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Disclaimer N=|NATIONAL
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This project was funded by the United States Department of Energy, National Energy
Technology Laboratory, in part, through a site support contract. Neither the United States
Government nor any agency thereof, nor any of their employees, nor the support
contractor, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any
agency thereof.
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One of 17 U.S. Department of Energy (DOE) national laboratories; producing technological

solutions to America’s energy challenges.
 NETL has

Driving innovation and delivering solutions
for an environmentally sustainable and

prosperous energy future: + Only national lab

« Ensuring affordable, abundant, and reliable
energy that drives a robust economy and
national security, while

+ Developing technologies to manage carbon « Government owned &

across the full life cycle, and operated
« Enabling environmental sustainability for all

Americans. o

national labs
4 - Leaderin cufting-edge

To be the nation’s premier energy o researchin to
technology laboratory, delivering mtegraied high | duct
solutions to enable transformation to a Igher value proaucts
sustainable energy future. e Flexible

S I
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Organization Snapshot

MAJOR INITIATIVES

« Decarbonization & Carbon * Integrated Energy &
Management Industrial Systems
* Environmentally Sustainable « Advanced Data & Computing
Supply Chains Solutions for Applied Energy
Challenges

[N =N
R

Albany, OR £ 1

3 RESEARCH LABS &
8y ... 2STRATEGIC
.o OFFICES

1000+ R&D projects in 50
states

$5.0B total award value

Anchorage, AK N § Houston, TX Q
Program Staff \‘ Program Staff »

&q $1.3B FY23 budget

 Fossil Energy & Carbon
Management

« Energy Efficiency
Renewable Energy

* Electricity

« Cybersecurity, Energy
Security, & Emergency
Response

 Manufacturing, & Energy
Supply Chains

» Grid Deployment

» Clean Energy
Demonstrations




NETL Core Competencies N=[FnA
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EFFECTIVE RESOURCE DEVELOPMENT ° EFFICIENT ENERGY CONVERSION ° ENVIRONMENTAL SUSTAINABILITY

COMPUTATIONAL MATERIALS GEOLOGICAL & ENERGY STRATEGIC SYSTEMS PROGRAM
SCIENCE & ENGINEERING ENVIRONMENTAL CONVERSION ANALYSIS & EXECUTION &
ENGINEERING & MANUFACTURING SYSTEMS ENGINEERING ENGINEERING INTEGRATION
High Performance  Structural & Functional Geo-Analysis &  Reaction Engineering Energy Process & System  Technical Project
Computing Materials Monitoring Engineering Management
Design & Validation ) .
Multi-Scale Modeling  Design, Synthesis, & Reservoir Multi-Scale Modeling,
Atomistic to Device Performance Engineering Thermal Sciences Simulations &
Optimization
Artificial Intelligence Characterization Geochemistry Advanced System

& Machine Learning Engineering Energy Markets Analysis

.S. DEPARTMENT OF




NETL Research: Capabilities and Technologies —|NATIONAL
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Geological & Materials Engineering Energy Conversion
Environmental & Manufacturing Engineering
Systems

Subsurface Research, Analysis and Characterization
Data Analytics/Machine Learning/Decision Science
Next Generation Materials for Harsh Environments
o Advanced alloys, superalloys, high-entropy alloys, etc.
Advanced Manufacturing
o Additive manufacturing/3D printing, smart manufacturing,
modular chemical process intensification, composites, etc.

CO, Capture with Membranes, Solvents, and Sorbents
Advanced Sensors and Controls for Harsh Environments
Catalysts to Convert CO, into High-Value Products
Coal to High-Value Products/Rare Earth Elements
Carbon Capture Utilization & Storage (CCUS)

Direct Air Capture and Negative Emissions Technologies

.S. DEPARTMENT OF

Computational Science Strategic Systems

T L TECHNOLOGY
LABORATORY

Program Execution
& Engineering Analysis & Engineering & Integration

Hydrogen Technologies (Production, Storage, Transportation,
etc.)

