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Abstract — The certification performance issued through an external business is sold to companies subject to the
emission trading system allocation, and the company subject to the allocation can secure the quota by converting the
purchased external business certification performance into offset credits. In this methodology, when fossil fuels that used
existing oil boilers (by oil type) were replaced with boilers using propane gas with a relatively low carbon content, the
amount of carbon dioxide emission reduction by oil type was recognized. As an initial analysis to make up for the
insufficient quota of large corporations, the amount of carbon reduction emissions and emission rights trading was
calculated.
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Table 1. Priority selection of oil boiler replacement

222, 24 JIA HIET (Y HY

A 7128} AR A 2227 AAES Yoz o] 794
oA o 7)E5-& AHESREA] A ARSI SIS f5 AR
Zo] B2 7|QAE FHCE MEES FRlsta 2V uE 5
238wkl 7 71 B2 dA) oA A fg T4
o2 A A F1 GAlolm 7|Eol wAF FJA} 135S A7t
AR g0 & gl ARalE BE AYS & 5ol o
73Tt 27~ wlEH A 0] e S flslix
NAA 5 14319 AAS DA Bde FAS HEs o A
719 E) AHE A8 BAARS 25(C9Y 364 HE S AR BY
g g 1A 1.5% 4t)= LPGE HUZ wAsle] 7 AHE-, 74
715 4470 A T 270 QAIE A WSl e AREAE A |
% Hi-Sene ®.Y ] F-AE W v]-9-g} HP AR Fol 7FAB
WA F LPG 71~ AHE, TR = 7194 1083 TollA 6230
AR sl o 7% 3322 kAR de 2 wA Hduk B 119
Hes v 38 5E0R A 2% C9F AR 3uk 53 2lE /2,
A 34 wER A 28 AL A8 o] AAS AN 373H
e/ ARG AS 7148 AT LPG 7HAS FEekal WEA
F 2 By A 4E YA-CH 59 2E /L AU E A
LPG 7} 2535k, T3 8871 7194 Foll 2871 714415 417
HHESI 11 1500 4300] 7Bl 7IAE A7 AES 3 A
AzY w5 A3 18 3E 2t) AFE A8 BAAERE)
(C9) 47 YE)/D AHE 5 LPG 7HAR mAlsto] AR Fo)m okE
AL A ' FA 135 (Hi-sene) AFE 5 HYe] Atz A w A
FAH B #AF 155 41 18 10 A BAAARH23F) 3
Wk e/ AFSQAE LPGZIAE I A5FE o1 ofak A A
At AP 158 AR AR FARAER(12) 37 53 FE L
AME F LPGE oA F AR hdA] AAIA Rde] w5 Adn
o] YA-C 45 2E| 2 AME F 72U RE 1A - LPG AR, A
M A =5 3E Bde o] A 3uk g2 A ey
LPGE M35, deEs 7|04 238 FollA] 13& A3 v
3o Z|Al =5 38, =5 108 KU AL F A8 T o]
A 49 282 ARgsld o 7k Aa R de WA ¥ LPG 7EAS
AREERAL QUTh A= 1999 92.9(MaHoe)E A1 2HO 2 ARk

Selection Criteria® Contents
1 Companies that want to replace old oil boilers with gas boilers
2 Companies operating boilers larger than the capacity required for production
3 Companies that use a lot and emit a lot of greenhouse gases

9The selection criteria should both be subject to external project approval in accordance with the “Guidelines for External Project Feasibility Assessment and

Reduction Certification”.

Table 2. Korea petroleum association statistics domestic consumption trend by petroleum product (2020) (Unit: thousand bbl (barrel))

Type of oil 2013 2014 2015 2016 2017 2018 2019
kerosene 18,816 15,429 16,227 19,060 19,006 18,875 17,127
diesel 143,020 144,840 156,367 166,561 168,862 167,039 171,795
B-A 1,683 1,451 1,569 1,642 1,574 1,467 1,617
B-B 897 723 787 840 722 634 431
B-C 43,786 31,094 35,996 45,000 33,522 31,620 21,949
propane 37,481 35,704 41,899 60,574 60,911 63,735 77,585
Recycled oil 3,230 4,997 5,711 6,436 4,567 5,904 6,386
Hi-Sene, C9* 2,227 2,215 2,425 2,531 1,728 1,604 1,551
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Table 3. Calculation method : Based on fossil fuel consumption after project

Sign Signification Unit
BE, Baseline Emissions of y year tCO,-eq/year
FCpy, Post-Business Fossil Fuel Consumption of y year kg, L, Nm®/year
NCVigpy The net calorific value of fossil fuels used after business MJ/kg, L, Nm?
EFggconpL CO, Emission factors of baseline fossil fuel tCO,/T]

# Appropriate measurement units and unit conversion factors are applied according to the size of the external project, but the final emission is calculated as
tons of carbon dioxide equivalent (tCO,-eq).

