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ʆʙʟʦʨ 

1. ʆ ɼʘʡʢʠʥʝ

2. ɺʳʙʦʨ ʙʫʜʫʱʠʭ ʭʣʘʜʘʛʝʥʪʦʚ

3. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʭʣʘʜʘʛʝʥʪʦʚ

1. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ

2. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʠʢ ʥʘʛʨʫʟʢʠ 

3. ɺʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʠ ʪʦʢʩʠʯʥʦʩʪʴ 

4. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʦʠʤʦʩʪʴ

5. ɺʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʳʡ ʭʣʘʜʘʛʝʥʪ 

4. ɻʨʘʬʠʢ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ 

5. ɿʘʢʣʶʯʝʥʠʝ 

6. ɺʳʚʦʜʳ ɼʘʡʢʠʥʘ 
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Åɼʘʡʢʠʥ  - ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
ʢʦʥʜʠʮʠʦʥʝʨʦʚ, ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 
(88,7% ʥʘʰʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʩ 
ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘʤʠ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 
Åɺ ɼʘʡʢʠʥʝ ʩʫʱʝʩʪʚʫʝʪ ʭʠʤʠʯʝʩʢʦʝ 
ʧʦʜʨʘʟʜʝʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪʩʷ 
ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʭʣʘʜʘʛʝʥʪʦʚ ɻ(ʍ)ʌʋ(1 % 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ). 

1. ʆ ɼʘʡʢʠʥʝ 
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ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʣʘʜʘʛʝʥʪʘ 

ɼʘʚʣʝʥʠʝ 
ʢʦʥʜʝʥʩʘʮʠʠ

MPa 

ʇʦʪʝʥʮʠʘʣ 
ʨʘʟʨʫʰʝʥʠʷ 
ʦʟʦʥʦʚʦʛʦ 
ʩʣʦʷ 

ʇɻʇ
(IPCC4) 

ɺʨʝʤʷ 
ʩʫʱʝʩʪʚʦʚʘʥʠʷ

ɺʦʩʧʣʘʤʝʥʷ
ʝʤʦʩʪʴ

ʊʦʢʩʠʯʥʦʩʪʴ 

R22 ʆʜʥʦʢʦʤʧ.1.73 0.05 1810 11.9 ʅʝʪ ʅʠʟʢʘʷ 

ɻ
ʌ
ʋ

R410A ɸʟʝʦʪʨʦʧ2.72 0 2090 5-29 ʅʝʪ ʅʠʟʢʘʷ 

R407C ɿʝʦʪʨʦʧ1.86 0 1770 5-29 ʅʝʪ ʅʠʟʢʘʷ 

R32 ʦʜʥʦʢʦʤʧ.2.80 0 675 5 ʅʠʟʢʘʷ*1 ʅʠʟʢʘʷ 

HFO1234ze ʆʜʥʦʢʦʤʧ.0.88 0 6 11 ʜʥʝʡʅʠʟʢʘʷ*1 ʅʠʟʢʘʷ*3

HFO1234yf ʆʜʥʦʢʦʤʧ.1.16 0 4 7 ʜʥʝʡʅʠʟʢʘʷ*1 ʅʠʟʢʘʷ *3

HFO ʩʤʝʩʴ ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅʠʟʢʘʷ 

ʅ
ʝ
 
ɻ
ʌ
ʋ

ʇʨʦʧʘʥ(R290) ʆʜʥʦʢʦʤʧ.1.53 0 3 
ʅʝʩʢʦʣʴʢʦ 

ʜʥʝʡ
ɺʳʩʦʢʘʅ̫ʠʟʢʘʷ 

CO2(R744 ) ʆʜʥʦʢʦʤʧ.10.0 0 1 120 ʅʝʪ ʅʠʟʢʘʷ*2 

ɸʤʤʠʘʢ(R717)   ʆʜʥʦʢʦʤʧ.1.78 0 0 0 ʅʠʟʢʘɺ̫ʳʩʦʢʘʷ 

*1 According to ISO817 draft

*2 Practical limit is 0.1 kg/mį according to EN378

*3 Based on latest data proposed for ASHRAE34

ʉʣʝʜʫʶʱʘʷ ʪʘʙʣʠʮʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʦʡʩʪʚʘ ʭʣʘʜʘʛʝʥʪʦʚ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ R22.

