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MISSION .

Drivinginnovation and delivering solutions for
an environmentally sustainable and
prosperous energy future:

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

« Developing technologies to manage carbon across
the full life cycle, and

« Enabling Environmental Sustainabillity for all Americans

VISION '

To be the nation’s premier energy technology
laboratory, delivering integrated solutions 1o
enable transformation to a sustainable
energy future.
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Carbon Reduction Goals TL|Eshoisy

* 50% reduction in U.S. GHG pollution by 2030

 From a 4/22/21 White House Statement: Today, President Biden willannounce a new
target for the United States to achieve a 50-52 percent reduction from 2005 levels in
economy-wide net greenhouse gas pollution in 2030 - building on progress to-date
and by positioning American workers and industry to tackle the climate crisis.

« Carbon-nevutiral power sector by 2035

* From EO 14008, Sec 205: "The plan shall aim to use, as appropriate and consistent with
applicable law, all available procurement authorities to achieve or facilitate: (i) a
carbon poliution-free electricity sector no later than 2035"

« Carbon-nevutral economy by 2050

 From EO 14008, Sec 201: "Despite the peril that is already evident, there is promise in
the solutions — opportunities to create well-paying union jobs to build a modern and
sustainable infrastructure, deliver an equitable, clean energy future, and put the United
States on a path to achieve net-zero emissions, economy-wide, by no later than 2050."




Accelerating Technology Development N=[Hanena:
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Nurture technologies from initial idea/concept through the various stages of development,
including proof of feasibility, prototyping, field testing, etc.

. AN 1 Scale

I.\ 1 Technology Confidence

COMMERCIALIZATION

Technology available
for wide-scale market use

DEMONSTRATION

System demonstrated
in operational environment

SYSTEM TESTING

System performance
confirmed at pilot-scale

% Investment
1 Private Sector Cost Share

TRL 9

TRL 8

ODGY MATURATION

TRL 6-7

DEVELOPMENT

Technology component
validated/integrated

DISCOVERY

Concept identified/proven at
laboratory-scale

TRL 1-3

Fundamental Studies
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New Technology Needed N=|MAToNAL
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Hydrogen Turbines Wind Turbines

Fuel Cells Thermal Storage
Electrolyzers = "l HT Heat
Exchangers
PV Solar
Nuclear
Concentirated
Solar Hydrogen

Engines
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It's All Connected... — |NATIONAL
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The system needs to be
designed for control

Controls need to be
designed for transient
operability and
intelligence

Components need to be designed for the system

F7%,, U.S. DEPARTMENT OF
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- Technology Development in the New World|N=|vrow
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Accuracy of Explc

Hardware
System

Numeric
Models

- Freedom of Exploration

Cyber-Physical Systems (CPS) and Hardware-in-the-Loop (HIL)
Simulations provide the basis for Cyber-Physical Modeling
and accelerated technology development




Distributed Intelligent Controls

NETL/RIC In-House Research
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| NETL HYPER FACILITY

Pilot-scale experimental test facility

NETL's Hybrid Performance Facility (HYPER) *

, U.S. DEPARTMENT OF

300kW solid oxide fuel cell & gas turbine
(SOFC-GT) power plant simulator

Evaluation of advanced control strategies

and other novel concepts

| RESEARCH & DEVELOPMENT

Cyber-Physical Systems Methodology

Agent-Based Control

System Ildentification

Blockchain for Secure Communications
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Needs from the Research Community
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Hardware
Simulation Model Under Test

Key
Component
Under
Development
(Shock Absorber)

High-speed numeric models Middleware connecting Hardware capable of
capable of interacting with numeric modelsto interacting with the relevant
hardware hardware actuators physical environment

- ~ 7 Novelsensors designed High speed actuators
( J .(‘y . to communica?e capable of emulating the

information from dynamics of the .
hardware systems to o S » hardware on the physical

numeric models N environment




A CPM Community is Needed =|NanoNAL
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Final Remarks ...
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> Successful achievement of 2035 and 2050 carbon

reduction goals will require new technology
development now

> Cyber-physical Systems (CPS) / Methodology
represents an integrated, reconfigurable, and flexible
scheme that allows for accelerated design of new, low-
carbon energy components and systems

> Increased collaboration and participation is needed
within the CPS research community in order to
collectively meet these challenges
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f Scale

§ Technology Confidence
f Investment

§ Private Sector Cost Share

@

Fundamental Studies




Thank Youl!

VISITUS AT:
@NETL_DOE

@NETL_DOE

@NationalEnergyTechnologylLaboratory

CONTACT:

Sydni Credle

Technology Manager | Sensors, Controls, & Novel Concepfts
National Energy Technology Laboratory

304-285-5255

sydni.credle@netl.doe.gov

Sam Thomas

Director, Div. of Hydrogen with Carbon Management

U.S. DOE Office of Fossil Energy and Carbon Management
202-586-0731

sotirios.thomas@hg.doe.gov

Sensors, Controls, & Novel Concepts Program
Website: hitps://netl.doe.gov/coal/sensors-and-controls
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Disclaimer:

This presentation was prepared as an account of work sponsored by an agency: of the United States Government. Neither
the United States Government nor any agency thereof, 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 thatits 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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