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ABSTRACT

The purpose of this study is to find ways to achieve carbon neutrality in the oil refining industry and to determine its priorities.
The Hierarchy scheme for carbon neutrality in the oil refining industry is composed of four major indicators and 12 sub-indicators
through reviews of research and plans to achieve carbon neutrality in the domestic and overseas oil refining industry. A survey was
conducted with 86 experts in related fields, and the results were analyzed using the AHP approach.

The priorities for the four major indicators were ‘improvement of the management system’, ‘discovering new industries’, ‘building
a foundation for carbon neutrality’ and ‘technology development’ in that order. In the sub-indicators ‘improvement of social
acceptability was highest’ followed by ‘transparent monitoring and participation of stakeholders’ and ‘entering overseas carbon
emission business’. Policy implications were presented through this analysis.

It is necessary to achieve carbon neutrality in the oil refining industry, as it emits a lot of greenhouse gases, to achieve carbon

neutrality in Korea. It is hoped that this study can be used as basic data to achieve carbon neutrality in the oil refining industry.
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SHHMOTIE, 2021a)2 ATTHANARE thzteao|1L A
A9 o] Wasteh et BRAACIAY] AT 7
A H7KKim et al., 2021; Jin et al., 2020; Cho et al.,
2015 )4 P4 2] A A|(Lee and Park, 2019; Hur et al.
2015; Yoo et al,, 2014 5) 59] A7/} &2 AP I F
A gaF5H T Ats AY olFofAA| AUt &
ZARl RATIA ZH50] o]Fold B, ARAIEY] $27]
S AT 5 o A Ao A Al A
oo} SO BAIS 2T 2 9of(Park, 2021) AEG F
o] o]fojAof Tt} TIEfsto] & AFoME HRAA &

&3 2PPEE ZASHL FAEAE EESA S

o] A57190) e 2UHE U BY 2AS B
5 AHP A& 32 FAJ5}al Focus Groupd] HES 3
A 29 BT A2 Asield Ite 2
J\est 9 B9UA HENE os HERAE ANl
I AZEAA A 7S EE5to] olF EA5IIH

ASEA A SALE % (Analystic Hierarchy Process: AHP)
71982 o729l A2 (Multi-Criteria Decision Making) 7|
H 5 SR AHEARe H1 E= B7t 7IE0] terolH
B4R A AoHirEel dikEe] AT B] 1 (parawise
comparison)E &9 °]Fo|Zt}. o] IHFofx| HrErRe] x| 4]
7} 739, o] -2tk Saaty, 1990). AHP 7L Q17t9]
ARA| AL FARRE FEHPH O BN FAE BAS ek
T Sl SS9 B9 o]8sto] iy $8%: F= A
=5 AAHCRE Bl E(ratioscale)3} to] FFERU %
Ho] AvE A& 4 Slth= oA 11§84 It
Utk 1A% H&AR ol EFekal A A, 7SR AF
AR, MAE B4 59 25 71del ddet e HE
HE AX AHE FHS S8t FoA o]l&Fe=r
=A B7P=tH(Park, 2000).

