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1 ╠  

1.1  

Ṝ ̆ └ ᵣ ҹḠ ῃ ᴋⱵ̆

ᵣ̂ F-gasȁhaloncarboñ ᵣ Ҭ ᶛ

ᵝȂ ᵣ CFCsȁHCFCs HFCs ̆ῒҬ CFCs ԍᵬҹ

̂ODS̃ ԍ 2010 ῃ ̆HCFCs ῃ

Ȃף ᵣ № ̆ ᴧ ֟ ̆ ῃ

Ҭ ԅ ᵬ Ȃ ȇ῏ԍ ≠ ӥȈ

Ҋץ̂ ȇ ≠ ӥȈ̃̆ HCFCs ꜚ ῒ

̆HFCs Ҍ ⱴȂ HFCs ȇ Ṝ Ὲ

֤ ӥȈ̂ץҊ ȇ֤ ӥȈ̃↓῀ ̆

ῒ ꜚ̕p ԍ Ҭ HFCs └ ̆ ̆

ᶭ ╠ ̆2050 Ҭ HFCs

⌠ 50-90ַ CO2 ̆ῒҬ 50% ԍҬ

(Velders, 2009)Ȃ 

ҹԅ ῃ Ḡ ̆Ҭ ׆ 1990 ∆ף CFCs

̆2007 6 30 ̆Ҭ ╠ 2 ԅ CFCs ̆ҹḠ

Ạ₮ԅ Ȃ ҳḠ ῃ Ҭ̆ ╠ ׂ ᵣ

└ HCFCs HFCs̕ ҉ H̆CFCs ȇ͂ ≠ ӥȈ

̆ ׆ ̆HFCs ᵬҹ ף ӊѿ

ף HCFCs̆ Ӟ HCFCs Ӟ ꜚ HFCs

Ȃp ῃ׆̆ ᵣ ל ѿ̆ Ҭ HFCsᵬҹ CFCs HCFCs

ף ̆ ѿ HFCsᵬҹ ᵣ

└Ȃ 

IPCC ᵀ ₮̆ 50 ῃ Ṝ Һ ֲ ꜚ

ԋ ȁ ȁ ֒ ᵣ Ȃ ᵣ

ᶏ ȁ ⌠Ḡ ᵬ ̆

ῒҬ̆ ᵣ Ҭ ֓ ₮ ֲҹ ᵣ ᴍ̆



֤ ҍ  

2 

Һ ԋ ̂CO2 ȁ̃ ̂CH4 ȁ̃ѿ ԋ ̂N2O ȁ̃ ̂HFCs̃ ȁ

ῃ ̂PFCs̃ȁΈ ̂SF6̃ ̂CFCsȁHCFCs̃ ̂IPCC/TEAP̆

2005̃ ȂIPCC 2007 Ҭ ̆ ᵣ̂haloncarboñ

⌠ῃ ᵣ 13% (IPCC̆ 2007)Ȃ ̆ ᵣ

ῃ Ҍ Ȃ 

 

1 Ὴ ЃW/m 2Є 

Ҭץ̆ ҹף Ҭ ᵣ ׆ ⌠

ԅ ̆ ԍ ҙ ₮ ̆

ᵣ ֟ȁ ̆ ⌠ ᴪ ῏ Ȃ2009

PNAŜ Proceedings of the National Academy of Sciences̃ 2̆010

̆ῃ ֟ CFCsȁץ HCFCs HFCs ̆ῒῃ ṿ̂GWP̃

ҹ 20ַ CO2 Ȃ ╠ ȁ ῏ Ὲ Ҍ

̂BAU ̃̆⌠ 2050 ҉ ⌠ 50-90ַ CO2 ̆ Һ

ᵣҹ HFCsȂ ῒҬץҬ ҹ Ҭ

(Velders, 2009)Ȃҹ ץ̆ ҹ № ₮ԅⱴ

HFCs Ὲ ḱ ̆ ȇ ≠ ӥȈҬ ⱴ └ HFCs Ȃ2012

2 ̆ ⱴ Ṥ ľ Ṝ ̂CACC̃ Ŀ῏

҈ ̂ ̃ ᵣ HFCŝ ῒ ҹ ̃Ȃ G8 ᴪ ̆ῃ

G8 ⱴ῀ Ȃ 



└ (HFCs)  

3 
 

׆ ל ̆ └ HFCs ᵣ ῏ ⌠ ῏ Ȃ 

1.1.1 (HFCs)  

ȇ֤ ӥȈҊ └ Έ ᵣӊѿ̆ ҹ HFCsȂ

Һ HFCs Ҋ Ȃ Ҭ̆ 100 yr GWP(AR4)

ṿ̆ AR4 ᶫ̆↕ ῒז ṿȂ 

1 Ӏ HFCs ɻⅎ ɻ Ὴ ẅЃIPCCЇ2007Є 

Designation or 

Name 

Chemical formula Lifetime 

(years) 

100 yr 

GWP 

(SAR) 

100 yr 

GWP 

(AR4) 

HFC-23 CHF3 270 11700 14800 

HFC-32 CH2F2 4.9 650 675 

HFC-125 CHF2CF3 29 2800 3500 

HFC-134a CH2FCF3 14 1300 1430 

HFC-143a CH3CF3 52 3800 4470 

HFC-152a CH3CHF2 1.4 140 124 

HFC-227ea CF3CHFCF3 34.2 2900 3220 

HFC-236fa CF3CH2CF3 240 6300 9810 

HFC-245fa CHF2CH2CF3 7.6 3380 314 

HFC-365mfc CH3CF2CH2CF3 8.6 2520  

HFC-43-10mee CF3CHFCHFCF2CF3 15.9 1300 1640 
Thetable is from the Intergovernmental Panel on Climate Change (IPCC), Fourth 

AssessmentReport (AR4), Working Group 1, Chapter 2, Changes in Atmospheric Constituents 

and in Radiative Forcing, Table 2.14, page 212, 
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg1_report_the_physical_science_basis.htm 

ᵬҹ◐֟ ֟ HFC-23ӊ ̆HFCs ԍῃ ȇ

≠ ӥȈ CFCsȁHCFCs ̂ODS̃ ̆

ῒᵬҹ ף ȂHFCs ṿ̂ODP̃ ҹ ̆Ҍ

֟ ̆ΐ ȁ ȁ ̆ῒ ̆ ҉

Ӟ CFCs/HCFCs ODS Ȃ 

2 HFCsӀ  

 HFC-134a HFC-125&HFC-

32 

HFC-245fa HFC-152a HFC-

227ea 

 

└‛

╕ 

└‛

╕ 

╕ └‛ └

‛╕ 

╕ 

└‛ └

‛╕ 

└‛ └‛

╕ 

╕ /

╕ 

╕  

╕     

ῒ   ῒ    

http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg1_report_the_physical_science_basis.htm
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HFCs ᵬҹ ᵣ 1970 ף ῏ ̆ῒ Ṝ Ạ₮ԅ

̂ 1 ̃̂IPCC/TEAP̆ 2005̃ Ȃ HFCs Ҭ

̂IPCC/TEAP, 2005̃ ̆ᵖ HFCs CO2 1,000-10,000Ṑ̕ ғ

ῒῃ ԍ ҉ Ȃ 
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2 Ӏ ᵩ ЃAGAGE, 2009Є 

׆ 1750 ⌠ 2000 ̆ ԍ ҙ֟ ⱴ

ᵀ ҹ 0.33±0.03 Wm-2̆ ԍ ᵣ ⱴ



֤ ҍ  

6 

13%̂ IPCC̆ 2007̃ ȂԊ ҉̆ ׂҹ ̆HFCs ῃ

ᵣ̂CFCsȁHCFCs HFCs ̃Ҭ ᶛ Ҍ Ȃ ҹ ȇ ≠

ӥȈ ̆ ҉ 2010 HCFCs ̆ 2010

ῃ ԍ HCFC-22̆ HFC-410A ף HCFC-22̕

Ҭ ̆ HCFCs ꜚ ⌠ 2013 Ȃ 

҉ ̆  Velders ̂ Ҋ 3̃̆ ╠

῏ Ὲ Ҍ ̆⌠ 2050 HFCs ⌠ 50-90ַ CO2

̆ ҹ 0.18-0.33w/m2Ȃȇ֤ ӥȈ 2008-2012

⁞ ҹ 20ַ  (Velders̆ 2007)̆ ѿ ץ ȇ֤

ӥȈ ⁞ ᵣ Ȃ ԍ Velders ̆ ᵀ Ҋ

IPCC SRES CO2 ᵀ HFCs 4Ȃ 

 

3 Ὴ HFCs (VeldersЇ2009) 
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4 ᵆ Ґ IPCC SRES CO2 ᵆ HFCs 1 

 

5 Ӏ F-gas  

ῃ ̂ 2 6̃ ̆Ӟ ԅ HFCs

ⱴȂ 

                                                             
1 HFCs, a Critical Link in Protecting Climate and the Ozone Layer(UNEP 2011) 
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6 20 Ӏ HFCs  

Ṝ ̆ № HFCs ֟ ̂ᶛ ҈ Ә ̆TFÃ ץ

‖ ׆ Ҭ Ȃ ⌠ 1000 ug L-1 ̆TFA ԍѿ֓

Ȃ ╠ Ҭ TFA ῖ ҹ 0.2 ug L-1̆

ῤ ⌠ 40 ug L-1̆ TFA ҍ ӊ

Ȃ ԍ HFCs ᵀṿ ̆ ԍ HFCs ῒ

̆ 2010 Ҭ TFA 0.1- 0.5 ug L-1ӊ ̂IPCC/TEAP, 2005̃Ȃ

ᵖ HFC ᶏ ̆ ғῒ ̆TFAӞ

Ȃ 

HFCs ῃ ȁ ҍῒ ȁ №

῏ȂHFCs ԍ ̆ OH

̆⁞ OH ȂOH ╕̆ ñ ╕òӊ

ȂHFCs OH 10-9-10-5 S-1̆ ԍ ᵣ OH

̂ CH4 CO ҹ 0.23 0.61̃ Ȃ ̆ ֟

ⱬȂ 

҉ ̆ ╠ HFCs ῃ ̆Һ ҹ

Ṝ Ȃ ҉ץ ӊ ̆ ԍᶏ Ҍ Ҍ

̂Fischer,S.K. 1991̕ James R. S ̆1997̕ Onishi, H ̆2004̃ ̆

̆֟ Ȃ ԍҬ Һ ̆ ᶏ

ף ̆ ⁞ ΐ № ӈȂ 
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1.1.2 └ HFCs ꜚ 

HFCs ∆ᵬҹ ╠ ҹ ODS ף Ҍ Ȃ ≢ Ҭ

Ҭ ̆2010 ↨↨ CFCs ̆ ‰ HCFCs

ᵞ ODPṿ ODSȂ HFCsᵬҹ ף ῒ ֟ ₮ ԅ

̂OôDoherty S.J, 2004̕ Greally BR , 2007̕ WMO/UNEP̆ 2006̃ Ȃ ̆

HFCs └̆ ̂DTER, 2000̃ ȁ ̂Japan̆ 2002̃ ȁ

̂CIES, 2001̃ ῤ ѿ֓ HFCs PFCs ֟

└̆ ⱴ ᵣ ȁ └ᶏ ץ └ ΐᵣ ╝⁞

Ȃ 

Ṝ ȁ ⱬ ᵣ⁞ ᾢ Ӟ̆

ׂ ҕ Ҭ ᵣ └ ╠ Ȃ2000

6 ̆ ꜚԅľ Ṝ ꜚ ⅞Ŀ̆ ₮ HFCs ῤ ⁞

ᵣ ̆ HFCs ╝⁞ └Ȃ 

2009 12 7 ̆ EPA ȇ ȈҬ ῏ԍ ᵣ

ẫ ῏ ̂ 202a ̃ ԅң ̔ѿ ľ ҹ ╠

Έ Һ ᵣððԋ ̂CO2̃ ȁ (CH4)ȁѿ ԋ ̂N2O ȁ̃

̂HFCs̃ ȁῃ ̂PFCs̃ Έ ̂SF6̃ ҉ ̆ᴪ

⌠ ף ֲף ẫ ≠Ŀ̕ԋ ľ ҹ׆ ꜚ ꜚ

Ҭ ҉ ᵣḆ ԅ ᵣ ̆ ⌠Ὲ῍ẫ ≠ĿȂ҉

ң ҹ HFCs ᵣ ѿ └ ᶫԅ

ᶭ Ȃ 

2010 6 5 ̆ ȁⱴ ҈ ԅѿ ╝⁞ ף

HFCs ѿ ᵣ ̆ ₮ └ ODS ȇ ≠ ӥȈ

└ ̆ HFCs ῀ῒҬ̆ ₮ ╝⁞ HFCs ѿ ғҌ

ᵣ̆ץ Ṝ Ȃ ץ̆₮ 2004-2006 HFCs ҹ

̆ ҙ ̂ ȇ ≠ ӥȈ ԓ ̃ 2014 ╝

⁞ HFCs ̆ 2033 ╝⁞ 85%̕ Ҭ ̂ȇ ≠

ӥȈ ԓ ̃ 2017 ╝⁞ HFCs ̆ 2043 ╝⁞

╝⁞ 85%̆ Ҋ Ҋ Ȃ 

3 ɻꜘ HFCs ┼╣⁯  

http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=1&db_id=&SID=4CNAIPbAOCac@9Doplp&name=Greally%20BR&ut=000245553300003&pos=1
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Non-Article 5 Parties Aricle 5 Parties 

