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Follow the American Chemical Society on Twitter, Facebook,
Instagram, and LinkedIn for the latest news, events, and
connect with your colleagues across the Society.
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

@ ACS Webinars

CUCK + WATCH » LEARN = DISCUSS

© | Where is the Webinar Recording?
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E All Registrants ACS Members w/Premium Package
E Watch the unedited recording Visit the ACS Webinars® Library
— linked in the Thank You Email to watch the edited and

for 24 hours. captioned recording.
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@ ACS Webinars

CLCK + WATCH - LEARN - DISCUSS

Explore the new and improved ACS Webinars® Library!
1 ] |
Familiar search, sort, and filtering oo =
tools have been added to help find ™ meas 3
the recording you are looking for

Accurate captions for accessibility

Improved granular topics and
collections

Exclusive for ACS Members
with the Premium Package

Visit www.acs.org/acswebinars to discover hundreds of recordings!
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ACS

A Career Planning Tool For Chemical Scientists W Chemistry for Life®

ChemlIDP is an Individual Development Plan
designed specifically for graduate students and
postdoctoral scholars in the chemical sciences.
Through immersive, self-paced activities, users
explore potential careers, determine specific skills
needed for success, and develop plans to achieve
professional goals. ChemIDP tracks user progress
and input, providing tips and strategies to
complete goals and guide career exploration.

https://chemidp.acs.org ¢
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Career Consultant Directory Y cremistryforLife”

Find a Career Consultant

o i

Academia Government Industry
bl by
W ¥
Nonprofit Independent Retirement

* ACS Member-exclusive program that allows you to arrange a one-on-one appointment with
a certified ACS Career Consultant.

* Consultants provide personalized career advice to ACS Members.

* Browse our Career Consultant roster and request your one-on-one appointment today!

www.acs.org/careerconsulting 7

ACS Bridge Program A 4 f‘he&tswmee

Are you thinking of Grad School?

If you are a student from a group underrepresented in the chemical sciences, we
want to empower you to get your graduate degree!

The ACS Bridge Program offers:

» A FREE common application that will highlight your achievements
to participating Bridge Departments

» Resources to help write competitive grad school applications and
connect you with mentors, students, and industry partners!

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org
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ACS Scholar Adunoluwa Obisesan
BS, Massachusetts Institute of Technology, June 2021

(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

i GIVE TO THE

AAC L SCHOLARS

PROGRAM

Donate today at www.donate.acs.org/scholars
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ACS Sam Jones, PhD

Chemistry for Life® Jo) Science Writer & Exec Producer
/5

Looking for a new science podcast ™
to listen to? » Deboki Chakravarti, PhD
7 p P Science Writer & Co-Host
T % I\I :.J’ TO SUBSCRIBE
..:.. visit http://Www.acs.orq/tinvmatters or
MATTE RS scan this QR code
e [m] 32 [m]
& ”

Check out Tiny Matters, from the American Chemical Society.
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STEREO
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Carolyn Bertozzi and K. Barry Bioorthogon: k chemistry Lithium mining's water use
Sharpless chat about sharing clinch th 1Prize sparks bitter conflicts and y
the 2022 Nobel Prize in : novel chemistry revisits a fan-favorite interview
Chemistry i s with the renowned scientist

®)

HEMCONVOS

Jess Wade on Wikipedia and The sticky science of why we

The helium shortage that
work-life balance eat 5o much sugar

supposed to be

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY

amazonmusic

cen.acs.org/sections/stereo-chemistry-podcast.html




ACS on Campus is the American Chemical
Society's initiative dedicated to helping students
advance their education and careers.

prepare an effective resume. interview
pick a graduate or post-doctoral

Get Published.

Share your science with confidence - get essential tips
for becoming a better writer. reviewer and
communicatoc

Get Ahead.