Table 4. Business Emissions (PE,)

Sign Signification Unit
PE, Business Emissions of y year tCO,-eq/year
FCpy, Post-Business Fossil Fuel Consumption of y year kg, L, Nm?/year
NCVigpy The net calorific value of fossil fuels used atter business MlJ/kg, L, Nm?
EFpgconps CO, Emission factors of baseline fossil fuel tCO,/TJ
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Table 6. Monitoring procedure

No. Category
1 Fuel j usage in process i for year y in the baseline scenario
2 The net calorific value of baseline fossil fuel j Coefticient
3 The CO, emission factor for baseline fossil fuel j Coefficient
4 Thermal energy production amount or consumption amount in the process i in the baseline scenario
5 Post-business fossil fuel consumption of y year
6 The net calorific value of fossil fuels used after business Coefficient
7 The CO, emission factor of fossil fuels used after the project Coefticient
8 Thermal energy production amount or consumption amount according to business activities of y year

Table 7. Country-specific calorific value and emission factor by fuel (Enforcement Rule of the Energy Act)

Coal fuel Calorific value Cco,
Total Calorific value Net Calorific value Unit (kgCO,/TT)
Bunker-A 39 36.4 MIJ/L 75,700
Bunker-B 40.5 38 MIJ/L 78,400
Bunker-C 41.7 39.2 MIJ/L 80,300
Diesel 37.8 352 MIJ/L 73,200
Kerosene 36.7 342 MJ/L 73,200
Hi-sene 37.1 36.6 MJ/L 73,500
Co* 39.9 37.7 MIJ/L 79,600
Recycled oil 42.77 40.2 MI/L 73,300
Propane 50.4 46.3 MJ/Kg 64,600
kel B NE ol ME AR E A ste] o fES
A} YehATE 57k 1 A% 26, AEFS MED HH0R BT Az iEA Foe
2,925,000 0% Ak w109 Tl = 28 Al 4 7S Y o
3-1-3. 714 ARG A5 247k wjE T W e vz el N ZH7F 1170 ton 7HFE] 3L O] 29,250,0009) 0.7 SHikeITE
7 21 i
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2L APFskE 2olet. Z AR 71 ERE F 259 A F 22270 AE FEEE
BE, = FCpy, % NCVppps < EFrrconn. @) %fv 3 A mde Alds ﬁ{"ﬁ‘ﬁ‘}?ﬁﬁﬁ 71%—°ﬂfi _ﬂii
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o]F EthE A $-9 1d Ht AR 360,000 L, A7 I AR AA oSt A MERS R VERdeE
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e 068 ton® % AZF 3L, A4 WIEFE o] 4 R AN, Ae B AHE A o rsRE AHY o] MlESH 7182
851 ton® & 7FE#S 117 tonS &2 FAEL). Bunker-C, F-4 23 -7-(C9"), 2 (Recycled oil), 7 -A, F44 1
PEy =FCp; X NCVippy % EFpp con 1. 5) - (Hi-sene), 3-(Diesel ), 5 (Kerosene)Z 74 A FolA S2F

Table 8. When using by-product fuel oil No. 1 (Hi-sean) 360,000 L/year
By-product fuel No.1 (Hi-sene) -> LPG
1. Baseline(before conversion) GHG emissions (Hi-sene)

Average annual usage (L) net calorific value emission factor emissions amount (tCO,)
360,000 36.6 73,500 968
2. Estimated GHG emissions after conversion (LPG)
Average annual usage (kg) net calorific value emission factor emissions amount (tCO,)
284,578 46.3 64,600 851
3. Estimated annual greenhouse gas emission reduction and price
Reduction amount (tCO,) Emission permit price (ton/won) Amount of allowances per year (won)
117 25,000 2,925,000
4. Certification period (10 years) GHG reduction amount and amount
Reduction amount (tCO,) Emission permit price (ton/won) Amount of Emission Permits for 10 Years (won)
1,170 25,000 29,250,000

Korean Chem. Eng. Res., Vol. 60, No. 4, November, 2022



482

A

el A - vy

Table 9. When using by-product fuel oil No. 2 (C-9%) 360,000 L/year

By-product fuel No.2 (C-97) > LPG

1. Baseline(before conversion) GHG emissions (Hi-sene)

Average annual usage (L) net calorific value emission factor emissions amount (tCO,)
360,000 37.7 79,600 1080
2. Estimated GHG emissions after conversion (LPG)
Average annual usage (kg) net calorific value emission factor emissions amount (tCO,)
293,283 46.3 64,600 877
3. Estimated annual greenhouse gas emission reduction and price
Reduction amount (tCO,) Emission permit price (ton/won) Amount of allowances per year (won)
203 25,000 5,075,000
4. Certification period (10 years) GHG reduction amount and amount
Reduction amount (tCO,) Emission permit price (ton/won) Amount of Emission Permits for 10 Years (won)
2,030 25,000 50,750,000

