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ABSTRACT

As the world seeks effective solutions to mitigate climate change, various carbon mitigation technologies have gained
attention for their potential to reduce industrial emissions. Among these, carbon capture and utilization (CCU) has emerged
as a promising technology for achieving net-zero emissions and is being developed and implemented globally. CCU captures
CO, from numerous sources and reuses it in processes such as industrial chemical production. Among industrial sectors, the
refinery sector is of environmental interest due to its relatively high CO, emissions. Accordingly, the refinery sector requires
innovative solutions for carbon recycling and reduction. However, the lack of quantitative analysis on actual carbon reductions
and the unintended energy consumption during CCU operations present significant challenges to widespread implementation
in conventional refinery plants. Furthermore, the absence of a globally accepted CCU methodology for carbon mitigation
complicates the securing of carbon credits. This study aims to analyze the emission impact of CCU processes, focusing
specifically on ethylene production. From the perspective of carbon credit and methodology, our analysis examines the key
processes and factors that influence emission reductions. For this purpose, we selected and analyzed the ethylene production
process using captured CO,. Ethylene, a critical resource for the petrochemical industry, requires substantial energy input
during production. Using CCU technology, ethylene can be synthesized directly from captured CO, with the addition of
hydrogen (H). Our findings indicate that the impact of carbon capture—whether direct air capture or point source capture —

and hydrogen utilization in CCU projects varies significantly depending on the energy source (renewable versus
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non-renewable). Additionally, we discuss important considerations for developing a robust greenhouse gas reduction

methodology, which is essential for successful implementation of CCU technologies in refinery sectors.
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Table 1. Ethylene production process and analysis method

CCU technology Process

Technology option Data collection

Direct carbon capture (DAC)

Cuevas-Castillo et al. (2024)

CO; capture

coal-fired carbon capture

Kim et al. (2012)

CO;, to ethylene production

CO; to C,-C4 production

Do et al. (2020)

Ethylene production

C,-C4 to ethylene separation

Spallina et al. (2017)

H, production

Green/brown/grey hydrogen

Kim (2019)
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Table 2. Major consideration for methodology
development

Main . .
Methodology Consideration
contents
. * Baseline ethylene production
Baseline .
. technology selection
scenario )
+ Conservativeness
Baseline L. .
o * Emission factor selection
emission
CDM under Leak * Emission from H, production
cakage
UNFCCC ¢ * Emission from not captured CO,
Emission
. * Downstream CO, storage
reduction
L * Monitoring of captured CO,
Monitoring L fe .
* Monitoring of additional H, input
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Fig. 1. Ethylene production from naphtha (top) and flue gas CO, capture (bottom)
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Table 3. Emission source of ethylene production process

Process Technology Emission (kgCOx.cq/Kg-cthylenc) Reference

DAC (Atmosphere) 1.40 Cuevas-Castillo et al. (2024)

CO; capture
MEA (Coal fired plant) 10.76 Kim et al. (2012)
Green H, 0.35 Kim (2019)

H, production Brown H, (NCC by-product) 7.99 Kim (2019)
Grey H, (Coal oven gas) 14.59 Kim (2019)

CO; to Cr-Cy Ethylene production 10.86 Do et al. (2020), Spallina et al. (2017)
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Fig. 2. Emission contribution analysis of ethylene production process
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Table 4. Emission factors for different ethylene production

Product Emission factor Reference Note

Naphtha cracking 1 1.73 2006 IPCC guideline West Europe

Naphtha cracking 2 0.26 Youk et al. (2018) Adjusted with West Europe matrix

Naphtha cracking 3 0.40 Youk et al. (2018) Adjusted with Japan matrix
Gas oil 2.29 2006 IPCC guideline
Ethane 0.95 2006 IPCC guideline
Propane 1.04 2006 IPCC guideline
Butane 1.07 2006 IPCC guideline
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