Develop your careet. network with local professionals.
and learn how to leverage your ACS membership.

acsoncampus.acs.org
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ACS Industry
Member Programs

* ACS Industry Matters

ACS member only content with exclusive
insights from industry leaders to help you
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

« ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub

ACS
("1

& SAvpus
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Virtual Office Hours Personal Career Consultations Linked[f}] Learning

Jim Tung

https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning
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ACSPublications

@ Most Trusted. Most Cited. Most Read.

Most Trusted. Most Cited. Most Read. NEW & NOTEWORTHY

Follow your favaurite journal or newsletter

ACS Publications’ commitment to publishing high-quality content continues to attract impactful research that Souigh the Emad Preference Center
addresses the world’s most important challenges.

Open Access for everyone - no matter your

m =

Find the latest virtual, hybrid and in-person
events hosted by ACS Publications

Browse Content

Materials Organic- .
1 ganic
Science & Inorganic Physical

Engineering

Publish with ACS New Products & Services ACS Open Science Explore ACS Solutions

https://pubs.acs.org 16
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ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,
Inclusion and Respect

Resources

Inclusivity Style Guide ACS Webinars on Diversity

Diversity, Equity, Inclusion, and Respect Inclusion**

**Adapted from definitions from the Ford Foundation Center for Social Justice: Builds a culture of belonging by

ACS Publications DEIR Hub

C&EN Trailblazers

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and
fairmess in access to information
and resources for all. We believe
this Is only possible in an
environment built on respect and

dignity. Equity requires the

identification and elimination of
barriers that have prevented the

full participation of some groups.

Diversity**

The representation of varied
identities and differences (race,
ethnicity, gender, disability, sexual
orientation, gender identity,
national origin, tribe, caste, socio-
economic status, thinking and
communication styles, etc.),
collectively and as individuals. ACS
seeks to proactively engage,

understand, and draw on a variety

actively inviting the contribution
and participation of all people.
Every person's voice adds value,
and ACS strives to create balance
in the face of power differences. In
addition, no one person can or
should be called upon to represent

an entire community.

Respect

Ensures that each person is treated

with professionalism, integrity, and
ethics underpinning all

of perspectives.

interpersonal interactions.

Quick Guide: Inclusion Quick Guide: How to host
Moments inclusive in-person events

https://www.acs.org/diversity
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ACS Ad vocC aCy W Chemistry for Life®

See your influence in action!

The impact and results of ACS member advocacy outreach and efforts by the numbers!

2000

2439+ 1739+ 49

ACS Advocacy
Workshops participants
or enrollees

Letters sent to
Congress

Members participated
In Act4Chemistry

Years of Public
Policy Fellows

Get Involved Become a Fellow Take Action

N 6
Wi

American Chemical Society httDS //WWW acs. OrCI/DO“CV

Enroll in a workshop

18
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ACS Technical Division ACS committee

Chemical Health & Safety [CHAS) Chemical Safety

A complete listing of ACS Safety Programs and Resources

RAMP

UP

CHEMICAL SAFETY

Resources to Support Laboratory Safety
Education and Practice

Download it for free in the “Projects & Announcements” Section! www.acs.org/ccs

A ;
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19
ACS Committee on Science (comscl) & chemistryforLife*
Webinars Symposia
A2 ) » » Critical Materials: Perspectives from Industry,
::(\jﬂotgee;:slemlcal Complexity of Aerosols Impacts Climate Government, and Research Communities
Watch Now — » Elevating Atmospheric Chemistry
Measurements and Modeling with Artificial
June 2021 Intelligence
Artificial Molecular Machine : Going from Solution to Surfaces
Watch Now —
Policy Statements Awards
v’ Energy > National Medal of Science
v’ Sustainability > National Medal of Technology and Innovation
v’ Hydraulic Fracturing > Dreyfus Award in the Chemical Sciences

v Forensic Science

https://www.acs.org/content/acs/en/about/governance/committees/science.html ®
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BECAUSE PEOPLE
LIKE YOU CREATE
GREAT CHEMISTRY