Year Cap(% of Baseline) Year Cap(% of Baseline) 

2014 90% 2017 90% 

2017 80% 2021 80% 

2020 70% 2025 70% 

2025 50% 2029 50% 

2029 30% 2035 30% 

2033 15% 2043 15% 

 

 
 

7 ɻꜘ HFCs ┼╣⁯  

Ҭ ԍ 1998 ȁ2002 ‰ȇ֤ ӥȈȂҬ ᵬҹ Ҭ

̆ Ҍ ԋ ⁞ ӈⱵ̆ HFCs └ȂᵖҬ ԋ

̂Earth policy institute, 2006)̆ ⁞ ᵣ ҹ

῏ Ȃ ῒ 2009 Ҭ ‗ ⌠ 2020 ᵝ ῤ ֟ ṿ(GDP)

ԋ 2005 Ҋ 40% 45%̆ HFCs └ ҹѿҩ Ȃ 

1.1.3 ODS ᵣ⁞  

ᵣ └ ∆ ԍ

̆ ԍ CFCs HCFCs Һ ODS ҍ HFCsѿ ΐ

̂ GWP̃ ̆ CFCs HCFCs ⁞ ᵣӞ № ӈ

̂Wigley,1988; Fisher, 1990; Den Elzen , 1992; Solomon, 1996; Froster, 2005; 
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Velders, 2007̃Ȃ ԅ ODS C̆FCsȁHCFCs HFCs CO2 

׆ 1990 7 Gt CO2-eq y-1⁞ ⌠ 2000 2.5 ± 0.2 Gt CO2-

eq y-1̆№≢ ԍ ῃ CO2 33% 10%

̂IPCC/TEAP, 2005̃ ̆ ԍ ף ΐ ᵞ GWPṿ GWP

ṿ̆ ғ ⁞ ̕ ԍ ̆

40-50 ῒׅ Һ ̆ ғ⌠ ҕ HFCs Ҭ

Һ  (IPCC, 2007)ȂWigley(1988) ȇ ≠

ӥȈҊ 1986-2030 CFCs ҹ ȇ ≠ ӥȈ 14%-

36%Ȃ Froster (2005) 2010 ץ ⁞ Ȃ

Velders ̂2007̃ ȇ ≠ ӥȈ֟ Ṝ

̔⌠ 2010 ̆ ᴪ╝⁞ 0.23WM-2 ODS ̆ ԍ

7-12 ֲ ꜚ֟ CO2 ṿ̂ ‗ԍ ODS 3%/7%

̃̆ ╝⁞ 11 Gt CO2-eq̆ ԍȇ֤ ӥȈ ѿ 2008ð2012 ⁞

5-6ṐȂM. Steinbacher̂ 2008̃ ȇ ≠ ӥȈ CFCs

HCFCs └ᶏ 1989ð2006 ⁞ 5.9-10.5 mWm-2yr-1̆ ῒ

ף Ȃ҆Ҹ ̂2009̃ Ҭ ȇ ≠

ӥȈ ῃ Ṝ ΐ № ӈȂ 

ᵄ HCFCs  ̆ HFCs ֟ ₮ ԅ ̆ ȇ

≠ ӥȈᶏ HFCs ף Ṝ ῏ Ȃ

Steinbacher ̂2008̃ ץ 1989 ȇ ≠ ӥȈ ҹ ̆ Ẋ

CFCs ץ 2%-3% ̕ ҍ CFCs ̆

ԅῒז ᵣ HFCs ̆ ⌠ ȇ ≠ ӥȈ ⌠ԅ

⁞ 12%-22% ṿ ȂFroster (2005) 2010

ץ ⁞ ̆ HFC-134a ⌠̆ 2040

2010 ȂAshford ̂2004̃ ᵀ ԅ ȇ

≠ ӥȈ Ҭ̆ ᵣ ̆ ᵞ GWP ף ̂

ף HFC-134a HFCs̃ ԍֽ ȇ ≠ ӥȈ̆Ҍ ᵞ GWP

ף ң ῃ Ṝ Ȃ ̆ ᵞ GWP ף ̂

ף HFC-134a HFCs̃ ֽ ȇ ≠ ӥȈ̆ԋ

̆2015 №≢⁞ 857 Mt CO2-eq 565Mt CO2-eqȂWinfried S. ̂1999̃ ᵀ

ԅ ҙ Ҍ └ └ HFCs └ HFCs 2̆010 ⁞

HFCs ҹ 9.07 Mt CO2-eqȂ 
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Ҭ ȇ ≠ ӥȈ ӞẠԅѿ֓ ̆

̂2005̃ ԍȇ ≠ ӥȈ ԓ 2040 ῃ ODS

Ҭ ȇ ≠ ӥȈ ̆ᵖ Ṝ Ȃ҆

Ҹ ̂2009̃ ԅҬ ȇ ≠ ӥȈҊ ODS

Ṝ ̆ᵖ ԅ ODS ̆ HFCs ⱴ

Ȃ҆ ̂2010̃ ԅҬ ҙ ף HCFC-22 HFC-

410A Ṝ Ȃ҉ ῍ HFCs

̆ ╠ Ṝ ᵣ └

└ Ȃ 

1.1.4 Ҭ HFCs └ ҍ  

Ṝ ⌠ ᴪ ῏ ̆ ≢ 2009 ᴪ ץ ̆

⁞ ᵣ ҹҺ Ȃ ⁞ ָӇȁ⁞ ᵥȁ ᵥ⁞ ȁ

⁞ ҹ῏ Ȃҍ ̆ ᵣ Ṝ ᶭ

ȂҬ ᵬҹ HFCs ֟ ̆ HFCs ‗ ᵣ

҈ҩ Ȃ 

̂1 2̃009 11 26 Ҭ̆ └ ᵣ ꜚ ̆

⌠ 2020 ᵝ ῤ ֟ ṿ(GDP)ԋ 2005 Ҋ 40% 45%Ȃ

ѿ ̆p ҳ HFCs ҙ

Ȃ ҹ 2005 ̆Ҭ HFCs ҙ ԍ ̆2005 ӊ

Ḡ ҉ץ20% ̆ ҳ 2020 Ҍ⌠ 10 ⁞ ᴋⱵ Ҍ̆

Ҍ HFCs └ Ȃ 

̂2̃ ȇ֤ ӥȈ ∞ ץ̆ ҹ ₮ⱴ

HFCs ȇ ≠ ӥȈḱ 2 ̆ ῏ HFCs

└ Ӟ Ȃᵖ 2012 2 ̆ Ⱶ ̆

ҍⱴ ȁ ȁ ῖȁⱴ ȁ ⱴ ץ ⅞

Ṝ ̆ ꜚ⁞ ȁ ץ ̕Ῥ

HFCs └ ԅῃ ῏ Ȃ G8 ῃ ⱴ῀ ̆

№ Ҭ Ӟ ҹ Ȃ 
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׆3̃̂ ̆2005 ӊ ̆ HFCs

ᴋᵥῒז ᵣ̆ ҍҬ ῏ Ҭ ⌠ ל ѿ

Ȃ ѿ ⱴ ԅ └ HFCs Ḡ Ȃ 

ȇ ≠ ӥȈ̆ Ҭ ׆ 2013 ‟ HCFCs̆

׆ ̆HFCs ᵬҹ ף ӊѿ ף HCFCs̆ ꜚ

HFCs GDP ȂҬ ꜚHCFCs

̆ ԍ 2011 7 2.7ַ ᾝ ꜛ ԍ HCFCs

ҙ ̕ Ҭ ꜚҬ ף ᾧ HFCs̆

ꜚ R-290̂ HC̃ ף HCFC-22 Ҍ HFC-

410Ă ᵖ ԍῒ ף ȁ ῃ Ӟ̆ ῤ

‰ └ ̆HFCsᶭ ԍ ף HCFCs̆ ҙ

ѿ Ȃ 

1.2 Һ HFCs ҍ └ ꜚ 

1.2.1  

HCFCs ῒ ODP̃̂ל ԍ ׅ̆ ȇ ≠ ӥȈ

̆ 2007 9 ȇ ≠ ӥȈ ̆

ԍ 2020 ῃ Ả HCFC ֟ ᶏ ̆ Ҭ ῤ Ҭ

2013 ‟ HCFCs ֟ 2̆015 ╝⁞ 10% ֟

2̆030 ̂97.5% H̃CFCsᵬҹ ODS ֟ Ȃ

HFCsᵬҹ ODS ף ̆ῒ ODP=0̆ Ḡ׆ ף

̆Ӟ ף Ȃ 

₮̆HFCs └‛╕ ҉ ̆ ⌠ ԓ

ᵣ 1%̆ Ҋ Ȃ 2005 Ṝ Ғ

ᴪ̂IPCC̃ ̆ Ҍ ⁞ HFCs̆ ῒ ׆ 2002

4ַ ԋ 2015 12ַ ԋ Ȃ ̆

Ҍ ⁞ HFCs̆ ⌠ 2050 ̆ῒ ῃ ׆ 2004

1% ҉ ⌠ 8.6%̆ HFCs ԋ ԍ 2004 ῃ

ҕ ԋ ȂIPCC 2007 11

ᵀ Ҭ ̆HFCs ῃ Һ ӊѿȂ 
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8 HFCs┼‡╛  שׂ

HFC-134a HFC-23 ╠ Һ HFCs̆╠ ᵬҹ CFCs HCFCs

ף ̆ ԍ └‛ ̆ ↕ HCFC-22 ֟ ◐֟

Ȃ HFCs ѿ ᵣ ҕ̆ל Һ

└ HFCs └ ꜚ̆ └ HFCs ᶏ ⁞̆

HFCs ̆Ṥ ╕‛└ף Ȃ 

1.2.2 ᵣ └  

ȁ Ṝ ȁ ⱬ ᵣ⁞

ᾢ Ӟ̆ ׂ ҕ Ҭ ᵣ └ ╠

Ȃ Ҥ HCFC̆ ғ └ ԅ ԍȇ ≠ ӥȈ

Ȃᶛ ̆Ҹ ҙ ᶏ HCFC(2002 1 )̕ ῌ

ҙ HCFC ̕ HCFC ֟ᶏ 2013 ⁞ 95%̆

2015 ῃ ̕ ῖ↕ HCFC ֟ῃ Ȃ ԍ 2006 2006̉

40̉ EC פ ľ̔2011 └ HFCᶏ 2̆017 ῃ GWP

ṿ ԍ 150 Ŀ̆Һ HFC-134a ᶏ Ȃ 

2000 6 ̆ ꜚԅľ Ṝ ꜚ ⅞Ŀ̆ ₮ HFCs

ῤ ⁞ ᵣ ̆ HFCs ╝⁞

└Ȃ └ פ ҹ ꜚӊ HFCs └ Ȃ

Ҹ ׆̆₮ 2001 3 1 ̆ HFCs ľ Ŀ(GWP)ṿ
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Ҍ ṿ̆ᶛ HFC-134a GWPṿҹ 130̆ Ὲ HFC-134a 20

ᾝ ̆ ׆⅞ 2007 1 Ҭ HFCs̕ 2003 ׆̆₮

HFCs ̆ ғῒ ṿ Ҹ 80%̕ ↕ ׆̆₮ 2007

Ҭᶏ HFC-134a CO2 ̕ף ≠ ׆̆₮

2008 ⌠ 2012 ̆ ῒ ῤ HFC-134a̕ ῖ↕

ԍ 2 HFCs̆ ԅҍ ≠ ᵌᵖ Ҍ └ Ȃ

HFCs 4 Ȃ 

2006 ̆ ԅľ ᵣ ᶛĿ̂ F-gas Regulation 842/2006̆

Ҋ F-Gas ̃̃ ľ῏ԍ ꜚ ᵣ └ פ̂ Directive 

2006/40/EC̆ MAC ̆̃פ ԅ HFCs⁞ └ Ȃ 

 

9 Projections of F-gas emissions in the EU without and with the measures 
in the F-gas Regulation and the MAC Directive2 

4 HFCs ᵩ ┼  

 HFC └  

 HFC ֟  

Ҹ  2006 ̆ ȁ ᶏ HFCs ֟ ̆

HFC  

≠ 2008 ̆ HFCs ҉ ᶏ  

 2008 ̆ HFCs ҉ ᶏ  

ῖ 2008 ̆ HFCs ҉ ᶏ  

 ᵣ  

 ᵣ  

                                                             
2On the application, effects and adequacy of the Regulation on certain fluorinated greenhouse gases (Regulation 
(EC) No 842/2006) 
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≠ ᵣ  

