
Process Economics Program (PEP) 

April 2023 

 

  

 

CO2 to Ethylene via 
Electroreduction 
PEP Review 2023-01 

  

Gajendra Kumar, Associate Director, Process Economics Program 

To learn more or to request a demo, visit www.spglobal.com/commodityinsights. 

 



spglobal.com PEP Review 2023-01 CO2 to Ethylene via Electroreduction | 2 

Table of contents 

Introduction 7

Summary 8

Technical aspects 8 

Operating conditions 10 

Process economics 10 

Economics calculation modules for non-US regions 11 

Conclusion 11 

Technology review 12

Electrochemical CO2R products 12 

Electrochemical technology 13 

General equation 13 

CO2 reduction to ethylene 14 

Conversion of CO2 to ethylene via single-step conversion 14 

Conversion of CO2 to ethylene via two-step CO2R process 16 

Catalyst 17 

Performance of electrolyzer 18 

Electrochemical conditions 21 

Challenges 22 

CO2 to ethylene via electroreduction 24

Description 25 

Process description 26 

Process discussion 27 

Materials of construction 28 

Cost estimates 30 

Fixed capital costs 30 

Production costs 31 

Appendix A — Design and cost basis 34

Appendix B — Cited references 38

Appendix C — Process flow diagrams 42



spglobal.com PEP Review 2023-01 CO2 to Ethylene via Electroreduction | 3 

Tables 

Table 2.1 Process summary for conversion of CO2 to ethylene via electroreduction unit 10 
Table 2.2 CO2 electroreduction to ethylene — TFC investment for 118,000 t/y of CO2 processing 10 
Table 2.3 Comparison of the economics of retrofitting CO2 electroreduction unit in EO plant 11 
Table 3.1 Carbon products from electrochemical CO2R 13 
Table 3.2 State-of-the-art full operational cell high-performance stability tests 18 
Table 4.1 EO manufacturing process (Base Case) — Design basis and assumptions 25 
Table 4.2 Conversion of CO2 to ethylene via electroreduction — Design basis and assumptions 26 
Table 4.3 Conversion of CO2 to ethylene via electroreduction — Mainstream flows 27 
Table 4.4 Conversion of CO2 to ethylene via electroreduction — Mainstream flows 29 
Table 4.5 Utilities summary — Conversion of CO2 to ethylene via electroreduction (stand-alone) 29 
Table 4.6 Utilities summary — EO plant retrofitted with CO2R plant 30 
Table 4.7 Total capital investment for stand-alone CO2 electroreduction unit 31 
Table 4.8 Total capital investment of EO plant retrofitted with CO2 electroreduction unit 32 
Table 4.9a EO plant retrofitted with CO2 electroreduction unit — Variable costs 32 
Table 4.9b EO plant retrofitted with CO2 electroreduction unit — Production costs 33 

Figures 

Figure 2.1 Raw material and utility consumptions 
Figure 2.2 Raw material and utility consumptions for EO plant retrofitted with CO2 electroreduction unit 

Figure 3.1 BFD for conversion of CO2 to ethylene in alkaline flow cell 15 
Figure 3.2 BFD for electroreduction of CO2 to ethylene in NMEA 16 
Figure 3.3 BFD for conversion of CO2 to ethylene via two-step CO2R process 17 
Figure 4.1 Simplified BFD of integration of CO2 recycling process into EO manufacturing 25 
Figure 4.2 Electrolyzer cost for producing 10,000-50,000 electrolyzers per year 28 
Figure 4.3 Sensitivity analysis of EO price w.r.t. electricity price 33 

Appendix C Figures 

Figure C1 Conversion of CO2 to ethylene via electroreduction 43 

9
9



spglobal.com PEP Review 2023-01 CO2 to Ethylene via Electroreduction | 6 

 

Abstract 
The global economy's dependence on fossil-fuel-derived products is a major obstacle in achieving the carbon-neutral 
future. The chemical industry substantially contributes to industrial carbon dioxide (CO2) emissions. Till the continued 

reliance on fossil fuels persists, these emissions will remain a negative consequence. 

Carbon capture and utilization (CCU) technologies can effectively mitigate these emissions by utilizing CO2 emissions as 
a production feedstock and converting them into necessary chemical products. This approach not only allows for the 

reuse of CO2, instead of its deep storage, but also reduces the demand for fossil fuel extraction. However, unfavorable 
process economics and the need to develop a new supply chain for CO2-based production have hindered the large-scale 
deployment of CCU. 

The electrocatalytic conversion of CO2 to value-added chemicals, i.e., electrochemical CO2 reduction (CO2R) offers a 

promising solution for storing intermittent renewable electricity and addressing the carbon emissions problem. As 
renewable electricity costs continue to decrease, this technology will provide a competitive means of producing chemical 
feedstocks like carbon monoxide, formic acid, methane and multicarbon (C2+) products like ethylene and ethanol. 

This review presents an alternative approach to CO2R — waste CO2 is recycled on-site, and an electroreduction unit is 
retrofitted into an existing chemical production process. On-site CO2 can be immediately converted into raw materials and 
recycled back into the production unit, generating synergies between the new CO2R technology and the established 
chemicals sector. This approach reduces the number of separation steps required and minimizes logistical efforts.  

The review provides a techno-economic evaluation of retrofitting an ethylene oxide (EO) plant with CO2R conversion and 
discusses recent developments in catalysts, performance and separations in CO2R processes. Additionally, an iPEP 
module with a user-friendly interface covering multiple geographic locations is included, as the economics of this process 

is highly dependent on the location.  
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