 
10.18141/1475030STA

Montross SN, Bagdonas D, Paronish T, Bean A, Gordon A, Creason CG, Thomas B, Phillips E, Britton J, Quillian S, Rose K. On a Unified Core Characterization Methodology to Support the Systematic Assessment of 
Rare Earth Elements and Critical Minerals Bearing Unconventional Carbon Ores and Sedimentary Strata. Minerals. 2022; 12(9):1159. https://doi.org/10.3390/min12091159

Patrick Wingo, Devin Justman, C. Gabriel Creason, MacKenzie Mark-Moser, Scott N. Montross, Kelly Rose, URC Assessment Method, 3/29/2023, https://edx.netl.doe.gov/dataset/urc-assessment-method , DOI: 
10.18141/1963714

Wingo, P., Justman, D., Creason, C.G., Jones, K., Bauer, J. Development of a Tool for Assessing Leakage Risk in Information-Poor Regions of the Subsurface using a Spatially Integrated Multivariate Probabilistic 
Assessment Approach. In review. Data in Brief

Rachel Yesenchak, Devin Justman, Sophia Bauer, Michael Sabbatino, C. Gabriel Creason, Andrew Gordon, Scott N. Montross, Kelly Rose, National Critical Minerals Data Dashboard, 3/21/2023, 
https://edx.netl.doe.gov/dataset/national-critical-minerals-data-dashboard

Rachel Yesenchak, Devin Justman, Sophia Bauer, C. Gabriel Creason, Andrew Gordon, Scott N. Montross, Michael Sabbatino, Kelly Rose, Unlocking the Potential of Unconventional Critical Mineral Resources Story 
Map, 10/21/2022, https://edx.netl.doe.gov/dataset/unlocking-the-potential-of-unconventional-critical-mineral-resources-story-map , DOI: 10.18141/1891489

Citations
Select Pubs, Data, Tools

https://doi.org/10.1007/s11053-023-10163-x
https://edx.netl.doe.gov/dataset/supplementary-data-ree-sed-trs
https://doi.org/10.1016/j.jsg.2020.104153
https://edx.netl.doe.gov/dataset/ree-and-coal-open-geodatabase
https://doi.org/10.3390/min12091159
https://edx.netl.doe.gov/dataset/urc-assessment-method
https://edx.netl.doe.gov/dataset/national-critical-minerals-data-dashboard
https://edx.netl.doe.gov/dataset/unlocking-the-potential-of-unconventional-critical-mineral-resources-story-map
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Building the CMM digital “library”

Your data-
driven journey 
begins with 
that first step…

Paraphrasing M. Angelou

Kelly Rose   kelly.rose@netl.doe.gov 

Ask for support edxsupport@netl.doe.gov 

mailto:edxsupport@netl.doe.gov


This work was performed in support of the U.S. Department of Energy’s Fossil Energy and Carbon Management’s Minerals 
Sustainability Program, executed through the National Energy Technology Laboratory (NETL) Research & Innovation Center’s 
EDX Multi-Cloud (DOE FE 1025023)  and Critical Minerals & Materials (DOE FE 1022420) FWPs.  Some work spotlighted in 
this talk may also have funding through other FECM Programs.

Thanks to many contributors to this work and growing data community for CMMs: Jen Bauer, C. Gabe Creason, Scott 
Montross, Burt Thomas, Devin Justman, Rachel Yesenchak, Patrick Wingo, Mike Sabbatino, MacKenzie Mark-Moser, 
Brendan Hoover, Lucy Romeo, Neyda Maymi, Sophia O Barr, EDX Dev Ops Team, Ramaco Carbon, Weir International, 
University of Wyoming School of Energy Resources, USGS, WVGES and many others.  
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