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1.  │∂╘⌐ 
 

⅜ ∆╢ ─ │ NEDO ₈ ◄Ⱡ ה ╩

≢⅝╢ ה ┘ ─ ₉─ ╩ ⌐≤╡╕≤╘ ⌐

∆╢≤ ⌐ ─ ┘↓╣╩ ⇔√ ─ ꜞ☻◒

⌐ ⇔ ⌐ ∆═⅝ ─ ╩ ℮↓≤⌐№╢  

2018 ─ ⌐WGй╩ ↑ ⌐╟╢ ╩ ∂≡ ╩ ⇔≡™ↄ↓≤

≤⌂╡ ≤⇔≡ ⌐ ╦╢ ─ ─ ⌐≈™≡─

╩ ∫√  

2019 │ ↓╣╠─ ╩ ∆╢√╘ ╟╡ ⌂ ≤ ┼─ⱥ▪ꜞfi◓

╩ ℮≤ ⌐ ─ ┼─ ⌐╟╡ ─ ─ ≈™≡─ ╩

⇔√  

 2020 │ ↕╠⌐ ─ ⌐ ╦╢ ─ ─ ─ ⅛╠╖

√ ◦☻♥ⱶ ┼─ ⌂≥╩ ⇔√  

 

 

 

⌐≈™≡ 

 

│ ⌐ ∆╢ WGй ה ─ ─2020 ─

╩ ⌐ 2018₩2020 ─ ─ ╕≤╘╩ ⇔√╙─≢∆  

 

                   WGй  

   

       ◄Ⱡꜟ◑כⱠ♇♩꞉כ◒  

ⱷfiⱣכ 

       ISO  

      
  
   

        

      ●☻  ●☻   

  β  ●☻  ●☻   

 

        

         

       

                  β2020 10 ╟╡ ─  

 

⌐ ↕╣≡™╢ ─ ⌐≈™≡│ ╩ ⇔≡™╕∆⅜ ⅔╟┘ │   

⅜ ─ ╩ ™≡ ℮ ─ ⌐≈™≡ ╠─ ╩ ℮╙─≢│№╡╕∑╪    

─ ⌐ ⇔≡ ⌐ ∂√ ⌐≈⅝ ⅔╟┘ ≤⇔≡│ ╩ ™⅛⌡   

╕∆─≢ ↄ∞↕™  
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2.  ─ ─  
 

2.1 ∆╢  

⌐ ∆╢ ┘ ─ ╩╕≤╘≡Table 2.1-1⌐

∆  

 

   Table 2.1-1 Regulations and standards related with refrigerant and refrigeration 

 Air conditioning products 

     

○♂fi  

 

⸗fi♩ꜞ○כꜟ  

╖  

○♂fi  

ⱨ꜡fi  

Clean Air Act 

SNAP 

F-gas regulation 

─  ISO 17584  Refprop  

─  ISO 817 ●☻  ASHRAE Standard 34 EN 378 

⅔╟┘

─  

ISO 5149-1, 2, 3, 4 

IEC 60335-2-24, 34, 40, 89 

●☻  

JIS C 9335-2-24, 34, 40, 89 

ASHRAE Standard 15 

UL 60335-2-24, 34, 40, 89 

UL 484 

EN 378 

EN 60335-2-24, 34, 40, 89 

─ 

◄Ⱡꜟ◑כ 

ISO 52000 ◄Ⱡ  

◄Ⱡ  

 ErP Directive 

EPBD 

─ 

ה

 

ISO 16358-1, 2, 3 

ISO 5151 

ISO15042 

JIS C 9612 

JIS B 8615-1, 2, 3 

JIS B 8616 

AHRI Standard 210/240 

AHRI Standard 1230 

EN 14511 

EN 14825 

(BAM Test Guideline) 

SNAP: Significant New Alternatives PolicyClean Air Act Section 612 

ErP Directive: Energy-related Products Directive 

EPBD: Energy Performance of Buildings Directive 

 

─ ┼─ ⅛╠ ○♂fi ─√╘─ ╛ ≢─

⅜ ↕╣≡™╢ ↓╣⌐ ™ ╛ ⌐ ∆╢ ⅔╟┘ ◦☻♥ⱶ╛ ─

⌐ ╢ ⌐≈™≡ √⌂ ╛ ─ ⅜ ╘╠╣≡™╢ ╕√ ⌐ ⇔√

─ ⌐ ⇔≡│ ◄Ⱡꜟ◑כ ⌐╟╢ ╙ ∆╢ ⅜№╢ ↓─√╘─

≤⌂╢ ─ ╛ ─ ─ ⇔╙ ╘╠╣≡™╢ ↓╣╠─ ─

⌂╙─╩ꜞ☻♩▪♇ⱪ⇔≡™╢  

 ⅔╟┘ ─ ⌂ ה ─ ╩ ∆╢  

 

2.1. 1 ⌂  

1) ⸗fi♩ꜞ○כꜟ 1)  

○♂fi ─√╘─ ⌂ ─ ╖╩ fiכ▫►√╘ ⅜ 1985⌐ ↕╣ ↓─

⌐ ≠™≡ ○♂fi ╩ ∆╢⅔∕╣─№╢ ╩ ⇔ ↓╣╠─ ─ ⅔╟┘ ╩

⇔ ─ ⅔╟┘ ╩ ∆╢↓≤╩ ≤⇔√₈○♂fi ╩ ∆╢ ⌐ ∆╢⸗fi♩ꜞ

ꜟכ○ ⸗fi♩ꜞ○כꜟ ₉⅜ 1987⌐◌♫♄≢ ↕╣√  

│ ⱨ꜡fi CFC╛Ɫ꜡fi⌂≥⅜ ≢№∫√⅜ ∕─ ─ ⌐

⅔™≡ ─ ⅜ ⌐╦√∫≡ ╦╣≡⅔╡ 2016─ 28 ◐●ꜞ ≢│

○♂fi ╩ ⇔⌂™╙── ™ ╩ ∆╢ ⱨ꜡fi HFC─ ה ╩ ∆╢

◐●ꜞ ⅜ ╦╣≡™╢  

 

2) 2)  

│ ⅜╙√╠∆ ╛ ┼─ ╩ ∆╢√╘⌐ ─

●☻ CO2ⱷ♃fi⌂≥ ─ ╩ ↕∑╢↓≤╩ ≤⇔≡ 1992⌐ ↕╣ 1994

⌐ ⇔√ │ ╩ ∆╢√╘─ ╖╩ ⇔√╙─≢№╡ ⌂ ●
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☻─ ⌂≥│ ─ ⅜ ╕╢ COP: Conference of the Parties≢ ↕╣╢  

1997⌐ ≢ ↕╣√COP3≢│ ⌐ ⇔≡ ●☻ ╩1990≢2008⅛╠5

⌐ ≢ ∆╢↓≤╩ ↑√ ≢ ⌐ ⇔≡│ ╩ ⇔≡™⌂™ 2015

⌐Ɽꜞ≢ ↕╣√ COP21≢│Ɽꜞ ⅜ ↕╣ 2020 ─ ●☻ ─ √⌂

╖⅜ ╘╠╣≡™╢  

 

3) Clean Air ActSNAP 3), 4)  

 ─Clean Air Act │ ≤ ─ ╩ ≤⇔≡

NAAQS: National Ambient Air Quality Standards╩ ╘≡ ⅔╟┘ ⅛╠─ ⌂

─ ╩ ∆╢ ≢№╢  

 ↓─Clean Air Act─section 612⌐ ≠™≡ ⌂≥─ ≢ ↕╣╢○

♂fi ─ ⌐≈™≡ ╩ ™ ╩ꜞ☻♩▪♇ⱪ∆╢SNAPⱪ꜡◓ꜝⱶ

Significant New Alternatives Policy Program⅜ ↕╣≡™╢ ─ ≤⇔≡│ ○♂fi

ODP GWP ≤ ─ / ─

⅔╟┘ ┼─ ⅜ →╠╣≡™╢  

 

4) F-gas regulation 5) 

 F- gas regulation(EU) No 517/2014│ EU⌐⅔↑╢ⱨ꜡fi ─ ⌐ ∆╢

≢№╡ EU ─ ⌐ ⇔≡ ↕╣╢╙─≢№╢ 2006⌐ ↕╣√⅜ ╩

∆╢√╘⌐2014⌐ ↕╣ F●☻ HFCPFCSF6∕─ ⱨ♇ ╩ ╗ ●☻ ─

∞↑≢│⌂ↄ F●☻⅔╟┘F●☻ ─ ⅛╠ ─ ⅎ™ ─

╕≢╩ ↄ ∆╢ ≤⌂∫≡™╢ EU─ F●☻ ╩ 2014꜠ ⱬꜟ≤ ⇔≡ 2030

⌐ ╕≢ ∆╢↓≤╩ ≤⇔≡™╢  

 

5) ─ ⌐ ∆╢  

 ─ ╛ │ ◘▬◒ꜟ─ ╛ ─ ≤⌂╢╙─≢№╡ ↓╣╠─

⌐ ⇔≡│ ─ NIST (National Institute of Standards and Technology) ⅜ ⇔≡™╢

REFPROP 6)⅜ ─ ≤⇔≡ ™╠╣≡™╢  

 REFPROP│ 1989⌐ ≡⇔≥ⱪ꜡◓ꜝⱶREFrigerant PROPerties☻כⱬ♃כ♦─ Ᵽכ☺ꜛ

fi1.0⅜ꜞꜞכ☻↕╣√ ↓─ ─Ᵽכ☺ꜛfi≢│ 15─ ≤ ─╖─ ╩ ╡ ℮╙

─≢№∫√ ∕─ ⱪ꜡◓ꜝⱶ─ ≤ ─ ╩ ╡ ⇔ │ ─ ╙ ≤∆╢

REFerence fluid Properties≤⌂∫≡™╢ Ᵽכ☺ꜛfi│2018⌐ꜞꜞכ☻↕╣√REFPROP 10.0≢

№╡ ─ GWP ╛ ─ ●☻╛ ↑⌐ ™╠╣╢ ╩ ╖

147─ 5≈─ ⌂≥ ┘ 20─ ╩ ╗ ⌐ ⇔≡™╢  

 ≤⇔≡│ ISOInternational Organization for Standardization⅜ ∆╢ISO 

17584:2005 ñRefrigerant Propertiesò ⅜№╢ 2005⌐ ↕╣√ First edition≢№╡ │ R12, 

R22, R32, R123, R125, R134a, R143a, R152a, R717 (ammonia), and R744 (carbon dioxide) and the refrigerant 

blends R404A, R407C, R410A, and R507≤ ─╖≢№╢ ↓─ ≤Refprop⅜ ⇔≡™╢ ⅛

╠ ⌐⅔™≡ ↄ ↕╣≡™╢ ⌐│⌂™ ─ ╩ ⌐ ╘≡

⅜ ╘╠╣≡™╢  

 

6) ─ ⌐ ∆╢  

─ ⌐ ∆╢ ≤⇔≡│ ISO 817 ñRefrigerants ï Designation and safety classificationò

≤ASHRAE ⅜ ∆╢ASHRAE Standard 34 ñDesignation and Safety Classification 

of Refrigerantsò ⅜№╢ ™∏╣╙ ≤ ⌐ ∆╢ ─ ╩ ↑≡ ─ ⌐ ∆╢

─ ≤ ─ ╩ ∫≡™╢ ↓─ ─ ⅜ ⅔╟┘◦☻♥ⱶ

─ ╩ ∆╢ ─ ⌂ ≤⌂∫≡™╢  

 

7) ⅔╟┘ ─ ⌐ ∆╢  

⌐ ∆╢ ≤⇔≡ ISOInternational Organization for Standardization⅜ ∆╢



5 

 

ISO 5149 ñRefrigerating systems and heat pumps ï Safety and environmental requirementsò ⅜№╢

