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Abstract 

Decarbonization is a means to tackle the energy-water-environment-food-health challenge that 

we face on earth. Starting from carbon dioxide (CO2) capture technologies from dynamic and 

stationary emissions to their integration with utilization and/or sequestration technologies, to 

integrated networks to achieve zero-emission are opportunities worth considering for 

decarbonization. Techno-economic and sustainability evaluation of well-known technologies, 

such as direct air capture as well as capture from flue gas streams need to be performed to 

verify the conditions under which a net zero-emission of CO2 could be achieved through these 

technologies. However, as capture of CO2 alone will most likely not achieve the objectives of 

decarbonization, other options such as utilization and sequestration of captured CO2 also need 

to be considered. Both these options, however, have well-known limitations and are unlikely 

to provide sustainable alternatives. A promising option, particularly for energy intensive 

chemical, petrochemical, and related processes, is to consider a network of technologies that 

integrates the base process converting raw materials to desired products with technologies that 

supply energy, water, and other utilities, which the process demands together with technologies 

to capture CO2 for on-site utilization. A systems approach with a new class of methods and 

computer-aided tools are needed to tackle the complexity related to the mathematical 

representation of the problem and its efficient solution. The lecture will highlight different 

sustainable decarbonization alternatives together with known CO2 capture technologies 

ordered in terms of their ability to achieve net-zero or negative emissions. In addition, 

limitations of utilization and sequestration alternatives will be highlighted, and sustainable 

integrated networks that can achieve decarbonization objectives in the short-term and long-

term will be presented. 
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