380 Regular Members.
You belong here S160  Resvisr wembers & sociery
pilioto s40 Recent Graduates* @

s55 Graduate Students

Standard Basic

ymed-down set ntroductory set of complimentary benefits.

s0 Community Associate

Have a Different Question? s25
Contact Membership Services

Undergraduate Students

s80 Retired

s0 Emeritus

Toll Free in the US: 1-800-333-9511

International: +1-614-447-3776

service@acs.org
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ACS ACS Webinars

www.acs.org/acswebinars
W Chemistry for Life® ok - waTcH - t2Aan

Thursday, January 25, 2024 | 2-3pm ET Wednesday, January 31, 2024 | 2-3pm ET Thursday, February 8, 2024| 2-3:30pm ET

The Formula for How to Make Your Better lon Transport Through
Successful Interviews Communication Accessible Polymer Chemistry

ACS Division of Business Development and Management and Co-produced with the ACS Office of Diversity, Equity, Co-produced with the ACS Division of Polymer Chemistry
the ACS Division of Professional Relations Inclusion and Respect

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars

22
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THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

Say hello in the
guestions window!
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AC S [pDF] Download
the Slides Under
W Chemigtry for Life® o Handouts Section

www.acs.org/acswebinars

Frontier Fridays: Sorbent-based Direct Air Capture of CO, at Scale

DAVID R. MOORE, PHD YOUNG-SHIN JUN, PHD

Executive Manager, Carbon Capture Technology
Leader, GE Vernova Advanced Research

Professor, Department of Energy, Environmental
and Chemical Engineering, Washington University
in St. Louis and Chair of Science & Technology
Subcommittee of the ACS Committee on Science

This ACS Webinar® is co-produced with the ACS Committee on Science.

24
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GE VERNOVA

SORBENT-BASED
DIRECT AIR CAPTURE
OF CO, AT SCALE

David R. Moore, Ph.D.
Executive Manager,
Carbon Capture Technology Leader

General Electric Company.

The world's carbon cycle B ceverown

ROADMAP
TONET ZERO

« Decarbonize power generation

Limiting warming to 1.5°C (Paris Agreement goal) implies
reaching net zero CO, emissions globally by 2050

« Electrify other energy sectors

~440 | i « Provide carbon free solutions for
!’/ tyr o P y g i £ ' “hard-to-electrify” sectors
Re&piration & X o e R i
Detomposition . i*‘”“"m A . 002 REMOVAL
‘| EXChange TECHNOLOGIES

| Photosynthesis
& soil carbon

8 Gt CO,/yr ' - Post-combustion Capture
e - (PCC) & Direct air capture (DAC)

« Afforestation & reforestation

Biomass energy w/ carbon
capture & storage (BECCS)

» CO, Mineralization

« Biomass storage

« ‘\ - W e

Decarbonizing power gen & negative emissions tech critical to net zero CO,

© GE Vernova, 2024. All rights reserved.
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A Question for the Audience & oc vemnon

How many acres (km2) of mature trees would be needed to remove 44 Gt CO,?
18 million acres (73,000 km2)

180 million acres (730,000 km2)

1.8 billion acres (7.3 million km?2)

18 billion acres (73 million km?2)

180 billion acres (730 million km?2)

moow»

The Final Jeopardy theme song is now playing in your mind...

© GE Vernova, 2024. All rights reserved.

An Answer for the Audience B cevermon

How many acres (km?) of mature trees would be needed to remove 44 Gt CO,?
18 million acres (73,000 km?)

180 million acres (730,000 kmz2)

1.8 billion acres (7.3 million km?)

