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Carbon Capture Program...Mission N=jeviey’
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» Mission I
» Research, develop, and demonstrate advanced cost-effective P 8"
carbon dioxide removal (CDR) technologies to support mm“m-\ﬁ
decarbonization pathways. Direct Air Capture (DAC)

* Drivers/Challenges

« Reduce capital & operating costs across a broad
CDR technology portfolio (DAC, EW, Mineralization, BICRS)
« Accelerate demonstration of CDR technologies

Bioenergy Carbon Removal
and Storage (BiCRS)

« Goal & Metrics

« Support U.S goal to achieve carbon pollution-free electricity sector by
2035 and zero-carbon economy by 2050

U.S. DEPARTMENT OF
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Saline Aquifer

CARBON REDUCING

Saline Aquifer

CARBON NEGATIVE
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Carbon Negative vs. Carbon Reducing

CARBON REDUCING

Point-Source Capture (PSC) for
Power Generation and Industrial Sectors

NG:4%co, 15-20% CO,

Hydrogen Plants

CARBON NEGATIVE

N
TL

NATIONAL

TECHNOLOGY
LABORATORY

Carbon Dioxide Removal (CDR) from Air
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(1) Assume C storage as CO, off-tak

Develop PSC / CDR technologies for a wide range of feed_




Integrated Approach to Carbon Management... [N=[MIW
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Point Source .ﬁ‘: T Wind

Capture (PSC) 8 Low Carbon
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Enhanced
Weathering

Long Duration
Carbon Storage

Carbon Dioxide
Removal (CDR)
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15t and 2nd Generation
Technologies

2025: $40/tonne CO,

Transformational
Technologies

2030: $30/tonne CO,

Scale-up Negative Emissions

Technologies & Industrial

Biphasic
3D Print Solvent

RN

Etanol Plant

2008 - 2015 - 2018 - 2020 -
v' Lower CAPEX/OPEX v' Water Lean Solvents v' Engineering Scale testing
v' Reduced regeneration energy v Adv. Membranes v FEED studies j aggs,ﬁ}glEccs

v Increased working capacity v Hybrid Systems

v' Process Intensification v NG
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Materials Components Field Validation FEED Studies
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DAC.. Project Distribution N=|
Count by technology & scale TL lA%ORngI%

Projects by Technology Area

Sorbents
> Membranes
(e11]
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=
O
- Hybrid

Electrochemical

0 5 10 15
Number of Projects

U.S. DEPARTMENT OF

20

Projects by Scale
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DAC Transformational (TRL 2-3).. Materials
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Solvents
HARVARD

UNIVERSITY

Aqueous alkaline solvent with
novel alkalinity concentration
swing (ACS) cycle

Membranes

InnoSense

Technologies for Tomorrow

hybrid polymer membrane

U.S. DEPARTMENT OF

ENERGY

InnoSepra

physical sorbents

hybrid sorbent in low vacuum
swing adsorption process

Sustieon

catalyzed amine-
doped solid sorbent

Georgia HResearch
Tech || Corporation

MOF-based sorbent

Sorbents
IWVC

amine-functionalized sorbent in
novel isothermal pressure swing
regeneration cycle

MOF-based sorbent

parc

A Xerox Company
polyamine
aerogel sorbent

membrane adsorbent
for rapid temperature
swing adsorption

' Rensselaer

why not change the world?"]

amine-encapsulated sorbent
embedded in porous fibers

QLQ COLUMBIA UNIVERSITY
IN THE CITY OF NEW YORK

MRI11

INTERNATIONAL

MOF- and P-dendrimer-
based sorbents

fiber-encapsulated nanoparticle
organic hybrid materials
(NOHMs)-based sorbents

TL

Novel
Concepts

UK

UNIVERSITY 'OF

KENTUCKY

enhanced depolarized electro-
membrane system
(solvent/membrane contactor)

SITYor
EIAWARE

electrochemical cell
with membranes
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Structured Material Systems
Simulated Exhaust / Batch Operation
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Gas mixture

Monoliths

Input

0Ty

Laminate
Structures

DAC Composition

* CO, Working Capacity
* CO, Uptake kinetics

* Sensible Heat
* Surface area

* CO, desorption Kinetics

Membrane
Bundles Electrode

Success Criteria

Lower Pressure Drop

Increase Space Velocity

Increase CO, capture efficiency
Lower Heat Duty

Lower Capacity Fade

Increase Volumetric Productivity
Preliminary & final TEA

TRL3

CO, Removal Efficiency

)

100
80
Volumetric 60 S Velocit
Productivity 20 pace Velocity
Energy Duty Pressure Drop
Capacity Fade
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Electricore, Inc.

