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ABSTRACT

Ozone-depleting substances (ODSs) have been regulated under the Montreal Protocol, leading to a phased reduction in the
consumption of chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs). However, their substitutes,
hydrofluorocarbons (HFCs), contribute significantly to greenhouse gas emissions due to their high global warming potential
(GWP). This study evaluates the effectiveness of HFC reduction policies and quantifies their impact on the reduction in HFC
consumption and emissions of products used as ODS substitutes. The results show that under the Montreal Scenario, a sharp
reduction in HCFC consumption increases reliance on HFCs, causing emissions to continue rising until 2045 due to
accumulated historical consumption. Under the Kigali Scenario, emissions peak in 2036 and begin to decline thereafter.
Nonetheless, the projected emissions in 2036 remain approximately 2.5 times the 2018 level, indicating that achieving
meaningful mitigation will require more proactive reductions beyond the Kigali schedule. Scenarios involving transitions to
low-GWP substances —such as Transition, Retirement, and Enhanced Retirement—achieve greater reductions by promoting
low-GWP alternatives and accelerating the phase-out of equipment containing high-GWP substances. Despite these
improvements, maintenance-related HFC demand from refrigerant leakage remains a major barrier to mitigation efforts. These
findings highlight the importance of expanding measures that address both new HFC consumption and maintenance-related
refrigerant use. Proactive transition to low-GWP alternatives is essential for mitigating HFC emissions. Integrating these
transitions with the early replacement of existing high-GWP equipment can further enhance mitigation effectiveness in the
ODS substitute sector.

Key words : Ozone-Depleting Substances (ODS), Hydrofluorocarbons (HFCs), Montreal Protocol, Kigali Amendment,

Greenhouse Gas Emissions, Refrigerant Management
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Table 1. HFCs phase—-down schedule under the Kigali amendment

Article 5 Parties:

Article 5 Parties:

Non-Article 5 Parties:

Non-Article 5 Parties:

Party Group 1 Group 2 Group 1 Group 2
(AS-1) (A5-2) (NA5-1) (NA5-2)
The majority of Article 5 Bahrain, India, Iran, Iraq, .
. . . L . Belarus, the Russian
Parties Kuwait, Oman, Pakistan, The majority of Non-Article 5 .
Country . . . Federation, Kazakhstan,
Qatar, Saudi Arabia, and Parties . .
. . . . Tajikistan and Uzbekistan
Including South Korea the United Arab Emirates
Average production- . Average production- .
. . Average production- . . Average production-
consumption of HFCs in 2020, . . consumption of HFCs in 2011, i .
consumption of HFCs in 2024, consumption of HFCs in 2011,
. 2021, and 2022 2012 & 2013
Baseline 2025, and 2026 2012 & 2013
plus 65% of HCFCs baseline . plus 15% of HCFCs baseline .
. K plus 65% of HCFCs baseline . ] plus 25% of HCFCs baseline
production-consumption production-consumption
2024 Freeze 2028 Freeze 2019 10% 2020 5%
HFCs 2029 10% 2032 10% 2024 40% 2025 35%
Reduction 2035 30% 2037 20% 2029 70% 2029 70%
Step 2040 50% 2042 30% 2034 80% 2034 80%
2045 80% 2047 85% 2036 85% 2036 85%

Source: UNEP (2016)
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Fig. 1. Status of HCFCs and HFCs consumption per GDP
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Table 2. Comparison of emissions between the 1996 IPCC guidelines and the 2006 IPCC guidelines

IPCC Guidelines (GL) Percentage change from
(Mill. tCOzeq) 2018 2019 2020 2021 2018 to 2021

‘96 National total emissions 732.9 705.9 661.5 690.8 -5.7%
IPCC ODS substitutes emissions 8.8 6.3 5.9 7.1 19.9%
GL (proportion) (1.2%) (0.9%) (0.9%) (1.0%)

‘06 National total emissions 783.9 759.4 713.0 741.0 -5.5%
IPCC ODS substitutes emissions 23.1 24.7 27.2 294 27 2%
GL (proportion) (3.0%) (3.3%) (3.8%) (4.0%)

Source: GIR (2025a, 2025b)
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Table 3. Summary of scenarios