◦☻♥ⱶ─ ╩ ∆╢√╘─ ⅔╟┘◦☻♥ⱶ─ ⌐ ╢

╩ ╘≡™╢ ─Ᵽכ☺ꜛfi│ 1993╩ ⇔≡2014⌐ ↕╣√╙─≢ ⌂

╛ │ CEN─ EN 378╩ ⌐ ⅛╠─ ⌐╟╡ ⌐ ↕╣

≡™╢ │4≈─Ɽכ♩ ISO 5149-1, 2, 3, 4⌐ ⅛╣≡⅔╡ ∕─ │ ─╟℮⌐⌂∫≡™

╢  

- part 1 Definitions, classification and selection criteria  

- part 2 Design, construction, testing, marking and documentation  

- part 3 Installation site 

- part 4 Operation, maintenance, repair and recovery  

╕√ ASHRAE⅜ ∆╢ASHRAE Standard 15 ñSafety Standard for Refrigeration Systemsò ╙

⅔╟┘◦☻♥ⱶ ─ ╩ ╘√╙─≢ ⌐ ↄ ↕╣≡⅔╡ ─

⌐│ ⅝⌂ ⅜№╢  

≢│ CEN⅜ ╘╢ EN: European Standard⅜№╡ ─ ≤⇔≡

ISO 5149◦ꜞכ☼─ ≤⌂∫√EN 378 ñRefrigerating systems and heat pumps ï Safety and environmental 

requirementsò ⅜№╡ ISO 5149≤ ⌐4≈─Ɽכ♩≢ ↕╣≡™╢  

 ─ ⌐ ∆╢ ≤⇔≡│ IECInternational 

Electrotechnical Commission⅜ ∆╢IEC 60335◦ꜞכ☼⅜№╢ ↓╣│ ─

─ ≤⌂╢ IEC 60335-1 ñHousehold and similar electrical appliances ï Safety ï Part 1: General 

requirementsò ≤ ─ ─ ╩ ╘√Part 2⅛╠ ↕╣≡⅔╡ ─ ⌐ ⇔≡│

Part 1≤ Part 2╩ ∑≡ ∆╢ ∕─╙── ≤⌂╡ ⌐ ∆╢ ≤

⌂╢ ⅜№╢⅜ ∆╢ │ ─ ⅜ ↕╣╢ ⌐ ∆╢Part 2─

≤⇔≡│ ─╙─⅜№╢  

IEC 60335-2-24: Particular requirements for refrigerating appliances, ice-cream appliances and ice-makers 

IEC 60335-2-34: Particular requirements for motor-compressors 

IEC 60335-2-40: Particular requirements for electrical heat pumps, air-conditioners and dehumidifiers 

IEC 60335-2-89: Particular requirements for commercial refrigerating appliances and ice-makers with an 

incorporated or remote refrigerant unit or motor-compressor 

 ⌐│ ╛ ⅛╠ ⌐ ╢╕≢─ ╛ ⌐ ∆╢ ╩ ℮

UL Underwriters Laboratories Limited Liability Company⅜ ∆╢UL ⅜№╡ IEC ╩ ⌐⇔

√UL 60335◦ꜞכ☼─ ╩ ⇔≡™╢ ╕√ ⌐ⱶ◄▪◖fiכꜟ ∆╢ UL 484⅜№╢  

⌐│ CEN⅜ ╘╢EN 60335◦ꜞכ☼─ ⅜№╢  

 

8) ─ ⌐ ∆╢  

◄Ⱡꜟ◑כ ⅜ ●☻─ ⌐≈⌂⅜╢↓≤⅛╠ ⌐ ∆╢ ╙ ↕╣≡⅔╡

─ ⌐ √∫≡│ ⌂ ≤⌂╢ ⌐ ─◄Ⱡꜟ◑כ ⌐⅔™≡│

─◄Ⱡꜟ◑כ ⅜ ⅝⌂ ╩ ╘≡™╢ ─◄Ⱡꜟ◑כ ⌐ ∆╢ ≤⇔≡│

⅜№╢  

ISO 52000-1:2017 ñEnergy performance of buildings ï Overarching EPB assessment ï Part1: General framework 

and proceduresò  

ISO 52000-2:2017 ñEnergy performance of buildings ï Overarching EPB assessment ï Part1: Explanation and 

justification of ISO 52000-1ò  

 ≢│ ─◄Ⱡꜟ◑כ ╩ ⇔ EU ≢─ ─ ╩ ∆╢ ≤⇔≡ ─

◄Ⱡꜟ◑כ EPBD: Energy Performance of Buildings Directive⅜№╢ Directive│ EU

≢─ ─ ╩ ≤∆╢ ≢№╡ Regulation≤ ⌂╡ EU ⌐

│↕╣∏ ┼─ ⅝ ⅎ⅜ ≤⌂╢ ≢ ╘╠╣√ ╕≢⌐ ╩ №╢™│

∆╢ ⅜№╢ EPBD2010/31/EU│ 2010⅛╠ ↕╣≡⅔╡ ─◄Ⱡꜟ◑כ─

╛◄Ⱡꜟ◑כ ─ ╘╢↓≤⌂≥╩ ≠↑≡™╢ ∕─ √⌂ ╩ ⅎ≡ 2050

╕≢⌐ ─ ╩ ⇔√ EPBD2018/844/EU╙ ↕╣≡™╢ ⌂⅔ CEN⅜ ⇔
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≡™╢ ─◄Ⱡꜟ◑כ ╩ ∆╢ ≤⇔≡│ EN 16978Energy performance of buildings⅜№

╢  

╕√ ─ ◄Ⱡ⌐ ∆╢ ≤⇔≡│ ◄◖♦◙▬fi ≤╙ ┌╣╢ ◄Ⱡꜟ◑כ

ErP: Energy-related Products⌐ ∆╢ErP 2009/125/EC⅜№╢ ErP │ ◄Ⱡꜟ◑כ

EuP: Energy-using Products╩ ≤⇔√EuP ⅛╠ ╩ ⇔≡ ⌐ ↕╣

√╙─≢ ╛ ◦ꜗ꞉כⱫ♇♪⌂≥ ◄Ⱡꜟ◑כ╩ ⇔⌂™ ╙ ≤⌂∫≡™

╢ ≤⌂╢ ♩♇꜡│ⱪכꜟ◓ Lot ↑↕╣≡ ↔≤⌐◄Ⱡꜟ◑כ ╛ ⌂≥⅜

╘╠╣≡ ↕╣≡⅝≡™╢ ≢│ Lot 10⅜◄▪◖fi Lot 12⅜ ה

Lot 13⅜ ה ╩∕╣∙╣ ≤⇔≡™╢  

 

9) ─ ⅔╟┘ ⌐ ∆╢  

 ─ ⌐ ⇔≡ ─◄Ⱡꜟ◑כ ∆⌂╦∟ ╩ ⇔ↄ ∆╢↓≤⅜

≢№╢ ↓─ ─√╘─ ⌐≈™≡│ ╕∏ ─ ─

⌐ ∆╢ ≤⇔≡ ⅜№╢  

ISO 5151:2017 Non-ducted air conditioners and heat pumps ï Testing and rating for performance 

ISO 15042:2017 Multiple split-system air conditioners and air-to-air heat pumps ï Testing and rating for 

performance 

╕√ ─ ─1≈≢№╢ ⌐ ∆╢ ≤⇔≡│ ⅜№╢  

ISO 16358-1:2013 air-cooled air conditioners and air-to-air heat pumps ï Testing and calculating methods for 

seasonal performance factors ï Part 1: Cooling seasonal performance factor 

ISO 16358-2:2013 air-cooled air conditioners and air-to-air heat pumps ï Testing and calculating methods for 

seasonal performance factors ï Part 1: Heating seasonal performance factor 

ISO 16358-3:2013 air-cooled air conditioners and air-to-air heat pumps ï Testing and calculating methods for 

seasonal performance factors ï Part 1: Annual performance factor 

 ⌐⅔↑╢ ─ ─ ≤⇔≡│ ⅜№╢  

EN 14511-1:2018 Air conditioners, liquid chilling packages and heat pumps for space heating and cooling and 

process chillers, with electrically driven compressors. Terms and definitions 

EN 14511-2:2018 Air conditioners, liquid chilling packages and heat pumps for space heating and cooling and 

process chillers, with electrically driven compressors. Test conditions 

EN 14511-3:2018 Air conditioners, liquid chilling packages and heat pumps for space heating and cooling and 

process chillers, with electrically driven compressors. Test methods 

EN 14511-4:2018 Air conditioners, liquid chilling packages and heat pumps for space heating and cooling and 

process chillers, with electrically driven compressors. Requirements 

─ ─ ⌐ ∆╢ ≤⇔≡│ ⅜№╢  

EN 14825:2018 Air conditioners, liquid chilling packages and heat pumps, with electrically driven compressors, 

for space heating and cooling. Testing and rating at part load conditions and calculation of 

seasonal performance 

╕√ ♪▬♠─ ≢№╢BAMBundesanstalt f¿r Materialforschung und-pr¿fung⅜ ─

●▬♪ꜝ▬fi≤⇔≡│ ⅜№╢  

Test guideline for a lord-based performance testing (2020-0409) 

Test guideline for dynamic performance testing (2020-0409) 

 ─ ─ ≤⇔≡│ ⅜№╢  

AHRI Standard 210/240-2023 Performance Rating of Unitary Air-conditioning & Air-source Heat Pump 

Equipment 

AHRI Standard 1230-2014 Performance Rating of Variabl3 Flow (VRF) Multi-split Air-conditioning and Heat 

Pump Equipment 

 

2.1.2 ⌂  

1) ○♂fi  

2016⸗fi♩ꜞ○כꜟ ⅜ ◐●ꜞ ↕╣ ⱨ꜡fi HFC╙ ⅜ ↄ
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⌐ ╩ ⅎ╢↓≤⌐ ╖ ה ─ ⅜ ∑╠╣╢↓≤≤⌂∫√ ↓╣╩

↑ ≤⇔≡ 20186 ⌐○♂fi ⅜ ↕╣ ⱨ꜡fi HFC─ ┘

─ ⅜ ╘╠╣√ │201812⌐◐●ꜞ ╩ ⇔ 20191 1 ╟╡ ⅜

↕╣√ 7)                                    

 ○♂fi ─ ⌂ │ ─≤⅔╡≢№╢  

ủ ┘ │ ⌐ ≠⅝ ⅜ ∆═⅝ ⱨ꜡fi─ ה ─

╩ ╘≡ ∆╢  

ủ │ ─ ╩ ↑⌂↑╣┌⌂╠⌂™  

ủ │ ⌐ ≠ↄ ─ ╩ ↑⌂↑╣┌⌂╠⌂™  

Table 2.1-2⌐ HFC18 ╩ ∆  

◐●ꜞ ─ ⌐2019≥ꜟכꜙ☺◔☻

≡╠╣√ ≤ Ί

─ ╩Fig.2.1-1Fig.2.1-2⌐

∆ 8)  

 ⌂⅔ ⸗fi♩ꜞ○כꜟ ≢│ ⅛
╠│ ≤ │ ↕╣╢↓≤⌐⌂
∫≡™╢ ≢│ │ ⌐ ⅜⌂↕╣
≡™╢⅜ │ ≢ ⅜
↕╣≡™⌂⅛∫√↓≤⅛╠ ≢№∫√
2018 ─ ─ ╩ ≡ ↓─
─√╘ ⅝─ ⅜⌂↕╣
╢ ≤⌂∫≡™╢  

 

Fig.2.1-1 Limited production based on Kigari and quota in 2019 in Japan 

 

Fig.2.1-2 Limited consumption based on Kigari and quota in 2019 in Japan 

 

2) ⱨ꜡fi  

  2014⌐ⱨ꜡fi ה ⅜ ↕╣≡ⱨ꜡fi ≤ ╘╠╣ ⱨ꜡fi ─ ⌐

ⅎ ⱨ꜡fi ─ ⅛╠ ╕≢─ꜝ▬ⱨ◘▬◒ꜟ ⌐╦√╢ ⅜ ╠╣╢╟℮⌐⌂∫√ 9)  