Microwave Reaction Technologies

Reaction Activation and Chemical Transformation
Integrated Energy Systems to Enable Deep Decarbonization
Solid Oxide Fuel Cells and Hybrid Energy Systems
Computational Materials Engineering & Molecular Science
Multi-Scale Modeling, Simulation & Optimization

Process Systems Engineering and Analysis

Grid Modeling and Analysis/Grid Modernization

Institute for the Design of Advanced Energy Systems
Multiphase Computational Fluid Dynamics Modeling
Customized Analyses, Assessments and Studies

High Pressure Combustion/Advanced Cooling Technology




NETL Initiatives
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ADVANCED ALLOY
SIGNATURE CENTER
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IN‘fé'G'IéATED
ENERGY SYSTEMS
TO ENABLE DEEP

DECARBONIZATION

SCIENCE-BASED
Al/ML INSTITUTE

HYDROGEN AS ~

A KEY ENABLER

TO NATIONAL
DECARBONIZATION

|
MICROWAVE
TECHNOLOGY

N NATIONAL

TL TECHNOLOGY
LABORATORY

_ARTIFICIAL =
INTELLIGENCE/
MACHINE LEARNING
FOR ADDRESSING
ENERGY CHALLENGES

i_ﬂ J E\V‘W

CENTER FOR
SUSTAINABLE FUELS
& CHEMICALS
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SCIENCE-BASED - -
Al/ML INSTITUTE =

Innovating science-based,
Al/ML solutions for applied
energy challenges

------
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Science-Based Al/ML Institute (SAMI) N=|NATONAL
T L [[ESHNoLoGY
An NETL Key Laboratory Initiative (KLI) LABORATORY

« NETL established SAMI, a joint institute for Al
and ML, in 2020

« SAMIis a catalyzer of Al- and ML-driven
solutions, to support the acceleration of
Fossil Energy and Carbon Management
(FECM) technologies across the NETL R&D
mission space

«  Working to address crosscutting needs,
capabilities, and resources to unlock
FECM/NETL's Al technology future and drive
mutual benefits
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« SAMI is an institute within the Research &
Innovation Center (RIC)

« Supports discipline-based research,
across discipline boundaries

» U.S. DEPARTMENT OF
b




Science-Based Al/ML Institute’s (SAMI) Mission [N=|rarona

T L TECHNOLOGY
LABORATORY

Enabling Al-driven solutions and support to applied energy science, addressing the
nation’s environmental, economic, and social challenges

« Executing mission through five key
areas

« For more information:
« Website

« edx.netl.doe.gov/sites/sami
« AI4AE Update email S/\Ml
» Register through the website

. SCIENCE-BASED
« Email us at SAMI@netl.doe.gov Al/ML INSTITUTE
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Advance Al Workforce

NATIONAL
ENERGY

« AI4AE Day

« Panel discussions (e.g., ChatGPT)

« Media stories on Al/ML research at NETL
« SAMI Tech Talks & SAMI Tech Tutorials

« SAMI Spotlight Series (speakers sourced
externally)

« EDX muilti-cloud training
« Al/ML & data science topics

U.S. DEPARTMENT OF

TE TECHNOLOGY
LABORATORY

4 e EBX
TL| SIS Energy Data cxchange
Kelly Rose, PhD The DOE Office of
Kelly.Rose@netl.doe.gov Fossil Energy Carbon <
Management’s =
Chad Rowan Virtual Laboratory
Chad.Rowan@netl.doe.gov and Data Curation
Platform
EDXsupport@netl.doe.gov edx.netl.doe.gov ‘
LIGHTNING TALKS: ATTENDEES:
SAMI-affiliated NETL personnel

researchers presented attended the inaugural
during Ai4AE Day A4AE Day

|
= =

Paige Morkner...::