Table 10. When using bunker-A 360,000 L/year

Bunker-A -> LPG

1. Baseline(before conversion) GHG emissions (Hi-sene)

Average annual usage (L) net calorific value emission factor emissions amount (tCO,)
360,000 36.4 75,700 992
2. Estimated GHG emissions after conversion (LPG)
Average annual usage (kg) net calorific value emission factor emissions amount (tCO,)
283,024 46.3 64,600 847
3. Estimated annual greenhouse gas emission reduction and price
Reduction amount (tCO,) Emission permit price (ton/won) Amount of allowances per year (won)
145 25,000 3,625,000
4. Certification period (10 years) GHG reduction amount and amount
Reduction amount (tCO,) Emission permit price (ton/won) Amount of Emission Permits for 10 Years (won)
1,450 25,000 36,250,000

Table 11. When using bunker-C 360,000 L/year

Bunker-C -> LPG
1. Baseline(before conversion) GHG emissions (Hi-sene)
Average annual usage (L) net calorific value emission factor emissions amount (tCO,)
360,000 39.2 80,300 1133
2. Estimated GHG emissions after conversion (LPG)
Average annual usage (kg) net calorific value emission factor emissions amount (tCO,)
304,795 46.3 64,600 912
3. Estimated annual greenhouse gas emission reduction and price
Reduction amount (tCO,) Emission permit price (ton/won) Amount of allowances per year (won)
221 25,000 5,525,000
4. Certification period (10 years) GHG reduction amount and amount
Reduction amount (tCO,) Emission permit price (ton/won) Amount of Emission Permits for 10 Years (won)
2,210 25,000 55,250,000

Table 12. Waste derived fuels (when using recycled oil 360,000 L/year)

Recycled oil > LPG

1. Baseline(before conversion) GHG emissions (Hi-sene)

Average annual usage (L) net calorific value emission factor emissions amount (tCO,)
360,000 40.2 73,300 1,061
2. Estimated GHG emissions after conversion (LPG)
Average annual usage (kg) net calorific value emission factor emissions amount (tCO,)
312,570 46.3 64,600 935
3. Estimated annual greenhouse gas emission reduction and price
Reduction amount (tCO,) Emission permit price (ton/won) Amount of allowances per year (won)
126 25,000 3,150,000
4. Certification period (10 years) GHG reduction amount and amount
Reduction amount (tCO,) Emission permit price (ton/won) Amount of Emission Permits for 10 Years (won)
1,260 25,000 31,500,000
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Table 13. When using boiler kerosene 360,000 L/year

Kerosene > LPG

1. Baseline(before conversion) GHG emissions (Hi-sene)

Average annual usage (L) net calorific value
360,000 342

emission factor emissions amount (tCO,)
73,200 901

2. Estimated GHG emissions after conversion (LPG)

Average annual usage (kg) net calorific value

emission factor emissions amount (tCO,)

265,918 46.3 64,600 795
3. Estimated annual greenhouse gas emission reduction and price
Reduction amount (tCO,) Emission permit price (ton/won) Amount of allowances per year (won)
106 25,000 2,650,000
4. Certification period (10 years) GHG reduction amount and amount
Reduction amount (tCO,) Emission permit price (ton/won) Amount of Emission Permits for 10 Years (won)
1,060 25,000 26,500,000

Table 14. When using diesel 360,000 L/year

Diesel -=> LPG

1. Baseline(before conversion) GHG emissions (Hi-sene)

Average annual usage (L) net calorific value
360,000 352

emission factor emissions amount (tCO,)
73,200 928

2. Estimated GHG emissions after conversion (LPG)

Average annual usage (kg) net calorific value
273,693 46.3

emission factor emissions amount (tCO,)
64,600 819

3. Estimated annual greenhouse gas emission reduction and price

Reduction amount (tCO,) Emission permit price (ton/won) Amount of allowances per year (won)
109 25,000 2,725,000
4. Certification period (10 years) GHG reduction amount and amount
Reduction amount (tCO,) Emission permit price (ton/won) Amount of Emission Permits for 10 Years (won)
1,090 25,000 27,250,000
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Table 15. The amount of greenhouse gas emissions during boiler
combustion according to the type of oil (360,000 L/Year)