ῌ ᵣ  

F-Gas ᶏ ᵣ ̆

ȁ ȁ֟ ҉ └ȁ └ ȁ ץ ֲ ῤ

̆ῒ ȇ֤ ӥȈ ᵣ̆ ȁ └

ᶏ ׆̆ ⌠⁞ ᵣ Ȃ 

F-Gas ԅ└‛ ȁ ̆Һ

̔ ᴪ 2007 7 4 ӊ╠└ ‰̂ 3.7

̃̆ ѿ ‰ ҹ ᵬ ᶏ ľ ҉ ғҌ Ҍ Ŀ

ᵣ ץ ⌠ ḱȂ

ֲ ̂ 5 ̃ ̆ ԍ 3kĝ

3kg̃ 12ҩ ѿ ̂ Ҍ ԍ ȁ

ғ ᵣ ԍ 6kg ̃̆ ԍ 30kĝ 30kg̃

6ҩ ѿ ̂ ̆

↕ 12ҩ ѿ ̃̆ ԍ 300kĝ 300kg̃

3ҩ ѿ ̂ ̆↕ 6ҩ ѿ

̆҉ ̕ ᵣ 300kĝ

300kg̃ ̆ῒ 12ҩ ѿ ̕ 2007

7 4 ӊ╠ ̆ ԍ 2010 7 4 ӊ╠

̕ ԍ ᵣ 3kg ̆ ᵬ ȁ ḱ

Ҭᶏ ȁ ⱴץ ᵣ ̆

ᶫ ḱ Ⱶ Ὲ ֲ Ḥ ȁ ץ Ȃ 

F-Gas ̆ └‛ ȁ ȁ ╕ ȁ

῏ ̆ Ḡ ֲ Ҭ ᵣ ȁ

Ῥ ̕ ῒז Ҭᶏ ᵣ̆ ҉ ғҌ Ҍ

╠ Ҋ̆ ԇץ ȂF-Gas ԅ ȁ └ ̆

₮̔ ҍ ῏ ᵣ ̆ ᴪ̂

12.2 ̃ 2007 7 4 ӊ╠ ҍ ȁ

ḱ Ὲ ֲ └ ᵞ ᴆ Ḃץ̆ ӊ

ԑ ̕ ῏ ‰ ῤ ץ̆ F-Gas ᵣ ץ

ᵣ Ȃ ҉̆ 2008 7 4 ӊ╠
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└ ḱ ῒ ̆ ῒז ӥԇץ ̕

2009 7 4 ӊ╠̆ Ḡ ῏Ὲ ᵣ

ȁ ḱ ̆ ᵣ֜ ֲ Ȃ ̆

└‛ ȁ ȁ ȁ ῏ ץ ԍ

Ữ ᵣ Ȃ 

MAC Һ↕פ HFCs ȂῒҬҺ ̔

Ḡ פ ῒ̆ Ҍ

ᾛ ṿ̕2011 1 1 ץ ̆Ҍ GWP>150 MAC

̕2017 1 1 ̆ῃ Ҍ GWP>150 MAC ̆2011

1 ץ 1 ̆Ҍ GWP>150 F-gas̕ 2017 1 1 ̆

ӊ╠ᶏ MAC Ῥ ̆ Ҍ GWP>150 F-gas̕ ₮

MAC ̆ ⌠ ḱ ӊ ץ F-gasȂ 

1.2.3 ᵣ └  

HFCs └ ᾢ ץ Ȃ HFCs⁞

ץꜚ ῏ ҙ ҹҺᵣ̆ ᴑҙ

ҹ Ȃ1998 4 ̆ ҩ ҙ 19ҩ ҙ

ҙ Ҋҹ └ HFCs, PFCs SF6 └ ԅ ꜚ ץ̆⅞

└‛╕ ҹҺȂ ԍ҉ HFCs ⁞ ꜚ̆ ↕

֟ ̆ ̆ ⱴ҉ ꜚ ᴑҙ ꞉ ̆

Ҍ ’̆ ᶫҌ ᵞ ᴨ Ȃ 

2001 ̆ ₮ ԅ ᵣ Ȃ ῒ ȇ֤

ӥȈ ̆ └ ԅ " ῃ "̆ Ḡ

ȇ֤ ӥȈҬ 6˿╝⁞ Ȃ2001 4 ̆ ᾢ └‛╕

ꜚ ҉̆ ȇ ≠ Ȉ̂Law for 

Recycling of Specified Home Appliances̃̆ └ ̆ — ץ̆

≠ └‛╕̆ └ └‛╕ ᶏ Ȃ 6 ̆ ԅҒ

HFCsץ CFCsȁHCFCs ῤ ȇ Ȉ̂the 

Fluorocarbons Recovery and Destruction Law̃Ȃ 
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ȇ Ȉ ̔ HFCsץ CFCsȁHCFCs

ῤ ľ Ŀ ̆ ῏ ᵬ ᴋ

ӈⱵ̆ └ Ȃ ᴋᵥ ᾧ

Ȃ ԅ └‛ ̆ ᴋ

῏ └ ȁ Ὲ ȁҬ ̆ ₮҉

ľ ╠ ȁ ף ף ̆ └

׆ Ҭ Ŀ ᴋȂ ᴋ ΐᵣ

ᴋᵬ₮ԅ ̆ ȁ Ύȁ ȁט ȁ ȁ

̆ ₮ ̆

ȁ ꜚ ᴋᵬ₮ԅ Ȃ 10 ԅȇ

Ȉ ԍ ҙ Ȃ 
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10 ʃ ʄ ԓ ҟ  

2002 7 ̆ ȇ Ȉӊ ̆ ԅȇ

Ȉ̂End-of-Life Vehicles Recycling Law̃̆ Ҭ

̂ ̃ 

ԋ ֟  

/ԋ  

ԋ ֟ ᴑҙ 

ԋ ᶏ  

ᴑҙ 

 
 
 

 

 

 

└ * 

Һ  

ᴑҙ 

̂ ᶏ  ̃

1
7
8

ᶏ

2
5

%
 

 

 

 

 

 

̔577  

2004 4 1

̔127  

̔704  

̂100%̃  

 

ԍ

ᴰ  

 
 

:433

̂61%̃  

2005 3 31

:433

̂13%̃  
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ԅΐᵣ Ȃ ̆ 2005 1 1 ̆̕ └

̆ Ҭ ȇ

ҍ Ȉ Ȃ 

ȇ Ȉ ԅ ̆ ̆ └ ҍ

ᴋ̆Һ ̔ ӯ ̆ ѿט

̕ └ Ὲ ̕

֜ ̕ ֜ ̕

׆ Ҭ ӊ ̆ ֜ └ ̕ ֲ

ӊ ̆ Ὲ῍ Ȃȇ Ȉ ΐᵣ ԅ

ȁ ᵬ ↕̆ № Ȃ

11 ԅȇ Ȉ Ҋ Ȃ 
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11 ʃ ʄ Ґ  

* 1 

̂ ̃ 

 

Ὲ  

 

 

 

 

̂

̆ ḱ ̃ 

 

CFCs  
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└ ̆ ᴪ ⌠ ᶫ ῃ ȁ

̆ Ḥ ᵞ ֟ף Ḥ

Ὲ ̆ Ὲᴧ ҹ̆ HFCs⁞  Ȃף

1.2.4 ᵣ └  

ȇ Ȉ ԍ └ HCFCsΐ ̆

ṿ HCFC ᶏ ̆ HCFCs ֟ ễ̆Ҥ

└ ȁ₮ ץ̆ └ HCFCs̆ └ Ȃ 

5 HCFCs ғʃ ⌐ ӫʄ  

Montreal Protocol United States 

Year to be 

Implemented 

Reduction in 

Consumption 

and Production 

Year to be 

Implemented 

Implementation of HCFC Phaseout 

through Clean Air Act Regulations 

2004 35.0% 2003 No production and no importing of 

HCFC-141b(solvent / foam-blowing) 

2010 75.0% 2010 No production and no importing of 

HCFC-142b and HCFC-22, except for use 

in equipment manufactured before 

1/1/2010 (so no production or importing 

for NEW equipment that uses these 

refrigerants) 

2015 90.0% 2015 No production and no importing of 

any HCFC, except for use as refrigerants 

in equipment manufactured before 

1/1/2020 

2020 99.5% 2020 No production and no importing of 

HCFC-142b (foam-blowing 

/refrigerant)and HCFC-22 

2030 100.0% 2030 No production and no importing of 

any HCFC 

1995 ȇ Ȉ 608 ̆ ₮ԅ └ Ҭ ODS

ף ̆ ľ̔ ȁḱ

Ҭ ᴋᵥ CFC HCFCs ף ȁ ̆ EPA

Ҍ ȂĿȂ ҉̆ 1998 ̆ EPA ₮
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ѿ ῏ԍ HFCs ῤ ╕‛└ף ῏ ̂Proposed 

Regulations for Recycling of Substitute Refrigerants̃̆ ₮ CFC HCFC

⌠ HFCs ῒז ODS ף ̆ ̔ᴋ

ȁפ ḱḠῙ ȁ ȁ ḱ ȁ׆ҙ ȁ֜

└ ȁ ῃ Ȃ ̆ ̆ EPA№≢ԍ

2004 2005 ľ῏ԍ└‛╕ ף ₮ ֜  Ŀ̂Rule on Ventingפ

and Sales of Refrigerant Substitutes̃ ľ ╕‛└ף ḱ

Ŀ̂פ Rule on Leak Repair Requirements for Appliances Using Refrigerant 

Substitutes̃ ̆ ᴋ פ ̆ῒᵩ ҉ ̆ᶏ

HFCs └ ҉ Ȃ 

ץ HFCs └ ҉ ̆ᵖ

ᵣ⁞ └ ҕ Ҋ̆ EPA ֟ҙ ԅѿ ↓

HFCs⁞ ᴩᵄ ᵬ ꜚ ⅞ Һ̆ ľ ᴋ ᶏ HFCs ⅞̂ RAD̃Ŀȁ

ľ ‛ └‛ᴩᵄ ⅞Ŀȁľ ҙ HFC & PFC⁞ ҹ Ŀ̆ ľ

ṜḠ ᴩᵄ ⅞ ľ GWP ᵣ⁞ ⅞Ŀ̆ ֓ ᴩ

ᵄ ᵬ ⅞ ץ ԅ HFCs⁞ ꜚ ῤ ̆ ԅѿ ↓

̆ᶏ HFCs └ ҉ҍҕ ῒז Ȃ 

1994 ̆ HCFCs ֟ᴑҙ HFC-23⁞ ⅞̆ ᴨ

̆ ᵞ HCFĊ 22 ֟ Ҭ֟₮ ◐֟ HFC-23Ȃ ⅞

̆ HCFĊ 22⌠ 2000 ֟ 1990 ҉ ԅ 35˿ ̆ᵖ HFC-23

ᵞԍ 1990 ֟ ̆֟ ԅ 4.8 MMTCE HFC-23⁞ ȂHFC-23

⁞ ⅞ᶏ ҹҕ ҉ HFCs⁞ ꜚ ӊѿ̆Ӟ ꜚ EPA

ľ GWP ᵣ⁞ ⅞Ŀ Ȃ 

EPA ľ ᴋ ᶏ HFCs ⅞Ŀ ῒז ᴩᵄ ᵬ ⅞Ӟ֟ ԅѿ

↓ Ȃ2002 ̆ Ḡ ֟ (METI)ȁ

⅞ (UNEP) ԅѿᴍľ ᴋ ᶏ HFCsĿ ̆

ҊҺ ῤ ̔ ᴪ ȁ Ḡ ῃ ’Ҋᶏ

HFCs̕ ΐ ̆ ⁞ ֟ȁᶏ HFCs ̆

⌠ ᵞ ץ̕ HFCsҹ ̆ HFCs ֟ ̕

̆ ᵬ └ ץ̆ ⁞ ̆

̕ ҉ ҉ ’Ҋ̆ ᶏ HFCs / ̕
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ꜚ HFCs ҉ ῃ Ḡץ̆ ̆ ̕HFCs

ȁ ȁ Ữ ‰ ̆ ’Ҋ̆

└ ҹ̕ῃ HFCs ֟ ᶏ ̆‰ ᵀ Ȃ

̆ └‛ ῒז ᴩᵄ ᵬ ⅞̆

HFCs└ ῏ ҙ ԅѿ ↓ ҙ ̆ɒ ̔ └‛ ҙ ľ‛‟

‛ └ HFCs ᵬ Ŀ └‛ ҙ ľ└

ֲᶏ ↕Ŀ Ȃ 

̆ ׂ HFCs⁞ ꜚҺ Ṥ

ҙ HFCs⁞ ⅞ ̆ ҙ ȁ ꜚ ῤ

҉̆ҍ ₮ԅ HFCsҒ ῤ ᵣѿ Ȃ 

2009 ץ ̆ ҉ ץ Ṝ ҉ ̆

HFCs └ ҉ Ȃ2009 7 ᴧ Ṝ

⁞ ᵣ Ȃ ᵣ ӈҬ ԅ

HFCs ῒז ᵣ̆ ╝⁞ HFCs ׆̕ 2012 ⁞

20 HFCs Ȃ Ḡ ̂EPÃ Ҍ ԍ HFCs

ᵣ̆ ᵣ ֟ ̆ ₮ ᶭ Ȃ2009

10 27 ̆ EPA ₮ԅѿ ḱ ̆ ₮╝⁞ ȇ ȈҬľ

̂PSD̃ V Ŀ ҬҺ ᵣ

ṿ̆ ҹ EPA ᴪҌӄ ᵣ └ ῏ ᶛȂ2009 12 7

̆ EPA ȇ ȈҬ ῏ԍ ᵣ ẫ ῏

̂ 202a ̃ ԅң ̔ѿ ľ ҹ ╠ Έ Һ

ᵣττԋ ̂CO2̃ ȁ (CH4)ȁѿ ԋ ̂N2Õ ȁ ̂HFCs̃ȁ

ῃ ̂PFCs̃ Έ ̂SF6̃ ҉ ̆ᴪ ⌠ ף ֲף

ẫ ≠Ŀ̕ԋ ľ ҹ׆ ꜚ ꜚ Ҭ ҉

ᵣḆ ԅ ᵣ ̆ ⌠Ὲ῍ẫ ≠ĿȂ҉ ң ҹ

HFCs ᵣ ѿ └ ᶫԅ ᶭ Ȃ 

2010 6 5 ̆ ȁⱴ ҈ ԅѿ ╝⁞ ף

HFCs ̆ ₮ └ ODS ȇ ≠ ӥȈ └ ̆ HFCs

῀ῒҬ̆ ╝⁞ HFCs ѿ ғ Ҍ ᵣ̆ץ Ṝ

Ȃ ₮ ץ̆ 2004-2006 HFCs ҹ ̆ ҙ ̂ ȇ

≠ ӥȈ ԓ ̃ 2014 ╝⁞ HFCs ̆ 2033
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╝⁞ 85%̕ Ҭ ȇ̂ ≠ ӥȈ ԓ ̃ 2017