Scenario | Abb. HFCs mitigation measures
Phase-down schedule adopted under the
Montreal M
Montreal protocol
L Phase-down schedule adopted under the Kigali
Kigali K
amendment
Transition T | Transition to low GWP substances
. Transition to low GWP substances +
Retirement | R . s .
Early retirement of existing equipment
Transition to low GWP substances +
Enhanced E |Enhanced early retirement of existing
equipment
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Table 4. Main assumptions for each scenario
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) Transition to low GWP substances Lifetime Leakage rate"
Uses of HFCs Scenario
Date of application GWP threshold (year) (per year)
M - -
K - - 15"
Refrigerant T 15%
R 2032 750 13
E 10
M - -
K - -
Fire protection T 20" 2%
R 2030 150
E

1) Source: IPCC (2008)
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HFC,_, + (HCFG, — HCFC, _,) @ 7]ZF(K) AHEL
o G T HPGyy ¢ < 2030

o — HCFC, = HCF Gy MOTIE (2023)°] F’E4EZ(HFCH)Q] A 9 4]
t F 71T 5 51,9 VS 712 A9 7
e, x 2P . 12030 o o o
1" GDP, F5(Table 1 F10)0f| 93 HCFCsQ} HFCs2| 4]
(1 % 18H 7|Egeoltt. & AtoA= HFCs7F A%

o]7]4] HCFCs AH|HFS EEHE 7|&£TEHE 9v|st
t}. HCFCs: 2013@X-E 7H&o] AJ&E|o], 20153 =
10%, 2020¥0]= 35%, 2025 0)|= 67.5%2 HAUAo g2
Fastd, 2030d0]= A¥ 2 Aot HCFCs 7|&%t
T UNEP (2024)0] 4] H#3F HCFCs A-H] A% o]
g& JHA 9 AHESZ F&oto] AEE, 570
9] 7|&ee Ay BEHS B AXHE K Table

Table 5. HCFCs Quota under the Montreal protocol
in South Korea

Year 2013 2015 2020 2025 | 2030
Reduction rate
- 10.0% 35.0% | 67.5% | 100%
compared to 2013
HCFCs Quota , . .
38,649Y | 41,634" | 30,281" | 12,559 | 0
(KtCO,eq)

1) These actual statistical figures are sourced from UNEP (2024)

HCFCs7} A =& 2030\ 7FA| &= HCFCso| 4] HFCsZ
o] 4] Hdgha3 85kl 2030 ©]Fo)= GIR (2024c)
oM ATt S A2 GDP (Table 6) &
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o &, 2EZEM) Al oAM= 8 B 28 YA
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Table 6. GDP projection under the median scenario
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7122(K) Al42 29 HFCs $4H|FS Table 79|
HFCs 7|&3=2 1AL, A5 B4()9] Yal
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Zs5hdA GWP B4 A A $35 (¢, )2 Ak 5
A garg BE5E, WEE 2, ) 712
At FEERL 80% (2=0.8) YR TUT 5= YTE A
gt} RAESET AlFgo] FEEHE Yu &9
HFCs 28| G B4 53-8 A 9]5tal A8 5%
(1—7") C)ut FAe T, HAste A7 S0 §4
BEg £ g8 HF 2HH(,, )2 EETTHA ().

N
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(Unit: Trillion KRW)

Year 2030 2031 2032 2033 2034 2035 2036 2037
GDP 2,537 2,574 2,609 2,644 2,678 2,709 2,739 2,767
Year 2038 2039 2040 2041 2042 2043 2044 2045
GDP 2,794 2,819 2,841 2,861 2,879 2,896 2,912 2,926
Source: GIR (2024c)
5) 7Ieded BEYE AAA 2 7129 AMFAY A5 Aol wet ARt £ 9vl
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Table 7. HFCs Quota under the Kigali amendment in South Korea
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(Unit: KtCOseq)

Year 2024 2029 2035 2040 2045
Total Quota® (A) 82,198 73,960 57,532 41,090 16,429
Reduction rate compared to baseline 10% 30% 50% 80%
HCFCs Quota (B) 14,423 1,539 - -
HFCs Quota (A-B) 67,776 72,421 57,532 41,090 16,429
1) Source: MOTIE (2023)
e ESUHE Q). AESE o 3 W2 @ e (e ey LT2024
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Table 9= HEEZ&(M) AU 29] HFCs 7|& 4B
A 235 AAISEL Aek. HCFCs7F AHZA 0 g w7 5]
&= 2030 o|A7}R] HCFCs AH] ZHATHO] oF = Hj7}
HFCs &.H]%}ZOE A= Aoz vehgtt o]o] gt
HFCs AH|&2 A 5.5% =715199 31, HCFCs 9 o]
o= 37t #57} T8=o] AHH 0.9%9] BHES B
d AR EA=HU