olzet AH wiiZol AHP= FH 27 1Fgoly AHEH
TgollA] ZEA ARgsk=t] 53] 23 & oA T Fofojl
A TrFsIAl -8RI Lee et al. (20072 =712 ouA] &
9 2A7RA ] HiREe] A7 AR] AR HANSH=T] AHP
7S BEIIIL Indre et al.(2018)= A&7 AUA] 7
kS st oabaH o] o 2 AHPE &85t ovA] &
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59 SRS HAGE | Sl AHP 2417 TRS 83t A(Jung
et al,, 2020)% QItk o] Hiofl= AHP 7|He FAERP} 7|9 H
71340] A4S 9AFEHS H7l(Andre and Valenciano-Salazar,
2020), dlZe] AAIIHAl AEe] it B 9 AAS
(Ghimire and Kim, 2018) EHE 719] ofUA] F5AA4] A%
(Miciuta and Nowakowska-Grunt, 2019), Q&9] -2 ofi
A4 28] 2% (Hongbo et al,, 2009), H}EQ19] L& o7 &
Ho] o3t o]AksketA A7+ %3] H7HMaha et al., 2017)
o} go] A AAROE FEREE AR offe} ¥l
23pe] oNEY THIIME Tkl SHeECHPak,
2000).
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Q017) A 715t st st =A AT )
FAE A5 P18 AHPE -85t Kim et al.
(021) A oA e] 755t B ejae] 94
AE T=E5h7] sl AHPE Z-8513 2™ Seo and
Hwang (019 X187 <] 439 $H&E w2l
7] 913 AHPS AF&ISITh. ol AY AHPE o) @ 3
7 HoplH A 4ol wao] HEHL Yok
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7kQ4 7o) BoMuE 93 PES vhETE dEkyo R
Saaty (1980)7} AIQtet 94 =7} ARGET: Ik THAo]
Az oA A B7a 4 7He] A 7RIS S8Rt o]
o SEAY] Ao tfst L3HA(consistency ratio)S HS
sto 24 Suto] AF w2 k3t Saaty (1980) 2 Millet
and Saaty (2000)Ofl4+&= LA 0 Z 0.10~0.20 HY9] I3t
A A} Asiek o, Aol uet 0371 9
88 4= QIok= FE QJth(Park and Kim, 2011). HEAEto2
7 40) 4l priorty)S EES] SI8] ket 1ol
AE Z AEAE ERUT, BRI o8] £
FAERNE =Eck Okl A9 7125 AlSsHA ok
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sets ambition for net zero by 2050, fundamentally changing 2t} 9=9] BP= Non-Oil and Gas AFFO.2 CCUS A

organization to deliver,, T]=* ExxonMobil2] BFAET A g x5, FY71Y SKoY A, GSZE A, S-0il, &)
MEnergy & Carbon Summary ¥} Zro] 5421 477142 QI HE gAFH SRS 918 CCUS 7le/d
gasH As AT fARE A Fol 1E3ksHith = Ao Zotsleltt. CCUS 7|ed =2 sk A
U ARIAY Ede wrdshrl sl GS  Caltex A du A HESAYH iG] 2 HARA diAd=

(2021), Hyundai Oilbank (2021), S-OIL (2021)z} Z-& =
HgEE IS

=

A

(2020) B! KEA (2021)3} &2 782 AEd=o] WY

o]

Ho| = Deloitte 7R

Table 1. Hierarchy scheme for carbon neutrality in the oil refining industry
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Major indicators

Sub-indicators

Details

References

Building a
foundation for

carbon neutrality

Activation of green finance

Activation of financial support for carbon-neutral
projects that require high investment costs, such as

renewable energy facilities and greenhouse gas reduction

EU (2018), NGFS (2019),
(2020), MOE (2021), KIEP

GOK
(2021)

Tax cuts and incentives Investment in greenhouse gas reduction facilities, GOK (2020), KPA (2021), KIEP
provided Providing tax cuts and incentives for industrial LNG (2021), KDI (2021)
Improvement of reasonable systems for carbon neutrality,| GOK (2020), KPA (2021), KIEP

System improvement for

carbon neutrality

such as the carbon neutrial system, revitalization of

R&D, and encouragement of entry new industries

(2021), ExxonMobil (2021), Hyundai
Oilbank (2021)

Technology

development

Development of CCUS
technology

Development of CCUS-related technologies such as
carbon dioxide capture emitted during the hydrogen

manufacturing process

IEA (2021a), IEA (2021b), KPA
(2021), Deloitte (2020), BP (2021),
ExxonMobil (2021), GS Caltex (2021),
S-OIL (2021), Hyundai Oilbank (2021)

Conversion to low-carbon
fuel

Converting fuel from refinery to low carbon fuels
such as LNG and hydrogen from B-C oil.

IEA (2021b), KPA (2021), BP (2021),
ExxonMobil (2021), GS Caltex (2021),
S-OIL (2021), Hyundai Oilbank (2021)

Development of waste plastic
pyrolysis and non-petroleum

substitute materials

Development of non-petroleum alternative fuel
production technology such as waste plastic pyrolysis

and bio-naphtha

Deloitte (2020), BP (2021),
ExxonMobil (2021), GS Caltex (2021),
S-OIL (2021), Hyundai Oilbank (2021)

Discovering new

industries

Promotion of the renewable

energy business

Development of new industries related to renewable
energy businesses such as solar and wind power

generation.