╝⁞ HFCs ̆ 2043 ╝⁞╝⁞ 85%Ȃ 

HFCs╝⁞ ᵬ₮ Ғ ᵀ№ ̆ ҉ └

╝⁞ HFCs ᵣ⁞ ̆ №≢ ԍ 2020 2050 ╠

5900҆ 4ַ 2 ҆ ꜚ ᵣ H̆FCs ⁞ ꜛԍ⁞

Ṝ ̆ └ῒ Ὲᴧẫ Ȃ 

1.2.5 ᵣ └  

҉̆ ȁ ȁ HFCs ╝⁞ ף ꜚ̆

ⱬ ꜚԅ └‛ └‛ Һ HFCs ҙ Ȃץ

̂Ҙ τR290ȁҀ τR600 Ҁ τR600ãȁԋ ̂R744̃ ȁ̂R717̃ ȁ

└‛╕ ̆ғ ԅ Ȃ

2007 ̆ҕ ҉ 2 ַ └‛╕— ̆ №

ץ ȁ ≠֒ȁ ȁҬ ȁ ȁ ȁ ֒ Ȃ

Ҭ ᴪ ̆ — Ҭ — ץ90%

҉Ȃ 

└‛ — ⌠ ̆ ҙ—

ҬӞ ѿ Ȃ2004 ̆ ӏȁ Ꞌ ≠

⅞ Ҋ̆ ԅ └‛ ̆ HFCs

ױז └‛ Ҭ ᶏ 2̕006 ̆ Ԋ ӏȁ ᴿ

Ӟⱴ῀ԅ ѿ 2̕007 3 ̆ ₃ (ASτDA)ȁ

ȁ ᴿ ȁ ȁ Ӟ ῒ HFCs

└‛ ̆ Ἕԋ └‛╕̕2007 8 ̆ └

‗ ᶏ ԋ ᵬҹ ץ̆╕‛└ 2011 ӊ╠

HFC-134a ҉ᶏ ‗ ̕2007 9 17 ̆ ӏ Ὲ

2008 ֤ ᴪ( ֤Һ Ҭ ῒז 6 ҩ № )

̆ᶏ Ҍ HFCs └‛— ꜚ ̆ Ҭ

ѿ ᶏ Ҍ Ҍ ῃ — Ȃ ׂҹ

̆ ≠ ῀ᶏ 20҆ — └‛— ̆ Ꞌ

Ҹ ῃҌᶏ HFCs└‛ Ӟ Ȃ 
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ȁ ҕ Һ ᵣ⁞ └

№ ῒ̆Һ ץ ҹ Ҋ₃ҩ

̔ 

ԍ HFCs GWPṿ ῒ ֟ȁᶏ ̆ ῒ ȇ֤

ӥȈ Ṝ ꜚ Ҋ̆HFCs⁞ └ ҹ

Һ Ṝ Ҭ ѿ ῤ ̆ ҍ Ḡ

ԑ Ȃ 

HFCs └ ѿץ ↓ Ṝ ꜚ ⅞ ҹᾢ ̆ Һ

Ṥ ȁ ҙ ꜚ̂VAs̃ ̆ └

₮ ̆ ԅҒ ̂ F-Gas ᶛȁ ȇ

Ȉ̃̆ № ₮ԅ № ҙ HFCsᶏ

 Ȃפ

HFCs⁞ └ ῤ ҉Һ №ҹ HCFC-22 ֟ Ҭ ◐֟ HFC-23

⁞ └ HFCs ֟ȁᶏ ╝⁞ ңҩ Ȃ ԍ╠

HFCs ᴍ ғ ҉ ̂Һ HCFC-22 ֟

◐֟ HFC-23 ̃̆ ‛‟ȁ‛ └‛ ̂ ȁ

̃ ҙҬ HFC-134a ֟ ᶏ HFCs⁞ ̆ ╠ҕ

HFCs⁞ └ ȁ ꜚ Ȃ 

└‛ ȁ ̂ ̃ Ҭ HFCs ȁ

└ Ғҙ HFCs ȁῬ≠ ̆ └ HFCs Ҭ

̆ ╠ҕ HFCs⁞ └ Һ Ȃ 

HFCs ֟ ᶏ Ҭ HFCs Ῥ≠ └ ȁ׆ҙ

└ ȁ֟ └ ȁ ḱ ḠῙ ȁ ḱḠ ȁ

֜ └ ȁ Ҭ HFCs ῃ └ ԅ ╠ HFCs

₮ Һ └ Ȃ 

HFCs⁞ └ ԅ ׂ҈ ̆

̂ ̃ȁ ̂ ̃ ҙ ꜚ̂Ὲ῍ ̃̆

ҙ ꜚҹᾢȁ ῒ ȁ ꜚҹ ̆ᵣ ԅ

↕Ȃ 



└ (HFCs)  

27 
 

HFCs⁞ └҉ ȁҺ Һ └

ᵌӊ ̆p Һ ȁ Ṝ

ȁ ᵣ└ Ҍ ̂Һ ᵣ ӊ

Ȃ̃ H̆FCs⁞ └

̆ ℗ ᴆȂ 

̆ ҍ ҙ ᵬ̆ ҙ ⁞ ꜚ̆ ץ

꞉ ̆ ̆ ╠ ҹ HFCs⁞ └

Ạ Ȃ 

ᴪ Ṝ ῏ ꜚ Ҍ ̆ ῒ

ץ̆ HFCsҹҺ ᵣ └ ῃ ῀

̆ ᵬҹѿ Ὲ ғ ԇץ ╝⁞ȁ ף

└̕ҍ ̆HFCs ╝⁞ ף ῀ Ḡ

Ὲ ȇ ≠ ӥȈ Ҭ̆ᶏӊҍ Ṝ Ὲ ̆

ҹ └ ̆ ᾢ ҹ ꜚ Ҭ

ΐ ȁ ⁞ ׆ Ṝ ӈⱵ ѿ ᵣȂ 
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2 HFCs ῒ ף  ל

2.1 HFCs  ל

2.1.1 HFCs Ҭ ֟  

ľ֟ҙ Ŀ № ̆ ף ῏Ὲ № ̆

╠ 10 ̆ ֟ HFCs ̔HFC-134a

̂ ԍ ȁ └‛ ╕̃̆ HFC-410Â HFC-125 HFC-

32 └̆ ԍ └‛̃̆ HFC-245fâ ԍ ̃̆ HFC-

152â ԍ └‛̃̆HFC-227eâ ԍ ╕̃̆HFC-143â ԍ

└‛ ̃ Ȃ ̆ └ └‛╕̆ ₃ Ҋ Ȃῒ

Һ ԍ └‛ Ȃ 

6 HFC  

└‛

╕ 
№̂ №  ̃  ֟   

HFC-

407C 

HFC-32=23% 

῍ ̆

ҹ 6K 

DuPont 

ICI 

Americas 

SUVA AC 

9000 

KLEA 407C 

̂ KLEA 

66̃  

HFC-125=25% 

HFC-134a=52% 

HFC-

410A 

HFC-32=50% 
῍ ̆

OK 

Allied 

signal 

DuPont 

AZ-20 

SUVA AC9100 
HFC-125=50% 

HFC-

404A 

HFC-125̗ 44% 

῍ ̆
OK 

DuPont 

Honeywell 
R-404a HFC-143a̗ 52% 

HFC-134a̗ 4% 

HFC-

507A 

HFC-125̗ 50% ῍ ̆
OK 

DuPont 

Honeywell 
AZ-50 

HFC-143a̗ 50% 

ľ֟ҙ׆ Ŀ ץ ₮̆HFC-134a֟ 2010 63000 ⌠

2011 84000 ̆HFC-125֟ 2010 40000 ⌠ 2011 59000 ̆

HFC-32֟ 2010 31000 ⌠ 2011 42000 ̆HFC-152a 2011

֟ Ӟ 50000 Ȃ ҉ ֟ ₮ ̆p Ҭ ῏

№ ֟ ̆ ‰ Ҭ ₮ Ȃ 
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֟׆ֽֽ ̆ ץ HFC-134a HFCs̆ ῒ HFC-

125 HFC-32ȂHFC-152a ᶛ ֟ ԍ ֟ῒז Ȃ ׆

֟ H̆FC-125 HFC-134a

ᵝ↓ ѿȂp ̆ ԍ HFC-125 HFC-32Һ ԍ └ HFC-410A ԍ

֟ ̕ 2011 ╠̆HFC-410AҺ ԍ₮ Ȃ 

HFCs Ҋ̔ 

HFC-134aҺ ԍ ̆ ῒ ̆ № ԍ └‛̂

╠Ҭ Һ ԍ ‛ ȁ ‛ ̂ ̃ ȁ ‛

̂ ̃ ȁ ȁ ‛‟‛ ̃ ╕Ȃῒ

ᶏ ̆Ӟ ԍ HFC-404A HFC-407C Ȃ 

HFC-125Һ ԍ └ HFC-410Ă Ӟ № ԍ HFC-404A ῒז

Ȃ 

HFC-32Һ ԍ └ HFC-410Ă Ӟ № ԍ HFC-407A ῒז

Ȃṿ ῏ ̆ῒ ԍ └‛╕Ȃ 

 

HFC-143aҺ ԍ HFC-404A HFC-507Ă Һ ԍ └‛ Ȃ 

HFC-152a ∆ Ҭ Ӟ ԍ — └ ̆ ԍῒᵞGWPṿѿ ⌠῏ ̆

ҹ ѿҩ ף ODS Ȃᵖ ԍΐ ѿ ץ̆ ῒז

└̆ῒᶏ ⌠ ╠ ȂHFC-152a GWPṿ

140̆ HFCsҬ ѿҩ̆ ῒזѿ֓ᵞ GWPṿ

Ҭ ⌠ Ȃ 

HFC-152a ᵬ ȁ ȁ ╕̆ᵖ

ԍ HFC-152aΐ ̆ ῃ ῀Ȃ XPS Ҭ H̆FC-

152aҍ HFC-134a ᶏ ̆ ץ ᵞ ̆ ⱴ ȂHFC-152aӞ

ԍ ₮ Ә ̆ ⌠ FDA Ȃ 

HFC-227eaȁHFC-236fa HFC-245faҺ №≢ ԍ ȁ ╕ Ȃ 
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ṿ Ҭ̆ HCFCs Ҭ 2013

HFCs Ȃ ԍ HCFCs ҙ̆ ף HFCs

̆Ẋ HFCsᵬҹ ף ̆↕ HFCs Ȃ ף

֟ ῃȁ ҩ ̆ Ȃ 

2.1.2 ֟ ’ 

HFCsҬ̆ᶭ ῃ Һ Ὲ Alternative Fluorocarbons 

Environmental Acceptability Study (AFEAS) 1989 ץ H̆FC-

134a ῒ HFCs 85%Ȃᵖ 2007 ҌῬ Ȃ 

 

12 AFEAS Ὴ Ӏ ῎ HFCs ֥ (AFEAS, 2011) 
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13 AFEAS Ὴ Ӏ ῎ HFCs (AFEAS, 2011) 

 

2.1.3  

҉ ̆Ҭ Һ HFC-134aȁHFC-410Â HFC-125

HFC-32̃ ῒ̆Һ ȁ └‛ Ȃῃ

HFCs ֟ Ӟ  Ȃל

ף  2.2  ל

̂HFCs̃ ῃ ODS ꜚҬ ̆ῒ

֟ ᶏ ҹḠ Ạ₮ԅ Ȃ ᶏ ╠̆ HCFCs ꜚ

Ҭ̆ ѿ֓ ҙ ̆ῒׅ ף Ȃ ⌠ Ṝ ȇ̆

≠ ӥȈ 19 ᴪ XIX/6 ‗ ҕ ľ HCFCs

̆ ֓ ⁞ ̆ ≢ Ṝ ̆ ῒ

ẫז ȁ ῃ ף ȂĿҍ ̆ ῏ ҹḠ ῃ

Ṝᵣ ̆ ֜ԅ῏ԍ HFCs ȇ ≠ ӥȈ ḱ Ȃ

ḱ ҹ̆ ף ȁ

̆ ᵞ HFCs ̆ HFCs Ȃ 

ODS ꜚҬ̆ ף Ҍ ̆ Ҋ ̔ 
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 14 ODS ש ЃUNEPЄ 

