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Background
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DEVELOPMENT & 
GROWTH OF 

COOLING
 Improved the quality of life

 The expansion of low-carbon cooling  
will play an essential role in achieving 
the UN SDGs.
• No poverty (1)
• Zero hunger (2)
• Good health & well-being (3)
• Affordable & clean energy (7)
• Sustainable cities & communities (11)
• Responsible consumption & 

production (12)
• Climate action (13)

International efforts have been made to solve these problems 
under several international agreements.

 Refrigerants generated serious 
global environmental problems.
• High ODP → ozone deple on
• High GWP → global warming



Objective & Methods

5

Importance of 
international 
agreements

 International agreements can stimulate national low-carbon cooling policy, and ultimately can 
contribute to achieving the global climate goals.
• Setting targets that each Party has to meet
• Providing financial support to developing countries

 Given that the global demand for cooling is expected to triple and the direct and indirect GHG 
emissions from cooling are expected to increase by 90% by 2050 (UNEP and IEA, 2020), 
international efforts for low-carbon cooling should be continued.

Objective
 To examine evolution of regulating refrigerants to decarbonize cooling sector under the 

international agreements

 To explore ozone protection and climate benefits of the international agreements

Methods

 Literature review

 Comparison of several amendments to the Montreal Protocol to examine evolution of 
international refrigerant regulation

 Description of production and consumption data of controlled substances
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Key International Agreements
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International Ozone Regime

International Climate Change Regime

1985 
Vienna 

Convention

1992
United Nations 

Framework 
Convention on 
Climate Change

1997 
Kyoto 

Protocol
(HFCs)

1987 
Montreal 
Protocol
(CFCs & 
Halons)

1997 
Montreal 

Amendment

2015 
Paris 

Agreement

2016 
Kigali 

Amendment
(HFCs)

1990
London 

Amendment

1992
Copenhagen 
Amendment 

(HCFCs)

1999 
Beijing 

Amendment

2012
Doha 

Amendment



Vienna Convention
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• CFCs production has 
increased significantly.

• Scientists began to warn 
their potential harm.

• World Plan of Action on the 
Ozone Layer (1977)

• Ad Hoc Working Group of Legal 
and Technical Experts (1981)

• Adopted in March 1985 
• Entered into force in 

September 1988

• Became the first multilateral 
environmental agreement 
ratified by all Parties involved

1960s-1970s

Issues
raised

1977 & 1981

UNEP’s 
action

1985 & 1988

Vienna 
Convention

2009

Universal 
ratification

Objective  To protect human health and the environment against adverse effects resulting or likely to result from 
human activities which modify or are likely to modify the ozone layer

Decision

 Set common principles for preventing ozone depletion
• To cooperate in conducting research, monitoring, and observations of the ozone layer modification
• To adopt appropriate measures to protect the ozone layer
• To formulate agreed measures, procedures and standards for the implementation of this Convention

 Listed five categories of chemical substances thought to have the potential to modify the ozone layer: 
carbon substances, nitrogen substances, chlorine substances, bromine substances, hydrogen substances



Montreal Protocol
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Adoption

 Discovery of a recurring huge hole in the ozone layer over 
Antarctica (May 1985)

 The widespread concern about the ozone hole led the states 
to agree on reducing use of ozone depleting substances.

 Adopted in September 1987 and entered into force in 
January 1989 

 Universal ratification in 2009

Obligation

 All Parties must phase out the production and 
consumption of the eight controlled substances (CFCs and 
halons): CFCl3 (CFC-11), CF2Cl2 (CFC-12), C2F3Cl3 (CFC-113), 
C2F4Cl2 (CFC-114), C2F5Cl (CFC-115), CF2BrCl (halon-1211), 
CF3Br (halon-1301), and C2F4Br2 (halon-2402).

 Allows different phase-out timing for developed countries 
and Article 5 countries

 Prohibits the import and export of controlled substance 
with non-Parties

 All Parties must disclose statistical data on its annual 
production, imports and exports of the controlled 
substances.

Developed Article 5

CFCs Reduce to 80% of 1986 levels 
by 1994, to 50% by 1999

May be increased up to 10% 
based on the 1986 levels   

by 1994, 15% by 1999Halons Maintain 1986 levels

Flexible & supportive mechanism

 The controlled substances and control measures can be 
adjusted based on the scientific, environmental, technical, 
and economic assessment and review.