IEA (2021a), IEA (2021b), KPA (2021),
Shell (2022), BP (2021), ExxonMobil
(2021), GS Caltex (2021), S-OIL (2021),

Entering the hydrogen

business

Infrastructure construction such as hydrogen
production and distribution through hydrogen economy
business, and installation of hydrogen car charging

stations using existing gas station infrastructure

IEA (2021b), KPA (2021), BP (2021),
ExxonMobil (2021), GS Caltex (2021),
S-OIL (2021), Hyundai Oilbank (2021)

Entering the overseas

carbon emission business

Securing carbon emission rights through external

reduction projects

GS Caltex (2021), Hyundai Oilbank
(2021)

Improvement of
the management

system

Creation of market
conditions and

carbon-neutral management

Creating market conditions for carbon neutrality and
reflecting climate change costs in management-related

decisions

KPA (2021), BP (2021), ExxonMobil
(2021), GS Caltex (2021), S-Oil
(2021), Hyundai Oilbank (2021)

Improvement of social

acceptability

Expanding social acceptability and enhancing citizens'

acceptability to expand carbon neutrality

IEA (2021b), BP (2021), ExxonMobil
(2021), GS Caltex (2021), S-Oil (2021)

Transparent monitoring and

participation of stakeholders

Establishment of an internal eco-friendly system and

external monitoring by stakeholder participation

BP (2021), ExxonMobil (2021), GS
Caltex (2021), S-Oil (2021)
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Fig. 1. Qualitative scale for pair wise comparations in the AHP
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3} 2o el Bobg Fdsin
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AEg FHo2 TASAY ARUA AR} 817, 7]
jui

E|
A AHP AES 8Fst3oH F 867o] SHSHTH
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HH 44%9] SHA} AYALE iAol HE FEEC]
Bl5l okl SHOkIT. 3] F8= 2050 Afgta &
ZZASHLEDSy = 3 EUS| ‘|A=3A =9° So=
S oliF SAHOE ESG =97t FtEHA geadd
Algjo] obd F7) H9iet. & A7) o] SHtt &
7He2 olHRt FITE Aute] MES 93 FGAILE
a3ty g9t Ao BRItk E3F ESG 4 Y

2 X Agrlo ot

= A7=0] YREJ Friede
et al.(2015)°141+= 20007 o)/d9] AF Atet of7 AF=
AEste] ESGel AT 719] Sojule JTaAt ot
= AL 99)dT) o]#st ESG7T 7149 49T d4dH
Th= Z3M= Campagna et al.(2020)91| 4= YERT). ESG
A2 HATYH AR MRS gt ANbE]l x4 ¥
S Sfa) LRt Uolr} 7190e] 2e4S AR vl
ZR3 ols7h HolT 2 A7) ABRA] e WEs}
S5 olo] o} WeAe B Ao nal

Table 2. Priority weights of major indicators

Major indicator Weight
Building a foundation for carbon neutrality 0.19
Technology development 0.16
Discovering new industries 0.21
Improvement of the management system 0.44

247y 3719 NESE TASETH ASAA
o3t BhaZe] s|ulE FEoA=

o, Alg 4 5 JAEE A5 0293 HaFTH A=
H4(0.27y0] I HE ©IATh(Table 3 H=x).
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Table 3. Priority weights of Sub-indicator 1

SH FU Uizl 87 463

Table 6. Priority weights of Sub-indicator 4

Major indicator Sub-indicator Weight Major indicator Sub-indicator Weight
Activation of green finance 0.44 Creation of market conditions and 0.23
Building a . . . carbon-neutral management '
) Tax cuts and incentives provided 0.29 Improvement of
foundation for ; N
carbon neutrality | System improvement for carbon 07 the management | Improvement of social acceptability 0.39
. : system
neutrality Y Transparent monitoring and 038

e FEAE ‘CCUS 7]&ME(0.35), ‘H=
ZAE dEo] 9 v ARA RALE (0.33), AR
A= ARH0.32) 0= YEgor AR 3= 119 7HEA]
Apol7F AA] AQkthHTable 4 Z=).