ҹ CFCs HCFCs̆ Ḡ ῏ ҙ ֲ̆ ױ ᶏ ԅΐ

GWPṿ HFCsᵬҹ ף ̕ ױֲ ⌠ └ Ṝ ױֲ̆

ᾣ ԅΐ ᵞ GWP HFCs ῒז Ȃ 

Ҭ ODS ꜚҬ̆ ֟ԅ ף ̆ ף

Ҭ ԅѿ Ȃ ԍ HFCs ̆ף Ҭ └

ֲ̆ └ Ȃ 

ף  2.2.1 ↕ 

ף ̆ ף ᴨ ̆ ᵀ ף ̆ └

ѿ ↕̆ ᵀ ↕ ף ῃ ᵀ̆ҹҬ

HFCs └ ᶫ ᶭ Ȃ ᵣ ̆ ᵀ ↕Һ Ҋ₃ҩץ ̔ 

a) ץ ף ҹ₮ ̆№ Һ ̆ Ҍ ҙҌ

№ ף ̆ Ὶ ῒ Ȃᵬҹ ╕

ף № ף ᵬ̆ҹ└‛╕ ף № └‛╕ ȁ

̆ ̆ ̆ ֓ HC Ȃ ף

ᵀ ᵬ Ȃ 
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b) ׆ ̆ └ ̆ ץ̆ ף ’ ף

№ Ȃ № Ҭ Һ ף ῏ ҙҬ

ᶏ ᴆ̆ҹ ᴇ ף ᶫᶭ Ȃ 

c) ҙ ף № ̆ ₮ ҙ ף ף

Ȃ 

b) └ ΐ ѿ ╠ ̆ ׅ ̆ HC

̆ ԍ ̆ ᴪ ֟ ̂ — ̆

— ̆ ̃ ⱴ Ȃᵖᵬҹ ╠ ף ׅԇץ Ȃ 

e) Ҭ ᵞGWP ף ѿ ̆p ̆

ҙ Ȃ Ӟ ԇץ Ȃ 

f) ף ᴇ Ӟ ף Ȃ 

2.2.2  Ҍ ף  

╠̆ ף Һ №ҹ ȁֲ ҈ Ȃ 

   

ץ ̂Ҙ ĺR290ȁҀ ĺR600 Ҁ ĺR600ã ȁԋ

̂R744̃ ȁ ̂R717̃ ҹף └‛╕ ̆ғ

ԅ Ȃ ╠ └‛╕— № ץ

ȁ ≠֒ȁ ȁҬ ȁ ȁ ȁ ֒ Ȃ 

└‛ — ⌠ ̆ ҙ—

ҬӞ ѿ Ȃ2004 ̆ ӏȁ Ꞌ ≠

⅞ Ҋ̆ ԅ └‛ ̆

HFCs ױ └‛ Ҭ ᶏ 2̕006 ̆ Ԋ ӏȁ ᴿ

Ӟⱴ῀ԅ ѿ ̕2007 3 ̆ ₃

(ASĺDA)ȁ ȁ ᴿ ȁ ȁ Ӟ

ῒ HFCs└‛ ̆ Ἕԋ └‛ 2̕007

8 ̆ └ ‗ ᶏ ԋ ᵬҹ ץ̆╕‛└

2011 ӊ╠ HFC-134a ҉ᶏ ‗ ̕2007 9 17 ̆
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ӏ Ὲ 2008 ֤ ᴪ( ֤Һ Ҭ ῒז 6ҩ №

) ᶏ̆ Ҍ HFCs └‛— ꜚ ̆

Ҭ ѿ ᶏ Ҍ Ҍ ῃ

— Ȃ ׂҹ ̆ ≠ ῀ᶏ 20҆ — └

‛— ̆ Ꞌ Ҹ ῃҌᶏ HFCs└‛ Ӟ Ȃ 

Һ HCs , CO2, NH3̕ ԋᾝ └‛╕̔R432a

R433a ң ԋᾝ └‛╕̆ῒ ODPṿ ҹ 0̆ғ GWPṿ ԍ 5̆Һ

ᴍҹҘ ԋ ȁҘ Ҙ Ȃ 

̂1̃ Ҁ ̂R-600ã 

R600a ȁ ̕ҍ ȁҌ ȁ ȁ

̕ᵖҍ ֓ Ә ȁ Ἕ ȁ Ҁ

̆R600a ԍ Ḡ └‛╕̆Һ ᵬ — ȁ‛

֟ └‛ Ȃ 

Ҁ  

№  58.12 

̆Ņ -11.80 

̂2Ņ̃̆ ᵣ̆g/cm3 0.551 

̂25Ņ̃,MPa 0.3498 

ҳ ̆Ņ 134.98 

ҳ ⱬ̆Mpa 3.66 

ҳ ̆g/cm3 0.221 

Ҋ ̆KJ/Kg 366.5 

̂ ᵣ 25Ņ̃̆KJ/Kg·Ņ 2.38 

̆vol% 1.85-8.5 

 

̂2̃ Ҙ ̂R-290̃ 

Ҙ ODPṿҹ 0̆GWP ԍ 20̆ ╕‛└ף ȂҘ

ᴨԍ ᶏ └‛╕HCFC-22̔ ⱬҊ̆

7Ņ Ҙ HCFC-22 84.4%̕ ҊҘ

HCFC-22 ̆ᶏ Ҙ HCFC-22ᵞ̕ Ҙ

Ҋꜚⱬ ԍ HCFC-22̂ ꜚ ⱬᵞ̃̆ ԍ HCFC-22̂ ԅ

ᴰ ̃̕R290 HCFC-22 ̆ᶏ ᵞ̆

̆ᴰ Ҍ ⁞ ̆ᶏ ᵞȂҘ └‛╕ ѿҩᴨ

̆ ҍ Ȃ 
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Ҙ ԍ ȁ Ҭ̆ Ḃ̆ѿ ᵬҹ◐֟ ₮ ̆

ᵞ̆ᴇ Ḃ ȂҘ ᴇ ֽҹ HFC-134a 4.7%ȂҘ ҹ ̆

ҍץ ╠ ᶏ ԑ ̆Ҍ └ ̆ ғ ╕ȁ

ȂҘ ҍ ȁ Ȃ 

ᵖҘ ȁ ̆ Ҭ ᵞ̂ 0.038kg/m3͘0.171kg/m3̃̆

ᵬҹ└‛╕ᶏ ≢ ῃȂҹԅ ᾧ Ӟ̆ Ҋ ̔

ŵ Ҙ Ҭⱴ῀ ╕̕Ŷ Ҭῃ ῏ Ȃ

ῒ ԍ └‛ ȂҘ R410A ᴨ ̆

ῃ ץ ῏ └ ̆Ҙ ╠ Ȃ 

Ҙ ̂R290̃  

№  44 

̂0.1MPã :kJ/kg 376.33 

̂10325kPã : 

kJ/kg·Ņ 

1.132 

̂16.5Ņ̃ 

̂20Ņ̃: 

kJ/̂ K·kg̃ 

. 1.969 

. 2.587 

̂20Ņ̃: 

W/m·k 

. 94.09 

. 19.16 

̂20Ņ̃: 

Pa·s 

. 118.1 

. 8.75 

‰ :Ņ -42.07 

₀ :Ņ -187.7 

ҳ ⱬ:MPa 4.254 

ҳ :Ņ 96.8 

ҳ :m3/kg 4.545 

 

̂3̃ CO2̂R744̃  

ԍ CO2ᵬҹ└‛╕ ⱳᶏ ̆ ҹ CO2Ῥ ̆ ף

ԅ Ȃ ԍ ꜚ

̆CO2 ΐ ╠ Ȃ 

CO2ᵬҹ└‛╕ ᴨ Ȃ ̆ῒ ODPṿҹ ̆

GWPṿҹ 1ȂCO2ѿ ׆ ҙ Ҭ ̆ Ҍ ⱴ Ҭ CO2 ̆ῒ

‪ 0̆ ῃ̆ ̆Ҍ ֟

̆ ῃ ԍ └ ̕

ⱬᶏ ᵝ └‛ ̆ ⁫̕ ᵣ ᶏ ѿ
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̆ ̕ ꜚ ᵞ̆ / ׆̆ ΐ ᴨ ꜚ

ᴰ ̆ ѿ ⁞ ҍ ̕ΐ Ȃ 

ᵖ CO2 ⱬ Ȃ ᶷ ⱬ 10͘ 13Mpă ᵞ ᶷ ⱬ 2.3͘

5Mpă CFC HCFC └‛╕ 7͘8Ṑ̆ ‛└ץ ̆

̆ ғ Ҭ ȁ Ḡ ȁ⁞ ᾧ

ꜚȂ ̆ └ ῒז ᶏ CO2

ⱴȂҌ ̆ ̆CO2ᵬҹ └‛╕ Ҍ

Ȃ ғ̆ ԍ ⱬ̆ └‛ ̆ ꜚ

Ӟ Ȃ 

ꜚ Ȃ ῤ ̆ ╠ ̆

CO2 ȁ ȁ ȁ └‛ Ҭ ᵞ └‛

Ҭ ╠ ӏ Ȃ ≢ CO2 CO2 ̆

╠ ᾣ Ȃ 

Denso Ὲ CO2 ̂ - ̃ ̂

ECOCUTẼ2001 ҉ ̆ ֟ ҆ ̆ №

Ȃ 

ԍ ’ȁ ꜚ ̆ └‛╕ ̆ῃҕ ῤ

└‛╕ └‛╕ Ȃ҉ץ50% ⅞ 2008 -2010

ῃ ҹ CO2 ̆ ╠ └ ῏ CO2

‰Ȃ └‛ Ҭ ᵬᵞ └‛ └‛╕̆ CO2ᵬҹ└‛╕

ѿҩ ╠ Ȃҍῒ ᵞ └‛╕ ̆ ᶏ ᵞ ᴆ

Ҋ̆CO2 ̆ᴰ ᴨ Ȃ └‛ ̆

’ ҉ Ȃ 

ӊ̆ CO2҉ ╠ Ȃ CO2└‛ ȁ

ȁ Ғ≠̆ CO2 ӊҬ̆

Ȃ 

ῤ҉ ֜ ҍ҉ ҙ Ὲ ῏̆ └ԅ ῤ ѿ

CO2 ̆ ῏ CO2└‛ȁ Ғ≠Ȃ

└ԅ ῤ ѿ CO2 ҳ - ̆ └₮ԅ
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50% ף3 ̆ ԅ ᴰ ᴰ Ӟ̆ ԅ ᵩ

῏Ғ≠Ȃ 

 7 CO2  

№  44 

ҳ  ̂ Ņ̃ 31.1 

ҳ ⱬ ̂MPã  7.38 

‰ Ҋ  ̂ Ņ̃ -78.52 

 ̂ kg / kmo l̃  44.1 

0 Ņ ᵝ ‛  ̂ kJ /m3̃ 22600 

 ̂  ã  > 50 

ᴇ  0.1 

 

̂4̃NH3̂R-717̃  

̂NH3̃ ODP GWP ҹ 0̆ ѿ Ḡ └‛╕̕ ᴨ ̆

‰ ᵞ ‛̆₀ Ҭ ⱬ Ҭ̂ 30Ņ ‛₀ ⱬҹ 1.17MPă

-15Ņ ⱬҹ 0.24 MPã ̕ ᵝ └‛ ̕ ̆ᶏ ᵣ

ᴨ ̕ᴇ ᵞ ̕ └‛ ̆ ‛₀

’Ҋ̆ ԍ ῒז ̕ ̆

ץ ȁ └‛ ̆ ȁ ⁫ֲ̕ᵣ

ṿҹ 0.5-1.0mg/m3̆ ҩ Ҍ ᶏ ⌠┬ ̆ ᵞԍ

̆ ץ ₮ ̕ ԍ ԍ ̆

ⱴץ ̕ └‛╕ ҍ ᴋᵥץ ᶛԑ ̆ ̆

ץ ₮ ’ ̆ ץ ⁞ץ Ԋ ̕ Ҍ

≠ ӇҤ ̆ └‛ Ҍ ̕ └‛ ԍ

ᶏ 100 Ȃ ֓ᴨ ᶏ └‛ ׂׅ

ҙ Ҭ ̆ ╠ ῤ Ҭ ‛ Ạ└‛╕Ȃ 

ᵬҹ└‛╕Ӟ ѿ֓ Ȃ ΐ ѿ ̆ Ҭ

⌠ ҉ץ11% ̆ ҹ 16%-25% Ȃp

ҹ Ҙ Ҁ ̆ ԍᵞ ̆ ԍ

ң Ȃ ΐ ̆ ASHRAE34-1997 ‰ ῃ№ Ҭ̆ ↓ҹ B2 ̆

ᵣȂ ̆ └‛ҍ Ҭ̆Ҍ ᶏ Ạ└‛╕Ȃ 

ҍ Ҍ ̆ ᵞԍ 1%Ȃ ῀ ̆ᴪ └

‛╕ ҉ ̆ ᴰ Ȃp ѿ
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ӊҬ̆ ̂PAÕ ᶏ ӊѿȂ ᵬ ̆