 Financial and technical assistances

 Reporting requirements as a compliance monitoring 
mechanism instead of punishing mechanism for non-
compliance



Amendments to the Montreal Agreement
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• Added 12 substances
• Strengthened phase-

out requirements for 
CFCs and halons

• Established the 
Multilateral Fund

• Added 75 substances
• Tightened phase-out 

schedule of the existing 
controlled substances

• Set phase-out 
requirements for HCFCs

• Introduced import & 
export licensing

• Prohibited the trade of 
methyl bromide

• Added 1 substance
• Prohibited the trade of 

HCFCs and 
bromochloromethane

1990

London

1992

Copenhagen

1997

Montreal

2016

Kigali

1999

Beijing

Response to the Montreal Protocol

 Using other substances, including HCFCs, as 
alternative refrigerants to CFCs

 Lower ODPs than CFCs and halons, but still 
have negative effects on the ozone layer

International response

 6 adjustments and 5 amendments to the Montreal 
Protocol
• Extended controlled substances
• Enhanced control measures and support mechanism

• Added 18 
substances (HFCs)

• Considered both 
ODP and GWP



Kigali Amendment to the Montreal Protocol (1)
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HFCsLow ODP

High GWP

 It is unreasonable to separate ozone protection and climate change, as many ozone depleting substances emitted 
in the atmosphere during the last eight decades have been contributing to global warming.

 It is not true that the scopes of the Vienna Convention and the Montreal Protocol are limited to protecting the 
ozone layer only. 
• In the Vienna Convention, adverse effects resulting from modifying the ozone layer include climate change 

(Article 1.2).
• The Vienna Convention recognizes interrelationship between the ozone layer and climate change (Annex I: 1(b)).

• Low ODP close to 0 → 
negligible effect on 
ozone depletion

• High GWP (53-14,800)

• Increasing HFCs emissions are 
expected to add up to 0.5℃ of 
additional global warming by 2100 
without regulation.

HFCs regulation under the Montreal Protocol?



Kigali Amendment to the Montreal Protocol (2)
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Adoption
 Adopted in October 2016 and entered into force in January 2019. 

 Ratification: 130 Parties out of 198

Revisions

 Added 18 HFCs as controlled substances:
• Developed countries: reduce by 85% from the baseline values by January 2036
• Article 5 countries: reduce by 80-85% from the baseline values by 2047
• The trade of HFCs is banned.

 The list of controlled substances contains the 100-year GWPs of selected controlled substances: 5 
CFCs, 8 HCFCs, and 18 HFCs.

 Production and consumption levels of HCFCs and HFCs are expressed in CO2 equivalent instead of 
metric tonnes.

Energy 
efficiency of 

cooling sector

 The Parties have extensively developed discussion about energy efficiency in the cooling sector at 
the several MOPs since the adoption of the Kigali Amendment.
• MOP28 (2016): Requested the Technology and Economic Assessment Panel to review EE 

opportunities in the cooling sector
• MOP29 (2017): Requested the Technology and Economic Assessment Panel to provide an 

overview of the activities and funding of other institutions for enhancing EE in the cooling sector 
• MOP30 (2018): Requested the Executive Committee of the Multilateral Fund to identify and 

support energy efficiency improvement of Article 5 countries



Extension of Controlled Substances
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Annex A, Group I (CFCs) 5 5 5 5 5 5
Annex A, Group II (Halons) 3 3 3 3 3 3

Annex B, Group I
(Other fully halogenated 
CFCs)

10 10 10 10 10

Annex B, Group II
(Carbon tetrachloride) 1 1 1 1 1

Annex B, Group IIII
(Methyl chloroform) 1 1 1 1 1

Annex C, Group I (HCFCs) 40 40 40 40
Annex C, Group II (HBFCs) 34 34 34 34
Annex C, Group IIII
(Bromochloromethane) 1 1

Annex E, Group I
(Methyl bromide) 1 1 1 1

Annex F (HFCs) 18
Total 8 20 95 95 96 114

Montreal 
Protocol

London
Amendment

Copenhagen
Amendment

Montreal
Amendment

Kigali
Amendment

Beijing
Amendment



Phase-out Schedules

14

0

20

40

60

80

100

CFCs Non-Article 5 CFCs Article 5 Halons Non-Article 5 Halons Article 5

0

20

40

60

80

100

Ja
n-

89

Ja
n-

91

Ja
n-

93

Ja
n-

95

Ja
n-

97

Ja
n-

99

Ja
n-

01

Ja
n-

03

Ja
n-

05

Ja
n-

07

Ja
n-

09

Ja
n-

11

Ja
n-

13

Ja
n-

15

Ja
n-

17

Ja
n-

19

Ja
n-

21

Ja
n-

23

Ja
n-

25

Ja
n-

27

Ja
n-

29

HCFCs prod Non-Article 5 HCFCs prod Article 5
HCFCs cons Non-Article 5 HCFCs cons Article 5

