Enabling a Net-Zero Energy Future
Driving Innovation. Delivering Solutions.

Bryan D. Morreale, Ph.D.

Associate Laboratory Director

=

A\

AR

I’

S
B |

e,
|

— 4 _4 . ‘::i ol / : 11
T v. : S —— | i - < ! <' d | 1 ‘
Resource Sustainability AnnualProj. Rev.-Meeting 0 %, U.S. DEPARTMENT OF l N=|ranova

October, 2022 'aj- ENERGY ENERGY

TL TECHNOLOGY
LABORATORY




NATIONAL
ENERGY

TE TECHNOLOGY
LABORATORY

We do not inherit the earth from our
ancestors, we borrow it from our children

- Unknown
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Transition to a Carbon-free Economy ¥

Tackling the
{ Climate Crisis

* President Biden's goals:
* 50% emissions reduction by

2030
« CO,emissions-free power :
Advancing
SGC%Or oy 2035. ™ Environmental
. IQ\IOe’r(—)zero emissions economy by Justice
5

 Industrial Perspective:

Sustainability, carbon
management, decarbonization |

Domestic Clean
Energy
Manufacturing
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Net Electricity
Renewables Electricity 7.17 Imports: 0.13

58.2% 22.2% 19.6%

Hydro: 2.27 Wind: 3.32 Biomass: 0.43 Geothermal: 0.14 Solar: 1.00

24.5% of Total Energy

64.8% of Total Electricity 67.4%

Rejected Energy
65.47

8.4% 75.9% 8.2% 15.9% |

Nuclear B | Residential }
8.13 11.62 7.55
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78.3% 9.5% 12.0% |

Commercial ’
8.96 5.82

13.22
32.6%

12.70 Energ3y1 S7ezrvices

79.3%

Coal 4 § 86.0% 2.5% 11.6% |
10.54

Industrial
Natural Gas . 95.02

31.34

Natura] Gas: 1.10

94.5% 0% 5.5% |

Petroleum

35.07 21.25
Transportation Share of Major Energy Si
b Motor ngglslgle gg‘;//z 26.89 Fossil Energy %
Jet Fuel 11% Nuclear %
5.65 Renewable %
75.6% of Total Energy
76.96 Delivered to End-use Sectors Non-labeled numbers are in units of Quadrillion Btu’s (QBtu)
73.39
86.6% 3.3% 1(

U.S. DEPARTMENT OF

'ENERGY




NATIONAL

2021 Est. U.S. Energy-Related CO, Emissions: 5,202 MT  |N=|NAToN

TE TECHNOLOGY
LABORATORY

40
44
329 Electric
\ 2 Power o
Geothermal & Non-  Geothermal 1,591
. 0.47 556
Biomass Waste Non-Biomass Waste 414 Monthly Distribution
11 105 150 (Different Scale)
Residential 100

981 50‘ al
0
JFMAMIJ J ASOND

mPetroleum  WNatural Gas  MBiomass = Power Sector

Monthly Distribution
(Different Scale)

Commercial 100

810 S — —
0

JFMAMIJ J ASOND

WPetroleum WNatural Gas W Coal MBiomas M Power Sector

Natural Gas Monthly Distribution
1,637 C . 50 (Different Scale)
Industrial

50
0

JJFMAMIJ J ASOND

WPetroleum M Natural Gas M Coal WBiomass & PowerSector

Monthly Distribution
(Different Scale)

Petroleum
2,224

Transportation
1,895

U.S. DEPARTMENT OF




Taking Action!
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« Largest fundings ever
received by DOE

BIL
IRA

.S. DEPARTMENT OF

« Redalignment of DOE

Copolymers M,(dobdc
@ Hard Block @ Soft Block

TE TECHNOLOGY
LABORATORY

A new FECM Vision

STRATEGIC VISION

The Role of Fossil Energy and Carbon Management
in Achieving Net-Zero Greenhouse Gas Emissions
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The National Laboratory System

>60,000 Staff, >$50B Infrastructure

Provide solutions to difficult problems

GETEMF v Asnual Trend

1975-2019
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Rapid solutions to National Emergencies \'\--., 1§ e
Y s o — S
< - ! - ‘.---,viu :.' >

Leverage multi-disciplinary teams
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Conduct enduring research for
long-term national benefit



https://en.wikipedia.org/wiki/Deepwater_Horizon_explosion
https://climate.nasa.gov/blog/3017/making-sense-of-climate-sensitivity/
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National Energy Technology Laboratory (NETL) is U.S. Department of Energy
(DOE) national laboratories; producing technological solutions to America’s energy challenges.