ᵖ ᴪ ȁ ̂ ̃Ȃ  

└‛╕ ԍ ҙ ̕ └‛ҍ Ҭ Ҍ̆ Ạ└

‛╕Ȃ ╠ ῤ Ҭ ‛ Ạ└‛╕Ȃ 

 8 NH3  

№  17.03 

ҳ  ̂ Ņ̃ 132.44 

ҳ ⱬ ̂MPã  11.42 

‰ Ҋ  ̂ Ņ̃ -33.33 

0 Ņ ᵝ ‛  ̂ kJ /m3̃ 4360 

 ̂  ã  - 

ᴇ  0.2 

 ֲ  

ԍ ҙ HFC-134a ֟̆ῒ ף HFC-152aȁ

HFO-1234yf  

̂1̃HFO-1234yf 

2010 ‰ ᶏ Honeywell HFO └‛╕̕

2011 2 ̆ Ḡ ‰ԅ HFO-1234yfҹ └‛╕ ̂USEPĂ

2011̃ ̆ҹ ף HFC-134aẠ ԅ ‰ Ȃ ѿҽ ᶏ HFO-1234yf ҙ

ᶏ Ȃ 

 9 HFO-1234yf  

 CF3CF=CH2 

№  114 

̂Ņ̃ -30 

ᵣ ̂g/cm3@25Ņ̃ 1.1 

ᵣ ̂ =1̃ 4 

̆%̂V/Ṽ 6.2-12.3 

̂21.1Ņ̃MPa 6.607 

HFO-1234yf Ὲ Ὲ ₮ ̆Һ ‗

HFC-134a ף Ȃ ODPṿҹ 0̆GWPṿҍ ᵌ

ҹ 6̆ ᴨ Ȃῒ ̆ᵖΐ ̆ Ҋ ҹ 6.5%̆
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ԍ A2 └‛╕Ȃ ԅ ᵀ̆ ҹ HFO-

1234yf ץ Ҭ ῃ ᶏ Ȃ 

HFO-1234ze ѿ ╕̕ҍ HFC-134a ̆ ╕ ֟

ΐ ̆ ᴨ ᾝ Ȃ ֟

EU ҙ Ȃ 

̂2̃HFC-152a 

HFC-152a ᵬҹ└‛╕̆ῒ GWPṿ 140̆ HFCsҬ ѿҩ̆

ῒזѿ֓ᵞ GWPṿ Ҭ ⌠ Ȃ 

 10 HFC-152a  

№  CHF2CH3 

№  66.1 

̆Ņ -24.7 

̂20Ņ̃̆kg·dm-3 0.90 

̂25Ņ̃̆MPa 0.618 

ҳ ̆Ņ 113.5 

ҳ ⱬ,MPa 4.58 

ҳ kg·dm-3 0.365 

Ҋ ,KJ·Kg-1 324.2 

̂25Ņ̃ 

HFC-152a Ҭ̆%̂m/m̃ 

HFC-152aҬ̆%̂m/m̃ 

 

0.3 

0.17 

̂25Ņ̃̆ ᵣ,W·m-1·Ņ-1 0.0113 

̂ Ҭ̃̆%̂V/Ṽ 5.1-17.1 

2.2.3 Ҍ ҙ ף  

 ҙ 

ҙ ╠ ҹ ᶏ HFC-134aᵬҹ└‛╕̆ᵖ ԍΐ

GWPṿ ῒ̆ ῃ Ṝ ⌠῏ ̆ ғ ԍ HFC-134a№

Ҭ CF3 ̆ Ҭ ҍ OH

Ҥ ҈ Ә Ȃ ̆ HFC-134a

ҙҬ Ȃ ԍ 2006 ₮ F-gas ׆̆ 2011 1 1

GWPṿ ԍ 150 ᵣ ԍ Ҭ̆׆ 2017 1 1 ̆

GWPṿ ԍ 150 ᵣ ԍ ₮ Ҭ̆ ׆ 2008

HFC-134a‛ Ȃ ╠ ῤ ף ₃Ҋ₃ Ȃ 
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̂1̃HFO  

HFO-1234yf HFO-1234ze ҹ ף HFC-134a ѿף └‛╕Ȃ

ԅ ᵀ̆ ҹ HFO-1234yf ץ

Ҭ ῃ ᶏ Ȃ׆ ╠ Ὲ Ḥ ̆HFO1234yfҍ ȁ Ҍ Ὶ

Ȃ ҉ H̆FO1234yf ѿ HFC-134a ף ῒ̆ ҍ

HFC-134a ̆ ץ HFC-134a Ҭ ᶏף Ȃ HFO-1234ze

HFO-1234yf ԍ HFC-134a └‛  11 Ȃ 

 11 HFO ԓ HFC-134a ┼‡  

 COP ₮  

HFC-134a     1 79.5 

 

HFC-152a 

 

0.90 

 

80.2 

Z-HFO-1234ze 1.04 73.9 

E-HFO-1234ze 1.13 68.3 

HFO-1234yf 0.98 75.6 

҉ ץ ₮ Z̆-̂ E- H̃FO-1234zeҍ HFC-134a ̆ΐ ̆

HFO-1234yf ᵞԍ HFC-134aȂ ₮ ̆ ץ

₮ HFO ΐ ᵞ ₮ ̆ ᵞ ̆⁞

ḱ Ȃ 

̂2̃HFC-152a 

̂Delphĩ ȁ ̂General Motors̃ Ὲ ץ HFC-

152aҹ└‛╕ Ȃ ץ HFC-134aҹ└‛╕

ᴆ ֟ ̆ҍ ╠ HFC-134a ̆ ᶫ

└‛ ̆ғ Ȃ 

̂3̃DYR1 

ῤ̆ ққ Ὲ ῤ ̆ל ԅ DYR1̆

ῒ GWPṿҹ 115̆ ODPṿҹ 0̆ҍ ץ HFC-134aҹ└‛╕ Ὶ

̆ғ Ȃ ╠ ȁ ᵬ(ԍ҆ , 2008)Ȃ 



└ (HFCs)  

41 
 

҉ ⌠ѿ └̆ R290

R717 Ȃ ╠ ҙ Һ Ҭ CO2└‛

҉ C̆O2ᵬҹ└‛ ̔̂ 1̃ Ḡ ᴨ̆ ῃ ̆

CO2 ץ ᴆ ̂̕ 2 ΐ̃ ҍ└‛

̆ ᵝ └‛ ̆ ꜚ ᵞ̂̕ 3 C̃O2ΐ ᴨ

ꜚ ᴰ ̆ ⁞ ҍ ̆ᶏ ҩ ⁫̂̕4̃

CO2└‛ └‛ ᵞ̆

ȂCO2 ҳ ԍ ȁ ᵣ‛ ̆

ⱷ ᵬ Ȃ ץ ̆CO2 ᴨ

̆ ץ ‗ ף ‏ Ҍ ᶫ Ȃ2004 12 ҉

ҙ Ὲ ҍ҉ ҈ Ὲ ȁ҉ ֜ ԅĿ

ԋ Ŀ ̆ ῤ ᾢ ⱳ └ԅ ῤ ѿ

ԋ ̆ᵖ CO2 Ȃ 

 ҙ 

ᴪ ῒץ№ └‛╕ ᶏף ̆ HC-290̂ Ҙ ̃

HFC-32̂ ԋ ̃Ȃ 

̂1̃Ҙ └‛╕̂R290̃  

Ҙ ‰ ȁҳ ȁҳ ⱬ ҍ ᶏ

HCFC-22└‛╕ ῒ ̆ Ҋ Ҙ̆ ҍ HCFC-22

̆ ԍ ף ̆Ҍ HCFC-22 ֟ ̆ Ȃ 

 

 15 HCFC-22ғ R290 Ⱶғ  
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̆Ҙ ᴨԍ HCFC-22̔ ⱬ

Ҋ̆7Ņ Ҙ HCFC-22 84.4%̕ ҊҘ

HCFC-22 ᶏ̆ Ҙ HCFC-22ᵞ̕ Ҙ

Ҋꜚⱬ ԍ HCFC-22̂ ꜚ ⱬᵞ̃̆ ԍ HCFC-22̂

ԅ ᴰ ̃̕ R290 HCFC-22 ᶏ̆ ᵞ̆

̆ᴰ Ҍ ⁞ ̆ᶏ ᵞȂҘ └‛╕ ѿҩᴨ

̆ ҍ ̆ ᵬҹ R22 ╕‛└ף ̆Ҍ

( , 2006)Ȃ 

└‛ ( ԍ , 1999)̆ ‰ ’Ҋ R290ҍ

HCFC-22 3-6 Ȃ ‰ ’̔ 7.2Ņ̆‛₀

54.4ŅȂ׆ 46Ҭ ץ ₮ R̆290 └‛ ҍ└‛ ң ҉

ԍ HCFC-22̆ ‛₀ ⱬȁ ȁ└‛ ȁ ҉ ᴨԍ HCFC-22Ȃ 

 12 R290ғ HCFC-22 ⅎ ғ  

HCFC-22ҍ R290  HCFC-22 R290 R22ҍ R290 ̂%̃ 

ⱬ̂Mpã 0.62 0.59 94.1% 

‛₀ ⱬ̂Mpã 2.15 1.89 88.0% 

 3.47 3.20  

̂Ņ̃ 101.1 84.2  

└‛ ̂kJPkg̃ 149.8 215.18 143.6% 

└‛ ̂kJPm3̃ 3520.4 3270.8 92.3% 

└‛  3.90 3.73 95.6% 

R22 ľ KF-26GWPKĿ ľ

KFR-27GWPEĿ ԅ Ȃ R290 ̆ ԅ ̆

ԍ HCFC-22 ̆‛ ᵞԍ Ȃ ̆

’Ҋ R̆290 └‛ ⌠ HCFC-22 97.2%̆ ԅ 12.6%Ȃ 

Ҙ R410A ᴨ ̆ ῃ ץ

῏ └ Ҙ̆ ╠ Ȃ ╠̆ ᶏ R290

ȁ — 1000҆ Ȃ 

ҕ ԍ └‛╕ Ҍ ̆ ᶏ ȁᶏ ץ

ᾛ ᾟ ҉ № Ȃҍ — ҉ R600a└‛╕

Ҙ̆ Ҋ R600a Ȃғѿ —̆ 100% ῤ̂ ῤ̃̆

ѿ № ῤ ң ’̆ ῤ └
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̆ Ҙ ᵞ̕ — ̆ Ҋ Ȃ

׆ ѿ ҉̆ ᶏ └‛╕ Ҍ — Ȃ 

 ҙ 

Ҭ ҙᶏ ᵣ Һ PU ҙ XPS

ҙȂ ҙῤ ҈ Һ ף ̆ ̂1̃HC ̆Һ ᶏ ̆ ̆

ῒ ̆ ╠ ̆Ḡ ̆ — ᵣḠ

Ҭ ̂̕ 2̃ῃ ̆ ҍ CO2̆ ҉ CO2

Ҭ ᵬ̆ҹ ╕̆ ԍ ᶛ

̂ᴏ ̃ȁ ȁ ᾟ ̂̕ 3 H̃FO ̆ῒ ᾥץ HFCs

GWP ̆ ṿ ̆ ӊῤ Ҍΐ

ῤ ᶫ ῤ PU ᴑҙ ץ ᴇ Ȃ ̆

Ӟ ѿ ⱬ ף Ȃ 

╕Ҭ ΐ ᴇṿ ҍ̆ῒז ╕ ̆

ᵞ̆ Ḡ ̕ Ҭ ̂10

̇20˿ ̆ ῤ̃̆ץ˿7 Ḃ ֟ Ȃ 

Honeywell ԅ HFO-1234ze ╕ ԍ ᴍ ᴍ ץ

ף HFC-134a ╕Ȃ ̆ ╕ XPS Ҭ ף HFC-134a Ӟ

ᴇҬȂҍ HFC-134a ̆ ╕ ֟ ΐ ̆

ᴨ ᾝ Ȃ ֟ EU ҙ ̆ ғ ῤ

ҙ Ȃ 

҉ ̆ ╕ ץ ᵣ ̆ ╕ ῒҌ

ᵣ ⌠ ↕ ҉ ̆ ῒҬ֟ ȁ

ѿ ȁ ᵞ ῃ Ȃ 

╠ ̂ ̃ HFCŝ HFC-245fã ᵣ ѿ Ȃ

Ḥ Ὲ ̆ ץ ᵣ Ḡ ̆

׆̆ Ҍ ΐ ’Ҋ — ⁞̆ —

ᶏ ⌠ ̕ Ҍ ’Ҋ ֟

̆ΐ Ȃ 
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2.2.4  

ԍ HFCs ֟ ̆Ҭ HCFCs Ҭ HFCs

҉ Ȃ HFCs ֟ ΐ GWPṿ̆ᴇ ̆ ҳԋ

ף ̆ ᶏ Ȃ 

└ ΐ ѿ ╠ ̆ ׅ ̆ HC

̆ └‛ ԍ ̆ ᴪ ֟ ̂

— ̆— ̆ ̃ ⱴȂ 

ף HFO ף ԍ ᵞ GWP ⌠ ᴪ

῏ ̆ ΐ ╠ ̆ ԇץ῏ Ȃ 

 