Discovering.and Transforming:Energy « *
Science Data usifg a.Scalabfe *s _«,

SCIENCE-BASED i Deep Learning Approach o tate
AIML INSTITUTE

Wednesday, May 17, 2023 Myt
N AM - 14:45 AM.(EST)
Virtudl

IN=|MarionaL i JENERGY | fTiE
TLIEsooey e
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SAMI Tech Team

r\/-\l"li

TeCH
T3

Chad Rowan

.S. DEPARTMENT OF

Jeremy Harris

* Research data life-
cycle
management

+ Data governance,
ethics, and
compliance

+ Spatial data
science and
analysis

+ Science-based
learning

* Workflow process
improvement

« Supervised and
unsupervised
learning

« Time series
modeling

+ Image
segmentation

* Predictive
analytics

» Containerization

Veronika Vasylkivska

Michael Sabbatino

* Mathematics and
statistics

» Software
development

+ Data analysis

* Numerical
modeling and
analysis

» Supervised and
unsupervised
learning

N: NATIONAL

«m |[ENERGY

TL TECHNOLOGY
LABORATORY

Supervised and
unsupervised learning
Science-based
learning

Object detection/
computer vision
Natural language and
large language model
research

Data collection and
pre-processing for ML




SAMI is Making Al/ML Information Available

N: NATIONAL
«m |[ENERGY

SAMI Website: NETL's current

research and accomplishments in
Al/ML and learn more about SAMI

(‘S /\M| Home  AboutUs R&DPilas  CrosscultingCapabiltes  Branding  Outreach  ContactUs  Q

Science-based Artificial Intelligence/

Machine Learning for Energy.

@E&NERGY N EBX
SAMI News

Novel Computational Ability Helping NETL Researchers Win The Fight Against Pollution

June 2ne. 2022

3 v NETL and West Virginia University have used learning —

which allows a computer program to leam without user input — to develop adaptive control
strategies that could reduce environmental emission and treatment costs during flexible operation
of the nation's power plants Reinforcement learming is a type of machine leaming technique that

involves an intelligent agent, such as a computer aigorithm, taking action in an environment and
receiving rewards or penalties based on its actions NETL researcher Steve Zitney explained.
using gaming as a metaphor “People get better at games. whether its video games, card games
or even board games, because they ean points, or equivalent rewards, for successful actions
and penalties for unsuccesstul actions. Over time, a player learns how to maximize rewards and
avoid penalfies to win the game ”

Sign up for our AI4AE
Update email here:

U.S. DEPARTMENT OF

AI4AE Update: Monthly email
to learn about applied energy
Al at NETL and Al innovations,
policy, etc.

S A MIC

H o
AI4AES
=

ARTIFICIAL INTELLIGENCE =={
FOR APPLIED ENERGY M

10]13] 2022

h Technology Labaratory's (NETL) Science-based Anific and Ma nstitute (SAMI)
ience-based models, articial intelligence, and machine leaming (AML) methads, dat -

o
sssssss e share your fesdback on this Update andlor your onn
a1 SAMI@nes doe gov

Ler's connect and discuss how SAMI can support your objectives!
Visit the SAMI home psge for more information or gontact us directy.

Email update that includes:
Papers + Publications
NETL + SAMI News
What's new in Al/ML
Workshop, Events + Conferences
Active funding opportunities
Reports + Resources
NETL Career opportunities

TL TECHNOLOGY
LABORATORY

EDX Workspace: Access
information on Al/ML, proposal
text, data management plan

[_SAME The ine Laarring lnst ished in 20
o=

[ PR & Submisions ScOXDrve B Oigital Notebooks LS

B Workspaces < SAMI  Dashboard

SAMI o=

Welcome 10 the SAM| kspace! This s i e Inchudis fibrariss,
i etc. Read more about t the bottom of this page.

* AI4AE Day Workshop Presentstions

Read the Latest issue of NETL SAMI's AHAE (Al for Appiied Energy) Updaty wghiights ALML s the National Ener gy Technalogy Laboratory and
DOE Office of Fossil Energy and Carbon Management. other government agencies, scaderia, and industry - and provides the opportunity o connect, communicate, and share key
information.