2. ɺʳʙʦʨ ʙʫʜʫʱʠʭ ʭʣʘʜʘʛʝʥʪʦʚ
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ʉʨʘʚʥʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ LCCP 

(ɍɧɞɚɎɚɕ ɖɚəɐɔɢɔɚəɑɜ 3.5 kW) , ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʦʭʣʘʞʜʝʥʠʠ ʠ ʥʘʛʨʝʚʝ 

3.1. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ
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R22

(3)ɺʳʙʨʦʩʳ ʧʦ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʘʜʘʛʝʥʪʘ(2)ʇʨʷʤʳʝ ʚʳʙʨʦʩʳ(1)ʅʝʧʨʷʤʳʝ ʚʳʙʨʦʩʳ

ʆʙʱʠʡ 

ʦʙʲʝʤ      =

ʚʳʙʨʦʩʦʚ

Precondition for Calculation

- Recovery rate = 30%, Leakage rate= 5%/yr, Source of Emissions during refrigerant production is JRAIA 2004 Kobe Synpo.  

GWP=IPCC4th (the EU F gas regulation, the GWP of the IPCC1 apply where R410A is 1975) 

*1 Taking low pressure loss into consideration, narrower heat exchanger was used to reduce charge volume.

*2 To improve efficiency, HX size was increased : Indoor HX x 1,1 + Path x 2, Outdoor HX x 1.2, and connecting pipe  

increased from 3/8=> 5/8

*3 To meet IEC requirements, charge volume was reduced: Indoor HX x 0.8, Outdoor HX x 0.5, narrower piping was used.

*4 To Improve efficiency: Outdoor unit HX was increased x 1.1

3.5kW Room A/C in Europe ïEuP Average Condition (EU Average = 0.43Kg/kWh)

(Kg = Charge volume)

R410A  (1.2kg)

R744 (0.84Kg) (*4)

R290 (0.37kg) (*3)

R32 (0.84kg)  (*1)

HFO1234yf (1.32 kg) (*2)

R22  (1.14kg)

(Kg CO2)

(1) 14000 (2) 1  (3) 0.5

(1) 15000 (2) 1(3) 0

(1) 12000 (3) 390(2) 1800

(1) 12000 (2) 2100 (3) 23

(1) 13000 (2) 4 (3) 23

(1) 12000 (3) 12(2) 480

ɹʝʟ ʫʯʝʪʘ ʩʪʘʥʜʘʨʪʦʚ 

ʄʕʂ ʦʙʲʝʤ ʟʘʧʨʘʚʢʠ 

ʜʦʣʞʝʥ ʙʳʪʴ 0.58Kg. 

ʅʝʧʨʷʤʳʝ ʚʳʙʨʦʩʳ ʤʦʛʫʪ 

ʙʳʪʴ ʩʦʢʨʘʱʝʥʘ ʥʘ 16% 

0 7000 9000 11000 13000 15000

3. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʭʣʘʜʘʛʝʥʪʦʚ
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ȵɔɘɋɓɜɎɆɑ ȩɑɔɇɆɑɢɓɔɉɔ 
ȵɔɘɋɕɑɋɓɎɥ

ȷɔɔɘɓɔɞɋɓɎɋ ɔɇɠɋɒɔɈ
ɍɆɕɖɆɈɐɎ

ȦɊɆɕɘɎɖɔɈɆɓɓɡɏ 
ȵȩȵ

Åȵɖɥɒɔɋ ɈɔɍɊɋɏɗɘɈɎɋ ɓɆ ɉɑɔɇɆɑɢɓɔɋ ɕɔɘɋɕɑɋɓɎɋ R32 ɘɔɑɢɐɔ 28% ɔɘ R22
Ɏ 23% ɔɘ R410!!
ÅȲɔɌɋɘ ɇɡɘɢ ɓɆɒɓɔɉɔ əɒɋɓɢɞɋɓɔ ɍɆ ɗɝɋɘ ɎɗɕɔɑɢɍɔɈɆɓɎɥ ɒɎɐɖɔɐɆɓɆɑɢɓɔɉɔ 
ɘɋɕɑɔɔɇɒɋɓɓɎɐɆ 

GWP values are based on IPCC4th report.