└ (HFCs)  

45 
 

3 ῏  

3.1 └  

└ HFCs ῤ֟ ȁ ᴪȁẫ

Ȃ№ └ HFCs ᴪ ̆ №ҹ ≢≠ ῏ ȁ

№ № ҈ҩ ȂῒҬ≠ ῏ ≢ HFCsῃ

№ ץ ≠ ῏ ῒ ≠ ̕ № Ҭ̆ HFCs

֟ᶏ ȁ ῏ ҙ №̆≢

HFCs HFCs ֟ᶏ └ ̕

№ Ҭ Ҍ └ ֟ ȁ ᴪȁẫ

№ ȂHFCs ᴪ №  16Ȃ 

 

 16 ᴰ ⅎ  

3.1.1 ≠ ῏ №  

≠ ῏ ѿ ꜚȁ ӊҬΐ ≠ ҩᵣȁ ᵣ

Ȃ ≠ ῏ № ץ └ HFCs ꜚ ≠ ῏ ȁ

≠ ῒ ҹ ̆ ꜛԍ№ ᵀ ᵀ

Ȃ HFCsῃ ̂ ֟ȁᶏ ̃ № ̆ ⌠ HFCs

≠ ῏ № ̆  13Ȃ 
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 13 ┼ HFCs ⌐ ῗ  

≠ ῏  ῏≠  └ ≠ ῏

ҹ 

HFCs ֟ ׆  HFCs ֟ȁ Ҭ

≠ ̕p Ӟ ≠ԍ

ף ̕

ꜚ  

̂ῤ ȁ₮ ⁞̃ ̆ ῏ᴑҙṕ

֟ 

HFCsᶏ ̆

└‛ ֟ ȁ

֟ ֟

 

ҹ ⌠└‛ ȁ ῃ

ᶏ HFCs̆ ֟

 

̂ῤ ȁ₮ ̃̆ ȁᶏ HFCs

ף ֟  

└‛ ȁ ֟

ᶏ  

֟ ԍ ֟ ̆

ᶏ  

ᶏ Ḡף

 

ף ֟  ֟ ף HFCs֟ ̂

̃̆ ᵖӞ ≠ԍ

 

ⱴ̕ ף ̂ ̃ ῀Ҭ

̆ⱴ▲ Ԉ 

῏ ҙ ꞋꜚҬ׆   HFCs Ҋ ̆ ף

Ҍ ̆ ⱴ ῃ ẫ  

 ӯ HFCs֟

⁞ ᶏ HFCs ῏֟

 

⁞ץ HFCs ̆p HFCs ף

ף └‛ ȁḠ ̆

֟ ̆ ף

Ҍ ̆ ⱴ ῃ ẫ  

ῒזῈᴧ ⁞ HFCs ⁞

Ṝ  

≠ԍῃ ẫ ȁ Ὲᴧ Ḡ  

└ ȁ

 

ᵀ HFCs ᴪ

└̆

 

ᵀ └ ᴪ֟ ѿ ̕

ⱴ 

Ḡ ȁ Ḥ

῏  

└ ῏ ȁ ‰

 

֟ף ̂ ̃ ᶏ ֟

̆ ῏ ᴪⱴ ᵬⱬ  

҉ № ץ ⌠̆HFCs ⱴ ῏֟ҙ

̕ ᴑҙ Ԉ ̕ ᴪ

≠̂ ҙȁ ≠̃ ῃ Ȃ׆ H̆FCs

≠ԍḠ ̆Ḇ ᴪȁ Ȃ 

3.1.2 №  

ץ ᶏԊ ∆ ѿ ↓Ԋ

Ȃ № № ̆ ѿ

№̆ Ԋᴆ Ȃ №

ῒ ̆ № ץ ꜛ‗ Ạ₮ Ȃ Cherk

̂2005̃ № ԅ ӈ̆ № Ạԅ ̕

₮ԅ № ₃ҩ ̂ , 1994̃ Ȃ ӊ̆ №

Ԋᴆ ᴇ ҉̆ ῤ ῏ ԑᵬ
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̆ Ҍ Ẋ ̆ ₮ Ȃל №

ȁ ̆ № Ҍ

Ẋ ᴆ ȁ ȁᵣ└ ̆ ₮Ҍ Ẋ ᴆ

Ҋ ᴪ₮ Ȃ 

№ ׆ ̂ ℗ ̃̆ ҹ‗ ↕

Ҋ‗ Ȃ ԊᴆҌᾛ ľẼ Ŀ ̆ ᾢ╠

Ẋ Ҋ₮ ̆ ԍ Һᵣ Ȃ ҉

̆ Ẋ ̕ ҩẊ ױ ץ̆ ≢

Ȃ ӊ̆Ҍ῏ ľ Ŀ ҹῒ ԅ ῏ ᵬ ֟ ԅ

̕ Ӟ Ḃ ̆ ⱬ Ȃ 

ľ № ĿҌ ף Ҭ Ȃ ᴰ Ҭ̆

ȁ ȁ № ̆ ԍ ץ ῏

̆ № ץ ⌠ĺĺῒ ᶛ ӈ҉ ᾛ ĺĺ

ᵌ ѿҩ ṿȂD № Ҍᶭ ԍẊ ҩ №

Ȃ 

Ṝ ̆ № Ṝ

̆ҍ HFCs └ ᵌ ׃ Ҋ̔Ashford ̂2004̃ ҈ ᵀ

ԅῃ 2003ð2015 └‛╕ CFCsȁHCFCs HFCs Ȃ ҹ ȇ

≠ ӥȈ Ҋ ᶏ ף ̆ᵖ ῒז Ҍ ̕ 2̔ └

‛╕ ̆ ᵞ GWP ף ̆ɒ ᵞ GWP└‛╕ ף HFC-134a̕

3̔ 2 ҉̆ HFCsȂ ̆ 2015 ̆3

Ҋԋ №≢ҹ̔1.53 Gt CO2-eqȁ 965 Mt CO2-eq 673Mt 

CO2-eqȂIPCC/TEAP (2005) T ԅ BAU ̂Ẋ └ ̆

ODSs ȇ ≠ ӥȈ ῏ ̃

̂ └ ⌠ 2015 Ḡ Ҍ ̆ᶏ

ӞҌῬ ⱴ̆ODS ֟ȁᶏ ȁ ȁף ⌠ Ạ ̃

2002ð2015 CFCsȁHCFCs HFCs Ȃ BAU ̆

⌠ ⁞ץ 2015 1.2 Gt CO2-eq GHG ̆ῒҬ̆60% ⱬ

HFCs ⁞ ̆HCFCs CFCs↕№≢ ԅ 30% 10%Ȃ ҍ

῏ GHG Ȃ 
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Velders ̂2007̃ ҹ ȇ ≠ ӥȈ 1974

ῃ ODS ֟ ̆ ̆ ̆

̆ ԅ 3ҩ №̆≢ҹ M̆R74 NMP87

Ȃ ҹ 2004 ╠ ODS ̆2004

ῃ ȇ ≠ ӥȈ ODS ̕MR74 ף 1974

̆ȇ ӥȈӊ╠ ҹ̕NMP87 ף ȇ

≠ ӥȈ Ȃ ̔ ̆2010 ODS ҹ SRES

29-35 Gt CO2-eq·yr -1 4-5%̆MR74 ̆2010 ODS ⌠ 24-

76 Gt CO2-eq·yr -1 N̆MP87 2̆010 ODS ⌠ 15-18 Gt CO2-eq·yr -

1̆ CO2 ѿ ̆ҹ 11-13ṐȂ M̆R74

NMP87 Ҋ̆2010 ODS №≢ҹ 0.32 W·m -2̆0.8-1.6 W·m -2̆

0.6-0.65 W·m -2Ȃ⁞ ODS ֟ ԅֲҹ ̆

MR74 NMP87 ̆ 2010 ODS ԅ 13-18

31-45 ̂ ‗ԍ ODS3%/7% ̃ 7-12 Ȃ 

Velders ֲ̂2009̃ ԍ ȇ ӥȈⱴ HCFCs

H̆CFCs HFCs HFC-134a Ḥ HFCs

⌠ 2050 Ẋ ̆ ԅ HFCs ԋ ῃ

Ȃῒ ԅ 5 ⁞ ̔ ѿ HFCs

└̆ Lieberman-Warne Ṝ ῃ ̆HFCs 2012ð2040

⁞ ⌠ 2012 70%̕ ԋ 2011ð2017 ῃ GWP

ԍ 150 └‛╕̕ ҈Ẋ Ҭ №≢ԍ 2014 2024

‟ HFCs ̕ ԓ №≢ҹ̆ ҈ Ҋ̆

Ҭ №≢⁞ 2% 4% ̆ ⌠⁞ 80% Ȃ

ѿҊ 2013ð2050 ⁞ HFCs 13-14 Gt CO2-eq̆ 2050 ⁞

ҹ 0.025 Wm-2Ȃ ԋҊ 2013ð2050 ⁞ 7-10 Gt CO2-

eq̆ 2050 ⁞ ҹ 0.017-0.025 Wm-2Ȃ ҈Ҋ 2013ð2050

⁞ 69-118 Gt CO2-eq̆ 2050 ⁞ ҹ 0.012-0.20 W.m-2Ȃ

ԓҊ 2013ð2050 ⁞ 106-171 Gt CO2-eq̆ 2050 ⁞

ҹ 0.18-0.30 Wm-2Ȃ 

Ҭ̆ Ҍ ҙ ̆ ԅҌ └ ȂHFC-

134a № ҊȂ ῏ № ῏ Ȃ 
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└└ └└ └ ≢└ ≢ //

HFC-134a

≢

HFC-134a

≢

ꜚꜚ

IPCC/ /

Ғ

IPCC/ /

Ғ

ף

≢

ף

≢
ףף ף ףꜚ ꜚ

Ғ /Ғ /

└└

 

17 HFC-134a ┼  

 

3.1.3 №  

 №  

HFCs ̆Ҍ Ҍ Ȃ ԍ ΐ

ᴇṿ̂ҩֲ Ԋᴆ ᴇṿᵀ ᴪ Ҋ ̃̆ ֟ҙ

̆ ҹ ╠ ᴇṿ̆ ̆ᶏӊ ҉

ΐ ѿ Ȃ Ҭ ̆ Ҭ 5%̆

⌠ 2013 Ȃ 

1̃ ῏֟ҙ  

῏ ֟ҙ └ HFCs֟ ҙ ̂HFCs ֟

ҙ̂ ̃ȁ֟ └ ҙȁ֟ ҙ̂ ҙ̃ȁ ῏ Ⱶҙ̂ ḱ

ҙ ץ̃ ̃ ף ֟ҙ ԍ

Ȃ ץ ҩᵣ ̆ №≢ ᵀ ֟ ȁ└ (ҙ) ᶏ

̆ └ ꜚ ᴪ Ȃp ԍ ᵀҩᵣ

̆ ғ ҩᵣ ᴪ Ȃ ҹ

׆ ᴪ ̆ ֟ף ᶏ ᴪ ֟ҙ ҉ ֟ ≠



֤ ҍ  

50 

⁞ ̆p Ҭ ῤᴪ ⱴ ף ֟ҙ ↕̆ ף ֟ ≠

ⱴ ׆̆ ᴪ ᵣ ≠ Ҍ Һᵣ № Ȃ Ẋ

└ ῏֟ҙ ҉ ῒ֟ז ̂ ȁ ף ̃ ᴇ

╠ Ҋ̆ ף ῤ ⁞ ҩ ᴪ Ȃ

̆ ץ ҹ ᴪ Ȃ ȁ ̂ ̃

ԍᴑҙṕ ⁞֟ ט Ҋ ̆ ԍ ט ̆

ᴪ ̆ ᵀҬӞҌԇ ̂HFCs

ҙ ԍ ᴪ ̃Ȃ 

Ҭ HFCs ֟ȁ└ ȁᶏ ’̆ └ Ҋ̆֟ҙ

ᵀ ̔ ᵀ ῤ ⌠ ễ ≠ ̂₮ ῤ

≠ ̃̕ ԍ ף ᴇ ȁᶏ Ҍ ף ̕ ԍ

̂ ԍ ֟ ⌠ᶏ Ả ̆ ₮ט

̃ Ȃ └ Ҋ̆֟ҙ ᵀ Һ

ᵣ ᴑҙҹ ף ᶏ ₮ט ⱴ Ȃ 

ᵖ Ҭ ̆ ᴑҙ ⅞ ֟ HFCs ῒ ῏֟ ̆ ᾧ

῏ ̆↕Ҍ Ȃ ҩ ҙ ΐᵣ № ῒ Ȃ 

2̃  

Ҭ ╠ └ HFCs ֟ ᶏ Ȃ

└ HFCs̆ ⌠ Һ └ ̆ └ HFCs

֟ Ⱳ ‰ ̕ Һ̆ ֟

ᴑҙ ȁ ֟ ף ȁ ף

ᶏ ↕̆ ҙẫ ῃ ̕ ᴑҙ

Ȃ 

└ ԍ ⱴ ̆ └ Ҋ

֟ ̆Ҍ HFCs ̆ Ẋ └

Ҋ HFCs֟ Ȃ 

Ҭ̆ Һ ҹ└ ȇHFCs ֟ Ⱳ Ȉ

ȁ ֟ ᴑҙ ᴑҙ ȁ Ȃ ֟

ᴑҙ Һ ῒ HFCs ’̆ Ả ֟
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ᶏ HFCs̆ ֟ ᶏ ף Ȃ Ẋ Ҋ̆