18 billion acres (73 million km?) |

180 billion acres (730 million km?2)

mojo @ >

Notes:

» Assumption #1: Each mature tree removes ~25 kg CO,/year

» Assumption #2: An acre of forest contains ~100 mature trees

* 44 Gt CO, per year / 0.025 tonne CO, per tree per year = 1.8 trillion trees
» 1.8 trillion trees / 100 trees per acre = 18 billion acres of land needed

» The continental United States is 1.9 billion acres (7.7 million km?2)

» Earth has 32.2 billion acres of land (130 million km?2)

Getting to net zero CO, requires a multi-pronged strategy of diverse solutions

© GE Vernova, 2024. All rights reserved.
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Pathways to minimizing CO, emissions & ox vemnown

*Human-generated CO, is primarily from combustion activities:

Hydrocarbon Fuel +Air (i.e., O, + N,) > CO, + H,0 + Other Gases

*Three distinct approaches to eliminate CO,:
(D) Do not do combustion at all = Ren + Storage, Nuclear, Hydro

(2) Do not generate CO, in the first place... Hydro fuel Combustion =H,or NH;as a fuel

(3) Do not liberate CO, to the atmosphere... Hydrocarbon fuel Combustion but take out CO, = Carbon Capture & Storage

*All approaches are not easy and require significant investments to deploy at scale:
* All-Renewable/Nuclear/Hydro: cost, permitting, & supply chain + how to deal with the grid and the intermittent nature of REN
* H,/NH; as a fuel: production cost, transportation network and infrastructure, and long duration storage
» CO, capture and storage: capture technology scaleup, transportation network and infrastructure, and permanent storage

Decarbonization is a balancing act between economics and the “art of possible”

© GE Vernova, 2024. All rights reserved.

Carbon Capture Technology First Principles B o vemova
Al Flue G M | CO, s (6{0) Utilize/
ir or Flue Gas ateria \ tilize

DAC = 415 ppm, 0.04% > System ; Capture > Release > Compress

PCC = 45,000 ppm, 4.5% 0,

Depleted Air DAC = Direct Air Capture
0 PCC = Post-combustion Capture

MATERIAL SYSTEM
DAC Separation Enabling Material Regeneration Heat of Desorption System Energetics
Mode Component Temperature (°C) (MWh/t COy) (MWh/t COy)
: Liquid Solvent & Aqueous 5 /i
Chemical Hydroxides (KOH) 900 1.20ii 1.5-2.4iii
Solid Sorbent
Sorption (amine-based supports; 90-200iti 0.4ii 1.3-2.9jii
MOFs; polymers)
Pressure-driven/ EE e
o electrodialysis; carbonate ambient 1.1-1.5v 1.6-14.2\v
electrochemical electrolysis

'Keith, D. et al., Joule, 2018, 2, 1573-1594
I NASEM 2019. Negative Emissions Technologies and Reliable Sequestration: A Research Agenda.
i Fasihi et al., J. Clean. Prod. 2019, 224, 957-980.

“Ind. Eng. Chem. Res. 2020, 59 (15), 7007-7020; Polymer Journal 2021, 53,111-119; Lattimer et
al., Meet. Abstr., 2022, MA2022-02, 1034.

Driving towards the best material + separation process + system energetics

© GE Vernova, 2024. All rights reserved.
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PCC = Post-combustion Capture

Carbon Capture: PCC VS_ DAC DAC = Direct Air Capture @GEVERNOVA

Air or Flue Gas —— Capture ——— Release — Utilize/

Compress & Store
—_D Bas "
ﬁ

CO,

PCC: 45.000 4.5 Attribute PCC DAC
. s ppmy, 4.5% X
CO, Concentration 4.5% 0.04%
DAC: 415 ppmv, 0.04% 2 k °
Air Flow Vol (Nm3gas/kg CO,) 12.5 1,930
Air Flow Rate (kg/s) 734 (1.3 MM CO;, tpa) 65,760 (1 MM CO, tpa)
Residence Time (sec) 1-3 1-3
. . Inlet T (°C) 40-70 -20-40
* PCC =100x higher [CO,], high flow Inlet Humidity (%) >80% 10-95%
0 (] - (]
« DAC =Low 100x higher flow
c ow [CO], 100x higher flo Pressure Drop (Pa) 1200 <100
Desorption T (°C) 90-120 90-120
CO, Purity (%) >98% >98%
CO, Pressure (atm) >80 >80

Advancing carbon capture technology solutions across CO, concentrations

© GE Vernova, 2024. All rights reserved.

