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ABSTRACT

This study conducts a life cycle assessment (LCA) to compare two fossil fuel-based carbon monoxide production proc-
esses: steam methane reforming (SMR) and partial oxidation (POX). For the SMR process, gate-to-gate data was generated
through process simulation, while for the POX process, data retrieved from a commercial lifecycle inventory database was
modified and utilized. As a result of the cradle-to-gate LCA conducted for South Korea, the SMR process has a lower
impact on global warming (1.24 kg-CO, eq/kg-CO) compared to the POX process (2.49 kg-CO, eq/kg-CO). However,
the POX process shows advantages in terms of abiotic depletion and ozone layer depletion indices. These differences are
attributed to the distinct raw materials and energy sources used in each process. Additionally, a future scenario analysis
using low-carbon electricity suggests that the POX process could have a lower impact on global warming than the SMR
process in the long term.
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A AA et GARIME EetAEE.2Y B/ BlE
(L9GE/ D E 23 Tt ARalet AEES vid 109 &
[1,2] 8% Akl okttt AR3ket AlE-2 A4t &8
He @ 24 F ohe HIE GARRENYCO)T A Rt
shel 4ka @At sh= o|fRl dhslgtAaE ARIFo R bj
T+ 28Tt = SRHAIFOI 7R H9RESE S3l A
Al 7Fs 3 ARE, AAete] vhe-S Bl Fdohe ZA, o
e&o] 7HE ot §Eg-E B3l sk oHIEAL 11 9] v
Ak ZEAME, o734l ZRu 24t 5 ToRRE SHARE 34
Al QiletAas YEs 28T 4 Qi3] E3L vHeA 37
i AR E AZ7IAR SE5h|E JiTA4).

iAo 2 dilEAE Bibols WHS TRsit3]. &
S e/} (steam methane reforming, SMR), A&t 7}AS)

et B2 ©Eleao] FEASH(partial oxidation, POX)
52 59 40t dAkskErAS] B3MEQl TAITIAE APAISH

T, o|ziE alsiEras Belsk= H4jo] Yubzojct gt
Aujite] QRIS Eof e ASEAE AJASE £ gl
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ShEEAE AR A 7Hs5ith

UABIAAE 2ot Tkt A-R3fet AlFE AJilohs 4
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Fig. 1. Block flow diagrams of (a) SMR-based and (b) POX-based carbon monoxide plants.
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Fig. 2. System boundary of (a) SMR-based and (b) POX-based carbon monoxide production.
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Fig. 3. Process flow diagram of the SMR-based carbon monoxide plant. H, PSA unit is omitted.

Table 1. Gate-to-Gate data of the SMR-based carbon monoxide plant calculated by process simulation. The

functional unit is 1 kg of CO

Specification Category Name Unit Value
Raw material Liquid natural gas kg 0.849
Input Raw material Process water kg 223
Energy Electricity MJ 1.969
Product Carbon monoxide kg 1.00
Output Byproduct Hydrogen kg 0.213
Byproduct High-pressure steam MIJ 3.901
o To water Wastewater kg 0.441
Emission
To air Carbon dioxide kg 0.466
unit, ASU)2] GtoG H|o|El:= Ecoinvent LCI DB[23]12 1 ARESH= AU 84(20508)S $33ich
ek 5 349 GoG HolEeh 49l 2 st958e] T Lal
of gt = Table 29 At 4, Zin} 9 JA

SMR 7]3F Qbsjeke A4F 34 QAIsekasit ohe}
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HollA= POX WHAlo] B f2et AZ & 4= Ut

SMR 7|9t QAitsleta Ak BhA9] A 28} A=
POX9| 7 thH] oF 49.7% o= EAEQIH. 247kA
2uE9] 45 SMR 7|5F YAkskerA A4t FAoM= &
= 949 A= 0.466 kg-CO, eq/kg-CO°| WA ol= SHH,
POX 7|9t dAksleta: A4k 3789 B¢ o4 FAES A%
oY ARESIERE 2AT7EA A GulEo] WASSER] =
ot 2A7kA ZRES] 742, POX 7]RF LAlSlErA AJAE A
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51



gk oled, e, F

Table 2. List of the life cycle inventory taken from LClI DB (Ecoinvent v3.10 Cutoff)

Name Geography  Time period

Note Reference product Ref.