 ↓─ ≢ ⅜ ↑╠╣ ⌐ ⇔√ ─ ┘ ─

╩ ╕ⅎ ⌐ ─ GWP ⅜ ╘╠╣√ ─ ─

2017 2019 2024 2029 2034 2036

3,960

10
4,504

40
3,002

70
1,501 80

1,001 85
751

5,004

(100 )

t- CO2
HFC

2017 2019 2024 2029 2034 2036

5,023

10
6,436

40
4,291

70
2,145 80

1,430 85
1,023

7,152

(100 )

t- CO2
HFC

Table 2.1-2 Regulated HFCs 
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╙ ╘ ─ │Table 2.1-3─╟℮⌐⌂∫≡™╢ 10)  

 │ ⌐ ─ ╩⇔⌂↑╣┌⌂╠⌂™ ╕√ ≤⇔≡

⅜ ≢⅝⌂⅛∫√ │ ⅛╠ ⅜⌂↕╣ ⌐ ↑√ ─ ╩ ∆╢

╩ ⇔⌂↑╣┌⌂╠⌂™≤⌂∫≡™╢  

 

Table 2.1-3 Target value GWP and year for each designated product 

 

 

 ⱨ꜡fi ⌐ ≠⅝ │ⱨ꜡fi ⌐ ⇔≡ ≢ ↕╣╢ HFC─

─ ⇔╩ ⇔≡™╢ ◐●ꜞ ╩ ↑ 2015⌐ ↕╣√ ⇔⌐ ⇔≡ 2025

─ ⇔─ 2030─ ⇔─ ⅜ ╦╣√ ↓─ ╩Fig.2.1-3⌐ ∆ 11)  

◐●ꜞ ─ ╩ ⌐ ⇔≡™ↄ═ↄ ─ ╩ ⇔ ─ ─ ⅜

↕╣≡™╢ 2020─ ╖│4,908t-CO2 2025─ ⇔│2,840t-CO2≢ ↓─ ─

│10.4%/≤⌂╢ 2030─ ⇔│1,450t-CO2≢№╡ 2025⅛╠─ │12.6%/≤⌂╢

≢№╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.1-3 Future reduction scenarios of HFC consumption 

2018 19 20 24 25 29 30 2034 2036

5,023 40

4,291

70

2,145
80

1,430 85
1,023

t- CO2

7,000

6,000

5,000

4,000

3,000

2,000

1,000

8,000

5,292

4,908

2,840

1,680
1,450

1,110 860

7,152 t- CO2 2011 ₩13

10 6,436 t- CO2

3.8%/ 10.4%/ 12.6%/



9 

 

 

3) ─ ⌐ ╢  

 ⌐│ ─ ⌐ ∆╢ │ √╠⌂™  

⌂⅔ ⅜ ⇔≡™╢ 12- 16)⌐│ ─ ╛ ╘≥╕⅜♃כ♦

╠╣≡™╢ ╕√ ◘▬◒ꜟ ⱪ꜡◓ꜝⱶ 17)⌐╙ ─ ─♃כ♦ ⱪ꜡◓ꜝⱶ⅜ ╖

╕╣≡™╢ ─ ⅜ ≢№╢⅜ √⌂ GWP ≢№╢R1234yf╛R1234ze(E)⌐≈™≡

╙ ⇔≡™╢  

 

4) ─ ⌐ ∆╢  

⌐│ ISO 817╛ASHRAE Standard 34⌐ ∆╢╟℮⌂ ─ ⌐ ∆╢ │⌂™

⇔ ≢ ∆╢ ●☻ ─ ╛ ●☻ ⌐│ ●☻╛

●☻ ●☻⌂≥⅜ ↕╣≡⅔╡ ↓╣╩ ⌐ ∕╣∙╣─●☻╩ ≤⇔≡ ™√ ─

─ ─ ⅜ ↕╣≡™╢  

 

5) ●☻  

 ●☻ │ ●☻⌐╟╢ ╩ ∆╢↓≤╩ ≤⇔≡⅔╡ ↓─ ⌐ ≠⅝

⌐ ∆╢ ≤⇔≡ ●☻ ⅜ ╘╠╣≡™╢ ⌐

◦☻♥ⱶ┼─ ─ ⌐ √∫≡│ ≤─ ╡⅜ ⅝™  

 ≢│ ─ ⅛╠GWP ─ ™ ⅜ ╘╠╣≡™╢⅜ GWP ≤

─ⱨ○♪כ꜠♩│ ⌐№╢√╘ GWP ─ ™ │ ⅜ ╕╢ ⌐№╡ ┼─

⅜ ⅝⌂ ≢№╢ ≢│ ●☻╩ ●☻ ●☻ ●☻⌐ ⇔

∕─ ⅜ ╘╠╣≡™╢ 2016⌐ GWP │ ™⅜ ™ ⅜№╢ ≢№╢ R1234yf

R1234zeR32⅜ √⌐ ⌐╟╡ ─ ●☻⌐ ↕╣╢≤≤╙⌐ ●☻─

≤⇔≡ ●☻─ ╩ ↑≡ ↓╣╠3 ─●☻╩↕╠⌐ ●☻⌐ ⇔ ∕─

╩ ╘╢ ⅜ ╦╣√  

 ↓╣⌐╟╡ ⅜ ⅎ™⇔√≤⅝─ ╩ ∏╢↓≤⌐╟╡ ●☻≤ ─ ≢ GWP

─ ↕™ ●☻╩ ≢⅝╢↓≤⌐⌂∫√ ∕─ 2017⌐ ∕╣╕≢●☻─ ╩ ⌐

╟∫≡ ⇔≡™√╙─╩ ∕╣∙╣─●☻─ ─ ⌐╟╡ ●☻≤ ●☻⌐ ⇔≡

∆╢ ╙ ∆╢ ⅜ ╦╣√ ⇔ ●☻│ ⌂⅔ ⌐╟∫≡ ╘╠╣≡™╢

─≢ ⅜ ₁⌐ ↕╣≡™╢ ≢│ ─ ⅜ ™≈⅛∏ √⌂

┼─ ⅜ ⇔ↄ⌂∫≡™╢ ╕√ ─ ⌐≈™≡╙ ≢№╢ ISO817╛

ASHRAE34≤│ ⌂∫≡⅔╡ ─ ╡ ™⌐ ⇔≡ ≤─ ≤ ─↓╣

╕≢─ ⅎ ≤─ ─Ᵽꜝfi☻╩≥─╟℮⌐ ∫≡™ↄ⅛╙ ≤⌂∫≡™√  

↓─╟℮⌂ ─ ≢ ─ ╩ ╘≡ ─ ⌐ ●☻─ ⌐

∆╢ ⇔─ ⅜ 30 ─ ≤⇔≡ ●☻ ⌐⅔™≡ ╦╣√ 18)

↓─ ╩ ↑≡ ●☻ ⌐⅔↑╢ ─ ⇔⅔╟┘ ●☻─

─ ⅜ ╦╣ 20212 ⌐ ─ ⅜ ↕╣ ─ ⱤⱩꜞ♇◒◖ⱷfi♩ ⅜

↕╣√  

≢│ ●☻╩ ∆╢ ⅜ ╘╠╣≡™╢ ─ 2 ⌐ ↕╣⌂

™●☻⌐≈™≡ ●☻≤ ●☻ ●☻ ╩ ∆╢ ≤⇔≡─ ╩ Fig. 

2.1-4⌐ⱨ꜡כ≢ ∆  

╕∏ ─ ⌐╟╢ ●☻─ A╩ ⇔≡ ↓╣╩ √∆╙─╩ ●☻≤

∆╢ ⇔ B╩ √∆╙─│ ●☻⅛╠ ∆╢ ⌐ B≢ ●☻⅛╠

↕╣√●☻ №╢™│ A≢ ●☻⅛╠ ↕╣√●☻─℮∟ C╩ √∆

∆⌂╦∟ⱨꜟ○꜡◌כⱲfi≢№╢●☻⌐≈™≡ D╩ ∆╢ D⌐ ™

⅜ ↕╣√●☻│ ●☻≤⌂╡ ⅜ ↕╣⌂™●☻│ ●☻≤⌂╢ ⌂

⅔ C≢ⱨꜟ○꜡◌כⱲfi≢│⌂™●☻│ ●☻ ●☻ ●☻≢│⌂

™∕╣╠ ─●☻≤⌂╢  

↓↓≢ A─ ⌐≈™≡│ ↓╣╕≢─A ⌐ ╦∫≡ EN 18392017 ─

⌐ ∫≡ ∆╢╟℮⌐ ↕╣≡™╢ ╕√ B─℮∟─ │ ISO 817:2014
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─2L ╩ ∆╢ ≤ ↕∑√ ≤⌂∫≡™╢ ∫≡ │ ISO 817:2014 6.1.3.7 ⌐

↕╣╢ ⌐╟╢ ⌐╟╡ ⇔ │ ISO 817:2014 6.1.3.1 ⌐ ↕╣╢ ⌐╟

╢  ╕√ D─ │ ISO 817:2014 ⌐ ↕╣╢ ╩ ≤⇔≡ ™╢  

⌂⅔ ─ │ ⌂ ≢│ ↕╣≡™╢ ⅜№╢  

 

 

6) ⅔╟┘ ─ ⌐ ∆╢  

 ─ ⌐ ⇔≡ JIS ─ ─ ≤⇔≡ IEC 60335◦ꜞכ☼≤

╩ ∫√ ─JIS ⅜ ↕╣≡™╢  

JIS C 9335-1 ┘↓╣⌐ ∆╢ ─  

JIS C 9335-2-24 ⱶכꜞ◒☻▬▪ ┘ ─  

JIS C 9335-2-34 ─  

JIS C 9335-2-40 ◄▪◖fi♦▫◦ꜛ♫ ┘ ─  

JIS C 9335-2-89 ─  

─ │ IEC 60335─ ╩ ≤⇔ ─ ≢ ─ ╩ ⇔≡ ╩ ⅎ√╙─≤

⌂∫≡™╢ ─ ⌐ ⇔≡ JIS ─ ╙ ╦╣≡™╢  

 

⌐⅔™≡ ╛ ─ JRA⅔╟┘ ─

↑╩∆╢●▬♪ꜝ▬fiJRA GL╩ ⇔≡™╢ 19) ∕─ ≢ ╩ ⇔√ ─

╩ ╘√ ≤⇔≡│ ⅜№╢  

JRA 4070:2020 A2L ╩ ⇔√ ◄▪◖fi─ ⅎ™ ─  

JRA 4072:2017 A2L ╩ ⇔√ ─ ⅎ™ ─  

JRA 4073:2020 A2L ╩ ⇔√ ◄▪◖fi─ ⅎ™ ─  

╕√ ∆╢●▬♪ꜝ▬fi≤⇔≡│ ╩ ⇔≡™╢ 

JRA GL-15:2016 A2L ╩ ─כꜝ♅√⇔ ⅎ™ ─ ─√╘─ ●▬

♪ꜝ▬fi 

JRA GL-16:2020 A2L ╩ ⇔√ ◄▪◖fi─ ⅎ™ ─ ─√╘─

●▬♪ꜝ▬fi 

JRA GL-18:2017 A2L ╩ ⇔√ ─ ⅎ™ ─ ─√╘─ ●

▬♪ꜝ▬fi 

 

Fig. 2.1-4 ⌐╟╢ ●☻≤ ●☻ ●☻─ ⱨ꜡כ 

ᴞṜχΜγϦΤϬ βϥ
ʾ ᴞᾢᵦ֔10̋
ʾ ᾢᵦ˔ ᴞᾢᵦ֕20̋

ᴞṜχβϓοϬ βϥ
ʾТиϷкϸ˔ЩрπΚϥ
ʾ ᴞᾢᵦ˼3.5̋
ʾ <1,900 kJ/kg
ʾΩ ֔10cm/s (23ϴʺ0 Pa)