Decarbonizing the Air ... Solid Sorbents B ce vernova

Pre-industrial Revolution: ~280 ppm
Today: ~415 ppm

No climate action: >600 ppm by 2100 . .
PRy Direct Air Capture

Differentiation
+ Solid sorbent technology ...

_>Air maximizing productivity
Alr —»! ~100 » Engineered process ...
415 ppm CO, coupled to sorbent properties

ppm CO,

* Novel system design ...
achieving better energetics

\_ Direct Air Capture /

Net negative technologies required to complete the energy transition

© GE Vernova, 2024. Al rights reserved.
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DAC Commercial Piloting
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@' GE VERNOVA

Company Description Technology System Size Pilots Today
- Founded in 2009; >200 employees; Solid Sorbent 4,000 tonne CO,/yr
ai . raised $784MM over 8 rounds (amine-based today
IMEWOTKS . With Carbfix, first company to offer filter) 36,000 tonne CO,/yr
CO, removal services (Orca plant) under construction
+ Founded in 2009; >90 employees; o 400 tonne CO,fyr
Carbon raised $82M since '19 Liquid Solvent today
Engineering  * STRATOS - 1PointFive, Oxy & Worley ﬁ;é?g;'é’g; 500,000 tonne CO,/yr
» Synthetic fuels (AIR TO FUELS™) mid 2025 (STRATOS)
» Founded in 2010; ~45 employees; Solid Sorbent
%Obm at raised >$90M over 11 rounds (amine-based 2,000 t;)ndne COlyr
ermosta + Synthetic Fuels (w/ Sumitomo) monolith) oday
» Founded in 2020; ~35 employees;
) raised $54MM in Series A Solid Sorbent 1,000 tonne CO,/yr
Heirloom

Concrete production (CarbonCure) &
CO, removal (Microsoft, Frontier)

© GE Vernova, 2024. Al rights reserved.

33

Decarbonizing Air... liquid Solvents vs. solid Sorbents

Aqueous Liquid Solvents (KOH)

Adsorption
Air Contactor
=9 co,
) 2 KOH(gq) + COyq) > H;0(g) + KoCO3¢aq) Depleted Air
0.04% CO, R
H,0 + Separator Alr
12! .
lecoa I KOH &Filtration | | SeParation
Causticizer _caco, f
K;COyaq) + Ca(OH)z(aq) > 2 KOH(gq) + CaCOsgeq) caco, o

Ca(OH), H,0

Slaker
CaO)+ Hy0() 2 Ca(OH)yaq)

Calciner
CcoO,
CaCOgy) > CaOg,) + COy
CaO

Regeneration

+
» Low pressure drop operation
» Commercial piloting (TRL 7)

« High desorption temps (900 °C)
« Corrosion = higher CAPEX
» Make-up chemicals required

(Calcium Oxide)

DAC companies are mobilizing, partnering and scaling

today

@' GE VERNOVA

Solid Sorbents

e\

w__/
CO, DepletedAir Steam in
'

=+— Steamin
Heat

exchanger
tubes
Adsorbent Steam or
condensate
out
+
Steam +
e —[comr] —[Eomyesal —>co,
H,0O

+
* Low AP (moving/fluidized bed)
» Low desorption temp (110 °C)
* Solid state system = lower CAPEX

* High AP (fixed bed)
* Emerging tech (TRL 4-7)

Solid sorbents and liquid solvents are the most practiced DAC technologies

© GE Vernova, 2024. All rights reserved.
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Solid Sorbents... what is a sorbent? & ce vemnova