(Note : for the EU F gas regulation, the GWP values of the IPCC1 apply where R410A is 1975) 

77% ʩʦʢʨʘʱʝʥʠʝ

3.1. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ

3. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʭʣʘʜʘʛʝʥʪʦʚ
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R410A  (1.2kg)

CO2 (0.84Kg) *4

Propane (0.37kg) *3

R32 (0.84kg) *1

HFO1234yf (1.32 kg) *2

Åʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʝʟʦʥʥʦʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ SEER (ʨʝʞʠʤ 

ʦʭʣʘʞʜʝʥʠʷ)
ɹʳʪʦʚʦʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ - 3.5kWʚ ɽʚʨʦʧʝ 

ɺʳʚʦʜ: 

ʉʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʧʠʢʘʭ 

ʥʘʛʨʫʟʢʠ ʚ ʫʩʣʦʚʠʷʭ ʦʭʣʘʞʜʝʥʠʷ. HFO ʠ CO2

ʩʦʟʜʘʜʫʪ ʧʨʦʙʣʝʤʫ ʧʠʢʦʚ ʥʘʛʨʫʟʢʠ ʚ ʢʨʫʧʥʳʭ 

ʛʦʨʦʜʘʭ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ 

ɺʳʚʦʜ: 

ʇʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʩʝʟʦʥʥʦʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ CO2 ʭʫʜʰʠʡ, ʜʨʫʛʠʝ ʞʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳ R410A. 

R22  (1.14kg)

0.7 0.8 0.9 1.0 1.1 0.7 1.0 1.3

ɹʝʟ ʫʯʝʪʘ 

ʩʪʘʥʜʘʨʪʦʚ ʄʕʂ 

ʦʙʲʝʤ ʟʘʧʨʘʚʢʠ 

ʜʦʣʞʝʥ ʙʳʪʴ 0.58

ʢʛ, ʘ SEER ʤʦʞʝʪ 

ʙʳʪʴ ʪʘʢʠʤ ʞʝ, 

ʢʘʢ ʜʣʷ R22

(Precondition for Calculation) Note: HX= Heat Exchanger

*1 Taking low pressure loss into consideration, used narrower heat exchanger to reduce charge volume.

*2 To improve efficiency, changed sizes: Indoor HX x 1,1 + Path x 2, Outdoor HX x 1.2, and connecting pipe => 5/8

*3 To meet IEC requirements, charge volume was reduced: Indoor HX x 0.8, Outdoor HX x 0.5, and used narrower piping.

*4 To Improve efficiency: Outdoor unit HX x 1.1  

Åʉʨʘʚʥʝʥʠʝ ʧʠʢʦʚ ʥʘʛʨʫʟʦʢ (R410A , 

ʧʨʠʥʷʪʳʡ ʟʘ 100%) ʚ ʫʩʣʦʚʠʷʭ ʦʭʣʘʞʜʝʥʠʷ 

ʉʥʘʨʫʞʠ35¯C, ʚ ʧʦʤʝʱʝʥʠʠ 27¯CDB/19¯
CWB

3.2. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ

3. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʭʣʘʜʘʛʝʥʪʦʚ

ʂʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ
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ɺʦʟʤʦʞʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʣʘʜʘʛʝʥʪʦʚ 2L, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ASHRAE34 ʠ 

ISO817

ʂʣʘʩʩ1

(ʥʝʚʦʩʧʣʘʤʝʥʷʝ

ʤʳʡ) 

ʂʣʘʩʩ2L 

(ʪʨʫʜʥʦ ʚʦʩʧʣʘʤʝʥʷʝʤʳʡ ʩ 

ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʛʦʨʝʥʠʷ) 

ʂʣʘʩʩ2

(ʪʨʫʜʥʦ ʚʦʩʧʣʘʤʝʥʷʝʤʳʡ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʛʦʨʝʥʠʷ) 

ʂʣʘʩʩ3

(ʣʝʛʢʦ ʚʦʩʧʣʘʤʝʥʷʝʤʳʡ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʛʦʨʘʥʠʷ) 

CO2(R744 )

R410A

R22 

HFO 1234

R32 

ɸʤʤʠʘʢ (ʪʦʢʩʠʯʥʳʡ)

R152a ʇʨʦʧʘʥ(R290) 

1. ɺʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʢʣʘʩʩ. 2L ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʫ ʘʤʤʠʘʢʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʪʦʯʥʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ 2L 

2. ʂʦʤʤʝʨʯʝʩʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠ ʤʦʙʠʣʴʥʳʝ ʢʦʥʜʠʮʠʦʥʝʨʳ(ʥʝʧʨʘʚʠʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ R290 ʧʨʠʚʝʣʠ ʢ ʧʦʞʘʨʘʤ. 

