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Carbon dioxide conversion can create clean 
manufacturing industries in California



California’s Climate Goals can help Create a Carbon 
Conversion/Removal Ecosystem
(CO2 supply, transportation networks)
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National Labs Can Help Create CO2 Conversion 
Ecosystem

-Supply chain
-Workforce
-Colocation challenge: CO2

source, renewable electricity 
source, product offtake
-Early partnership/bridge 
between technology 
developer and customer
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LLNL Carbon Management Technology Development Focus Areas

Co-electrolysis
and reactive capture

New reactor designs

Electrification of chemical 
manufacturing Electrochemical 

interface theory

Continuum to system level 
modeling for design and 
operation

Design for durability: DAC 
adsorbents and ion 
exchange membranes

Improving mass and heat transport 
for catalysis and separations

Electrifying thermal processes

Rapid prototyping

High performance electrolyzer
components

Top-down design of carbon capture 
and DAC materials and structures
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Bubble management

Designing material for scalable 
manufacturing
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Demonstrating Advanced Manufacturing to Improve 
Performance in Electrochemical Conversion of CO2

Corral, D., Feaster, J.T., et al., Energy Environmental Science 
(2021).

Rapid prototyping of electrolyzer housing 
leads to highest reported yields for ethanol

Porosity and structural control of gas 
diffusion layers leads to order of 
magnitude improvements in C-C coupling

Printed electrodes enable 
highest reported productivity 
for electrified bioreactors

Wicks, J., Jue, M.L., Beck, V.A., et al. Advanced Materials, 
33, 2003855 (2021).

Kracke, F., Jayathilake, B.S., et al. 
Frontiers in Microbiology, 12 (2021).



ACADEMIA GOVERNMENT INDUSTRYNATIONAL LABS

Current carbon utilization partnerships at LLNL



Microencapsulation with advanced solvents
3D-printed materials for carbon capture

Algae feeding

Biogas cleanup Heat 
exchangers

Advanced 
packings

LLNL’s Carbon Capture and Carbon Removal Program

DAC intensification with 
hierarchical materials

We apply our expertise in controlling mass transport to develop new carbon capture and CDR technologies



Performance carbon capture improvements 
through advanced manufacturing 

250Y Schwarz D
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How can we make it matter?

1111

2500 m2

0.008 m2
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We are bridging gaps to increase rate of scale-up of climate technologies

Identify critical 
path and risks

Predict scaling 
behavior and 

emergent 
phenomena

Retain performance
in scaled, 

manufacturable 
units

We are developing capabilities to address three major gaps to technology maturation at LLNL 

Informed by risk assessment 
design-build-test cycle at increasing scales

LAB-SCALE PILOT-SCALE



Challenges in scaling CO2 electrolysis
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Multi-scale Complexity of 
Chemistry and Physics

Systems Degradation 
and Durability

Disruptive Technology 
Scale-up

Technology is disruptive and unproven. 
Who will be first movers to buy down investment risk? How can National Labs help?



Accelerating CO2
Conversion in the 
West
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 Long term CO2 electrolyzer
demonstrations

 Partnerships between CO2
product manufacturers and 
customers (and national 
labs can be the “glue)

 California carbon utilization
demonstrations 

 Prototyping Facilities

National Lab demonstration 
projects with California 
students will de-risk the 
technology and prepare the 
workforce 

Demonstrating the 
benefit of carbon capture 
and utilization in 
California communities

Flare from 
Livermore Water 

Reclamation 
Plant

Closing the gap 
between bench and 
pilot scale in climate 
technologies



National Labs can be a Major Resource for CO2 Conversion Manufacturers and 
Customers.
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This document was prepared as an account of work sponsored by an agency of the United States government. Neither the United 
States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any warranty, expressed or 
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States government or Lawrence Livermore National Security, LLC.
The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States government or 
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product endorsement purposes.
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The Livermore Valley Open Campus (LVOC)
Building and expanding collaborations with industry and academia

Advanced 
Manufacturing 
Laboratory 

Livermore
Computing

Complex

New Office Space
Opened August 2021

Collaboration Center
Opened August 2021

Renovated UC 
partnership space
(in progress)

 84,000 visitors and 7,700 
events hosted since June 2011 
opening

 B642: 22,000 ft2, 104 offices, 
two conference rooms, large 
open collaboration spaces

 B643: 3,000 ft2, large 
conference room, kitchen

 Next steps:

- Prototyping, partnership, and 
bio buildings proposed

- UCOP refurbishment
of University of California 
Livermore Collaboration 
Center (UCLCC) ongoing
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