Sorbent = a substance that has the property of collecting particles/molecules of another substance by sorption

Activated carbon

Adsorption vs  Absorption -
Particles/molecules Particles/molecules :-_ 04
adhere to the surface of dissolve into the bulk of 8
the other phase the other phase
Silica gel, Zeolites, Alkali/
Metal-organic alkaline earth compounds
Frameworks (MOFs) Sponge
* Physisorbent
+ Chemisorbent Lewatit® VP OC 1065
Surface
Interface
9
Polymeric & ion NH2
exchange resins Amine solvents

K. Anet. al., J. CO, Uti, 2023, 76,102587; Science 2021, 374, 454; Science (e.g., monoethanolamine)
2020, 369, 392; J Am. Chem. Soc., 2008, 130, 10870,

Sorbent form, fit & function drive system performance

© GE Vernova, 2024. All rights reserved.

Solid Sorbent Systems € oc verova

Dhoke, et. al., Ind. Eng. Chem. Res. 2021 60 (10), 3779-3798.
» Conventional Packed Bed + Conventional * One stage or multi-stage
» Structured (e.g., monoliths, laminates) * Rotating * Transient Reactor
Pore CO, DepletedAir
*

CO, Depleted Air Steam in Flue Gas co
2

"

Heat 1« Steam in i
exchanger ol
tubes
Adsorbent Steam or 2= — Sorbent
condensate
out R Steam Distributor
+ Rotary Adsorption Machine (RAM) _1‘_
Steam + CO, out i d join-hands-to-develop-carbon-capture-techy Airin
+ Plug flow: max CO, capture + Steady state ops; lower AP + Stead state ops; lower AP
+ Sorbent mechanical stability + Rotating: lower cycle times + Good heat transfer & mixing
- Packed Bed: high AP; poor - Conventional: complexity; - CO, removal efficiencies
mass & heat transfer sorbent mechanical stability - Sorbent mechanical stability

Rotating: sealing mechanisms

Structured: costs & scale-up

Sorbent form, fit & function drive system performance

© GE Vernova, 2024. All rights reserved.
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Solid Sorbents... what makes an ideal sorbent? & cevemnowa
- ; . Capacity is a key driver
mzﬁmww for CAPEX & energy use
< |deal l
mass CO, (kg) adsorbed
3) Capacity =

mass sorbent (kg)

. =

Capacity
adsorption time (hr)

Capacity {(kgcoo/ k8sorbent) *100%)

T Sorbent Productivity =
co,
7/ maximum

0 10 20 0 CO, capacity /
Time (min)

Fast kinetics drive lower cycle times

Sorbent adsorption & desorption properties are critical system cost drivers

© GE Vernova, 2024. All rights reserved.

CAGE Lab... a preeminent sorbent R&D lab € cevemnova

Solid Sorbent Structure Sorbent & Film Properties Dynamic System Performance

Metal provides
structure
J

Thermodynamics &
Kinetics . R0

Amine captures
the CO, Establishing the

Metrics for Success

Scorecard Metrics

«an * Adsorption -
n % Sy -
& breakthrough

Linker provides
structure & pore size

Data Analytics
Dashboard |

Structure-property-performance fundamentals accelerate innovation & enable scaling

© GE Vernova, 2024. All rights reserved.

19



1/19/2024

Sorbent Capture & Release Processes &) cevemnova
AIR2WATER: Atmospheric Water Extraction as an illustrative example
Adsorption Desorption . Key Energetic Drivers
iy p— »p‘o @ Adsorption (gains. losses)
£ Ambient Moisture- * |sosteric Heat of
§ Rl Air depleted Air Adsorption (Qs)

» Electric Power (Fans)

i i 9 Desorption

¢ |sosteric Heat of
Heat In (TSA) Water Adsorption (Qg)
Vacuum (VSA) —— — i
\Vapor + Sensible Heat (Qsensible)
Sweep Gas (PSA) « Electric Power

TSA = Temperature Swing Adsorption; VSA = Vacuum Swing Adsorption;
PSA = Pressure Swing Adsorption

gr ' Al
. ‘ @ cCondensation
eoWaer | doiAr  puewater  Hoths Heat Out Water
Pressure Vapor,
O Lt G Condensation €)

Energy reduction requires optimal sorption processes + heat recovery

@ Latent Heat of
Condensation (Qatent)
» Electric Power (Fans,
Compressors)

© GE Vernova, 2024. All rights reserved.