ʇʦʞʘʨ ʦʭʣʘʜʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʠʚʘ ʚ ɸʚʩʪʨʘʣʠʠ

10/19/95, CA: ʟʘʧʨʘʚʢʘ ʧʨʠ ʥʝʦʩʪʳʚʰʝʤ ʤʦʪʦʨʝ 

8/18/96, MS: ʨʘʟʨʳʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʠʩʧʘʨʠʪʝʣʷ   

9/27/96, AR: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʚʦʡ ʪʘʨʝʣʢʠ ʥʘʜ 

ʩʠʩʪʝʤʦʡ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ  ʚ ʛʨʫʟʦʚʠʢʝ  
Source: US-EPA in Bogota 2008

<ʇʨʠʤʝʨʳ ʧʦʞʘʨʦʚ>

Fire accident in case of HC use for cooking & heaters : ave.68/yr, death: ave.1.3/yr (01-06) ,:Source METI Japan

ɺʟʨʳʚ 

ʧʨʦʧʘʥʘ ʚ 

ʩʫʧʝʨʤʘʨʢʝʪʝ 

ʚ ʅʦʚʦʡ 

ɿʝʣʘʥʜʠʠ 
Source: EFCTC newsletter

ASHRAE 34: ʂʣʘʩʩ1 = ʥʝʚʦʩʧʣʘʤʝʥʷʝʤʳʡ, ʂʣʘʩʩ2L ʩʨʝʜʥʷʷ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴʂʣʘʩʩ2= ɺʦʩʧʣʘʤʝʥʷʝʤʳʡ, 

ʂʣʘʩʩ3 = ʣʝʛʢʦ ʚʦʩʧʣʘʤʝʥʷʝʤʳʡ 

3.3. ɹʝʟʦʧʘʩʥʦʩʪʴ : ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ

3. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʭʣʘʜʘʛʝʥʪʦʚ
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ɺʘʞʥʦ (ex.230g) 

ʉʧʝʮʠʘʣʴʥʘʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ 

ʤʫʬʪʘ 

ʀʟʦʣʷʮʠʷ ʠ ʪʜ 

ʅʝʦʙʭʦʜʠʤʦ 

ʅʝʦʙʭʦʜʠʤʦ 

ʅʝʦʙʭʦʜʠʤʦ 

ʅʝ ʪʨʝʙʫʝʪʩʷ ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʅʝʦʙʭʦʜʠʤʦ 

ʉʧʝʮʠʘʣʴʥʘʷ 

ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʤʫʬʪʘ 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʅʝʦʙʭʦʜʠʤʦ 

ʉʧʝʮʠʘʣʴʥʘʷ 

ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ 

ʤʫʬʪʘ 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʉʪʦʠʤʦʩʪʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʦʢʨʘʱʝʥʠʝ ʟʘʧʨʘʚʢʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʤʫʬʪʘ 

ʵʣʝʢʪʨʦʥʥʳʝ ʯʘʩʪʠ 

ʜʝʪʝʢʪʦʨ ʪʝʯʠ 

ʚʝʥʪʠʣʷʮʠʷ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʫʩʪʘʥʦʚʢʘ 

ʂʚʘʣʠʬʠʢʘʮʠʷ 

ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʨʘʙʦʪʥʠʢ 

ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʨʘʙʦʪʥʠʢ 

ɼʚʫʭʩʪʫʧʝʥ. ʢʦʤʧʨʝʩʩʦʨ 

ɺʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʠ ʪ.ʜ

ʅʠʟʢʘʷ 

CO2(R744) 

ɹʦʣʝʝ  ʧʨʦʯʥʳʡ  ʥʘʩʦʩ ʇʦʯʪʠ ʢʘʢ ʫ R410A 

ʂʘʢ ʫ R410A 

ʊʨʝʙʫʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ 

ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʜʣʷ R22

ʉʪʦʠʤʦʩʪʴ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʤʧʨʝʩʩʦʨ, 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ, etc. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʫʩʪʘʥʦʚʢʘ 

