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ABSTRACT Various carbon upcycling technologies have been proposed and are under development to achieve Korea’s carbon
neutrality target. Many chemical reactions are under development through various chemical reaction pathways, and different
technological maturity levels are shown for each country and company. In this situation, it is essential to establish investment decisions
such as research funds and human resources allocation through technological and economic analysis for close commercialization
technologies and basic technologies with low technology readiness levels (TRL). Therefore, in this study, the technology development
priority for developing carbon upcycling items was selected according to the domestic Carbon Capture & Utilization (CCU)
technology roadmap using the stakeholder selection tool released by EU CarbonNext. As a result of the analysis, the TRL level of
Korea’s major carbon upcycling technologies was analyzed to be lower than that of other carbon resource technologies, and it was
considered desirable to invest in mineral carbonization technologies among various candidate technologies.
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CCuU Roadmapm 1st screening 2nd screening
5 Classes, 59 Technologies 2 Classes, 31 Technologies 2 Classes, 11 Technologies
- COy capture : 13 — - Chemical conversion : 24 — - Chemical conversion : 6
. Chemical conversion : 24 - Mineral carbonation : 7 - Mineral carbonation @ 5
* Biological conversion : 9 Note : Consideration of Chemical . ) )
. Mineral carbonation @ 7 conversion & Mineral Note : Consideration of power
. Other utilization : 6 carbonation only industry applications
Table 2, Target products
Class Products This study
Platform chemical (D Synthetic gas @ Methanol @)
(® Acetic acid
Organic acid @ Formic acid @, ®
Chemical ® Oxalic acid
conversion (® Dimethyl carbonate
3] Organi bonat
gamic carbonate (D Alkylene carbonate ©®
(® Polycarbonate
4] Pol
olymer ® Polyurethane ® ®
(@ Cement—like products
) Cement & Construction material @ Calcium/magnesium carbonate O, @, @
Mineral ® Concrete products
carbonation ® Celci bonate
Inorganic carbonate @ muun]ont; Zrarbzlala te ®,
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Table 3. Carbon upcycling technology Database

Evaluation Factors / weightings

Technology
3 3 8 8 3 3 3
zifhg:on Reaction | Reaction | Market | Market utiliigtzion Cigng;t;télcr)]n
CO> Product Pathway TRL py Temp. press. size value )
(AHr) [degC] [ [t/yr] [oM] [tCOy/ neutrality
[KJ/mol] y tproduct] [%]
Formic acid Electrochemical reduction of COy Pilot | —31.49 25 1 7,938 8.14 0.96 0.12
Oxalic acid Electrochemical reduction of COy Pilot | —34.68 25 1 10,671 9.45 0.49 0.08
Sodi Two—step process, first carbonation of
oalrum
. sodium hydroxide to sodium carbonate, Pilot | —254.88 60 1 233,952 94.00 0.52 1,95
bicarbonate . . . .
then bicarbonation to sodium bicarbonate,
Calci
ectum Carbonation of calcium oxide Pilot =179 20 1 ~1,000,000 | 103,89 0.44 6.98
carbonate
Di hyl lati f alcohol hanol
1methy: Carboxylation o ‘aco ols (e.g. methano Pilot | 220,74 150170 50 NA NA 0.49 NA
carbonate to produce dimethyl carbonate)
Poly Carbonation of the epoxide propylene oxide
(propylene | to propylene carbonate in the presence of a| Lab | —97.09 | 190—-200 80 703,373 | 2210,66 0.43 4,80
carbonate) | catalyst which catalyses the polymerization
Carbonation of an epoxide in the presence
Polyurethane | of a DMC— catalyst yields polyols for PU | Lab NA 100 15-90 109,715 535,62 0.13 0.23
synthesis,
High temperature solid oxide cells use CO;
d water ti d H2 CO, foll d
Methanol | 200 Water to produce H2 and €O, followed | o) ‘4 poq 14 15001000 1 2,048,415 | 804.95 | 1.38 4.7
by compression and subsequent catalytic
methanol synthesis,
Calcium/
magnesium | Same process as described above, but using
carbonates — alkaline industrial wastes Pilot | —178.96 20—-60 1-3 ~1,000,000 | 9.69 0.44 6.98
construction (high in reactive Ca/Mg oxides),
aggregates
. Captured flue gases react with alkaline
Cement—like . . . ;
duct industrial brines to produce carbonates Pilot | —639.94 20 1 ~1,000,000 | 76,42 0.53 8.41
)
Procucts and bicarbonates,
Concret COq injected into concrete to form calcium
ncrete
© carbonate nanoparticles within the Pilot | —178,96 20 1 ~1,000,000 | 54,23 0.44 6.98
products
concrete,
Reference [4] [13] [13] [13] [18] [18] [13] [18]
Table 4. Criteria for allocation of technology selection component
Component Conditions ref,
1! rapid endothermic reaction () 100 kJ/mol)
Reaction enthalpy 2: mild endothermic reaction ( { 100 kJ/mol) [13]
3: exothermic reaction
Technology Operating temperature 1: ) 950°C, 2 50~250°C, 3: < 50°C [13]
Operating pressure 1: ) 10 bar, 2: 510 bar, 3: {5 bar [13]
Technology Readiness Level 1. Lab scale, 2: Pilot scale, 3. Commercial scale (4]
. Market size 1: {1 KkTon/y, 2: 1-10 kT/y, 3: > 10 kT/¢ [18]
conomy
Market value 1: <10 M$/y, 2: 10-100 M$/y, 3: > 100 M$/y [18]
Environment Contribution to carbon neutrality 1:<{1%, 2: 1-5%, 3:) 5% [13, 17]
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Table 5. Weighting conditions for sensitivity analysis

. Technology Economy Environment
ases
TRL Reaction enthalpy Temp. Press. Market size Market value | Carbon neutrality
Baseline 3 3 3 3 3 3 3
Case #1 5 5 5 5 3 3 3
Case #2 3 3 3 3 5 5 3
Case #3 3 3 3 3 3 3 5
Table 6. Sensitivity analysis results
Priority Base case Case #1 Case #2 Case #3 Comment
1 Calcium carbonate Calcium carbonate Calcium carbonate Calcium carbonate
2 Cement—like products Cement—like products Cement—like products Cement—like products
3 Concrete products Concrete products Concrete products Concrete products
Calcium/ magnesium Calcium/ magnesium Calcium/ magnesium Mineral
4 carbonates — carbonates — Sodium bicarbonate carbonates — conversion
construction aggregates | construction aggregates construction aggregates
Calcium/ magnesium
5 Sodium bicarbonate Sodium bicarbonate carbonates— Sodium bicarbonate
constructionaggregates
6 Methanol Oxalic acid Methanol Methanol
Pol 1 Pol 1
7 Oxalic acid Methanol oly (propylene oly (propylene
carbonate) carbonate)
Poly (propylene . L. L.
8 Formic acid Oxalic acid Oxalic acid Chemical
carbonate) ’
Poly ( | conversion
9 Formic acid Oy propyiene Polyurethane Formic acid
carbonate)
10 Polyurethane Polyurethane Formic acid Polyurethane
11 Dimethyl carbonate Dimethyl carbonate Dimethyl carbonate Dimethyl carbonate
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