0

20

40

60

80

100

CFCs Non-Article 5 CFCs Article 5 CTC Non-Article 5
CTC Article 5 TCA Non-Article 5 TCA Article 5

0

20

40

60

80

100

HBFCs Non Article 5 HBFCs Article 5 BCM Non-Article 5 BCM Article 5

Annex A Annex B

Annex C –
Group I

Annex C –
Group II & III



Phase-out Schedules

15

0

10

20

30

40

50

60

70

80

90

100

MB Non-Article 5 MB Article 5

0

10

20

30

40

50

60

70

80

90

100

Ja
n-

13

Ja
n-

15

Ja
n-

17

Ja
n-

19

Ja
n-

21

Ja
n-

23

Ja
n-

25

Ja
n-

27

Ja
n-

29

Ja
n-

31

Ja
n-

33

Ja
n-

35

Ja
n-

37

Ja
n-

39

Ja
n-

41

Ja
n-

43

Ja
n-

45

Ja
n-

47

Non-Article 5 (BLR, KAZ, RUS, TJK, UZB) Non-Article 5 (others)

Article 5 (Group 1) Article 5 (Group 2)

Annex E

Annex F –
HFCs



Kyoto Protocol & Paris Agreement
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Kyoto Protocol (1997)

 Adopted in December 1997 and entered into force in 
February 2005

 Set binding restrictions on the GHG emissions:
• Listed six GHG categories: CO2, Methane (CH4), Nitrous 

oxide (N2O), HFCs, Perfluorocarbons (PFCs), and Sulphur 
hexafluoride (SF6) 

• Set the mandatory emissions reduction targets for 
individual 37 developed countries but did not impose 
binding obligations to developing countries

• The collective target: reducing GHG emissions by at least 
5% below 1990 levels during the first commitment 
period (2008-2012)

 Doha Amendment (2012):
• Added Nitrogen trifluoride (NF3) in the GHGs list 
• Set the new targets: reducing GHG emissions by at least 

18% below 1990 levels during the second commitment 
period (2013-2020)

Paris Agreement (2015)

 Adopted in December 2015 and entered into force in 
November 2016

 Set the global climate target: limiting the increase in global 
temperature well below 2℃ by 2100, preferably to 1.5℃, 
compared to pre-industrial levels

 All Parties communicate their NDCs every five years.
• Cooling sector should be included in the NDCs
• The reduction of emissions from refrigerants having 

high GWPs, such as HFCs, will play a significant role in 
formulating the NDCs and achieving the climate targets.

 The Kigali Amendment states that it does not intend HFCs 
are excluded from the scope of the UNFCCC and the Kyoto 
Protocol (Article III). Thus, HFCs will remain as GHGs 
covered, monitored and mitigated under the UNFCCC.



3
Results of the International Agreements

17



Production and Consumption of Refrigerants (1)

18

-200,000

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1,800,000

2,000,000

 Except for HFCs, nearly 99% of total 96 controlled substances have been phased out during the last three decades since 
the adoption of the Montreal Protocol.

 Particularly, CFCs achieved the most dramatic reduction within a relatively short time period. 

 In 2020:
• Global production of the controlled substances: 15,768 tonnes (1.2% of the 1986 level)
• Global consumption of the controlled substances: 9,328 tonnes (0.7% of the 1986 level)

-200,000

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1,800,000

O
D

P 
to

nn
es

O
D

P 
to

nn
es

Production Consumption



Production and Consumption of Refrigerants (2)
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 CFCs and halons:
• 100% reduction target by 1996 (developed) 

and 2010 (Article 5)
• Specific phase-out timing for each group has 

been slightly delayed.
• Global production and consumption levels 

of CFCs and halons became zero in 2010.

 HCFCs:
• Developed countries also met their target to 

phase out HCFCs by 2020.
• Target for Article 5 countries: to maintain 

the average HCFCs levels by 2013 and 
reduce by 35% by 2020 and 100% by 2030.

• They have sharply reduced HCFCs since 
2012, and as of 2020, made 
overachievement with almost 50% 
reduction from the baseline values.



Production and Consumption of Refrigerants (3)
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 The available data suggests that global efforts to reduce HFCs should be made more actively. 
• HFC emissions have continually increased even after the adoption of Kyoto Protocol.
• consumption of HFCs also showed an increasing trend after the adoption of the Paris Agreement and Kigali 

Amendment.

Emissions from HFCs Production & consumption of HFCs



Benefits for the Ozone Layer & Climate
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Climate Change MitigationOzone Protection

 The ozone layer is healing. 
• The ozone hole in the stratosphere would have been 

1.4 times larger by 2013 without the Montreal 
Protocol (UNEP Ozone Secretariat, n.d.).