ʄʦʜʠʬʠʢʘʮʠʷ

ʄʦʜʠʬʠʢʘʮʠʷ

ʄʦʜʠʬʠʢʘʮʠʷ

ʄʦʜʠʬʠʢʘʮʠʷ

ɺʳʩʦʢʘʷ 

HFO1234yf 

ʅʠʟʢʘʷ ʅʠʟʢʘʷ ʎʝʥʘ ʭʣʘʜʘʛʝʥʪʘ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʫʩʪʘʥʦʚʢʘ 

ʄʦʜʠʬʠʢʘʮʠʷ 

ʄʦʜʠʬʠʢʘʮʠʷ 

ʄʦʜʠʬʠʢʘʮʠʷ 

ʄʦʜʠʬʠʢʘʮʠʷ 

ʉʧʝʮʠʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʂʚʘʣʠʬʠʢʘʮʠʷ 

ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʫʩʪʘʥʦʚʱʠʢ 

ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʂʚʘʣʠʬʠʢʘʮʠʷ 

ʉʪʦʠʤʦʩʪʴ  ʜʦ ʠ ʧʦʩʣʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ  

ʧʨʦʠʟʚʦʜʩʪʚʦ  

ʮʝʧʴ ʧʦʩʪʘʚʦʢ  

ʫʩʪʘʥʦʚʢʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʫʜʘʣʝʥʠʝ 

R32 ʇʨʦʧʘʥ (R290) 

ʇʨʠʤʝʨʳ ʙʳʪʦʚʳʭ ʢʦʥʜʠʮʠʦʥʝʨʦʚ 

ʂʦʤʧʦʥʝʥʪʳ, 

ʫʚʝʣʠʯʠʚʘʶʱʠʝ 

ʩʪʦʠʤʦʩʪʴ 

ɺʳʚʦʜ: 

CO2 ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺʳʚʦʜ: 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʧʘʥʘ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦ 

ʤʝʨʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦ ʚʨʝʤʷ, ʜʦ ʠ 

ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ

ʊʨʝʙʫʝʪʩʷ 

ʚ ʗʧʦʥʠʠ 

3.4. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʦʠʤʦʩʪʴ

3. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʭʣʘʜʘʛʝʥʪʦʚ
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ʆʪʣʠʯʠʝ ʚ 

ʩʠʪʫʘʮʠʷʭ 
ɻʍʌʋ ʥʘ ɻʌʋ 

ʆʞʠʜʘʥʠʷ ʨʳʥʢʘ 

HVAC

ɺʳʙʨʦʩʳ ɻʌʋ ʚ2050 

(BAU) *1

ʄʝʨʳ ʧʦ 

ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ  

ʈʘʟʚʠʚʘʶʱʠʝʩʷ 

ʩʪʨʘʥʳ 
ɽʱʝ ʥʝ ʥʘʯʘʪ ɹʳʩʪʨʳʡ 76% ʅʝʪ 

ʈʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ɿʘʚʝʨʰʝʥ ʅʘʩʳʱʝʥʥʳʡ 24% ʏʘʩʪʠʯʥʦ (ɽʉ, ʗʧʦʥʠʷ)

*1: The figures are from ñò by ¥koRecherche

Åɺʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʳʡ ʭʣʘʜʘʛʝʥʪ ʚ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʦʯʝʥʴ ʚʘʞʥʘ
Åʉʢʦʨʝʡʰʠʡ ʧʝʨʝʭʦʜ ʥʘ ʭʣʘʜʘʛʝʥʪʳ ʩ ʤʝʥʴʰʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.

Åʋʩʪʘʥʦʚʣʝʥʠʝ ʤʝʨ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʭʣʘʜʘʛʝʥʪʦʚ. 

