
Mass CO2 collection for refined multipurpose carbon chemicals 

leveraging Air to Fuels technologies 

 

This project is predicated on firstly, direct air capture technology to produce 

massive amounts of multipurpose and multifunctional carbon chemicals. Carbon 

chemicals can used to produce hydrocarbon fuels, Solar fuels which may be 

produced at high-insolation low-cost locations from direct air captured CO2 and 

electrolytic hydrogen using gas-to-liquids technology enabling decarbonization of 

difficult-to-electrify sectors such as aviation. And secondly, direct air captured CO2 

sequestration allows carbon removal from our global atmosphere. 

The direct production of liquid fuels from CO2 hydrogenation has attracted 

enormous interest for its significant roles in mitigating CO2 emissions and reducing 

dependence on petrochemicals. Here we report a highly efficient, stable, and 

multifunctional Na–Fe3O4/HZSM-5 catalyst, which can directly convert CO2 to 

gasoline-range (C5–C11) hydrocarbons with selectivity up to 78% of all hydrocarbons 

while only 4% methane at a CO2 conversion of 22% under industrial relevant 

conditions. It is achieved by a multifunctional catalyst providing three types of active 

sites (Fe3O4, Fe5C2 and acid sites), which cooperatively catalyse a tandem reaction. 

More significantly, the appropriate proximity of three types of active sites plays a 

crucial role in the successive and synergetic catalytic conversion of CO2 to gasoline. 

The multifunctional catalyst, exhibiting a remarkable stability for 1,000 h on stream, 

has the potential to be a promising industrial catalyst for CO2 utilization to liquid 

fuels. 

 

https://www.nature.com/articles/ncomms15174


The design captures ∼1 Mt-CO2/year in a continuous process using an 

aqueous KOH sorbent coupled to a calcium caustic recovery loop. The design 

rationale, summarize performance of the major unit operations, and provide a 

capital cost breakdown developed with an independent consulting engineering firm. 

The report results from a pilot plant that provides data on performance of the major 

unit operations. To summarize, the energy and material balance computed using an 

Aspen process simulation, the levelized cost per ton CO2 captured from the 

atmosphere rangers from $94 to $232/t-CO2.  

The process comprises two connected chemical loops (Figure 1). The first loop 

captures CO2 from the atmosphere using an aqueous solution with ionic 

concentrations of roughly 1.0 M OH−, 0.5 M CO3
2−, and 2.0 M K+. In the second loop, 

CO3
2− is precipitated by reaction with Ca2+ to form CaCO3 while the Ca2+ is 

replenished by dissolution of Ca(OH)2. The CaCO3 is calcined to liberate 

CO2 producing CaO, which is hydrated or “slaked” to produce Ca(OH)2. 

 

Ref. Figure 1 above 

CE has developed a process to implement this cycle at industrial 

scale. Figure 2 provides a simplified energy and material balance of the complete 

process (and Figure s1 shows a rendering of one possible configuration of plant 

equipment to perform this process). At full capacity, this plant captures 0.98 Mt-

CO2/year from the atmosphere and delivers a 1.46 Mt-CO2/year stream of dry CO2 at 

15 MPa. The additional 0.48 Mt-CO2/year is produced by on-site combustion of 

natural gas to meet all plant thermal and electrical requirements. Alternate 

configurations with electricity and gas input are described in the section on Heat and 

Mass Balance and Alternative Configurations and life cycle carbon balance in the 

section on Avoided Emissions and Life Cycle Accounting. 



 
    Ref. Figure s1 above 

 

 

Ref. Figure 2 above 



The energy and material balances come from an Aspen Plus simulation. That 

simulation depends on performance models of individual unit operations; and these 

models depend, in turn, on a combination of vendor data and data from the pilot 

plant described later. The mass expansion of the project is also dependent on 

commercial cooling-tower technology, while the geometry and fluid chemistry differ 

from conventional cooling towers. Most of the Air to fuel technology relies on many 

of the same components, including fans, structured packings, demisters, fluid 

distribution systems, and fiber-reinforced plastic structural components. It is the unit 

that diverges farthest from industrial precedent in that crossflow cooling-tower 

components are used for a chemical gas-exchange process, rather than the 

counterflow vertically oriented tower philosophy typically used for chemical 

processes. This design choice is a crucial enabler of cost-effective DAC, as designs 

using vertical packed towers are far more expensive. In these papers, it is possible to 

have an efficient air to fuel and air to multipurpose carbon and I wanted to include 

the cost efficiency in comparison to an air-liquid contactor for large scale capture of 

CO2 from air, which have been marketed elsewhere. 

For each major unit, described on the tables below sourced from Joule, 

provided are some important process parameters internal to the unit, as well as the 

most important unit performance parameters. Energy consumption values are given 

for each ton of CO2 processed by the unit where for calciner, slaker and compressor, 

the amount processed is larger than the amount captured from air because of the 

CO2 from the power cycle. 

file:///C:/Users/izaka/Downloads/dac2011.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0255270106000791
https://link.springer.com/article/10.1007/s10584-012-0679-y


 

 



  

 



 

 



 

 

 