ѿ ׆ 2015 ҹ ̆ ⌠ ῃ ҹ Ȃ 

3̃ ᴑҙ Ԉ  

HFCs └ ̆ ᴪ ᴑҙ Ԉ ̆

└ Ҋ̆ ף ῀Ҭ ׆ ⱴ ֟ף Ԉ ᶏ̕

ף ᶏ₮ ֟ ׆ ᴑҙ ̕ HFCs

֟ ₮ ᴪ ⌠ └ Ȃ 

 ᴪ  

ᴪ Һ ῏ ҙ ҙ ’ ≠ Ȃ 

1̃ ҙ  

╠Ҭ HFCs ֟ ҙ׆ҙֲ ֲ̆ ῏└ ҙ̂└‛ ҙȁ

ҙ ҙֲ׆̃ ֲ҆̆ ῏ ḱ ҙ׆ҙֲ ֲ҆Ȃ ῏ HFC

ᴑҙṕ ҙ׆̆ Ῥ ҙ Ȃ ҙ ᾟ№̆Ҋ ץ ֟

ף ᴑҙ ῒז ⌠ ᵬ̆↕ ᴪ ҙ ᵣ Ҍ Ȃ 

2̃ ≠  

HFCsҹᵬҹ└‛╕ȁ ╕ ҍ ֟ ῏Ȃ Ҍ ף

֟ Ҍ ⱴ ̆ ≠ Ȃ ֟

ᴪ ᶏ ף ȁ ֟ Ȃ 

  

⁞ HFCs ⁞ ᵣ ̆ ⁞ Ṝ ῃ

Ȃ ̆ ף Ҭ ̆ ̆Ӟ ⁞ ῒז

׆̆ Ȃ ̆ ᴇ ̆№ҹ

Ȃ 
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3.2 HFCs  

3.2.1 ῏  

HFCs ԍῒ ῃ ̆Һ ֟ ȁ ȁ

ȁᶏ ȁ Ȃ ῒ ҩ Ṝ ̂Life-

Cycle Climate Performance, Ṝ ̆LCCP̃ Ȃ

ῒ ῏ └ԅ҉ Ȃ 

TEWI AFEAS ₮ ̆ῒ HFCs

DÊ Direct effect) ≠ IE(Indirect effect)Ȃ DE

‗ԍ└‛ GWP ṿ̆Barrault (2003)T ԅ ≠֒

ᶏ Ҍ ꜚ ’Ҋ̆ HFC-134a└‛╕ Ṝ ̆

ᶏ ꜚ ꜚ IE TEWI ᶛ№≢ҹ 40-

60% 30-50%Ȃ Ғ ҹ TEWI ṿ ᴇ Ṝ

̆ └‛╕ TEWIṿ̂Julian ̆2007̃ Ȃ 

╠ TEWI LCCPֽ ԍ ᴇᶏ Ҍ └‛ ῤ

Ṝ ̆ ץ ᶏ Ṝ ̆ ץ

ᵀ ↓ Ṝ Ȃ ᴪ ῃ Ṝ

ӗץ GWPṿȂ 

HFCs Ṝ ԅ ᴪ ῏ ̆ ȇ֤ ӥȈ

̆ ῤ ᵣ ԅ ̆IPCC ≢

ᵀ ᵣ ᵀ ԍῒ Ҍ ῒ̆

Ȃΐᵣ Ҋ Ȃ 

14 IPCC ᵆ HFCs (IPCC/TEAP, 2005) 

  

֟ 1) ׆ ҹҬ ֟ ֟

Ȃ 

 2) / ҩ Ȃ 

ᶏ  1) ᵀ ֟ ᶏ Ҭ Ȃ 

 2) └‛ Ҭ ᵬҹ ᶏ Ȃ 

 1) ֟ ₮ Ȃ 

 2) ̆ Ҭ ▼ᵩ Ẋ ҹ Ȃ 

 3) ̆ Ӟׅᴪ Ῥ Ҭ Ȃ 
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֟ 1) / Ҭ ᶫ ȁ ȁ ҹ ֟

Ҭ Ȃ 

 2) ҍ/ ֟ѿҩ ᵝ Ȃ 

 3) ΐᵣ ̆ ҍ ᵣ ῏ Ȃ 

ᶏ  1) ᵀ̆ └‛ ȁ ̔ ҍ/

Ȃ 

 2) ΐᵣ ҍ ᵣ ῏ Ȃ 

 1)⌠ ᶏ ֟ Ȃ 

 2) ΐᵣ ҍ ᵣ ῏ Ȃ 

  

ᴑҙ  ᶭ Ὲ Ғҙ ȂҺ ȁꞋꜚⱬȁ

ȁ ȁ Ȃ 

ᴪ  ᴪ֟ ̆ᶛ ᴑҙ ֟ ֟ ῏

Ȃ ֟ ֟ ᵀ

Ȃ 

 ῀ Ҍ № Ȃ 

 ԍ֟ ֟ ᶏ ̆ ᴪ ֟

№ Ȃ 

ẫ ῃ ῏ └ ᵀ̆ └ ẫ ῃ

ᵞ Ȃ 

 TEWI ῏ ᵣ 

ҕ҉׆ 30 ̆ף № ̆

№ ԅ ̆ ҹ ‗ ѿ

ΐȂ № № Ҭ ΐ̆ ҩ ꜚȁ

⅞ ֟ ׆̆ ₮ ̆№ ѿ ≠ ⱬȁ

ṽ ⱬ ⱬ ҹ̆‗ ᶫᶭ Ȃ № ̆

ҹ ҩ ꜚȁ ⅞ ̆Ҍ ‗ ῤ̆‗

Ⱶ Ȃ ⅞ Ԋᾢ ᴇ ̆ ԍ

ᴇ ҍ Ҍ ̆ ֟ ԅң Ҍ ᴇ №

№ Ȃ ң № Ҍ ֲҍ ᴪ

Ȃ  

ԍ HFCs └ ҹ̔ № ̆ Ҋ

№̆≢ ≠̆

ᴇ ̆ ׆̆ ⌠

ȂVelders 2007 PNAS ԅ

ᵀ (Velders, 2007)̆ ῒҺ ≠ Ȃ 

׃ ԅ HFCs ȁ № ̆

HFCs ҙ ’ ԅ └ HFCs № Ȃ 
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3.2.2 ᵣ  

ᵣ 2 ѿ̆

̕ ԍ ֟ȁ ᵀ ῒ ȂHuang ץ(2002)

1992-2000 AGAGE  NOAA-CMDL ҹ ̆ 2D ᵀ

ԅ HFC-134aȁHCFC-141b HCFC-142b ̆ ҍ AFEAS ᵀ

̆ HCFC-141b HCFC-142b ̆HFC-

134a ȂOôDoherty (2004) ץ AGAGE ᵀ ԅῃ

HCFC-22 ̆ҍ ԍ ᵀ Ȃ 

ԅ ԍῃ ῃ ӊ ̆

̂ᶛ ѿ ̃̆ ῏ ᵣ ᵀ ̆ Reimannm

̂2004̃ ԍ 2000-2002 HFC-134aȁHFC-125ȁHFC-152aȁHCFC-

141b ̆ ῒҍѿ ῏ ᵀ ῒ Ȃ 

ԍ ֟ȁ ᵀ ̆ AFEAS ᶫ

֟ ȁ ҩ ҙ ᶏ ȁ

ᵀ ȂҌ ֟ Ҍ ᶏ

ȂGamlen ̂1986̃ ᵀ ԅῃ Ҍ CFC-11 

CFC-12 ȂAshford̂ 1999̃ ԅҌ Ҍ ̆ᵀ ԅῃ

CFC-11 ȂMcCulloch ̂2003̃ Ҍ ̆

ᵀ ԅῃ CFC-12, HCFC-22  HFC-134a ̆

AGAGE ̆ ⌠ 95%ȂAFEAŜ 2000̃

ᵀ ԅCFC-11 ╕̆ └‛╕ ȂMcCulloch ̂2001̃

AFEAS CFC-11 ҉̆ᵀ ԅ AFEAS ѿ֓

Ҭ ῒ̆Ẋ ╕ ∆ ▼ᵩ ῤ Ҍ̆

╕ Ҍ ̆ Ҍ ╕ CFC-11 Ȃ

̂2003̃ 1999 ҹ ‰ ̆ Ҍ Ҍ Ҍ

Ҭ CFCs ODS ᵀ ȂWan Dan̂ 2009̃ ԍ ҩ ҙ

̆ Ҍ ̆№ ԅҬ Һ ̆

ȇ ≠ ӥȈ └ ̆ᵀ ԅ ⌠ 2024 Ҭ Һ

Ȃ ̂2009̃ Ҭ ҩ ҙ HCFC-22 ԅ Ȃ 
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ԍ ֟ ȁ ᵀ ҹ Ṝ

̂IPCC̃ ₮ ODS ף ̂HFCs̃ ̂IPCC, 2006̃

Ȃ Ṝ 1988 UNEP WMO ̆ Ғ

ȁ ף ȁ ֲ ȁҙ ף ȂIPCC ᵬ

ֲ ꜚ Ṝ ῏ ȁ ȁ ᴪ Ḥ ᵀ̆ῒ

₮ ᵀ ҍ ΐ ѿ Ȃ 

IPCC ODS ף ֟ ᶫԅңҩ ̔ ̂

1̃ ̂ 2 Ȃ̃ Ẋ ѿ ᴍ ֟

Ȃ 1 ̆p ԍѿ֓ΐ Ҭ ̂ └‛ȁ

̃ ̆ ᴪҍ 1 Ẋ ׆̆

Ҭ֟ ̕ ̆ 1֟ Ҍ‰

ȂIPCC 2̆ 2

Ҋ ҉ ̂ã ҉ Ҋ (b)ң Ȃ Ҋ ҉

ҍ ӊ Ȃ ҉ Ҋ ↕ ᴍ

̆ ץ ף Ȃῒ

№ҹң №̔ ԍ ╠└‛╕Ữ ̂ Ҭ └‛╕̃ ⱴ

№ ᾟ ⌠ Ҭ №̆ ⱴ ץ ₮

⌠ Ҭ № Ȃ 

 2aɂ Ҋ ҉  

Ҋ ҉ ҩ ץ

Ȃ ᵀ ԅᶏ ֓ ᾝ ȁ

ᾟ ȁ ץ ῏ Ȃ ҍ ῤ

῏ ῏ Ȃ ȁ ȁ

Ȃ ᾟ Ȃ

ץ Ҭ ֲҹ Ȃ ↕

⌠ ̆ Ҭ▼ᵩ ⌠ Ҭ Ȃ

Ὲ Ҋ(IPCC, 2006)̔  

= + +  

Ҋ ҉ Һ̆ ᵀ Ғ

Ȃ ԍ ץ̆ ῒ▼ᵩ ῤ
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ᾟ ȁ ḱ ȁ ȁ ’ȂIPCC Ҭ ₮ԅ

ṿ̆ ֓ ṿף ῃ Ȃᵖ ԍ ȁᶏ ȁ

ḱȁ Ҍ ̆ Ӟᴪ Ҍ ̆ ṿ

ᴪ֟ ѿ Ȃ Ҋ ҉ ⌠ Ҭ HFCs Ȃ ֓

ץ ԍ ℮ Ӟ̆ ץ ᵀ Ȃ ԍ

̆ ⌠ ℗ ̆ ץ Ғ ᵀ Ȃ ⌠

̆ ᶏץ ף ≢ ’ ׆̆ ⌠

ᴍ Ȃ 

 2bɂ ҉ Ҋ  

҉ Ҋ Ӟ ᵀ ȁ ȁ Ҭ֟ ̆ᵖ

Ҍᶭ ̆ ῃ ᴑҙҬ

ᵀ ȂῒῈ ҹ̔ 

= ï̂ ᾟ ï ᾟ ̃ 

҉ Ҋ ץ ҹ ₮ Һ ңҩ ̔ ᾟ

̂ ̃ Ữ Ȃ ᾟ

⁞ ᾟ Ữ ‪ Ȃ ‪ ҹ ̆

ѿ № ᾟ ⱴ ̆ № Ҍ

ӊҬȂᶏ ҉ Ҋ Ҍ Ҭ

ᾟ ֽ̆ ᾟ ᾟ Ȃ ץ

ԍ└‛ȁ ᵀ Ȃ ҉ Ҋ ᶏ

’ Ҍ Ȃ ץ ҹ ҉ Ҋ ̆

֟ ȂIPCC ׆ └

̆ ᾟ ᶃ └ ף

֓└ ҙ ᴪȂ ᾟ ̆ ᵀ

̆ ᾟ ̆ ᾟ

Ȃ 

3.2.3  

ᴇ HFCs Ṝ Ҍ ̆ῒҬῃ ṿ GWP

̆ ѿ ҹ ̆ῒץ CO2ҹ ‰ ȂGWP ӈ












































































































































































































































































