Oxygen South Korea"

1997-2023 Industrial gases production, cryogenic air separation

Oxygen liquid [23]

Carbon monoxide South Korea” 1997-2023

Carbon monoxide production

Carbon monoxide  [23]

Liquid natural gas South Korea 2021

Natural gas to consumer

Liquid natural gas [24]

Electricity, market mix, including transmission and

Power grid mix  South Korea 2022-2025 RO . . Electricity [20]
distribution losses; consumption mix, to consumer

Heavy fuel oil RoW 2014-2023 Heavy fuel oil production, Heavy fuel oil  [23]
petroleum refinery operation
I trial ter, P ti i

Process water South Korea 2022-2025 ndustria w.a b .roduc fon i, Industrial water [20]

production mix, at plant
Wastewater RoW 2010-2023 Treatment of wastewater, average Wastewater, average [23]

Y GtoG data is retrieved from Ecoinvent v3.10 and modified by applying geographically representative background LCI.

Table 3. Allocation factors of three products at the
SMR-based carbon monoxide plant

Specification ~ Carbon monoxide Hydrogen Steam

Allocation factor 0.77 0.14 0.09

kg-CO; eq/kg-CO)Rt HFH, SMR 7|9t QARSIERA: A] 0.547
KWhvkg-CO9] Z7]2he Z5to] 247k Z1guEago] &
tH0.224 kg-CO, eq/kg-CO).

A9 17} 2% 7] A4:2] A9, POX 7|4 ks
4 AJA¥o] SMR 718t AALRTE Z2F 11.2%, 70.2% S A
o % 9Ick SMR ¥Hge] 7 29l INGS| A1l 12 A
(14610 ke-Sb eq)7} 28(3.86107 kg-Sb eqL} AF4& &
71(2.36107 kg-Sb eq) 5ol HIo] wf>- 7] wEol] SMR 7]
uF QLuisieke AAle] A9 1 A} 2 Ao waEr:

&

e S

Global warming (GWP100a)

Abiotic depletion

LNG2] Q&2 11| 2]4x(1.07107 kg-CFC-11 eq) IA| Z&
(3.7610 kg-CFC-11 eq)t} M€ #7](5.4210™" kg-CFC-
11 eq)oll HJsH 7] dZo] SMR 7|5t FARRFA: AF4ko] ©
&5 T A4 9A] POX WP dH] & A= yeRdtt
SMR 9 POX 7[5t dAislets: AAHFA] B H7]E AR
Stof| w721 e gkl Rt =] A Ay
gl oo w2, 2021 7] 0.529 kg-CO, eq/kWh[20]Q] =+
W A8 A719] At 23t X577t 2050d 0= B®HASE
AUE]Q BYES: 71&0= 0.0879 kg-CO, eq/kWh[25]7FA] &
ofd Ao HYHLE 20509 7[Fo2 F disiErs AY
Ab /FA19] Rt 243} A|9== ZH2) 1.05 kg-CO; eq/kg-CO%t
0.756 kg-CO, eq/kg-COZ, 2021 thH] Z}Z+ 15.1%, 69.6%
A4gITh POX 7|9t GAkspeta: AAF BhA19] 7] 4H]o]
SMR 7|9k 7| An]go] oF 7.174H} WoH g, H7]9] A+ &

Ozone layer depletion (ODP)
12

=
o

9.04

2.69

kg CFC-11eq (10%)
[«)]

3.00 1.40
250 249 1.35
=130

o 2.00 2
o = 1.25
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- o 1.20

~ 1.00 o
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Fig. 4. Life cycle impact assessment results.
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2 d7olie spdR 7|Rke] T 7] dAtskea At
PR 9 Aol ot A EriE 9
ok, AR Bk ute] dAkeleka: YAt 5
749l Gate-to-Gate HloJEl:= 217} T HANR} FARANSE
AIYES dlolefHo])E E SEF Sl it
sttt ike 7Pgstal AagrtE st A AT 2
3} THolME AR o], A 12 9l 23 1t
7 TolMEe FEAshe] @A 0R o Y2 Jlog B4
FISIek. ol 7 A el 8. AR Yl x|k Aol
A BRI B2 S Age] AL vigel Stist
2 205080fk= 7] AH|go] Arjom w2 FRAlsh 7|
uko] atshetas gate] Al 25} A7t AR
HETE vold Aoz AdE £ daggriE 6 =2d
T 7] Gateleka YA o] P9 v Ak S
ol Alxt DAkseka: it 71&9] 71 tiFle] whe e84
oS JFH o BAsk: Hol #8% FuAErt E AL
= 7|tk

o

Ab Ab

B EEo ARGIIEYREAR] fgos T
At Carbon-to-X 71&7FAIRIFAIS: 2020M3HTA1096361,
2020M3H7A1096364)9] XS Hlo} Z=aE] AL9].
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