ɹʳʩʪʨʳʡ ʚʳʠʛʨʳʰ"

ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʫʱʝʩʪʚʫʶʱʝʡ ʉɽɻʆɼʅʗ

3.5. Ȯɚɓɘɚɒəɚɝɞɨ ɍɧɝɞɜɚɏɚ ɛɑɜɑɡɚɐɌ əɌ əɚɎɧɕ ɡɗɌɐɌɏɑəɞ 

3. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʭʣʘʜʘʛʝʥʪʦʚ
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+50

+40

+30

+20

+10

+0

-10

-20

-30

100kW 1000kW10kW

ʏʠʣʣʝʨ
ʩʨʝʜʥʠʡ ʠ 
ʢʨʫʧʥʳʡ
ʚʠʥʪʦʚʦʡ ʠ 
ʮʝʥʪʨʠʬʫʞʥʳʡ

R410A R134a

ʄʫʣʴʪʠ
ʩʠʩʪʝʤʳ

DX & ʥʝʙʦʣʴʰʠʝ 
ʯʠʣʣʝʨʳʩʦ 

ʩʤʝʥʷʝʤʳʤ ʢʦʤʧʨ.

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 

ʚ
ʦ
ʟ
ʜ
ʫ
ʭ
ʘ
 

Capacity

Current

Åʍʣʘʜʘʛʝʥʪ ʜʣʷ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʚ ʦʙʱʝʤ
Åʇʦʜʭʦʜʷʱʠʡ ʜʣʷ ʩʤʝʥʷʝʤʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ

Åʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʜʣʷ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʩʠʩʪʝʤ 
Åʇʦʜʭʦʜʷʱʠʡ ʜʣʷ ʚʠʥʪʦʚʦʛʦ ʠ ʮʝʥʪʨʠʬʫʞʥʦʛʦ  
ʢʦʤʧʨʝʩʩʦʨʦʚ 
Åʅʘʩʪʦʷʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ MAC

R410A

R134a

DX: Direct expansion)

ʇɻʇ:1430

ʇɻʇ:2090

ͨR22 ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʠ ʨʝʛʠʦʥʘʭʩ ʚʳʩʦʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ. 

4. ɻʨʘʬʠʢ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ 

ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 
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+50

+40

+30

+20

+10

+0

-10

-20

-30

R32

DX & Chiller
displacement comp.

ʄʦʱʥʦʩʪʴ 

R32

Åʃʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʝʤ R410A ʚ ʫʩʣʦʚʠʷʭ 
ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘ 
Åʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ASHRAE 34 ʠ ISO817 : ʩʨʝʜʥʷʷ 
ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ (A2L) 
Åʆʙʲʝʤ ʟʘʧʨʘʚʢʠ ʭʣʘʜʘʛʝʥʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʩʦʢʨʘʱʝʥ
Åɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʦʙʲʝʤʘ ʟʘʧʨʘʚʢʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ 
ʩ ʫʯʝʪʦʤ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʩʠʩʪʝʤ 
Åʅʝʦʙʭʦʜʠʤʳ ʧʨʦʜʦʣʞʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʤʝʨ ʩʜʝʨʞʠʚʘʥʠʷ 
ʧʦ ʭʣʘʜʘʛʝʥʪʘʤ

ʂʘʥʜʠʜʘʪʳ

ʇɻʇ:675

100kW 1000kW10kW

ʄʫʣʴʪʠ
ʩʠʩʪʝʤʳ

4. ɻʨʘʬʠʢ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 
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ʏʠʣʣʝʨ
ɺʠʥʪʦʚʦʡ ʠ 
ʮʝʥʪʨʠʬʫʞʥʳʡ

R1234yf

ʊ
ʝ
ʤ
ʧ
.
 
ʚ
ʦ
ʟ
ʜ
ʫ
ʭ
ʘ

R1234ze

R1234yf, ze

Åʇʦʜʭʦʜʷʱʠʡ ʜʣʷ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʩʠʩʪʝʤ

Åʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ASHRAE 34 ʠ ISO817: ʩʨʝʜʥʷʷ 

ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ (A2L) 

Åʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʣʘʜʘʛʝʥʪʦʚ A2L ʜʦʣʞʥʦ ʦʙʩʫʞʜʘʪʴʩʷ 

ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʂʘʥʜʠʜʘʪʳ

ʇɻʇ:4

ʄʦʱʥʦʩʪʴ 100kW 1000kW10kW

4. ɻʨʘʬʠʢ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ 

ʭʣʘʜʘʛʝʥʪʦʚ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 
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CO2