FOR APPLIED ENERGY l'|'|

eAtti————

SCIENCE-BASED
AIML INSTITUTE

o News




Catalyze Partnerships & Collaborations N=|NaToNAL
TL)ASERRISR

DOI 10.2172/1872103

v['jv

» Create collaborative opportunities within L FAk - - commi 0ol ,
N ETL R COCHAIRS | NOVEMBEF Theimf;;c;willberran;formarive, improving modeling

RN .. folh R | o et e by vt
. N4 </

« Work with external stakeholders to further —

development of Al-driven solutions for

applied energy

o Introducing new technologies
o Collaborative research

» Collaborate on Al strategy discussions
within DOE

ARBON DIOXIDE
ONVERSION

ARBON DIOXIDE
EMOVAL

VE o

(TLGSSRISR"

7 PITISBURGH
SUPERCOMPUTING

CENTER

* Workllow process
Chad Rowan Improvement Veronika Vasylkivska

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

U.S. DEPARTMENT OF




Inform Governance & Standards N=|NaronaL
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U.S Department of Energy
Public Access Plan
Inform compliance with federal orders,
supporting our mission in a rapidly changing | | *
world, for example:
° 1 f AR ARTIFICIAL iv d me‘h fe, ;
DOE Public Access Plan i P oo e i

« Executive Order on the Safe, Secure, and
Trustworthy Development and Use of
Artificial Intelligence

o Date signed: October 30, 2023

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

Use of Artificial Intelligence

CHID + BRIEFING ROOM + PRESIDENTIAL ACTIONS

the authority vested in me as President by the Constitution and the laws

resident by the Consti
of the United States of America, it is hereby ordered as follows.

Source: www.forbes.com

, U.S. DEPARTMENT OF



http://www.forbes.com/
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/

Accelerate Al Innovation

« DOE Al R&D Strateqgic Plan

« Al forScience, Energy & Security Workshops
« Al for Energy

« Al-related data calls

« FECM Al Sirategy & Advisory Team

« The Inter-agency Al Community of Practice
(CoP)

« DOE Al Community of Interest
« Al for Operations Committee

« Data science projects, research, training, or
advisory

‘\ U.S. DEPARTMENT OF

(@) ENERGY

DENERGY (VENERGY %o INASA

N NATIONAL
TL TECHNOLOGY

DOI 10.2172/1872103

LABORATORY

{;_ENERGY

oo Wi 2023 Worops e P Roles for Artificial Intelhgencem Support
- : B i of FECM Priorities

Al Needs in Critical Program Areas



https://edx.netl.doe.gov/dataset/ai-doe-interim-executive-report
https://www.energy.gov/fecm/articles/roles-artificial-intelligence-support-fecm-priorities?auHash=VQIMTzYZc4MdpN1u7kKK1JYwMsb4HVCYTOQg2nqaF6o

Accelerate Al Innovation N=|NATIONAL

TL TECHNOLOGY
LABORATORY

ush the frontiers of Al
ate the next-generation
ols, and approaches

ght Rare Earth Elements

DIRECT AIR .';.‘
c:mmR[ *‘.

6
R

x » o CEMENT
g t
\,ﬁ'

=0
N

=S Q-"

o

‘i.
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RESOURCES AND IR GICINS BIG DATA, FOUNDATIONAL
ENVIRONMENTAL
MATERIALS RESILENCY DATA & Al SOLUTIONS

CARBON

MANAGEMENT

U.S. DEPARTMENT OF




Carbon Management N=[MfNA
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Applied Al for Carbon Capture and Storage Data Products LABORATORY

CO, Smart EJ/SJ Route Planning Tool NRAP Open-Source Integrated
. = Assessment Model (OPEN-1AM)

« An open-source sofiware product
that enables quantification of
containment effectiveness and
leakage risk at storage sites in the
context of system uncertainties and
variability.

The interactive smart tool will
assist in planning routes for CO,
transport across the country
considering environmental
justice and social justice (EJ/SJ).

Explore the public database on
EDX.