60ϴʺ0 Paπᴲמ Ϭ βϥ

ТиϷкϸ˔ЩрπΚϥ

ᶨ ϹІ ᶨ ϹІᴦ ϹІ
ᴦ ϹІʺ ᶨ ϹІʺ
ᶨ ϹІӟᵰχϹІ

YES

YES

YES

YES

NO

NO

NO

NO

ṁ A

ṁ B

ṁ D

ṁ C

ʿ ӗṛ τἿ ήϦοΜσΜϹІ
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JRA GL-19:2020 A2L ╩ ⇔√ ◄▪◖fi─ ⅎ™ ─ ─√╘─

●▬♪ꜝ▬fi 

JRA GL-20:2016 ●☻╩ ⇔√ ─ ●☻⅜ ⅎ™⇔√≤⅝─ ╩ ∆

╢√╘─ ⌂  

 ⌐ JRA GL-20│ ●☻ ⌐ ↕╣√ ●☻╩ ∆╢

─℮∟ ↑ ⅜ ⌂ 5♩fi 20♩fi ─ ●☻ ∕─ ⅜ ∆╢

⌐⅔™≡ ●☻⅜ ⅎ™⇔√≤⅝⌐ ╩ ⇔≡ ╩ ⌐ ∆╢√╘─ ╩

⇔≡™╢  

 

7) ◄Ⱡ 20)  

 ⌐ ↑≡ ●

☻ ⌐│ ∕─╙── ∞↑

≢⌂ↄ ◦☻♥ⱶ─◄Ⱡꜟ◑כ ⌐╟

╢ ⅜ ⅝ↄ ╗⇔╤◄Ⱡꜟ◑כ ⌐

╟╢ ●☻ ─ ─ ⅜ ⅝™≤™℮

⅜⌂↕╣≡™╢  

Fig. 2.1-3 ⌐ ∆╟℮⌐ ⱨ꜡fi ⌐╟╢

─ CO2 │ 71.52×106 t-CO2 2011

13─ ≢№╢─⌐ ⇔≡ Table 2.1-4

⅛╠╦⅛╢╟℮⌐ 21) ◄Ⱡꜟ◑כ ─ CO2

│ 1,235×106 t-CO2 2013 ≤ 1

⅝™ ∕─ ≢╙ ⌐╟╢◄Ⱡꜟ◑כ

⅜ ⅝⌂ ╩ ╘╢ ה ─

│480×106 t-CO2≤⌂∫≡™╢  

 ↓─ ה ─◄Ⱡꜟ◑כ ⌐ ↑

≡ ₈ ─◄Ⱡꜟ◑כ ─ ⌐ ∆

╢ ₉™╦╝╢ ◄Ⱡ ⅜20157 ⌐ ↕╣√  

 ◄Ⱡ ≢│ ⌐ ↕╣╢ ⌂≥─ ◄Ⱡꜟ◑כ

─ ⅜ ╟╡ ↄ⌂╢≤™℮ ◄Ⱡꜟ◑כ ┼─ ⅜ ╘╠╣≡™╢ 20) │

─ ↔≤⌐ ↔≤─ ╛ ╙ ╘≡ ⇔√ ⅜ ╘╠╣≡™╢ ◄Ⱡꜟ◑

כ │ ─ ╩ √∑┌ ≤ ↕╣╢  

    BEI ֔ 1.0       (2.2-1) 

 ↓↓≢  

BEIBuilding Energy-efficiency Index  

= ( ◄Ⱡꜟ◑כ ∕─ (OA )) 

( ◄Ⱡꜟ◑כ ∕─ (OA )) 

    ◄Ⱡꜟ◑כ + + ∕─ (OA ) ─

◄Ⱡꜟ◑כ ─  

    ◄Ⱡꜟ◑כ + + ∕─ (OA ) ─

◄Ⱡꜟ◑כ ≢ ─ ↔≤⌐ ╘╠╣√

─  

 

20195 ⌐ ◄Ⱡ ─ ⅜ ╦╣ ↕╣√ ─ ╩Fig. 2.1-5⌐ ∆ 21) ─

ⱳ▬fi♩│ ◄Ⱡ ┼─ ─ ⌐ ─ 2000m2 ⌐ ⅎ≡

300m2 ╩ ⇔√↓≤≢№╢ ╕√ 300m2 ─ ╛ ⌐≈™≡ ⅛╠

⌐ ⇔≡ ◄Ⱡ ─ ⅜ ↕╣ ◄Ⱡ ⌐ ⇔⌂™ │ ◄Ⱡ ─√╘

─ ╩ ∆╢↓≤⌐╟╡ ─ ╩ ⇔≡™╢ ↓─ ≤

─ │ ─ 2 ≤⌂∫≡⅔╡ 20214 ⅛╠ ↕╣╢ ≢№╢  

─ ◄Ⱡꜟ◑כ │ ≤⌂╢ ─ ⌐╟∫≡ ™│№╢⅜ ─ ◄Ⱡ

⅜כ◑ꜟ ╩ ╘≡⅔╡ ─ ◄Ⱡ ┼─ ◄Ⱡꜟ◑כ ─ ⅜ ⅝™

Table 2.1-4 Estimated energy-related CO2 emissions in 

each sector 
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≤ ⅎ╢ ─ ╩ ∆╢℮ⅎ≢│ ─ ─ ≤≤╙⌐ ─◄Ⱡꜟ

כ◑ ≤─Ᵽꜝfi☻╩ ∆╢↓≤⅜ ≤⌂╢  

 

 

Fig. 2.1-5 Revise of Act on Building Energy Conservation 

 

8) ─ ┘ ⌐ ∆╢  

 ─ ⌐ ∆╢JIS ≤⇔≡│ ─╙─⅜№╢  

JIS C 9612:2013ꜟכⱶ◄▪◖fi♦▫◦ꜛ♫ 

JIS B 8615-1:2013◄▪◖fi♦▫◦ꜛ♫ ⅝ ◄▪◖fi♦▫◦ꜛ♫ ┘ⱥכ♩ⱳfiⱪ

┘  

JIS B 8615-2:2015◄▪◖fi♦▫◦ꜛ♫ ♄◒♩ ◄▪◖fi♦▫◦ꜛ♫ ┘

ⱥכ♩ⱳfiⱪ ┘  

JIS B 8615-3:2015◄▪◖fi♦▫◦ꜛ♫ ⱴꜟ♅ ◄▪◖fi♦▫◦ꜛ♫ ┘ ⱥ

ⱳfiⱪ♩כ ┘  

JIS B 8616:2015Ɽ♇◔כ☺◄▪◖fi♦▫◦ꜛ♫ 

 

2.1.3  ⌐ ↑√  

─ │ ○♂fi ─ ╛ ⌐ ≢⅝╢ ⌐ ⇔√ ╩

⌐ ≢⅝╢ ╛ ╖╩ ∆╢↓≤≢№╢ ╕√ ┼─ ╩ ∆╢≤ ╩

⇔√ ─◄Ⱡꜟ◑כ ╙ ⌂ ≤⌂╢  

 ↓╣╠─↓≤⅛╠ ─ ≢№╢ ⌐ ╢ ⌐ ∆═⅝

─ ⌐ ⇔≡ ─ ⌐≈™≡ ⌐ ╡ ╗↓≤≤∆╢  

ה ─ ⌐ ∆╢ REFPROP 

ה ─ ⌐ ∆╢ ISO 817ASHRAE Standard 34 

ה ─ ⌐ ∆╢ ISO 5149ASHRAE Standard 15 

ה ─ ⌐ ∆╢ IEC 60335-2-40IEC 60335-2-89 

ה ─ ⌐ ∆╢ ISO 16358ISO 5151 

∑≡ ∆╢ ─ ─ ⌐≈™≡╙ ╩ ℮  
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https://www.nist.gov/programs-projects/reference-fluid-thermodynamic-and-transport-properties-database-refprop
https://www.jraia.or.jp/jra/list.html
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2. 2 ⅔╟┘ ─ ⌐ ╢ ─ ⅔╟┘  

2. 2.1  ─ ⌐ ∆╢  

─ ⌐ ∆╢ ≈─ ISO 817≤ASHRAE Standard 34≤─ │ ↓╣╕≢│ASHRAE 

34⅜ ─ ≤⇔≡ ⇔≡⅔╡ ─ ≤ ─ ╩ASHRAE34⅜ ™

╩♃כ♦─⧵ ISO817⌐ ↑ ∆≤™℮◦☻♥ⱶ⅜ ™≡™╢ ⇔⅛⇔ │ 2≈─ ⅜ ⌐

⇔≡⅔╡ ≈─ ⌐ ⇔≡ ₁─ ⅜ ↕╣╢ ⅜№╡ ─ ⌐≈™≡

╙ ⅜ ⌐ ⇔≡™╢╦↑≢│⌂ↄ ⌂╢ ⅜ ∆╢ ↓─ ╩ ╘≡ ISO 817≤

ASHRAE 34≤ ↕∑≡ ∆╢√╘⌐ ISO─ ≢№╢ TC86/SC8─ ⌐ Task 

Force ╩ ⇔≡ ⅜ ╘╠╣≡™╢  

ISO 817:2014┘ASHRAE Standard 34-2019≢│ ─ ≤⇔≡ ≤

╩ ╘≡™╢ ╕∏ ≤∕─ ╩Table 2.2-1⌐ ∆ ISO817ASHRAE Standard 34≤╙

⌐OELoccupational exposure limit╩ ™≡ ∂ ≤⌂∫≡™╢  

 

Table 2.2-1 Criteria for toxicity classifications of ISO 817 and ASHRA Standard 34 

  OEL *1 

A Lower chronic toxicity  ֕400 ppm 

B High chronic toxicity  < 400 ppm 

*1 ─ 1 8 ⌐ 40 ≢╒≤╪≥∆═≡─ ⅜ ╩ ↑╢↓≤⅜

⌂™ ─  

 

 ⌐ ┘ ╩Table 2.2-2 ⌐ ∆ ≤⇔≡│ ᵑ ─ ᵒ

 (LFL: lower flammability limit)ᵓ  (HOC: heat of combustion)ᵔ  (burning 

velocity)─ 4≈─ ╩ ™≡⅔╡ ↓╣╠∆═≡─ ╩ ⇔√≤⅝⌐∕╣∙╣─ ⌐ ↕

╣╢ ⇔ ⌐≈™≡│ LFL≤HOC│≥∟╠⅛╩ ∆╣┌ ≤ ↕╣╢  

 

Table 2.2-2 Criteria for flammability classifications of ISO 817 and ASHRAE Standard 34 

  *1  LFL*2   HOC*3 *4 

1 
No Flame Propagation 

 
⌂⇔ - - - 

2L 
Lower Flammability 

 
№╡ 

>3.5 %  (ISO) 

>0.10 kg/m3  (ASHRAE) 

and 

<19,000 kJ/kg 

and 

֔10 cm/s 

2 
Flammable 

 
№╡ 

>3.5 %  (ISO) 

>0.10 kg/m3  (ASHRAE) 

and 

<19,000 kJ/kg 
- 

3 
Higher Flammability 

 
№╡ 

֔3.5 %  (ISO) 

֔0.10 kg/m3  (ASHRAE) 

or 

֕19,000 kJ/kg 
- 

*1 │ 60 ϴ 101.3 kPa 

*2 │ 23 ϴ 101.3 kPa ⇔ ⅜ ⇔⌂™ │ 60 ϴ 101.3 kPa 

*3 │ 25 ϴ 101.3 kPa 

*4 │ 23 ϴ 101.3 kPa 

 