AGE ZEZHEM) AU 9] AB[FE 7124 (K)
Al e tiH] 2035\ 9F 24l 20453 2F 8HY o] T
g9 Ao E yEyton, Algto] xdo] wet 1 ARt
A g Zo® Helth ol Axt: 714y 5
SRS 24517 fldiAe diEAQ 48HASE go]
89k AlARRITE

Fig. 2= AZHT) AUg 9] AHgF A yUehdh
IGWP B4 A% HFS §FFe AKT) Al oA
9] AH|EFE ZEYEM) AH[Fo] H[s| Fastlon,
A4 molo] AJAHE 2032¢-E A|QSHH o3| 714 7]
T T E 25t AoE UEHH

ZEZEM) AV et Hlu S uf, HZKHT) Alute]
Q9] &AM ZH&E AAHL 20253 0.997 Eof A 20454
58190 E7pX] Z715F9icE 2025EHE IGWP &4

Argol ARtE]7] Al&HE 2032 71A] HFCs AH|F2 &
B 3.8% AAaF o, ol A Lt LA Add

i<}

Table 8. Comparison of tier-based approaches for HFC emissions

Emission-Factor Approach (a)

Mass-Balance Approach (b)

* Data on chemical sales by application

» Data on chemical sales by application

Tier 1 o oo * Data on historic and current equipment sales adjusted for
* Emission factors by application . L
import/export by application
. L * Data on chemical sales by sub-application
. * Data on chemical sales and usage pattern by sub-application . ) )
Tier 2 * Data on historic and current equipment sales adjusted for

* Emission factors by sub-application

import/export by sub-application

Source: IPCC (2008)

Table 9. Comparison of projected HFCs consumption between Montreal and Kigali scenarios in South Korea

S . HFCs Consumption (Mill. COeq) Average annual growth rate
cenario
2025 2030 2035 2040 2045 ’22-30 ’31-°45
Montreal 84.7 109.8 117.2 123.0 126.6 5.5% 0.9%
Kigali 67.9 70.9 57.5 41.1 16.4 -0.1% -9.7%
6) —éiﬂ % *3&%” FAFNA FEFH W71FS AT 2HFE gujste, FeAr WEASY FHE F HWiEAsE 25 06
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Fig. 3. HFCs consumption share for maintenance and manufacture by scenarios
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Appendix 1. Projected emissions of product uses as ODS substitutes

(Unit: Million tCO»eq)

Scenario Use of HFCs 2018" 2021" Projection
2025 2030 2035 2040 2045
Total 23.1 29.4 44.5 65.4 85.2 98.3 108.5
Montreal Refrigerant 214 26.8 39.9 57.0 68.4 76.8 81.2
M) Fire Protection 1.1 1.7 2.8 4.7 11.4 14.4 19.4
Others 0.6 0.9 1.9 3.7 5.4 7.0 8.0
Total 23.1 29.4 41.1 50.1 56.3 53.1 44.1
Kigali Refrigerant 21.4 26.8 36.8 43.1 42.5 37.2 254
(K) Fire Protection 1.1 1.7 2.8 4.6 10.8 12.8 16.1
Others 0.6 0.9 1.5 2.3 3.0 3.1 2.6
Total 23.1 29.4 44.7 63.7 71.0 76.0 76.4
Transition Refrigerant 21.4 26.8 39.9 55.9 56.8 59.2 57.0
(T) Fire Protection 1.1 1.7 2.8 3.9 8.6 9.7 113
Others 0.6 0.9 2.0 3.9 5.6 7.0 8.1
Total 23.1 29.4 44.5 63.4 70.0 73.0 73.6
Retirement Refrigerant 214 26.8 39.7 55.6 55.8 56.2 54.2
(R) Fire Protection 1.1 1.7 2.8 3.9 8.6 9.7 11.3
Others 0.6 0.9 2.0 3.9 5.6 7.0 8.1
Total 23.1 29.4 442 62.4 67.0 67.6 69.6
Enhanced Refrigerant 21.4 26.8 394 54.6 52.8 50.8 50.2
(E) Fire Protection 1.1 1.7 2.8 3.9 8.6 9.7 11.3
Others 0.6 0.9 2.0 3.9 5.6 7.0 8.1

1) Source: GIR (2025a)
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