N=b _ . NETL has
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« Only National Lab

« Only GOGO DOE Lab
national labs

of innovation and
solutions
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Reduced the Impact of SOx & NOx

« NETL significantly contributed to cost reductions of SO, & NOx
conftrols for power plants resulting In greater than 82% and 88%
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Lighter, Safer, & Cost-Effective Armor for the
Warfighter

* Work with TACOM & ARL

» Used in military activities since 1990’s

 Since 2008, when used, armor decreased
casualties by over 50%
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Thinner, More Flexible Stents
« 3@ gen. of stent has coronary & non-

coronary applications
* One of the leading stent platforms in the
world with total sales exceeding $18 billion.
» BSCI maintains a 45% share of the U.S.
market & a 35% global share of the overall
stent market using the platinum/chromium

Boston,~ , .
Scientific

Durable Refractory Brick Improves Service Life
& Costs

rolractory
afor 237 days of afer 237 days of
commarcial use

* Licensed to Harbison-Walker, commercially
produced as Aurex 95

* Used in nearly every slagging gasifier world-
wide, NETL technology doubled refractory
service life

* Represents the most significant improvement
in these technologies in more than 30 years




NETL Technical Capabilities

COMPUTATIONAL MATERIALS GEOLOGICAL &
SCIENCE & ENGINEERING ENVIRONMENTAL
ENGINEERING & MANUFACTURING SYSTEMS

U.S. DEPARTMENT OF

STRATEGIC SYSTEMS
ANALYSIS &
ENGINEERING

ENERGY
CONVERSION
ENGINEERING
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PROGRAM
EXECUTION &
INTEGRATION
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COMPUTATIONAL MATERIALS GEOLOGICAL & ENERGY STRATEGIC SYSTEMS PROGRAM
SCIENCE & ENGINEERING ENVIRONMENTAL CONVERSION ANALYSIS & EXECUTION &
ENGINEERING & MANUFACTURING SYSTEMS ENGINEERING ENGINEERING INTEGRATION

Experiments at real conditions with real samples at right scales
Accelerating deployment via advanced modeling

Multi-disciplinary, solution driven teams
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Develop and deploy technologies and approaches to reduce the
environmental impact of historic, current and future use of natural resources

Critical Carbon Ore Methane Water
Materials Processing Mitigation Management

Tools to enable solutions




)
FECM's Su!osurface H, Assessment, Storage, & Technology N=|Hamona
Acceleration TE TECHNOLOGY
LABORATORY

Goodman et al. - Tuesday Afternoon

Hard rock caverns
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Subsurface Hydrogen Assessment, Storage,
and Technology Acceleration

ldentify and address key technological
hurdles and develop tools

and technologies to enable broad public
acceptance for subsurface storage
of pure hydrogen and hydrogen/natural _De eservoirs
gas mixtures

National :‘:;::l GY \W’/ ulﬂwmnce Livermore
Laboratories TLISERRISR  Pacific —d National Laboratory
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Carbon Electronics from Charred Carbon Wastes N=|NATIONAL

Memristor Computer Memory Devices

1-inch prototype
(~1000 Devices)-

T,
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Memristor Memory Devices:

« Atomically thin carbon dielectric film
invented that improves performance &
facilitates miniaturization.

« Solution-based scalable manufacturing
produces 3" prototypes & facilitates tech
transfer to industry.

* Improves Memristor Performance:
 Ultralow operating voltage (<0.4 V)
« Fast switching time (<20 ns)
* Low energy consumption (<20 fJ per operation)
* Minimal device spatiotemporal variability

« Outperforms metal oxides used in commercial
devices

« Carbon film also demonstrated as gate
dielectric in Field Effect Transistors (FETs)

s




FECM-NETL’s Direct Air Capture (DAC) Center ¥E o

Supporting rapid technology development for atmospheric CO, capture

v Leverages national laboratory competencies to
support private sector technology maturation

v Targets technologies beyond the conceptional
stage but before full pilot scale —TRL 3 1o 6

v Integrates experimental and modeling techniques
to efficiently resolve scale-up issues

v Tests capture materials and processes under
conditions representative of a variety of climates

CAPABILITIES /

Lab-scale systems Bench-scale Small pilot-scale bays . Advonged , Air feed with a Compression and
. . instrumentation with . . .
for novel solvent and test beds with for evaluating wide variety of stforage equipment
: : ; remote and X
sorbent material flexible reactor developer-built AUtONOMOUS environmental for reuse of captured
development designs DAC skids conditions CO,af NETL

operation
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 Challenge: We must act with a sense of urgency to combat climate
change; it is a big, complex problem

« Alignment: Unprecedented government support; industrial priority

« Action: Parinership will be critical in developing a multitude of solutions
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The only limit to our realization of
tomorrow will be our doubts of today.

- Franklin D. Roosevelt
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Thank You! -

CONTACT

Bryan D. Morreale, Ph.D.
Associate Laboratory Director

Bryan.morreale@netl.doe.gov

VISIT US AT: www.NETL.DOE.gov
o @NETL DOE
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o @NationalEnergyTechnologylLaboratory
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