 Table 2.2-2⌐ ∆╟℮⌐ LFL─ ⌐≈™≡│ ISO 817⅜ 3.5⌐

⇔≡ ASHRAE Standard 34│0.10 kg/m3 ≤ ⌂∫√╙─⌐⌂∫≡™╢ ↓─ ╩ ╘≡ ⌂

─ ⌂ ╩Table 2.2-3⌐ ∆  

 ─ ⌐≈™≡│ ISO 817│WCF≤ WCFF─ ≢ ╩ ⇔≡™╢─⌐ ⇔

≡ ASHRAE Standard 34≢│WCFF≢─1 ─╖─ ≢№╢ ╕√ ⌐ ∆╢OEL─

⌐╙ ™⅜№╢ ╕√ ─ ≤⌂╢ ─ FCLFlammable concentration 

limit╛ ATELAcute toxicity exposure limit⌐≈™≡╙ ⅜ ⌂∫≡™╢ ↕

╠⌐│ ╛ ─ ⌐╙ ™⅜№╢↓≤⅜ ⅛╢  
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Table 2.2-3 Technical differences between ISO 817 and ASHRAE Standard 34 

  ISO 817 ASHRAE Standard 34 

 

─ LFL 3.5% by volume 0.10kg/m3 

 WCF≤WCFF WCFF 

 

OEL ─  

OSHA PEL, ACGIH TLV-TWA, 

TERA WEEL, MAK 

OSHA PEL, ACGIH TLV-TWA, 

TERA WEEL 

 

FCL 20% of LFL 25% of LFL 

ATEL 

Anaesthetic or 

CNS effect 
NOAEL 100% NOAEL 80% 

Cardiac 

sensitisation 
Allows other similar compounds data 

Dose not allow other similar 

compounds data 

 

 

 Reconstituted air Standard air 

 0.0088 g/g 0.0088 g/g, and < 0.00015 g/g 

 ±0.5K ±5°F 3ϴ  

≤─  > 5 min > 2 min 

 60 s 30 60 s 

 

 54.4ϴ 100%  60ϴ 100%  

 54.4ϴ 60ϴ 

ⅎ™/    

WCF: worst case of formulation for flammability; ─ ─ ≢ ⅜ ╙ ↄ⌂╢  

WCFF: worst case of fractionation for flammability; WCF ─ ─ ⌐╟╢ ─℮∟ ⅜ ╙

ↄ⌂╢  

OHSHA: Occupational Safety and Health AdministrationUSA;  

PEL: permissible exposure limit  

ACGIH: American conference of Governmental Industrial Hygienists;  

TLV: threshold limit value 

TWA: time-weighted average 

TERA: Toxicology Excellence of Risk Assessment; ─ ꜞ☻◒  

WEEL: workplace environmental exposure level 

ATEL: acute toxicity exposure limit 

CNS: central nervous system 

MAK: maximale arbeitsplatz-konzentrationen;  

NOAEL: no observed adverse effect level 

 

ISO 817≤ASHRAE Standard 34─ ⅝╛ ⇔√ ╩ ⇔ ISO817╩

≤∆╢√╘─Task Force⅜ ≢№╡ ⅛╠╙ ⅜ ⇔≡ ⌐ ⇔≡™╢  

╕√ ─ ⌐≈™≡╙ OEL∞↑≢⌂ↄ ATEL╙ ™╢⌂

≥─ ⅜⌂↕╣≡⅔╡ ─Task Force⅜ ↕╣≡ ⅜ ╦╣≡™╢  

 

  



16 

 

2. 2.2  ⅔╟┘ ─ ⌐ ∆╢  

 ⌐ ∆╢ ≤⇔≡│ ISO 5149 ⅜№╢⅜ ASHRAE Standard 15 ╙ ⌐ ↄ

↕╣≡⅔╡ ─ ⌐№√∫≡│ ⅝⌂ ⅜№╢ ╕√ ≤⇔≡─ ≢№

╢IEC 60335◦ꜞכ☼⌐≈™≡╙ISO 5149≤≤╙⌐ ─ ╩ ╘≡™╢ ↓╣╠─

⌐╟╢ ─ ≤ ⌐≈™≡ ∆  

 

1) ISO 5149 

 ≢№╢ISO 5149│ 1993╩ ⇔√2014⅜ ↕╣≡™╢ ◦☻♥ⱶ

─ ⌂ ╖ ≡ ─√╘─ ≢№╡ ◦☻♥ⱶ ≤ ─ ╩

╘√ ≤⌂∫≡™╢ ⌐ ╩ ∆╢ ≈─Ɽכ♩≤∕─ ─ ╩ ∆  

  Ɽכ♩ ◦☻♥ⱶ ─ ≤∕─ ⅔╟┘ ─  

        Ɽכ♩ ─ ⅔╟┘ ⅜ Ɽכ♩ ─ ⌐ ™╠╣≡™╢  

  Ɽכ♩ ╖ ≡ ⅔╟┘ ≤  

  Ɽכ♩ ─  

  Ɽכ♩  

 ↓↓≢ ─ ╩ ∆╢℮ⅎ≢ ⌂ⱳ▬fi♩≤⌂╢ ─ ⌐≈™≡╖≡╖

╢ │ ISO 5149Ɽכ♩ ─  A ⌐ ╘╠╣≡⅔╡ ─ ≢ ∆╢  

ᵑ ≈─ ≥כꜞ◗♥◌ ≈─ ≢≥─ ⌐ ≡│╕╢⅛ ╘╢  

ᵒ ŋ ─ ⌐ ≡│╘≡ Table 2.2-6╩ ⌐ ⌐╟╢ ─ ╩ ╘╢  

ᵓ ŋ ─ ⌐ ≡│╘≡ Table 2.2-7╩ ⌐ ⌐╟╢ ─ ╩ ╘╢  

ᵔ ≤ ⌐╟╢ ─ ™ ─ ⅜ ↕╣╢  

 ⌂⅔ ─ ⌐ ⇔≡│ ᵓ─ │ ≢⅝╢  

Table 2.2-4⌐ Table 2.2-5⌐ ◦☻♥ⱶ ─ ╩ ∆  

Table 2.2-6⌐ ⌐ ≠ↄ Table 2.2-7⌐ ⌐ ≠ↄ ╩ ∆ Table 

2.2-7≢│ LFL (kg/m3)⌐╟╢ m1, m2, m3⌐╟╡ ↕╣≡™╢  

m1  =    4 m3 × LFL      (2.2-1) 

m2  =   26 m3 × LFL      (2.2-2) 

m3  =  130 m3 × LFL      (2.2-3) 

 2L─ ≢│ m1, m2, m3╩∕╣∙╣1.5∆╢ m1 ─ ≢№╣

┌ ─ ⅝↕⌐ ∆╢ │⌂™  

 

Table 2.2-4 Categories of occupancy 

   

General 

occupancy 

 

a 

─╟℮⌂ ─  

Ή ⅜ ↕╣  

Ή ₁│ ⅝⅜ ↕╣≡⅔╡  

Ή ↕╣≡™⌂™ ⅜™╢ ╕√│ 

Ή ╙⅜ ⌂ ─ ╩ ⌐ ╠⌂ↄ≡╙

▪◒☿☻≢⅝╢  

╕√│ ☻

♩♇◔כⱴכⱤכ

ꜟ♫Ⱶכ♃─ ⱱ♥ꜟ

⅔╟┘꜠☻♩ꜝfi 

Supervised 

occupancy 

 

b 

╠╣√ ─╖⅜™╢ №╢™│ ─

≢ ∕↓⌐™╢ │ ─ ⌂ ─ ╩

⌐ ∫≡™╢  

ⱦ☺Ⱡ☻╕√│ ─○ⱨ▫☻

⌂ ≢№╡ ₁

⅜ ↄ  

Authorized 

occupancy 

 

c 

─№╢ ─╖⅜▪◒☿☻≢⅝╢ №╢™│ ─

≢№╡ ▪◒☿☻≢⅝╢ │ ─ ⅔╟

┘ ⌂ ─ ╩ ⇔ ∕─ ≢│ ╕

√│ ─ ╕√│ ⅜ ╦╣╢  

ⅎ┌ 

ⱶכꜞ◒☻▬▪

⅔╟┘☻

─♩♇◔כⱴכⱤכ ◄ꜞ▪ 

─ꜞ☻♩│ ≢│№╡╕∑╪  
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Table 2.2-5 Location Classification of refrigerating system 

    

Classз 

mechanical equipment located within 

the occupied space 

◦☻♥ⱶ╕√│ ╩ ╗ ⅜ ☻Ɑכ☻⌐№╢ ◦☻♥ⱶ⅜ 

Classи─ ⌐ ⇔≡™⌂™ ╡ ◦☻♥ⱶ│ Classз≢№╢≤ ⌂↕╣╢  

Classи 

Compressors in machinery room or 

open air 

∆═≡─◖fiⱪ꜠♇◘כ≤ ⅜ ╕√│ ⌐№╢ ◦☻♥ⱶ⅜

Classй─ ⌐ ⇔⌂™ ╡ Classи─ ─ ⅜ ↕╣╢  ◖▬ꜟ

─ ≤ⱣꜟⱩ╩ ╗ │ ☻Ɑכ☻⌐ ≢⅝╢  

  

Classй 

Machinery room or open air 

∆═≡─ ⅜ ╕√│ ⌐№╢ Classй─ ─ ⅜

↕╣╢  │ ISO 5149- 3─ ╩ √↕⌂↑╣┌⌂╠⌂™  

 כꜝ♅ 

Classк 

Ventilated enclosure 

╩ ╗∆═≡─ ⅜ ⌐№╢ Classк─ ─ ⅜ ↕

╣╢  │ ISO 5149- 2⅔╟┘ ISO 5149- 3─ ╩ √⇔≡™╢ ⅜

№╢  

 

Table 2.2-6 Charge limit requirements for refrigerating system based on toxicity 

Toxicity 

class 

Occupancy classification Location classification 

з и й к 

A 

a Toxicity limit×Room volume or see A.5 

No charge 

restriction 

The charge 

requirements 

shall be assessed 

according to 

location 

classification 

з , и , or й , 

depending on 

the location of 

the ventilated 

enclosure 

b 

Upper floors without 

emergency exits or 

below ground floor 

level 

Toxicity limit×Room 

volume or see A.5 

No charge 

restriction 
Other No charge restriction 

c 

Upper floors without 

emergency exits or 

below ground floor 

level 

Toxicity limit×Room 

volume or see A.5 

Other No charge restriction 

B 

a 

For sealed absorption systems, Toxicity limit

×Room volume and < 2.5 kg,  

All other systems, Toxicity limit×Room 

volume 

No charge 

restriction 

b 

Upper floors without 

emergency exits or 

below ground floor 

level 

Toxicity limit×Room 

volume or see A.5 

Charge not more 

than 25 kg 

Density of personnel 

< person per 10 m2 

Charge not more than 

10 kg 

No charge 

restriction 

Other 
Charge not more than 

10 kg 

Charge not more 

than 25 kg 

c 

Density of personnel 

< person per 10 m2 

Charge not more than 

10 kg and emergency 

exits are available 

No charge 

restriction 

Other Charge not more than 

10 kg 

Charge not more 

than 25 kg 

ISO5149-3:2014, 5.2 and 8.1 applies. 