Sorbent laminate filter process Project Development and Goals- 2020
Full characterization of Svante's sorbent

after 1,000 hours of operation

Pure CO:

Direct Air Capture Process

CHALLENGE:
Improve process efficiency and extend sorbent material life Project Benefits

+ 12-month field test of the DAC system
SOLUTION: « Costreductions.. reduced pressure drop
Implementation of vacuum- and temperature-swing desorption and innovative heat recovery

and optimization of the sorbent structure geometry

Key Process Features and Objectives

« Svante’s solid sorbent laminate filter & Climeworks’ DAC e/ Svante

Air Contactor

: . . ELECTRICORE & climeworks
+ 30 kg/day integrated field test unit 95+% CO, POWERING THE FUTURE

(@) ENERGY idate Efficient Adsorption/Desorption in _
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Project Development and Goals- 2021

. i : o :
Solid sorbent-based . / gﬂ Va . +  Finalize system design
isothermal water vapor and . ., - Optimize cold spray deposition process for
CO, capture system J -/ sorbent deposition/surface coating on
2 4 ' aluminum support
CHALLENGE: SoCalGas-Brawley Site
Fqc.ili’r.o’.re heat mor)ogemen’r to reduce energy losses, while Project Benefits
minimizing system size and cost 3-month field test at real conditions
SOLUTION: Reduced OPEX (zero water consumption &
Combine CO,-selective sorbent beds and water extraction unit use of low-grade heat)
with novel isothermal pressure swing regeneration cycle I GIBEIENS 1 FEGIeMS Wil (2w O Z810 walier
availability & below freezing temperatures

Key Process Features and Objectives

+ Potable water gen & CO, capture in a single contactor \W/ m
« Integrate PNNL's amine-functionalized sorbent with desiccant P st SoCalGas
sorbent beds to remove 285% of CO, from the air |WV

- SIEMENS

BARR

orid System.. DAC and Water Generaﬁon_

« 30 tfonnes CO,/yr.
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Bench Scale (TRL 4).. HVAC/DAC Integration
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Oak Ridge National Laboratory

Testing of DAC processes "-w ﬂfi‘l?

incorporated into building

" . 7|h
HVAC systems 4o 'll h

(™
.

Project Development and Goals- 2020
Assessment of existing building infrastructure
and evaluation of integration options
Characterization of DAC materials/modules

Testing on HVAC Equipment

CHALLENGE:
Centralized DAC processes are expensive, with infrastructure, air
movement, and heat required

SOLUTION:

Implementation into HVAC systems in existing buildings provides
most necessary infrastructure for DAC operation

Key Process Features and Objectives

« Utilization of existing HVAC equipment allows for massive
number of applicable sites
» Limited amount of additional energy consumption for buildings

U.S. DEPARTMENT OF

and regeneration approaches

Project Benefits
Targeted reduction in the energy
consumption and cost of DAC systems
while minimizing water and land use

%

OAK RIDGE

National Laboratory
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99.999% H,
Technology e —» EOG  85%H; 6% CH., 1% CO e : |mpact
« DAC: + Synergistic with low-cost carbon-free
Ethane — H StreamS
NaZO/A|203 + COZ — NaZO—COZ/A|ZO3 — 2 0 o
* Lower energy and carbon intensity
ey e R « Deployable for sites available with
* Hydrogen Generation Steam Cracker Quench Cold Box H, PSA waste or low-cost hydrogen
C2H6 — CZH4 + H2 Renewable RNG —
I 35% CH.,
12% C2+
* In-situ Methanation/Rggen. over o _ Key Takeaways
Dual Functional Material (DFM) P ?l A " DEM- _ B _
using H2 (Tail Gas PSA): sopmco, \—3/ | o0 sooee [C v * Process intensified system for making
%N : — RNG from CO,
—Na,O/AlL,O;+CH, * Structured bed with low pressure drop,
Steam and self-accelerated heat exchange for
cyclic operation
+ DFM compositions and operating
Objective conditions identified

+ Commercially viable platform for CO,

* Reduce overall cost for CO, capture capture from air and utilization

and conversion to RNG

=
o - i Efficientair blowers with Monolithic structure with Waste tail gas H, for
T benCh. SEEl tes.tlng an.d : low energy consumption highly dispersed DFM renewable RNG
process modeling to design a pilot unit
(SBIR Phase II) &2 COLUMBIA UNIVERSITY m
IN THE CITY OF NEW YORK
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- .. w2 Input:
oo @ ¢ psu” oy z e * DAC Technology (TRL 6), 100,000 tpy net CO,
® 1iLnois €S o i R 3 host sites from the pre-defined geographical areas
O = BpsU ) i -
[0 x1umois/ €] o . s L Output: oy . .
cavromen N— Pre-FEEDs for three individual case studies including:
e emics soume * Energy source integration
- ewveco | |@ 154 6 * CO, storage pathways
=] * Business case analysis (i.e. LCFS /45 Q credits)
t = I « TEA, LCA
Texas I ILLINOIS L«
-
@ Mid-continental ~ gclimeworks
N O Hot&Dry Toermeni

