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Large-Scale CO2 Capture PrOJects

More Than 1 M|II|on Tons of COz-Captured B

The NETL-supported Petra Nova pro;ect the world’s largést| post- '
combustion carbon capture system, has reached a major milestone,
capturing more than 1 million tons of carbon dioxide (CO,) for use in-

enhanced oil recover¥ (EOR). ‘
'.\
Petra Nova project

‘ (Sept. 2017)

Ended on
May 1, 2020




Core Research Areas:

Post-Combustion capture systems separate CO, from the flue gas stream
produced by conventional fossil fuel-fired power plants after fuel combustion in
air. In this approach, CO, is separated from nitrogen (N,), the primary
constituent of the flue gas. R&D is underway to develop technologies based on
advanced solvents, sorbents, membranes, hybrid systems, and other novel
concepts in post-combustion capture.

Pre-Combustion capture systems are designed to separate CO, and hydrogen
(H,) from the syngas stream produced by the gasifier in integrated gasification
combined cycle (IGCC) power plants. R&D is underway to develop technologies
based on advanced solvents, sorbents, membranes, hybrid systems, and other
novel concepts in pre-combustion capture.

Emerging Research Areas:

CO, capture from industrial facilities, such petroleum refineries, iron and steel
processing plants, and ethanol plants—in which CO, emissions may be present
at a higher concentration than coal-fired power plants—is a vital element in
reducing CO, emissions. R&D is underway to develop carbon capture
technologies specific to industrial CO, sources.

Negative emissions technologies aim to remove CO, from the atmosphere,
with the resultant carbon stored or utilized. R&D is underway to develop
chemical processes and materials for application of direct air capture (DAC),
which allows for CO, capture from all emissions sources to address both current
and legacy emissions. This research area also includes investigating biomass
co-firing to reduce emissions from coal-fueled power plants.


https://netl.doe.gov/coal/carbon-capture/post-combustion
https://netl.doe.gov/coal/carbon-capture/pre-combustion

CO, recycling needs large markets to be climate relevant

June 2020
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We can build the world with water, CO,
and zero-carbon energy
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CO, must be from non-fossil sources to be circular
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reforestation

From the air and oceans

From terrestrial or marine biomass

NEGATIVE EMISSIONS TECHNOLOGIES AND RELIABLE SEQUESTRATION
A Research Agenda, THE NATIONAL ACADEMIES PRESS (2019)



Direct Air Capture

National Academies (2019)

Climeworks’ DAC unit e Plant capture rate from air = 1 Mt/y CO3
e Concentration in air |: 400 ppmv Cod

¢ _ ; Y e Volumetric flow rate > 58,000 m?> /s air
- PIN e Capture fraction from airf}> 60+ CO»

e Concentration of product = 98 percent CO;

=4 e Emission factors
) | ; I ‘. o Heat from natural gas = 227 g CO»/kWh

: h IIenqes specific to DAC include

. "« Need low pressure drop
neesicor *  NE€ed to be stable under high O, concentration
2‘2” * Fluctuating humidity and environmental
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front-end engineering design (FEE

DAC Materials
Solid sorbents
Hybrid materials
MOFs

Dual Function Materials

Tunable, Rapid-uptake, AminoPolymer Aerogel Gradient

Amine Sorbents

Degradation Mechanisms of Aminopolymers Aqueous Amino Acids & Crystalline Guanidines
Inorganic Analogue of a Cell




Sorbent structures

Multi-functional structured sorbents
Fiber-Encapsulated Nanoscale Hybrid Materials
Selective Water Rejection

(&) ENERGY

Current projects

Trapped Small Amines in Hierarchical Nanoporous Capsules

Porous Electrospun Hollow Fibers
Membrane Adsorbents

Self-Assembled Inorganic Nanocages (SINCs)
3D Printed

Redox-Active Textiles
Additive-Manufactured Air Contactor

Energy Transfer

Innovative and Non-Thermal Energy Transfer
Passive Cooling

Electro-Swing

Alkalinity Concentration Swing

Low Vacuum Swing CO, Capture

Enhanced Depolarized Electro-Membrane System
Low Regeneration Temperature Sorbents

Applications

Realistic DAC Conditions
Continuous-Motion DAC System
Building Air Handling Equipment
TEA LCA

Integrated Systems

Combined Water and CO, DAC System
Combined DAC and CO, Conversion
Algae DAC of CO, for Commodities

Direct Ocean Capture

Electrochemically Modulated CO, Removal
Hydrolytic Softening of Ocean Water
Marine Algae

Alkaliphilic Microalgae

DAC Polymer-enhanced Cyanobacterial
Bioproductivity




Columbia University
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NOHMs PIM-1 or PIM-2 w/ Pl or PBI in TCE or THF
w/ amine functional groups
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as-Assisted
Electrospinning

Yong Joo at Cornell Direct Air Capture of CO,

Objective: To address direct air capture (DAC) challenges by developing the next
generation fiber-encapsulated DAC sorbent employing an electrospun, solid
sorbent embedded with liquid-like Nanoparticle Organic Hybrid Materials (NOHMS)
that will selectively reject water while allowing facile CO, diffusion.




Department of Energy

Secretary Granholm Launches Energy
Earthshots Initiative to Accelerate

Breakthroughs Toward a Net-Zero
Economy
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JUNE 7, 2021

Secretary Granholm Launches Energy Earthshots Initiative
to Accelerate Breakthroughs Toward a Net-Zero Economy

First Energy Earthshot Aims to Slash the Cost of Clean Hydrogen by 80% to
$1 per kg in One Decade

US$400M+ funding in FY22
"Clean hydrogen is a game changer."

"It will help decarbonize high-polluting heavy-duty and industrial sectors, while delivering
good-paying clean energy jobs and realizing a net-zero economy by 2050.”
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Overview
The U.S. Department of Energy's (DOE) Energy Earthshots
Initiative aims to accelerate breakthroughs of more Long Duration Storage
abundant, affordable, and reliable clean energy solutions Shot Summit

within the decade. Achieving the Energy Earthshots will
help America tackle the toughest remaining barriers to
addressing the climate crisis, and more quickly reach the
Biden-Harris Administration’s goal of net-zero carbon
emissions by 2050 while creating good-paying union jobs
and growing the clean energy economy.

Sept. 23, 2021.

Learn more and join us!

Long Duration Storage Shot

that deliy A"IO+P urs
of duratior

Clean power anytime, anywhere.