*  The model comprises a set of
reduced-order and analytical
models of various components of
the geologic carbon sequestration

The Pipeline Route Planning
Database team published

. BT East Facts system and is incorporating a

Besearcg In g:;g in Brief in f Machine and Deep Learning
Int fi t tool
ecember : o, Route Flanning. Approach to overcome
i i : deficiencies of the analytical mulfi-
. A machine learning model has been frained on
ReseOrChel’S behlnd The TOOI meT mulfivariate data representing pipeline regulations, Segmenfed reduced Order mOdel
WITh re prese nTOﬁVGS from legislation, and best practices to evaluate and identify :
safe and sustainable routes to inform national pipeline

industry on collaborative ideas. planning efforts. *  NRAP-OPEN-IAM allows for

crosscutting functionality with the
entire NRAP toolset.

Explore the entire NRAP toolset:

.S. DEPARTMENT OF



https://edx.netl.doe.gov/dataset/ccs-pipeline-route-planning-database-v1
https://www.sciencedirect.com/science/article/pii/S2352340923010144?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352340923010144?via%3Dihub
https://edx.netl.doe.gov/dataset/phase-iii-nrap-open-iam
https://netl.doe.gov/sites/default/files/netl-file/23CM_CTS31_Mehana.pdf
https://netl.doe.gov/sites/default/files/netl-file/23CM_CTS31_Mehana.pdf

Resources and Materials N =|NATIONAL
T L [[ESHNoLoGY
Applied Al for REE/CMs and Alloy Discovery

LABORATORY

Federated-Al modeling for improving discovery of domestic Machine learning prediction and outlier detection for

critical mineral deposits alloy development and Al for alloy discovery

* NETL's geologic resource
assessment Al Model helped « Clustering: Assessing % o
uncover the largest trends in materials
unconventional deposit of data A s
magnetic rare earth elements * Integrating domain .o B ol om | b s

° 54 . F a2 2, E:d i 17Cr
(REE) in the U.S. e knowledge into Y T " B
PE Score- Maximum | . [ 9Cr1MoVND
1 e e 4 | m gcrmo

° The Al model was tested at a - OnC”yS_lS i éj %y ;E%;::\gﬁvg:ﬁ:;
coal mine in Wyoming's Powder l . Agsse;smg outliers to _ bR
River Basin and revealed the ] | the dataset 5

: R TRkl

largest unc.onvenhc.mal depOS:If = — Wenzlick, M., et al. J of Mat Eng and Perf,
of magnetic REEs discovered in 2021. https://doi.org/10.1007/s11665-020-

the U.SQ AIMS: Artificial Intelligence 05340_5‘

o Featuredin the Wall Street Journal - WSJ
o Also featured in energy trade journal, JPT

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 mulfi-
objective problem:s.
https://doi.org/10.1016/j.actamat.2022.117751

« Recently, NETL has released five, peer-reviewed, data-
driven products that help characterize unconventional
critical minerals

U.S. DEPARTMENT OF



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
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

Infrastructure and Environmental Resiliency

N NATIONAL
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Award Winning Al/ML Multi-Model Forecasting Al Enhanced Workflow for Natural Hazards

Infrastructure Integrity Forecasting

@AII M e
“ | mcld*

and subsurface environments

Data driven Al/ML analytical models and tools rapidly
au= forecast and predict offshore hazards based off metocean

47. 6k 47.6k 22.8k o VA P P—— b
es oo} biochemical “ = — = — — —
information ‘ el =] 18 Ocean & Geohazard Anslysis
D Cord @’“
Production ‘:’;’;’;‘I’:a SdectRegon  Seecthurwds  Andyse
information 9 Geohamrd = = = .
I I TT BG s i CIIAM Climatological Mean Req:on
. Carent ¢ e ] -
Identified N
tions among —— g e
biochemical and Cormoborated Wind Event
metocean variables results with news
and incidents and reports

Fast Facts

Al Multi-Model Tool e —
Evaluating infrastructure integrity and forecasting remaining useful Landslide T,'f:,iwc”éﬁducwe s
lifespan and risk likelihood through applied Machine Learning (ML) Triggers _Conditions

models

Slope

Curvature
Sediment Type
Geomorphology
& more

Multiple ML models (two gradient boosted decision trees and one
artificial neural network) have been trained to evaluate
comprehensive datasets for pipelines and platforms