Tech Differentiation... Sorbent + Process + System @ oevemow
Carbon Capture: from “powder to plant”

Sorbent Design Levers
1 T—
Amine =
. — e
; . = n
Linker Binder 3 Contactor /%/ = (s
+ =
Metal
. Module )
) 1E-01
Key Metrics for System Direction of .
Ly G dness E Luoey /@ &
mﬂm £ L
1. CO, Productivity ) = * ]
. 1E-02 B
*  Capacity [Kdcoz/K9sor) () '13 o .
* Kinetics [hr1] () g -~ Theory 1
2. H,0O/CO, Ratio 7 g :é;i.‘:fz’s{:}:n’pas,d .
3. Sorbent Life [years] A Beo e b

0 02

04 06 0.4
Coating Thickness (mm)

Continuous performance & process improvement enable scale and energy & cost reduction
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The process of capturing and releasing CO,

17
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AIR2$$$... Atmospheric Water Extraction & CO, Capture g sevewown
DOE AIR2CO2 Contactor
DARPA AIR2ZWATER

v
AIR2C0O2 v DOE PLASTIC4CO2
(4-yr, $14.3 MM) ($14 MM) 7 DACHubs 1 Mtcosly
v

ARPA-E DAC + Biofuels
Develop a sorbent-integrated prototype powered by fuel for Demonstrate a bench-scale, sorbent-integrated process to
150-500 L/day potable water production produce butanol directly from air-captured CO,

_ A - sobet A ier| [ = Sorbent-coated Contactor
@ GE VERNOVA iy Cevsiopment DAC-EMP - R T—
2 oL " -
Vs @f\{p“ == Prototype 1= ;
Olicicky 4t &t l ,
. \‘: '
-

CHICAGO

UNIVERSITY OF
SOUTH ALABAMA

Additively-Manufactured
Heat Exchanger

Leveraging government partnerships to accelerate technology development

© GE Vernova, 2024. Al rights reserved.
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Carbon Capture: Technology to Demonstration & ccvernowa
ootz 2023204

Solid Sorbent Sorbent-coated Contro
Fabrication Contactor i

-
// /// front

Sorbent-coated

back
Contactors
Sorbqnt & Contactor Pilot Demonstration Commercial Piloting Commercial Operation
Pilot Design
» Sorbent life and productivity * Large-scale sorbent production * System energetics & cost « DAC: $300/t CO, > <$150/t CO,
« Contactor selection & coating + Coated contactor mfg @ scale reductions . PCC: $70/t CO,~> $40/t CO,
+ Novel system designs to reduce |+ Strategic partnerships and project * Meet CO, sequestration
energy requirements downselection requirements

© GE Vernova, 2024. All rights reserved.

Partnerships critical to accelerate commercialization of carbon capture solutions
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Carbon Capture and Hydrogen (H,) Utilization & ocvernons

Power
Hzo % Hz
\U) Uﬂ] Flexible, Decarbonized
X Gas Power
Electrolysis
Hydrogen as a feedstock... Utilize it with CO,
H,O Nuclear

Power & Heat

_.‘
——

. co Sustainable Fuels
co Electrolysis (SOCC) Petrochemicals (Methanol)
2 @ GE VERNOVA Syn-gas New Materials

CO, and hydrogen utilization converts historical waste streams to value products

© GE Vernova, 2024. All rights reserved.
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GE VERNOVA