ʉʥʘʙʞʝʥʠʝ 
ʛʦʨʷʯʝʡ ʚʦʜʦʡ

(ʜʣʷ ʩʧʨʘʚʦʢ) ʄʫʣʴʪʠ
ʩʠʩʪʝʤʘ

CO2

CO2

Åʅʘʪʫʨʘʣʴʥʳʡ ʭʣʘʜʘʛʝʥʪ

Åʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ

(ʥʠʞʝ 25 ʛʨʘʜʫʩʦʚ ʧʦ ʎʝʣʴʩʠʶ)

Åɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʦʙʲʝʤʘ ʟʘʧʨʘʚʢʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ 

ʩ ʫʯʝʪʦʤ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʩʠʩʪʝʤ

ʂʘʥʜʠʜʘʪʳ

ʇɻʇ:1

ʄʦʱʥʦʩʪʴ 100kW 1000kW10kW

4. ɻʨʘʬʠʢ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ 

ʭʣʘʜʘʛʝʥʪʦʚ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 
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ɹʳʪʦʚʦʡ ʭʦʣʦʜʠʣʴʥʠʢ 

ɸʚʪʦʥʦʤʥʳʡ ʢʦʥʜʠʮʠʦʥʝʨ

HC

HC

Åʅʘʪʫʨʘʣʴʥʳʡ ʭʣʘʜʘʛʝʥʪ 

Åʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʜʣʷ ʤʘʣʳʭ ʤʦʱʥʦʩʪʝʡ ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʭʣʘʜʘʛʝʥʪʘ 

HC

ʂʘʥʜʠʜʘʪʳ

ʇɻʇ<3

ʄʦʱʥʦʩʪʴ 100kW 1000kW10kW

4. ɻʨʘʬʠʢ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ 

ʭʣʘʜʘʛʝʥʪʦʚ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 
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R32

DX ʠ ʥʝʙʦʣʴʰʦʡ
ʯʠʣʣʝʨ 

ʄʦʱʥʦʩʪʴ 100kW 1000kW10kW

R1234yf

R1234ze

R32
CO2

R32

ÅR32 ʠ HFO ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʜʣʷ 

ʭʣʘʜʘʛʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤ ʇɻʇ.

Åʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʣʘʜʘʛʝʥʪʦʚ ʩʦ ʩʨʝʜʥʝʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴʶ (A2L) 

ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʩʫʞʜʝʥʦ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ÅCO2/ʤʫʣʴʪʠʩʠʩʪʝʤʘ ïʚʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʢ ʢʨʘʡʥʝ 

ʥʠʟʢʦʤʫ ʇɻʇ 

ʂʘʥʜʠʜʘʪʳ ʜʣʷ ʭʣʘʜʘʛʝʥʪʦʚ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʇɻʇ

ʄʫʣʴʪʠ
ʩʠʩʪʝʤʘ

ʏʠʣʣʝʨ 

4. ɻʨʘʬʠʢ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ 

ʭʣʘʜʘʛʝʥʪʦʚ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 
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ʈʝʢʦʤʝʥʜʫʝʤʳʝ ɼʘʡʢʠʥʦʤʭʣʘʜʘʛʝʥʪʳ 

ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 
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ʉʦʚʨʝʤʝʥʥʳʡ 

R32

DX ʠ 
ʥʝʙʦʣʴʰʦʡ ʯʠʣʣʝʨ 

R1234yf

R1234ze

R32

CO2

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʃʫʯʰʝʝ ʩʦʯʝʪʘʥʠʝ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ ʙʫʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ 

ʄʦʱʥʦʩʪʴ 100kW 1000kW10kW

R410A R134a

ʄʫʣʴʪʠ
ʉʠʩʪʝʤʘ 

DX ʠ 
ʥʝʙʦʣʴʰʦʡ ʯʠʣʣʝʨ 

ʏʠʣʣʝʨ 

100kW 1000kW10kW

ʏʠʣʣʝʨ 
R32
ʄʫʣʴʪʠ
ʩʠʩʪʝʤʘ 

ʃʫʯʰʠʡ ʚʘʨʠʘʥʪ ʩʦʯʝʪʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʭʣʘʜʘʛʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ 

4. ɻʨʘʬʠʢ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ 

ʭʣʘʜʘʛʝʥʪʦʚ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 