• It is expected that the ozone layer will return toward 
the 1980 benchmark levels by around 2050 (Birmpili, 
2018; WMO, 2014).

 Co-benefits for the climate change mitigation
• Without Montreal Protocol, global average temperatures 

would have risen over 2°C by 2070 (UNEP Ozone 
Secretariat, n.d.).

• GHGs mitigation from the Montreal Protocol by 2010 was 
approx. 15 billion tCO2e per year, five times greater than 
the annual emissions reduction target under the Kyoto 
Protocol (Birmpili, 2018; Solomon et al., 2020).



Expected Benefits from Kigali Amendment
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Expectation

 Implementation of the Kigali Amendment will contribute considerably to meeting the global 
climate targets set under the Paris Agreement.
• Compliance with the Kigali Agreement will remove 39 billion tCO2e or 61% of global HFC 

emissions between 2018 and 2050 (Höglund-Isaksson et al., 2017).
• Phasing down HFCs would prevent approximately 100 billion tCO2e of GHG emissions by 2050

(Zaelke et al., 2013).
• Phasing down HFCs may avoid up to 0.5℃ increase by 2100 (UNEP, 2017; WMO, 2018).

 Improving the efficiency of cooling equipment has the potential to avoid up to 260 billion tCO2e of 
GHG emissions by 2050. → more than doubling of the climate benefits of the Kigali Amendment 
(UNEP & IEA, 2020)

Concern

 The Article 5 countries’ HFC baseline depends on the future average.
• Sum of average HFC between 2020 and 2022, or between 2024 and 2026, and 65% of HCFC 

baseline

 If the production and consumption levels of HFCs in the Article 5 countries significantly increase for 
the next few years, the positive impacts on the climate change mitigation may be lower than 
expected.
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Global Initiatives for Low-Carbon Cooling
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 A global network formed by the 
UNEP in 2019
• Connects over 100 partners 

from the various sectors
• Supports national policies, 

technical projects, and capacity 
building

 Pilot projects:

• Cambodia: passive cooling 
project

• India: demonstration of cold 
chain services for the 
agricultural and vaccine supply

• Vietnam: capacity building

 A global initiative launched by 
ClimateWorks Foundation in 2021
• Formerly, Kigali Cooling

Efficiency Program (K-CEP)
• Supports Article 5 countries’ 

compliance with the Kigali 
Agreement

 Provided US$60 million to 
international oarganizations, 
governments, and the private 
sector to scale up efficient cooling.

 Efficient and Clean Cooling Program 
of ESMAP provides developing 
countries with a cross-sectoral 
technical assistance

 Sustainable Cooling Innovation
Program of IFC supports companies
in developing countries to find
innovative sustainable cooling
solutions and business models.

 World Bank also launched 
Sustainable Cooling Initiative in 
2021 to provide technical 
assistance and mobilize further 
financing.
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Summary
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1

2

3

International agreements initiate or accelerate the regional and national 
action for the common problem.

The successful protection of the ozone layer led the international ozone regime 
to extend their attention to climate change.

Increasing importance and demands of the low-carbon cooling launched 
several global initiatives, in addition to the international agreements.

The Montreal Protocol required and encouraged each Party to join the international efforts by setting the international 
objectives, including the controlled substances, reduction targets, and phase-out schedules, and establishing financial 
and technical support mechanisms and scientific assessment and review mechanisms.

The Kigali Amendment could be understood as a climate agreement linking the global ozone regime and climate change 
regime, and its adoption is a critical step towards decarbonizing cooling sector.



Implications for Emission Policies
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1

2

3

Along with the improving energy efficiency of cooling, refrigerants that neither 
harm the ozone layer nor contribute to global warming should be used.

Financial and technical assistance should be strengthened to facilitate 
developing countries’ compliance with the Kigali Amendment.

Monitoring system needs to be strengthened.

 The ultimate objective of the international agreements is not phasing out HFCs but meeting the global climate goal.

 Since the alternative refrigerants may become an important factor to determine success of the Kigali Amendment
and Paris Agreement, R&D of alternative refrigerants should be continued.

 Multilateral Fund was a large incentive for Article 5 countries to participate in the Montreal Protocol.

 As the demand for cooling in developing countries rapidly increases, the roles of global initiatives of international 
organizations and non-government organizations (NGOs) for low-carbon cooling will grow as a complementary 
funding source

 The increasing number of controlled substances and more complex control measures may make it difficult for the Parties 
to track the progress, compile the relevant information, and make self-assessment.

 The common monitoring system would help progress, reduce uncertainty, and assure compliance.
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