 

 



18 

 

Table 2.2-7 Charge limit requirements for refrigerating system based on flammability 

Flammability  

class 

Occupancy 

classification 

Location classification 

з и й к 

2L 

a 

Human comfort 
According to A.4 and < 1.5×m2 or 

according to A.5 and not more than 1.5×m3 

No charge 

restriction 
< 1.5×m3 

Other applications 
0.2×LFL×Room volume and <1.5×m2 or  

according to A.5 and < 1.5×m3 

b 

Human comfort 
According to A.4 and < 1.5×m2 or 

according to A.5 and not more than 1.5×m3 

Other applications 

0.2×LFL×Room volume 

and <1.5×m2 or according 

to A.5 and < 1.5×m3 

0.2×LFL×Room volume 

and < 25 kg or according to 

A.5 and < 1.5×m3 

c 

Human comfort 
According to A.4 and < 1.5×m2 or 

according to A.5 and not more than 1.5×m3 

Other applications 

0.2×LFL×Room volume 

and <1.5×m2 or according 

to A.5 and < 1.5×m3 

0.2×LFL×Room volume 

and <25 kg or according to 

A.5 and < 1.5×m3 

< 1 person per 

10 m2 

0.2×LFL×Room volume 

and < 50 kg or according to 

A.5 and < 1.5×m3 

No charge restriction 

2 

a 
Human comfort According to A.4 and < 1.5×m2 

No charge 

restriction 
< m3 

Other applications 0.2×LFL×Room volume and <1.5×m2 

b 
Human comfort According to A.4 and < 1.5×m2 

Other applications 0.2×LFL×Room volume and <1.5×m2 

c 

Human comfort According to A.4 and < 1.5×m2 

Other 

applications 

Below 

ground 
0.2×LFL×Room volume and <1.5×m2 

Above 

ground 

0.2×LFL×Room volume 

and < 10 kg 

0.2×LFL×Room volume 

and < 25 kg 

3 

a 

Human comfort According to A.4 and < m2 
Other 

applications 

< m3 

Other 

applications 

Below 

ground 

Only sealed systems:  

0.2×LFL×Room volume and < 1 kg 
< 1 kg 

Above 

ground 

Only sealed systems:  

0.2×LFL×Room volume and < 1.5 kg 
< 5 kg 

b 

Human comfort According to A.4 and < m2 
Other 

applications 

Other 

applications 

Below 

ground 
0.2×LFL×Room volume and < 1 kg < 1 kg 

Above 

ground 
0.2×LFL×Room volume and <2.5 kg < 10 kg 

c 

Human comfort According to A.4 and < m2 
Other 

applications 

Other 

applications 

Below 

ground 
0.2×LFL×Room volume and < 1 kg < 1 kg 

Above 

ground 

0.2×LFL×Room volume 

and < 10 kg 

0.2×LFL×Room volume 

and < 25 kg 

No charge 

restriction 

m2=26m3×LFL 

m3=130m3×LFL 

ISO 5149-3:-, 5.2 and 8.1 applies. 
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≢ ⇔≡™╢A.4⅔╟┘A.5│ ISO 5149-1─ A─ ≢№╢  

 A.4│Human comfort ∆⌂╦∟ ─√╘─ ◦☻♥ⱶ─ ≢№╡ ─ ╩ ─

⅝↕⌐ ∂≡ ─ ≢ ⅎ≡™╢  

   mmax  =  2.5 × LFL1.25 × h0 × A0.5    (2.2-4) 

 ↓↓≢  

   mmax ≢ ↕╣╢ ─  (kg) 

   LFL ─  (kg/m3) 

   h0  ─ ╡ ↑ ⌐ ≠ↄ ↕ (m) 

A  ─  (m2) 

 h0 ⌐≈™≡│ ●▬♄fi☻≤⇔≡ ─ ⅜ ↕╣≡™╢  

  - ─ 0.6m 

  - ╡ ↑─ 1.0m 

  - ╡ ↑─ 1.8m 

  - ╡ ↑─ 2.2m 

 ⌐A.5│ A1 ┘A2L─ ⌐ ⇔≡ ⅜150kg≢A2L ≢│195

×LFL╩ ⅎ⌂™↓≤ ─ ⅜и ∆⌂╦∟ ≤ ⅜ ╕√│ ⌐№

╢◦☻♥ⱶ⌐ ⇔≡ ─ ╣⌐ ∆╢™ↄ≈⅛─ ⅜ ╠╣≡™╢↓≤ ⌂≥╩ ≤⇔≡

≢⅝╢ ╩ ╘≡™╢ │A.5.1╩ ─↓≤  

 ≤⌂╢ ≤⇔≡ ─ 3 ─ ⅜ ╘╠╣≡™╢ Table2.2-8│ ⌐ ⅎ╠╣

≡™╢ ─ ≢№╢ ⌂⅔ ⌐⌂™ ⌐ ∆╢QLMV⌐≈™≡│ ⅜ ↕╣

≡™╢  

   RCL   (kg/m3) 

   QLMV ⌐╟╢  (kg/m3) 

   QLAV ⌐╟╢  (kg/m3) 

 

─ ╩ ─ ≢

∫√ ⅜ ╩ ⅎ⌂™╟

℮⌐∆╢ ⅜№╢ ⌂⅔ 250 

m2╩ ⅎ╢ ─ │ 250 

m2≤⇔≡ ∆╢ Table2.2-9⌐

∆╟℮⌐ ─ ─ ─

≤ ─ ⌐╟╡

∆╢ ⅜ ╕╢  

 ↓↓≢ ≤⇔≡│

╕√│

≤∕╣╠⌐ ╖ ╦∑

╢ ⅜ →╠╣≡⅔╡

ISO 5149-3─ 6 8 9⅔╟┘

10⌐ ╘╠╣≡™╢  

 

 

 

 

 

 

 

 

 

 

Table 2.2-8 Allowable refrigerant charge density 

 

Table 2.2-9 ⌐╟╢  

─   ∆╢  

─  

⌂⇔ QLMV 

1  QLAV 

2  m3  

─  

⌂⇔ RCL 

1  QLMV 

2  QLAV 

 



20 

 

 ─ISO 5149:2014│ 20144 ⌐ ↕╣≡ ™ↄ≈⅛─ ⅜ ↕╣ ↕╣≡™╢

╕√ ⌐ ↑√ ╙ ≢№╢ ∕╣╠╩ ⌐⇔≡Fig. 2.2-1⌐ ∆  

 

 
Fig. 2.2-1 Estimated timeline for amending/revising the ISO 5149 series 

 

─ │ ─≤⅔╡≢№╢  

ISO 5149-1 Amendment 1 (2015.10): A1⅔╟┘A2L ⌐ ∆╢ ⌐ ∆╢  A.5⌐⅔↑

╢ ⌐╟╢ QLAV─ ─ ⌂≥  

ISO 5149-1 Amendment 2 (2021.1): ⌐ ∆╢ ─ ╩ ╘√Table A.1⌐⅔™≡

A.5 ─ ⅔╟┘  A.5─ ─ ╕

√ ─ Table B.1 B.3┼─ ─ ⌂≥  

ISO 5149-2 Amendment 1 (2020.6): ╛ ─ ─ ╩ ∆Table 1─ ─

─ ─ ⌐ ∆╢ ─

⌐ ∆╢ ─ ⌂≥  

ISO 5149-3 FDAMD 1 (2021.2): ⅔╟┘ ─ ─ ⌂≥  

 ╕√ ─ ⌐≈™≡│ ISO 5149-1, 2, 3│2024⌐ ↑≡ ISO 5149-4│2022⌐ ↑≡

⅜ ╘╠╣≡™╢ ISO 5149│ IEC 60335-2-40╛IEC 60335-2-89─╟℮⌂ ─ ─ ≤

⇔≡ ⇔≡⅔╡ ─ ⅜№╢ │∕╣╠⅜ISO5149╟╡╙ ⇔≡ ↕╣╢ √∞⇔

─ ⅜⌂™ ⌐ ∆╢ ╙ ∆╢√╘ ISO 5149│IEC ≤ ╩ ∫≡™ↄ

⅜№╢≤ ⅎ╠╣≡™╢ ↓─√╘ ─ ⌐⅔™≡│ ─ ⌐ ∆╢IEC ≤─

╩™⅛⌐ ⇔≡™ↄ⅛⅜ ⌂ⱳ▬fi♩≤⌂∫≡™╢  

 ∆╢╟℮⌐ ─ IEC 60335-2-40│ 20181 ⌐ ↕╣√ Ed.6≢№╢⅜ ∆≢⌐

Ed.7─ CDV⅜ 2020⌐ ↕╣≡⅔╡ 2021─ ╩ ≤⇔≡ ⅜ ╘╠╣

≡™╢ ↓─ ╩CDV─ ≢ ╡ ╗⅛ №╢™│Ed.7⅜ ↕╣√ ≢ ╡ ╗⅛╩ ╘≡

≥─ ╕≢ISO 5149⌐ ╡ ╗⅛─ ⅜⌂↕╣≡™╢ ╕√ ISO╟╡│ ™◘▬◒ꜟ≢

⅜ ╦╣≡™╢IEC ┼─ ─ ⅎ ╙ ≤⇔≡ →╠╣≡™╢  

 ≢─ ⌐ ⌐ ∆╢ ─ ⌂ⱳ▬fi♩≤⇔≡ ─╟℮⌂ ⌐≈

™≡ ⅜ ╘╠╣≡™╢  

ה ⌐≈™≡ IEC60335-2-40 Ed.6 or Ed.7≤─ ╩≤╢↓≤  

ה ∆╢ ≤⇔≡ ╩ ≤∆╢↓≤ ∆⌂╦∟ ≢ ⌐ ∂ ╘

╠╣╢ │ ≤∆╢√╘─ ╩ ∆╢↓≤  

ה ≢─ ─ A─A.5⌐≈™≡ IEC ≤─ ╩≤╢↓≤  
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2) ASHRAE Standard 15 

 ASHRAE Standard 15│ ◦☻♥ⱶ─ ⌂ ╖ ≡ ┘ ─√╘─ ≢№╡

2019⌐2016 ─ ⅜ ╦╣√ ⌂ │ ─≤⅔╡≢№╢  

▪♬⸗R717▪fiה ⌐ ∆╢ ╩IIAR10)┼  

ה √⌐A2L ─ ╩  

A3B3ה ─ ⅛╠ ⱳכ♃Ⱪꜟꜚ♬♇♩─ ╩ ⇔≡ ◦☻♥ⱶ─

─╖≢  

ה ─ ⌐ ╣─ ⅜ ↕™ ⱳfiⱪ╩  

ה ╩ ∆╢≤⅝─ ╩  

 

 ─ │ ◦☻♥ⱶ─ ⌐╟╡ ╘╠╣≡™╢ │ ◦☻♥ⱶ

⅜ ↕╣≡™╢ ─ ≤⇔≡ Table2.2-10─╟℮⌐ ↕╣≡™╢ ╕√ ◦☻♥ⱶ ≤⇔≡

Table2.2-11─╟℮⌐ ↕╣≡™╢  

 

Table 2.2-10 Occupancy classification 

    

Institutional occupancy 

 

╕√│ ∂ ╘╠╣≡™╢√╘ ⅜ ─ ⌂⇔≢∆←⌐ ╣╢

↓≤⅜≢⅝⌂™ ╕√│ ─  ⌐│ ⌐

⅔╟┘ ⅝─ ─№╢☻Ɑכ☻⅜ ╕╣╢  

Public assembly occupancy 

 

─ ₁⅜ ╕╢ ≢№╡ ⅜∕↓⅛╠ ↄ ≡™ↄ↓≤⅜≢⅝⌂™

╕√│∕─  ⌐│ ⌐ Ⱳכꜟꜟכⱶ ꜠

☻♩ꜝfi ⅜ ╕╣╢  

Residential occupancy 

 

⌐ ⌂ ⇔√ ╩ ∆╢ ╕√│ ─ ≢№╡

⅔╟┘ ─√╘─ ⌂ ╩ ╗  ⌐│ ⌐ ⱱ♥ꜟ

⅜ ╕╣╢  

Commercial occupancy 

 

₁⅜ⱦ☺Ⱡ☻╩╛╡ ╡⇔√╡ ╩☻ⱦכ◘⌂ ↑√╡ ╛∕─ ─ ╩

⇔√╡∆╢ ╕√│ ─ ⌐│ ⌐ ○ⱨ▫☻⅔╟┘ ⱦꜟ

√∞⇔ ≢│⌂™ ⅔╟┘ ≤⇔≡ ≢│⌂™ ╕√│

◄ꜞ▪⅜ ╕╣╢  

Large mercantile occupancy 

 

⅜ ╩ ∆╢√╘⌐ 100 ⅜ ╟╡ ╕√│ ─ ⌐ ╕╢ ╕√│

─  

Industrial occupancy 

 