@ Hot & Humid
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Office of Fossil Energy and Carbon Management

DOE Announces Intent to Fund Direct Air

Capture FEED Studies

JULY 23, 2021

Office of Fossil Energy and Carbon Management » DOE Announces Intent to Fund Direct Air Capture FEED Studies

Today, the U.S. Department of Energy’s (DOE) Office of Fossil Energy and Carbon Management
(FECM), in collaboration with the Office of Nuclear Energy and the Office of Energy Efficiency and
Renewable Energy’s Geothermal Technology Office, issued a notice of intent (NOI) for a Funding
Opportunity Announcement (FOA) expected to support front-end engineering design (FEED) studies

of direct air capture (DAC) combined with dedicated storage and coupled to existing low-carbon

energy.

.S. DEPARTMENT OF

ENERGY




Assessment of potential of RNG-based BECCS

Hypothesis:
An alliance of RNG+NG+BECCS can leverage NG infrastructure for
biomass scale-up and decarbonization.

Objective:
Quantify the potential contribution that RNG+NG+BECCS can
make to decarbonization (quantity and cost of CO,) in the US.

Approach: Model 1) aggregation of biomass resources to NG
pipelines, 2) biomass conversion to RNG, injection into pipelines,
and CCS, 3) associated costs and CO, benefits, and 4) develop
carbon avoidance cost curves of RNG+NG+CCS for gasification
(dry biomass Jand AD (wet waste and macroalge) pathways.

Expected impact: Analysis of pathways to scale for negaftive-
emissions CCS and renewable energy based on an alliance of
biomass/RNG and NG.

&, U.S. DEPARTMENT OF
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Biomass Resources (DOE 2016)
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CROSSCUTTING INITIATIVES (EERE, FECM, Office of Science)

« The Department is directed, pursuant to section 5001 and 5002 of the Energy Act of 2020 to establish
the Carbon Dioxide Removal Program and Carbon Dioxide Removal Task Force to advance the
development and commercialization of carbon dioxide removal, direct air capture, sequestration, and
any other relevant technologies on a significant scale. (pg. 73)

« The Committee supports direct air capture prize competitions. (pg. 74)

« The recommendation provides not less than $120,000,000 for research, development, and
demonstration of carbon dioxide removal technologies, including not less than $20,000,000 from EERE,
not less than $50,000,000 from FECM, and not less than $35,000,000 from the Office of Science. Within
available funds for carbon dioxide removal, the recommendation provides not less than $75,000,000
for direct air capture. (pg. 74)

FECM

« The recommendation provides $5,000,000 for a competitive solicitation for a study for the development
of a direct air capture facility co-located with a geothermal energy resource. Priority for such a grant
shall be given to entities that are engaged in the generation of electricity from geothermal resources.

(Pg. 105)

» U.S. DEPARTMENT OF
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Carbon Capture Program.. Oufreach
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Please enjoy our Premiere issue of the Carbon Capture Newsletter! [ ==l ki =3 000060

HIGHLIGHTS

This newsletter is compiled by the
National Energy Technology Lab-
oratory to provide information on
recent activities and publications
related to carbon capture. It cov-
ers domestic, international, public
sector, and private sector ni
To subscribe.

Interagency News
and Updates 02
Upcoming U.S. and 02
International Conferences
03
0

Business and
Industry News

Publications

OCTOBER 2020

Ws

Net eneration of Carbon
Capture Technologies Being
Developed at NETL

U.S. Department of Energy (DOE) National Energy Technology
Laboratory (NETL) researchers have developed a method to
custom-formulate low-cost membranes to more effectively
separate carbon dioxide (CO,) from nitregen in a high volume
of flue gas. This ability 1o achieve both high selectivity and
high permeability during post-combustion carbon capture
operationsis one ofthe mostdifficult problems facing membrane
tesearchers today. The NETL group scived the challenge
by chemically binding multiple membrane components with
different critical properties into one high-performance material
that can be easily scaled up to reduce the costs of large-
scale carbon capture operations. The groundbreaking work
was recently featured in the prestigious journal Cell Reports
Physical Science, DOE/NETL NEWS RELEASE, AUGUST 2020

Carbon Capture Newsletter
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Questions

http://www.netl.doe.gov/research/coal/carbon-capture

Dan Hancu

Technology Manager

Carbon Capture

U.S. Department of Energy

National Energy Technology Laboratory
412-539-6804

Dan.Hancu®@netl.doe.gov

Lynn Brickett

Program Manager
Carbon Capture

U.S. Department of Energy
Office of Fossil Energy
412-386-6574
Lynn.Brickett@hq.doe.gov
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