Table 4. Priority weights of Sub-indicator 2

Major indicator Sub-indicator Weight

Development of CCUS technology 0.35

Conversion to low-carbon fuel 0.32

Technology
development Development of waste plastic
pyrolysis and non-petroleum 0.33

substitute materials

QUL B FEAL Fe] warEd A A%
(048701 71 BA UEhga AR A 24
029y, %2 AFY AE(0.23)0] 1§ 0| Uek(Table §
7).

Table 5. Priority weights of Sub-indicator 3

Major indicator Sub-indicator Weight
Promotion of the renewable 0.29
energy business ’
Discovering new ] ]
. ; Entering the hydrogen business 0.23
industries
Entering the overseas carbon 0.48
emission business '

YA LT A FRANE ASH 584 Al
HHEA7E 0392 4 A Urekon, wust A%
olsluAA ol o] FHEH7k 0382 L §E 0|tk Al
g oA 24 9 Ba5Y 49 HEAE 02302 7
% WA Urehgth(Table 6 3.

participation of stakeholders

A AldF F5Y FAeHE =& A dew
F=2 7HA(A)S AR TS 7HABYE w5t
127] AEFE 7RIS AFESH AR S43
FAdE s Table 73 2. 24 23, 12719 5 o
A A 4873 AaL0.1700) 7 7HE = A UER o w
YRk A olsEARE Hed(0.1679), TH9] HavE
H ARG AE(0.1018)y0] 11 HE ©lUTt

2 AEo] Fold devkee BrdA dadd
3 A8 AA 84 Aol Mt SRSl |
k. PG oM e A&7, s54d4, =
g 50 TRAIFIZ U, 2T S0 AFE 84 I
A3 o= FAE I QUtk(Lee, 2011). o]= HF A
of 3lol &3} B, 74, et 52 WEA Sur
T A0 22 #oH 54 E3 L EofoF th(Cho et
al,, 2019)= "2 AJARITE Cho et al.(2019)0] T E2H H
g, A 9, AEE 24, A 2A4 S 22 7
AA glo] ARlA 80 L mAE F2 2Rle
E UeEH o] gol= ofet Al W2 AW, A2
AE oy EF59 75, AkaE vE AEAS F
= T ot 290l AFE 840 9L A

AreE 89S Alatsh] AsiME o=t 8.1l

S
> o St nd

r2 o

[¢]

gt olsiE Higez oAl Ho] o]FojAof it
15 8 FEE 9 ANEY] §F94E aFEkal FH
7 Ao ME TP AE Z d AR E AA
2 HEeR AlF IAE FEtojof gt o2 K
g R QAEE AT 22 FAE B AAe 285t
o A[RIES] FgA Al sfiastal A=} 84S
E°le WUt vhdsfor & Aot

= WA SAeAR FET AAI% olsjuAIA Hef
7t AR E A ol I8 49D

S fAEH=s AL 9uigith 20008t AZE 79
ESG 847} A0l 7]A7HA] 9 AA| A Aol A4
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Table 7. Summary of the evaluation criteria weight

- OME -

=
1o
2

Major indicator Sub-indicators Total weight Rank
an
[Priority Weight] (A) [Priority Weight] (B) (AxB)
Activation of green finance
0.0826 5
[0.44]
Building a foundation - N ;
. Tax cuts and incentives provided
for carbon neutrality 0.0537 8
[0.29]
[0.19]
System improvement for carbon neutrality
0.0494 12
[0.27]
Development of CCUS technology
0.0566 7
[0.35]
Conversion to low-carbon fuel
Technology development 0.0518 10
[0.32]
[0.16]
Development of waste plastic pyrolysis and
non-petroleum substitute materials 0.0524 9
[0.33]
Promotion of the renewable energy business
0.0625 6
[0.29]
Discovering new industries Entering the hydrogen business
0.0498 11
[0.21] [0.23]
Entering the overseas carbon emission business
0.1028 3
[0.48]
Creation of market conditions and
carbon-neutral management 0.1015 4
[0.23]
Improvement . o
Improvement of social acceptability
of the management system [0.39] 0.1700 1
[0.44] .
Transparent monitoring and
participation of stakeholders 0.1679 2
[0.38]