Ficld GHG emissions Percentage
(1COseq/y1) (%)
Bunker-A 992 14.04
Bunker-C 1,133 16.04
Diesel 928 13.14
Kerosene 901 12.75
Hi-sene 968 13.71
Cco* 1,080 15.30
recycled oil 1,061 15.02
Total 7,063 100%
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Table 16. Amount and percentage of carbon dioxide generated from
boilers by oil type

Ficld GHG emissions Percentage
(tCOseqfyr) (%)
c9* 37,872 35.20
Bunker-C 27,030 25.12
Hi-sene 13,020 12.10
Kerosene 11,056 10.28
recycled oil 10,637 9.88
Diesel 4,030 3.75
Bunker-A 3,954 3.67
Total 107,599 100%

Diesel, 3.75%

Kerosene, 10.28%

Fig. 1. The amount of carbon dioxide emitted by industrial boilers.

Korean Chem. Eng. Res., Vol. 60, No. 4, November, 2022

Uy

o

H]3j| zo} AREA HE|ho 2 7] oA ARE-SE Zl o ® usiRith
W 7]-B(Bunker-B)yS AHE-3h= AAI(1714)7F 1'd ARE-SS 120,000 L
2 o Qdtoll= EgE1A] gkt

2020 E=rellux] 3t 718 RY AXEF A5 E HES Ay
relg] A7) 715 % 7,520 2(0.8 B o), AH Be]
3,7934], (7 A, B, C) B 1,846tl, 5 2L 798t
FAAE 385Th, G928t SAIEE, A%k A&k Al9]) 7000)7F
AAE QU1 71930 AHE AR5l 2471 wlEs 2 gl
A AW FAE ARl Bk

O A A7 5L 700 x 126 = = 88,200 =/3 wiEH
F94(2,205,000,000 )
A A7 715 385 % 203 & = 78,155 =/ wjE
F(1,953,875,000 €)

@ A LTI EFE 3793 x 109 = = 413437 =13 wiEH
F94(10,335,925,000 )

@ FFr LA7FA 2ETES 1846 x 221 & = 407,966 =/ wiEA
F941(10,199,150,000 )

® SH LA7kA FETES 798 < 106 = = 84,588 =/ W&
29(2,114,700,000 )

1'd 7227k F 7HEE2(1,072,346 /) 2ol m] Ho
© 226,808,650 Hd) o]t

Aol o] 247k 35S aHA] 3l vllE S8 |1l
D71 EEES oA 753 @=ks vl 7) Bl8o=
FTEE ARt FAa7199] oisheka wiEFe] U VS RYHE
227} v &) AL LPG (C3Hy) 7HARde] mAsh= A4
FAnlg- 0= gk ZIRI7EE AElastofof gtk Sul7kAd A 9h
SAke] AAd oz FRIF T 22471 wlEA A A A
T9) FREAL gAnE = iEEAEACH) R E AF
OldgAelA gavjEdl 7S A5ske] LPG 52 37
A5E Adksto] L7k F5Hekarat o] 319 2 F2jo]ekal
B olrh6]. B EE S 247k wiEA A ] Ha o]s 2
BRG] AR 7199 AR R Fash @) APitoln] a4
192 247k A5l slfdahe e A Sods A= Al
a wollol] FAlekal &A7EA 5 ARl ol AEE
AE FFARTeITH12].
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> N

5.4 B

A A SholluA] el 55¥ 7ERYE TR e ®
Ase A9 1d A7 A F 720 1,072,346 B4 o|H] W&
AAY N0 2 26,808,650,000 Y/ AHEE T o= wjEAA
A FAAEEA olEE T o QA N719)2] w4 mlE=F
E ExAel & B8] F sloln] FA47|YS Adn|e Halow
oz Aoz et AAY gyl B2 344 SHollA] AL
wslol] el F oJehs FYrh= o|u|A|E AA E Floltt FA)
oA AHEsH= 715 Rd e ARl = 10 el Ao 30
W 7p7to] AAE Z% Qlek. dA] Ak = R alEs A
B35k A gkA el HdEs 7] Aak 7kan e oin] o|akslek
25 31.4% A7 AT B3 A7) kA 1S A g5te]



AZ A ARIS R 247k EEAUA A= 24 485

F A3 10%017 9] odn] doky} 8 AsjEd wjE= =AY
SAA oet wiEdTt. o] g ARdel iRtk ¥ w2 S
Fol At vhaths dAls 7H 5 ISITh BERE gl A
whof] 554 282 0.8 olake] AtE AFYAEe] 715 R A
o 17+ 2] WiEAA Al G Aol 23 A4 skt =
U] o)ikslekA 742 A7) Bxio) Arkek 33sk Ao vy gl

Hrle okt v ey
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