↕╣√ ⌐╟╢▪◒☿☻⅜ ↕╣ ⌂≥─ ╩

╕√│ ∆╢√╘⌐ ↕╣╢ ↕╣≡™⌂™ ╕√│ ─

 

Mixed occupancy 

 

∂ ⌐ 2 ─ ⅜№╢ ⅜ ─ ╡─ ⅛╠ ⅔

╟┘ ♪▪⌐╟∫≡ ↕╣≡™╢ ─ │ ─∕─ ⌐

↕╣╢ ↕╕↨╕⌂ ⅜∕╣╒≥ ↕╣≡™⌂™ ╙ ⌂ ╩ ≈ ⅜

↕╣╢ ≤⌂╢  

 

Table 2.2-11 Refrigerant system classification 

    

High-Probability System 

◦☻♥ⱶ 

ꜟכ◦ ╕√│◖fiⱳכⱠfi♩─ ⌐╟╢ ─ ╣⅜ ☻Ɑכ☻⌐ ╢

╟℮⌐ ╕√│◖fiⱳכⱠfi♩─ ⅜ ↕╣≡™╢◦☻♥ⱶ ⅎ┌

a ◦☻♥ⱶ ╕√│ b ⅜ ╟╡╙ ™ ≤⌂╢ ⅜№

╢ ☻ⱪ꜠כ◦☻♥ⱶ  

Low-Probability System 

◦☻♥ⱶ 

╕√│◖fiⱳכⱠfi♩─ ⅜ ꜟכ◦ ╕√│◖fiⱳכⱠfi♩─

⌐╟╢ ─ ╣⅜ ☻Ɑכ☻⌐ ╠⌂™╟℮⌂◦☻♥ⱶ ⅎ┌ a

◦☻♥ⱶ ╕√│ b ◦☻♥ⱶ ⅔╟┘ c ⅜ ⅔╟

┘☻♃fiⱣ▬─∆═≡─ ≢ ╟╡╙ ™ ☻ⱪ꜠כ◦☻♥ⱶ  
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 ─ │ ⅜ ╣√ ─ ─ ≤⇔≡ ╘╠╣≡⅔╡ ∕─ │ ─

≤⅔╡≢№╢ ⌂⅔ ⌐│ ⅛⌂ ╛ ⅜ ╘╠╣≡™╢─≢ │ ─

⅜ ≢№╢  

 

ᵑ ᵒ⅔╟┘ ≤ ᵓ╩ ↄ∕╣╠ ─ ─  

◦☻♥ⱶ─ ─ │ ↕╣√ ⌐ ASHRAE Standard 34⌐ ↕╣≡

™╢ RCL╩ ⅎ≡│⌂╠⌂™≤ ↕╣≡™╢ ⇔ 3kg ─ ╩ ╗ꜞ☻♩

↕╣√ ≤ 1 №√╡─ ⅜9.3m2╩ ⅎ╢ ≢ ∆╢√╘─ꜞ☻♩↕╣√

│ ↓─ ⅛╠ ↕╣╢ ⌂⅔ ꜞ☻♩ ⌐≈™≡│ ⅜ ╘╠╣≡™╢

│ASHRAE Standard 157.6.2╩ ─↓≤  

 

ᵒ ─  

─ │ ᵑ─ ─1/2⅛≈ ≢250kg╩ ⅎ⌂™↓≤  

 

ᵓ ⅔╟┘ ─  

─ ╩ √∆ ⌐│ ᵑ─ │ ↕╣⌂™  

a. ╩ ╗☻Ɑכ☻│ ≢ ─ ⅛╠ ↕╣≡™╢  

b. ∕─ ┼─▪◒☿☻│ ↕╣√ ⌐ ↕╣≡™╢  

c. ≤ ⅜ ↕╣≡™╢  

d. A2, A3, B2, B3 ⅜ ™╠╣≡™╢ │ ≤426.7ϴ ─ ⅜⌂™  

e. │NFPA7011)─class1, division2⌐ A2, A3, B2, B3 ─ │LFL─25╩ ⅎ

╢  

f. 100 hp╩ ⅎ╢ ◦☻♥ⱶ─ │ ╛ ⌐№╢ ⇔

⇔ ⱳfiⱪ ╩ ↄ  

 

ᵔ ∆═≡─ ⌐⅔™≡ A2, A3, B2, B3─ │ 500 kg╩ ⅎ⌂™  

 

ᵕ ∆═≡─ ⌐⅔™≡ ─ ╛꜡ⱦכ│ A1, B1≢RCL╩ ⅎ⌂™ꜚ♬♇♩◦☻♥

ⱶ≤∆╢  

 

ᵖ ─ ◦☻♥ⱶ⌐│ A2, A3, B1, B2L, B2, B3│ ≢⅝⌂™  

⇔ ≢─3kg ≤ ≢─10kg─ ─ꜚ♬♇♩◦☻♥ⱶ ┘

╩ ↄ  

 

ᵗ ⌐ ↕╣≡™╢ ╩ ™≡ A3, B3│ ≢⅝⌂™ ⇔ 1 √╡9.3 m2╩

ⅎ╢☻Ɑכ☻⅜№╢ ⅔╟┘150g─A3 ╩ ™√ ◦☻♥ⱶ│

ↄ  

 

ᵘ ─ ◦☻♥ⱶ≢A2L ╩ ™╢ ╩ ™≡ ⅜ ∆╢☻Ɑכ☻≢│

ᵑ ᵒ ᵓ─ ⌐ ℮  

 

ᵙ ─ ◦☻♥ⱶ≢A2L ╩ ™╢ ☻Ɑכ☻⌐⅔™≡╙ ᵑ ᵒ ᵓ─

⌐ ℮ ⇔ ☻ⱦכ◘ ⱷfi♥♫fi☻ ─╖ ⅜ ∟ ╢ ☻Ɑכ☻⌐ ⅜№╢

⌐│ ─ ╛ ◦☻♥ⱶ⌂≥─ ─ ╩ √∆↓≤⌐╟╡ RCL╩

ⅎ≡╙╟™ ⌂ │ ASHRAE Standard 157.6.4╩ ─↓≤  

⅜2019─ ─ ≢№╢⅜ ⌐ ─ ⅜ ╦╣≡⅔╡ ≢

─ ⌐ ∆╢ ⇔⅜ addendum g ≤⇔≡ ↕╣≡™╢ ╕√ √⌐ ◦

☻♥ⱶ─ ─ ╙ ╘╠╣≡™╢  
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3) IEC 60335-2-40 

 IEC 60335-2-40─ │ 20181 ⌐ ↕╣√Edition 6.0 ≢ 2013─Edition 5.0≤2016

─Amendment 1╩ ⇔√╙─≢№╢ A2L ⌐ ∆╢ ⅜ ↕╣╢≤≤╙⌐

◦☻♥ⱶ Enhanced Tightness Refrigerating System─ ⅜ ↕╣≡ A2L ⌐ ∆╢ ─

⅜ ╠╣≡™╢  

 ◦☻♥ⱶ Enhanced Tightness Refrigerating System─ ≤⇔≡│ ☻Ɑכ☻⌐

╛ ╩ ╗ ╩ ⇔⌂™↓≤ ☻Ɑכ☻─ ꜚ♬♇♩⅜ ⌂≥─ ⌐╟

╢ ⅛╠ ↕╣≡™╢↓≤ ☻Ɑכ☻ ─ ╩ ╗ ─ ╩ ⅎ╢↓≤╛ ⌂≥

☻Ɑכ☻┼─ ╣─ ╩ ⅎ╢ ⅜ ╘╠╣≡™╢ ↓╣⌐ ∆╢◦☻♥ⱶ≤⇔≡ ↕

╣╢─│ ☻ⱪꜞ♇♩◄▪◖fi╛ⱦꜟ ⱴꜟ♅ ◦☻♥ⱶ≢№╢  

 IEC60335-2-40│ ─ ≢№╡ ─ ⌐ ⇔≡╙ ╛ ⌐╟╢ │ ╕

╣≡⅔╠∏ ⌂ ≢─ ╩ ⇔≡™╢ ╕√ ≤⇔≡│A1, A2L, A2, A3╩ ≤⇔

≡⅔╡ A2L ─⸗ꜟ │42 kg/kmol ⌐ ⇔≡™╢ ∕─ ⌐≈™≡│ GG

Annex GG⌐╕≤╘╠╣≡™╢ ⌂⅔ B─ ⌐≈™≡│ ISO 5149─ ⌐ ℮  

 ─ │ ISO 5149≤ ⌐ m1 m2 m3⌐╟╡ ↕╣≡™╢ 2

⅔╟┘3─ ⌐ ∆╢ │ ─ ╡ ISO 5149≤ ∂≢№╢  

m1  =    4 × LFL       (2.2-5) 

m2  =   26 × LFL       (2.2-6) 

m3  =  130 × LFL       (2.2-7) 

⇔ L─ ⌐ ⇔≡│ m1≢│1.5≢№╢⅜ m2 m3≢2 ≤⌂∫≡™╢  

m1  =    6 × LFL       (2.2-8) 

m2  =   52 × LFL       (2.2-9) 

m3  =  260 × LFL       (2.2-10) 

 

ᵑ ↕╣≡™⌂™ ≢─ │ m1<mc<m2─ ≢ ISO 5149≤ ≢ ≢ ⅎ╠

╣≡™╢  

    mmax = 2.5×LFL1.25×h0×A0.5, not exceed mmax = 0.75×LFL×h0×A (2.2-11) 

  ↓↓≢  

mmax ≢ ↕╣╢ ─  (kg) 

LFL ─  (kg/m3) 

h0  ⅎ™ ↕ m  

A  ─  (m2) 

  ⇔ h0⌐≈™≡│ hrel╩ ⇔≡ ≢ ⅎ≡™╢  

    h0  =  hinst + hrel, ╕√│ 0.6 m ─ ™     (2.2-12) 

  ↓↓≢ 

    hinst ─ ↕ m  

    hrel ⅎ™ ─○ⱨ☿♇♩ m  

 hinst─ ≤⇔≡ ⅜ ⅎ╠╣≡™╢  

  - ─ 0.0 m 

  - ╡ ↑─ 1.0 m 

  - ╡ ↑─ 1.8 m 

  - ╡ ↑─ 2.2 m 

 

ᵒ ⅜№╢ ≢ A2L ╩ ™√ ─ │ m1<mc<m2─ ≢ ≢

ⅎ╠╣╢  

   mmax  =  0.75 × LFL × hra × A     (2.2-13) 

↓↓≢  

 hra ⅜ ∆╢ ↕ m  

hra⌐≈™≡│ ⌂ ⅜ ↕╣≡™╢ ╕√ ⌐≈™≡│ №╢

™│ ◦☻♥ⱶ⌐╟╡ ∆╢ ─ ⅜ ╘╠╣≡™╢  
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ᵓ ⅜ ↕╣≡™╢ №╢™│ ⅜ ↕╣≡™╢ ─ │ mc⅜

m1<mc<m3─ ⌐ ↕╣ ∕─ │ ─GG.4≤GG.5⌐ ↕╣≡™╢ 

 

ᵔ ─Ɽ♇◔כ☺ꜚ♬♇♩⌐≈™≡│ ⅜ m1<mc<2m ─ ⌐│ │

≤⌂╢  

    mmax  =  0.25 × LFL × 2.2 × A     (2.2-14) 

 ⌂⅔ ─ ─ ╛ ╩ ⇔√ ⅜ ╘╠╣≡⅔╡ ∕╣⌐ ⅎ╢↓≤⅜ ≤

↕╣╢  

 

ᵕ A2L ╩ ⇔√ ≢ ⅜ 0< mc <m3─ ≢ ╩ ⅎ╢ ∆⌂╦∟   

mc >mmax─ ⌐│ ╕√│ ─√╘─ ⅜ ╘╠╣≡™╢  

 

ᵖ ◄▪♄◒♩≢ ↕╣√ ─ ≢A2L ─ ╩ ∆╢ ◦☻♥ⱶ─

№╢™│ ╩ ∆╢ⱨ□fi─ ╩ ≤⇔≡ │ ─ ╩ ≢⅝╢   

   mmax  =  0.5 × LFL × 2.2 × TA     (2.2-15) 