el FE € & Ath= F4ol AZIEHA ESGe =
£ ESG A% 2 74 45} =017} S = IeHGOK,
2021). AIAZRI BR719 BP= ©4a5d 245 S1g 10
A 2R ANSEA 715 B ARR 2 F
9JA|(Task Force on Climate-related Financial Disclosures;
TCFD)9] ATE WolEo] BIY F¥4S JfetArt
= Y& T HSFYUTHBP, 2020). ExxonMobilZ} Shell &
A LT U89 BES SaFY TP RS
THExxonMobil, 2021).

S S ARV GsZEAE SU o|AdA =
2 Z24Y Q=7|Ho g2 E AZdlo|dA APA|AHQ]
1S037301 U= =T FHETo| A A (complience)=
719 BYolA Wt - SHAA - WRSAE onlet
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= =8 A Aol A A S el ARt ¥AE
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& el A o 95t AP AH
Aol ﬂﬁ*ét% SHSHL o & AT FEe AlESHAT
I oA g St A9 M &4, A

B Z1lele] 9% R Bol 9L & o AEF
Hio] Washt A% old 24 U Ba3Y 4G o
A AR B SS9 AFHEGEY o)t HaF
Y FHL 991 AIA LT AHol FRAS Ak

Al Az 52 &2 A4d 352 519 gdavlE
A A ZEoltt 20199 WiEdEAHRA *FE3} &2
A0 w2 29371 719 FolA s AEARRIel 2=
g GAl= TR B9 A=A AE b
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COP26014] TFe] @} Al6z:9] o] @72 o] nteigo] uet
f99] FEso] GU FHOoE LQEE BavE
Aol EWY Aol ol dle] HauEH A
drto| HjojE Ao R 7| E th(Park, 2021). TESF 21}
o ARE A3 27k hEd FIAYe] WAEHo] A
SATA ST AFELS %ol 1% Sy}

= oS AE %Folth(Lee and Kim, 2022). o]t 4]
9 A U2 719 sie] SavEd A AEol= o7
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3 AHP 7|%< %‘f%o}@“ﬂr 19 dEF SE= 4
Skal 71 ok 72 3709 AlERE st AT 1
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Mol A 2E A, AN 2, BaFY 7|
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FENE AT B, JEAT FEoAE
‘CCUS 7147, A1) B2 FBoIHL a9 s
S48 AR JE, AIAAE TIA oA ARRE 4
|74 Aol 7 T3 Ao® YEhEt AA A&
TEO FAERNME AR A 84 AT 7 =
A vebgon, Fggt FAIeE olsiHAIRF i, el
gavEd A A2 1 FHE oStk

BHAA g4 FH 2Nt fAeH 225 59l &
ol AMA AAMEZ v 2ok A HAR &
A FAoA ALEF HhES Zo]1 AYIEQ]
HFoig o]Eo] d 4 U=E u& U FHE 53 Al

BRGNS 3ok AR 4 HAol A =R AN
.

A L LT AA 5L vgoE A% BAS I
wstelo} gtk ohgel w4 B QUIEE AF 2L 3
AF B4 RN BE3tel AVES] $AH ALS da
B3 QAL 84S ol YL ntaAsior T o]
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g2 gIet 714HQl Aot
A9l [T olelo|x S 7Alel olsuARtel

A% A e 71€oloF & Aot
g2 71919 AR P
1]

AL AA= 2021 39 2050 EFA
AT TRdA gAFE g9
2t 31915 Fof oulA] tidsky) Aeg Atz WSt 7t
oA ga2FE FAHZHFS =95 THMOTIE, 2021b).
oz Tkt A4t = FF - AH HE o|F
olof & Zlojtk. & A= AHP E42 53 FRUAY
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A 9J97F Qlct. =y A
AN olHo] Hrg=A] Bt %741% Adc}, F& A&7}
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