: : ACS
ACS Committee on Science (comscl) G cremityforie
Mission:
Science &
» Identify and promote new Technology

frontiers of chemistry

. i L . Policy
» Examine scientific basis &

formulate public policies related
to chemical sciences

Communications

» Recognize outstanding chemical scientists

https://www.acs.org/content/acs/en/about/governance/committees/science.html °
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ACS

ACS Committee on Science (comscl) Y cremistryfor e
Webinars Symposia
P 4 ) » Critical Materials: Perspectives from Industry,
g::llgihsee:sheemlcal Complexity of Aerosols Impacts Climate Government, and Research Communities
Watch Now — » Elevating Atmospheric Chemistry
Measurements and Modeling with Artificial
June 2021 Intelligence
Artificial Molecular Machine : Going from Solution to Surfaces
Watch Now —
Policy Statements Awards
v’ Energy > National Medal of Science
v’ Sustainability > National Medal of Technology and Innovation
v Hydraulic Fracturing > Dreyfus Award in the Chemical Sciences

v' Forensic Science
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ACS —

o e e s | !! = ,
v Chemistry for Life® = ,-—II | SEm——

www.acs.org/acswebinars

THE LIVE Q&AIS
ABOUT TO BEGIN!

Keep submitting your questions
in the questions window!
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AC S www.acs.org/acswebinars ACS WEb|na I’S"
W Chemistry for Life®

CLCK » WATCH - LEARN »+ DISCUSS

Thursday, January 25, 2024 | 2-3pm ET Wednesday, January 31, 2024 | 2-3pm ET Thursday, February 8, 2024| 2-3:30pm ET

The Formula for How to Make Your Better lon Transport Through
Successful Interviews Communication Accessible Polymer Chemistry

ACS Division of Business Development and Management and Co-produced with the ACS Office of Diversity, Equity, Co-produced with the ACS Division of Polymer Chemistry
the ACS Division of Professional Relations Inclusion and Respect

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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ACS

W Chemistry for Life® www.acs.org/membership
emistry for Life

BECAUSE PEOPLE
LIKE YOU CREATE
GREAT CHEMISTRY

s80 Regular Members
You belong here S160  resuiar wembers & sociery
AR s40 Recent Graduates* €

Join ACS Renew Membership s80 Recent Graduatest @

555 Graduate Students

Premium Standard Basic

ed-down set ntroductory set of complim

s0 Community Associate

Have a Different Question? s25
Contact Membership Services

Undergraduate Students

s80 Retired

So Emeritus

Toll Free in the US: 1-800-333-9511

International: +1-614-447-3776

service@acs.org
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

(§)ACs Webinars

ACS Webinars® does not endorse any
products or services. The views expressed in
this presentation are those of the presenter
and do not necessarily reflect the views or
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org

51

51

26


mailto:acswebinars@acs.org?subject=I%20have%20a%20question

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: ACS Advocacy
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25: SORBENT-BASED  DIRECT AIR CAPTURE  OF CO2 AT SCALE
	Slide 26: ROADMAP  TO NET ZERO
	Slide 27: How many acres (km2) of mature trees would be needed to remove 44 Gt CO2?
	Slide 28
	Slide 29
	Slide 30: Energy
	Slide 31: Utilize/  Compress & Store
	Slide 32
	Slide 33
	Slide 34: Adsorption
	Slide 35: Sorbent = a substance that has the property of collecting particles/molecules of another substance by sorption
	Slide 36: Fixed Bed
	Slide 37: Sorbent Properties: CO2 Adsorption Capacity vs. Time
	Slide 38
	Slide 39: AIR2WATER: Atmospheric Water Extraction as an illustrative example
	Slide 40: Carbon Capture: from “powder to plant”
	Slide 41: The process of capturing and releasing CO2
	Slide 42
	Slide 43: 2021-2022
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51