  ↓↓≢  

    TA m2  

  ─ ╛ⱨ□fi─ ⌐≈™≡│ ⅜ ╘╠╣≡™╢  

 

ᵗ A2L ╩ ™√ ◦☻♥ⱶ Enhanced Tightness Refrigerating System≢│

⅜ m1<mc<( ꜚ♬♇♩ )m2  ( ⇔ ꜚ♬♇♩ ─ │ ) ─ ≢№╢

╕√│ ≤ ◦☻♥ⱶ─ ╖ ╦∑─ ⌐╟╡

⅜ ╘╠╣≡™╢ ∕╣∙╣─ ─ ⅔╟┘ ◦☻♥ⱶ─ │

╘╠╣≡™╢ ╕√ ᵑ≢ ╘╠╣≡™╢ ─ ⅎ™ ↕h0 ⅜1.8 m ≤⌂╢ ⌂≥⌐│

⅜ ≤⌂╡ ∕─ ⌐≈™≡╙ ╘╠╣≡™╢  

a) ╩ ⇔⌂™ │  

      mmax  =  0.25 × LFL × H × A    (2.2-16) 

↓↓≢  

  H ─ ↕ m ⇔ᵑ≢ ╘╠╣≡™╢ ⅎ™ ↕h0 ⅜2.2 ─ │ 2.2 m  

b) a)─mmax ╩ ⅎ╢ ─™∏╣⅛─ ╩ ⇔√℮ⅎ≢  

    mmax  =  0.5 × LFL × H × A    (2.2-17) 

c) b)─mmax ╩ ⅎ╢ ─ ⌂ↄ≤╙2≈─ ╩ ∆╢  

d) ─ ⅔™≡ a)─mmax ╩ ⅎ╢ ╩2≈ ⇔√℮ⅎ≢  

    mmax  =  0.5 × LFL × H × A    (2.2-17) 

 

 ⅜ 2018 Ed.6─ ─ ≢№╢⅜ ∆≢⌐IEC 60335-2-40─ ⌐ ↑

√ │ ╪≢⅔╡ IEC─ CDV⅜ ↕╣≡ 2021─ ╩ ⌐ ⅜ ╘╠

╣≡™╢ ⌂⅔ IEC 60335◦ꜞכ☼─ ≤⌂╢IEC 60335-1⌐≈™≡│ 20165 ─Ed. 5.2╩

∆╢Ed. 6⅜20209 ⌐ ↕╣≡⅔╡ ↓╣⌐╟╢Part 2┼─ ╙ ↕╣≡™╢  

 IEC 60335-2-40 ─ CDV⌐╟╢ ─ ─ ⌂ │ ─≤⅔╡≢№╢ ≤⇔

≡ ─ ╩ ∆╢ ⌐ ↕╣≡™╢↓≤⅜ ⅛╢  

ה releasable charge╩ ≤∆╢ ─  

⌐ ╩ ↕∑≡ ⅛╠ ⌐ ↕╣⌂™ ⌐≈™≡│

⅛╠ ∆╢  

ה ⌂ ╩ ∆╢√╘─ ╩ √⌐  

│ A2L ≤A A3 ≢ ⇔≡ ↕╣≡™╢  

ה ↕╣≡™⌂™ ≢─ ⌐≈™≡ A2, A3⌐ ∆╢ ─  

ᵑ─ ⌐⅔™≡ A2, A3⌐ ∆╢ mmax─ 2.2-11─2 ─ ⌐≈™≡

0.75╩0.5≤∆╢  
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ה ⅜№╢ ⌐ A2, A3⌐ ∆╢ ─ ╩ √⌐  

A2L ⌐ ⇔≡│ ᵒ≢ ⅜ ↕╣≡™╢⅜ A2, A3⌐ ⇔≡╙ ╩ ⇔

√ A2L ─ ─ 2.2-13⌐⅔↑╢ 0.75│ 0.5≤⇔ ╩ ∆╢ⱨ□

fi─ ─ ≤ ∆╢ ╩ ⅝ↄ∆╢╟℮⌐ 0.5 ─ ⅝⌂ ╩ ╪∞

│ ⱨ□fi ╙ ∆╢╟℮⌐ ↕╣≡™╢  

A2Lה ╩ ⇔√ ≢ ⌐ ╩ ℮ ᵕ ⌐ ◘▬☼─ ─  

A2Lה ╩ ™√ ◦☻♥ⱶ ᵗ ─  

─ ╩ ⇔ ⅜ ↕╣≡™╢ ╕√ ─ ─ ╙ ↕╣≡

™╢  

╩A2, A3ה ™√ ◦☻♥ⱶ─ ╩ √⌐  

  A2, A3 ⌐ ∆╢ ⅜ ↕╣≡™╢  

ה ─ ◦☻♥ⱶ─ ≤ ╣ ◦☻♥ⱶ ╩ √⌐  

 

(4) IEC 60335-2-89 

 IEC60335-2-89│ ─ ⅔╟┘ ⌐ ∆╢ ≢ 2010╩ ⇔≡2019

6 ⌐ ↕╣√Ed. 3.0⅜ ≢№╢  

 Edition 3.0┼─ ─ ⅝⌂ⱳ▬fi♩│ ∕╣╕≢ ↕╣≡™√ 150╩ ⅎ╢ ╩

∆╢ ─ ⅜ ↕╣√↓≤≢№╢ ╩ ╗ │ ─ ◦☻♥ⱶ≤⇔≡ ⅛╠

∆╢ ╛ ⅜ ⅎ™⇔√ ⌐ ⅜ ⇔⌂™╟℮⌂ ╛ ─ ╩ ∏╢⌂≥─

─╙≤⌐ ─ ╩LFL─13 №╢™│1.2 kg─™∏╣⅛ ↕™ ╩ ≤⇔≡

⇔≡™╢  

↓─ ⌐╟╡ ⅎ┌ ⌂A3 ─ⱪ꜡ⱤfiR290≢│ LFL=0.038 kg/ m3

─13─ 500g╕≢ ≢⅝╢↓≤≤⌂∫√  

↕╠⌐ ─ ╙ ─ ⌂≥⅛╠ ⌐ ─ ⅜ ╦╣≡⅔╡ ⅜

∆╢ ≢ ⅜ ╦╣≡™╢ ─ ⌐ ╢ ≤⇔≡ ≢│ ─╟℮⌂

─ ⅜ ╦╣≡™╢  

ה ─ ⅜150g╩ ⅎ╢ ⌐ ╩ ℮  

⅛╠│ ≢─ │≢⅝⌂™↓≤╩ ∆╢◖ⱷfi♩╩ ⇔≡™╢  

ה ⅛╠ ⅜ ╣√ ─ ⌐≈™≡ ─ ╩ ≤∆╢  

⅜ ─ ≢ ↕╣╢√╘ ╙ ⅜ ™ⱳ▬fi♩≢─ ⌐⌂╠⌂™ ⅜№

╢─≢ ⅛╠│ ╩ ⇔≡™╢  

A2Lה ⌐ ⇔≡ ─ ≤⇔≡ ╩ ∆╢  

│ ╩ ⌐⇔≡™╢⅜ A L │ A2A3 ╟╡╙ ⇔⌐ↄↄ IEC 

60335-2-40≢ ⇔≡™╢ ─ ╩ ∆╢ ≢№╢ ( ) 

ה ─ ─ ≤⇔≡₈LFL─13 №╢™│1.2 kg─™∏╣⅛ ↕™ ╩ ≤∆╢₉

≤™℮ ⅛╠ A2L ⌐≈™≡│ 1.2 kg─ ╩ ∆╢  

A2L │ ⅜ ↄLFL│ ⅝™─≢ ≤⇔≡1.2kg─ ⌐╟╡ A2L ─ │

LFL─4 ≤ ↄ ⅎ╠╣≡™╢↓≤⅛╠ A2L ⌐ ⇔≡│1.2kg─ ╩⌂ↄ⇔≡

A2A3 ⌐ ═≡ ↄ ↕╣≡™╢↓≤╩ ∆╢ ≢№╢ ( ) 

 

 ╕√ IEC 60335-2-40 CDV≢ ↕╣≡™╢ ╩ ™√ ─ ⅎ ╩ ∆╢

╙ ↕╣╟℮≤⇔≡™╢  

 

    

1)  ANSI/IIAR 2-2014, American National Standard for Safe Design of Closed-Circuit Ammonia Refrigeration Systems: International 

Institute of Ammonia Refrigeration 
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2. 3 ─ ⌐ ╢ ─  

1)  

  Fig.2.3-1⌐ ─ ⌐ ╢ ╩ ∆ ⅛≈≡│ ─ ≢ ─

⅜ ↕╣≡™√⅜ 15ↄ╠™ ⅛╠ ⅜ ↕╣ ↓╣─ ─

⅜ ╪≢⅝≡™╢ ╕√ ─ ◄Ⱡꜟ◑כ─ ⅛╠ ◦Ⱶꜙ꜠כ◦ꜛfi⅜ ╘

╠╣ ↓╣─ ⌐ ∆╢ ╙ ╪≢⅝≡™╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.3-1  Standards related with testing and evaluation of performance  

 

2) ISO16358 

  ISO16358│ ◄▪◖fi♦▫◦ꜛ♫ ┘ ⱥכ♩ⱳfiⱪ╩ ≤⇔≡ ◄Ⱡꜟ◑כ  

─ ┘ ╩ ⇔≡⅔╡3 ≤⌂∫≡™╢ 1 ⅜ 2 ⅜ 3 ⅜ 

─◄Ⱡꜟ◑כ ≢№╢  

│ISO515115042─ ⌐ ∆╢  

◄Ⱡꜟ◑כ ─ │ ─ ⌐ ∫≡™╢  

Table 2.3-1⌐ ∆ ה ⌐≡ ─ ╩ ℮ ─ │ 2  

─ ≤⌂∫≡™╢ │ ─ ⌐ 

№∫≡│ 50 ╩ ╕√│ ╩ ™√ ⌐╟╡ ╘╢  

Table 2.3-1 Temperature and humidity conditions for testing  

 

 

 

 

 

ᵒ ╩ ∆╢ Table 2.3-2⌐ ↕╣√ ╩ ∆ ─ 20ϴ≢ 

♀꜡ 35ϴ≢ ╩ 100%≤⇔≡™╢ ─ │ 17ϴ≢  

♀꜡ 0ϴ≢ 7ϴ ─0.82╩ 100%≤⇔≡™╢  

                                  Table 2.3-2 Defined load 

 

 

 

 

─ ⌐⅔↑╢ │ ♀꜡≤ 100%─ ╩ ∆╢╙─≤⇔≡ ╘╠╣

╢  
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ᵓ ⌐ ∆╢ ╩ ∆╢ Fig.2.3-2≢ ↕╣╢╟℮⌐ ─ ≤ 

⇔≡ ↕╣╢ ─ -7ϴ 5.5ϴ ─ │ ⌐╟╢ ╩ ⅎ≡™╢  

ᵔ ─ ≤ ╩ ∆╢  

ᵕ ◄Ⱡꜟ◑כ F L ◄Ⱡꜟ◑כ C ╩ ∆╢  

L ◄Ⱡꜟ◑כ C ⌐ ⌐╟╢ ≤⇔≡ ╘╢⅜ ◄Ⱡ 

כ◑ꜟ C│ ─ ─ ⅜ ╦╢↓≤⌐⌂╡ ↓╣╠  

─√╘─ ─ ⅜⌂↕╣≡™╢  

  ◄Ⱡꜟ◑כ │  

≢ ╘╠╣╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            X  Y1 ╕√│  Y2  Y3 ◄Ⱡꜟ◑כ  

Fig.2.3-2 Capacity, power input and load for fixed and variable capacity units 

 

 

 

 

 

 

 

 

 

 

 

 












