Offshore infrastructure reuse potential, lifespan extension, remediation Output Landslide
and safe-use strategies, identifies potential vulnerabilities Susceptibility Map

T,

7%, U.S. DEPARTMENT OF

/ENERGY

S2GA

Ocean & Geohazard Analysis

Gradient Boosting Classifier
Artificial Neural Network

Fast Facts

Version 2 Tool
Al/ML Smart Tool

g

Improves characterization and
forecasting of seabed and
metocean hazards

Reduce risks to operations, including
carbon storage activities, and the
environment



https://netl.doe.gov/node/11885
https://www.sciencedirect.com/science/article/pii/S0951833921002021
https://edx.netl.doe.gov/dataset/ocean-geohazard-analysis-tool
https://edx.netl.doe.gov/offshore/portfolio-items/assessing-current-and-future-infrastructure-hazards/
https://www.sciencedirect.com/science/article/pii/S0951833921002021
https://www.sciencedirect.com/science/article/pii/S0951833921002021

Big Data, Foundational Data, and Al Solutions N = |NATONAL

TL TECHNOLOGY
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Cutting-edge, advanced Al computing and _——
modeling to accelerate solutions to real-

world challenges I/[\
* The NETL-developed WFA programming

interface for the wafer-scale engine allows
researchers to tackle tough Al problems

@erebras

Wafer-Scale Engine

Single Phase
Computational
Fluid Dynamics

Materials
Problems

o Materials and climate modeling

WSE is up to
470x speed of HPC &
three orders of magnitude
less energy utilization
and emissions!!!

working model

o Computational fluid dynamics

in development

Subsurface
modeling

o Molecular dynamics

o Al-accelerated scientific computing

Woo, Mino, et al. "Disruptive Changes in

« The wafer-scale engine has up to 470x the . : UpTive |
. . Field Equation Modeling: A Simple
speed of HPC with 3 orders of magnitude less Interface for Wafer Scale Engines.” arXiv

energy usage and emissions preprint arXiv:2209.13768 (2022).
[2209.13768] Disruptive Changes in Field

Equation Modeling: A Simple Interface for
Wafer Scale Engines (arxiv.org)

cerebras

Real-Time Computational
Fluid Dynamics (youtube.com

% U.S. DEPARTMENT OF



https://arxiv.org/abs/2209.13768
https://arxiv.org/abs/2209.13768
https://arxiv.org/abs/2209.13768
https://www.netl.doe.gov/node/12621
https://www.netl.doe.gov/node/12621
https://www.netl.doe.gov/node/11884
https://www.netl.doe.gov/node/11718
https://www.youtube.com/watch?v=7NWe0kwaqrE
https://www.youtube.com/watch?v=7NWe0kwaqrE
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Energy Data eXchange®++: For 14 years EDX has served as a =S s T
data curation and collaboration platform for applied energy o 7
research and development. T stns the oo o 4

enable compute at all
scales for all users

« EDX++ couples highly scalable computing and simulation
capabilities through a multi-cloud hosted system, enabling
accelerated development, application, and testing of
carbon management and fossil energy resiliency models,
tools, and data.

* Multi-cloud solution also supports computing both in the
cloud and for authorized users via NETL's on-premise
advanced computing clusters (Watt and Joule),
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accelerating Al research, validation, and benchmarking for 21(1)60%)6’111:16351‘10601001 0%
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a wide array of applied energy and environmental needs. 0"%&%331311""
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@ Contact Us: SAMI@netI doe qov e
Learn more about SAMI:
https://edx.netl.doe.gov/sites/sami L
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NETL
RESOURCES

VISIT US AT:

@NETL_DOE

@NETL_DOE

@NationalEnergyTechnologylLaboratory

CONTACT:

Jessica Sinclair
[essica.sinclair@netl.doe.gov
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