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Goal: develop dual-functional material and process for capturing CO, from the air and converting it to RNG

Four parallel tracks in direct air capture materials synthesis/characterization, catalysts for CO, conversion,
mechanistic investigations via ab initio simulations, and process modeling and systems analysis



Methanation of CO, from the air can provide a distributable source of
long-duration energy storage using a (nearly) carbon-neutral fuel
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Our goal is to develop a material and process to directly convert
captured CO, into methane without explicitly requiring desorption
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Our goal is to develop a material and process to directly convert
captured CO, into methane without explicitly requiring desorption
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Project Overview

~ )
Direct air capture

» Graft capture agent on
commercial oxides

* Evaluate adsorption
performance (gravimetric
and flow/breakthrough)

Measured DAC
capacity and kinetics
for hybrid materials
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Catalytic methanation

* Deposit highly dispersed
metal catalysts

 Evaluate CO, conversion
performance (continuous
and cyclic)

Achieved high CO,
conversion and
CH, selectivity
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Downselected materials and achieved stable
performance with extended cyclic operation
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Atomistic mechanism

* Simulate interaction
between capture agent
and oxide surface

* Simulate interaction
between captured CO,and
metal catalyst surface

* Simulate interaction at
triple solid phase
boundary

Developed mechanism
of bound-CO,
methanation

Q5

J

Reactive capture analysis

* Develop M&EB, TEA, LCA
for baseline scenarios

* Develop reactive capture
process model for
comparison

Impact of fractional

CO, conversion
Q8

Demonstrated
improvement for
reactive capture

Q6, Q13

End-of-project success criteria: demonstrate 15% relative improvement in RNG Minimum Fuel Selling
Price and Carbon Intensity using a reactive capture process compared to baseline scenario(s)



Our project has developed materials and protocols for thermal reactive
capture, converting CO, from the air into methane
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We developed a high-level process model for reactive capture and

compared methods for creating renewable natural gas
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Milestone 8: Demonstrated impact of CO, adsorption capacity
and fractional conversion on RNG MFSP

Sensitivity Analysis on Reactive Capture
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The economics of reactive capture are dependent on achieving high
conversion of CO, to avoid downstream separations
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Our reactive capture strategy is cost comparable to other methods for
forming renewable natural gas
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Storing energy as methane created via reactive capture is competitive
with other forms of long-duration energy storage

Energy Storage System

Lead Acid

Li-ion Nickel Manganese Cobalt Battery
Vanadium Redox Flow

Li-ion Phosphate Battery

Gravitational

Hydrogen

Thermal

Pumped Storage Hydropower 0.2

m—) SRNG (Reactive CO, Capture) Y02

Compressed-air 0.1

0.0 02 04 06 0.8 10 12
Levelized cost ($/kWh)

If properly executed, reactive capture to methane could provide inexpensive long-duration energy storage

12 A. Aui, S.H. Pang, et al. in preparation



Milestone 5: Measured DAC adsorption capacity
>0.40 mol CO,/kg
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A candidate reactive capture cycle exposes captured CO, to reactant
gases while heating to convert it into products
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Milestone 6: Converted >50% of captured CO, into CH,
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Formation of methane occurs at higher temperature than CO,
desorption, suggesting formation of stable intermediate species
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Reactor bed configuration studies suggest synergy between captured
CO, and catalytic Ru site leading to higher conversion
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Milestone 7: Retained >75% performance after extended

cyclic operation
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Our project has developed materials and protocols for thermal reactive
capture, converting CO, from the air into methane
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Project Impact
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Intellectual property
*  Provisional patent application (joint between LLNL and NREL) filed.
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Budget Period:

Tasks, Milestones, and Deliverables Project Year:

BP 1

FY 2022

FY 2023

BP 2
FY 2024

‘

oot Quarer mmmmnmm

Task 0: Project management and planning

Task 1: Synthesize hybrid adsorbent-catalyst materials

Task 2: Evaluate adsorption performance with dilute CO2

Milestone 1: Measured DAC adsorption capacity >0.25 mol CO2/kg

Task 3: Characterize catalysts and perform methanation with dilute CO2
Milestone 2: Achieved >25% COz single-pass conversion from dilute CO2

Task 4: Simulate interaction between captured COz and single-atom catalyst site
Milestone 3: Established energetics for conversion of captured COz into CHs
Task 5: Develop preliminary technoeconomic assessment

Deliverable 1: Report detailing preliminary technoeconomic assessment

Task 6: Develop preliminary life cycle assessment

Deliverable 2: Report detailing preliminary life cycle assessment

Milestone 4: Downselected material composition

Success Criteria BP1: Demonstrate 10% improvement in RNG MFSP and Cl compared to baseline
Task 7: Synthesize second-generation materials

Task 8: Evaluate adsorption performance and material durability with humidity
Milestone 5: Measured DAC adsorption capacity >0.40 mol CO2/kg

Task 9: Develop cyclic air capture-methanation process and test performance
Milestone 6: Converted >50% of captured CO2 into CHa

Milestone 7: Retained >75% performance after extended cyclic operation

Task 10: Simulate adsorption and conversion processes with humidity

Task 11: Refine technoeconomic and life cycle analyses

Milestone 8: Demonstrated impact of CO2 adsorption capacity and fractional conversion on RNG MFSP
Deliverable 3: Report documenting refined TEA and LCA for DAC-RCC process

Success Criteria BP2: Demonstrate 15% improvement in RNG MFSP and/or Cl compared to baseline
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