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Introduction

CO, adsorption is one of the most promising decarbonization method
for hard-to-abate industries, but the comparability and credibility of life

cycle assessment remains insufficiently evaluated.
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* Techno-Economic Assessment & Life Cycle
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* Environmental Life Cycle Assessment

Methodology

This study followed the process in Fig. 2 to screen out 31 cases,
summarize their commonalities and differences, and build a stepwise

enhancement framework to meet the ideal LCA methodology.
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Research
questions

1) What are the commonalities and differences (paradigms and heterogeneity) in the LCA methodology on CO, adsorption?

2) Isthere a gap between the real-world practice and the ideal statein the LCA methodology?
3) How can the gap be addressed to enhance the comparability and credibility of LCA?
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[ Search string ]—
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Scopus

( TITLE-ABS-KEY ( "life cycle" OR "life-cycle" ) AND TITLE-ABS-
KEY ( "adsorption” OR "adsorbents" OR "adsorptive” OR
"metal-organic frameworks" OR "metal organic frameworks"
OR "zeolite" OR "activated carbon" ) AND TITLE-ABS-KEY (
"CO," OR "carbon dioxide" OR "carbon" ) AND TITLE-ABS-KEY (
"capture” OR "separation” OR "uptake" OR "recovery" })

Web of Science™

"life cycle" OR "life-cycle" (Topic) AND "adsorption™ OR
"adsorbents” OR "adsorptive" OR "metal—organic
frameworks" OR "metal organic frameworks" OR
"zeolite" OR "activated carbon" (Topic) AND "CO," OR
"carbon dioxide" OR "carbon“ AND (Topic) "capture"
OR "separation"” OR "uptake" OR "recovery" (Topic)
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[ Identification ]7

(@ Differences [ (@ Commonality

(2 Differences ]

Records identified on 10/04/2025:
Scopus (n =287)

Web of Science™ (n = 452)

Records identified on 10/04/2025:
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Fig. 1. Research question in this work.

objects in the entire system.

Level 1: With or without CCS

No CCS

the condensed hierarchical structure of comparable CO,
nich can be divided
nelp more clearly present the positioning of comparable

into five level

CCs

l n=739

[ Screening

Studies excluded:
1) Duplicate articles (n = 152)
Non-English (n = 10)

)
)
) Direct air capture (n =18)
)
)
)

CO, capture and utilization or conversion (n = 40)
Irrelevant studies excluded by screening of titles and abstracts (n = 267)
Irrelevant studies excluded by screening of full text (n = 52)

Review, book, chapter, conference paper, erratum (n=172)
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[ Included

1) Studies included (n =28)

2) Additional studies found through citation tracking of identified studies above (n = 3)

n=31
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Metadata
analysis

S and seven sub-

1) Goal and scope definition
2) Inventory analysis

3) Impact assessment

4) Interpretation

[ Refinement

1) Typical paradigm
2) Key difference

Macro

<—— Latest standards, guidelines and books
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Fig. 3. A hierarchical framework of comparative LCA for CO, adsorption.

Fig. 4 shows the matching relationship between the system boundary
and the technical process chain of CO, adsorption, which helps to
ensure the comparability of LCA from the physical process.
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Barriers to comparability in existing LCA methodologies are identified.
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(2. Default LCA Stages
Perspective

A. Raw Material Acquisition
and pre-processing

4

B. Manufacturing
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C. Distribution
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D. Use

J

E. End-of-Life

®3). CO, adsorbent
perspective
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@. €O, adsorption and
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analysis?
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Fig. 5 shows the hierarchical improvement framework consist of three
levels based on required additional effort levels — minor, moderate,
and major efforts, could enhance the comparability of LCA.
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Fig. 4. A schematic diagram showing the system boundary, LCA stage and technological process chain
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Fig. 5. A hierarchical methodological framework to enhance the LCA comparability for CO, adsorption.
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