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Carbon Utilization 

Everything BETO does is carbon utilization 



 

 
      

 
 

 
 

 

 

2017 CO2 Utilization workshop 

Highlights from the workshop: 

1. There is a lot of uncertainty around what 
is/isn’t possible in the field of CO2 

reduction. BETO is well equipped to address 
this given the existing catalysis experience 
at the labs. 

2. Upgrading of reduced carbon intermediates 
is a space in which BETO excels and could be 
readily coupled to CO2 utilization 
technologies 

3. These technologies are extremely well 
suited for biorefinery integration 



 

   
 

 
   

Other CO2 Utilization efforts 

• There is a lot of fantastic 
work being done on CO2 

utilization 

• Significant barriers exist in 
getting these technologies 
beyond bench scale 

• A “pathway-focused” applied 
R&D approach would be 
valuable 



BETO Efforts in CO2 Utilization 



  
        
   

  

 
  

  

  
  

   
   

FY18 CO2 Utilization at BETO 

Lab Projects: 
• Started the “Feasibility Study of Utilizing Electricity to 

Produce Intermediates from CO2 ” AOP. - NREL 

• Electrocatalytic CO2 Utilization AOP - NREL 

BEEPS Rewiring FOA Topic Area: 
• Electrocatalytic conversion of CO2 to formic acid via microstructured 

materials - Montana State University and University of Southern FL 

• Production of bioproducts from electrochemically-generated C1 
intermediates - Lanzatech and Dioxide Materials 

• Integrating Chemical Catalysis and Biological Conversion of Carbon 
Intermediates for Converting CO2 - Johns Hopkins University and SDSU 



FY19 CO2 Utilization at BETO 
Biopower lab call: 
• Biomethanation to Upgrade Biogas to Pipeline Grade Methane – 

NREL 

• Modular Microbial Electromethanogenesis Flow Reactor for Biogas 
Upgrading – LLNL 

• Integration of Flue Gas CO2 Electrolysis with Microbial Syngas 
Fermentation - NREL 

Seed lab call: 
• Hybrid electro- and thermo-catalytic upgrading of CO2 to fuels and 

C2+ chemicals - ORNL 

Formate lab call: 
• Improving formate upgrading by Cupriavidus necator – NREL 

• Enhancing Acetogen Formate Utilization to Value-Added Products - NREL 

• Synthetic C1 Condensation Cycle for Formate-Mediated ElectroSynthesis – 
NREL/LBNL 
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FY20 CO2 Utilization at BETO 

Scalabe CO2 Electrocatalysis FOA Topic Area: 
• Electrolyzers For CO2 Conversion from BioSources– Dioxide Materials 

• Electrochemical Production of Formic Acid from Carbon Dioxide in 
Solid Electrolytes– University of Delaware 

• PEM CO2 Electrolyzer Scaleup to enable MW-Scale Electrochemical 
Modules- Opus 12 

Collaborated with HFTO to fund to work on 
directly integrating H2 generation into a 
biomethanation reactor for increased energy 
efficiency and reduced capital intensity 

Set up the Net-Zero Tech Team analyses 
• Includes TEA/LCA examination of CO2-to-fuels 



CO2 Utilization 



 

CO2 Utilization 

Understanding and diagnosing 
the state of AEM and PEM CO2 

electrolyzers 



     

  

CO2 Utilization 

Scaling up PEM, AEM and 
solid-state electrolyte CO2 

electrolyzers to: 

• 750cm2 active surface area 
• 200mA/cm2 

• 90% FE 
• 1000 hr run time 



 
 

  

CO2 Utilization 

Bar-Even et al., 2016 

Engineering microorganisms to consume C1 intermediates 
and generate products 



  
 

CO2 Utilization 

Developing integrated CO2 

utilization capabilities. 



    
     
    

     

      
  

           
       

CO2 Utilization 

Explores several options for achieving Net-
Zero Carbon fuels, notably corn ethanol 
with CCS as well as CO2 conversion to 
ethanol. 

Net-Zero Carbon Fuels: Renewable fuels made from some carbon 
feedstock that have a net life-cycle of zero 

E-fuels: Synthetic fuels made from combining CO2 and electricity/hydrogen 

E-fuels CAN be net-zero carbon, but they are not inherently so and are not 
necessarily the easiest way to achieve low carbon intensity fuels 



 
 

Broader opportunities in Carbon Management 

There will be a growing demand to provide carbon 
management and drawdown as a service. DOE has the right 
set of tools to address the needs of this emerging market. 



Broader opportunities in Carbon Management 



    
    

Broader opportunities in Carbon Management 

BECCS 

Assessing the potential for multiple 
bioproducts to drawdown and store carbon 



 
    

  
 

Contact 

Ian Rowe, Ph.D. 
Technology Manager | Bioenergy Technologies Office 
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