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Abstract
future directions and candidates. Breaks the history into four refrigerant generations based on defining

Reviews the progression of refrigerants, from early uses to the present, and then addresses

selection criteria. Discusses displacement of earlier working fluids, with successive criteria, and how interest
in some early refrigerants re-emerged, for example renewed interest in those now identified as “natural
refrigerants”. Examines the outlook for current options in the contexts of existing international agreements,
including the Montreal and Kyoto Protocols to avert stratospheric ozone depletion and global climate change,
respectively. Also examines other environmental concerns and further and international and local control
measures. The discussion illustrates how isolated attention to individual environmental issues or regulatory
requirements, in contrast to coordinated responses to the several issues or regulatory together, can result in
unintended environmental harm that almost certainly will require future reversals. It identifies pending policy
and regulatory change that may impact the next generation of refrigerants significantly.
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W ThR R LRI . 7RISR MRS BRI AR
7 IR TE— R R P E A Bt T, X R A IR Y
IFIRE , X T i e ZE R U, B4R TE 2 A RN SRS A v, Sy 3R
R, BER—ME. WEGIEHIE TRATRENE
REARBERER LB, UER M AR ESE
HEB T My R et R e S5 % EL B0, BB Dy K BE BB L XURE B
KUNREEARAEEFTEABRSNURERBE. 5
R410A L, B4R R32 S shdE R32 1] D Ae 3w J& [l
TR R AR T %, I LRI R B T 8RB R
BB ZH GWP EFS . R, BAE R —EA & R
.

FALTR R, AR L IE7E 2% IR AE R (K GWP R ZE ¥ 7
MM, — R RE L R B BB S AR ER
MM B TEE . XA R BIEH RSB T RENKSE
fir KR ODP G THR B &4 &R (BB L & 9D 8L
&8 GWP, B X PR T fase R T84, FRE, &R
Bk GWP B4k i 2 12 7 3 T RO » 58 8 4 1) R TE A
HUS IR A% T . FETT RERFEHE TR, 53 — L
PAAH e B e AL i FE T, A2 B L SRR Ak 2 i Y
GWP By HA bz B ER G L EE GWP ERH
[F# GWP, XZ¥/N#5k S 4L &9 8 %t (hydrocarbon
alkanes) 54&42 (olefins (alkenes) ) 1 [6] £ GWP #t BEA]
WE#HGWP ,BERRE .G E . RENZEMW, TEHMKK
ERYNFEFRSERECIING GWP BRERT . X
FER 2 R B R D T A SCATE R IETE . SR Ht
FIREIUA T 3R, FE— B3R 45 B AR Z R E 22 A ELAE
SAM@ERTEEZEE T REMAR 52RERNFE B

E,REREL T SMARARANCEREW) S
REFEA KRR M CR BB MR R “ MR W) % B, 2
% re )3 (GWP) HEBUE A —BE)
4 RIEMERTMTARAN"HE ZEZHNRE

RS MY I ) £ A T 3 5 BOR IEFE R & A2
i, RIEAEXRBENESRZPERTH=MHRTRES
Y (e R AC- 1,DP- 1 fl IDEDRERATREEH
Y R134a BUE—B% 8. FRE, 2T RISH B E M
AREH ODP I #H: % L AW EH, AR T EZIT
HE, T RABUE T X% R1234yf/R1311 {844 (AP fluid H) A4
BER . XIURES RV FITE 2006 ££F0 2007 447, R
PRBHE, REERIEE A A RN 2B RN
(GAR) W%, fH 2] T 2007 48 /5 BIBOHEE 70,

REMREEAEBA=MEEREYRERRE
SRR Ri34a, Bl R AEEREEKREN _Ekiks
R1234yf #13R FEE (“ ZRIABE”) RER R152a, REZ
FALTRTER B8 5 E R B PR RA RS FA
LARENERRC  BEAERGELMREXHINE,
THAE— BN TR 5 R|SET &R T 0 B
BN, AR TR INR RRERE R TR, B ETAST B
RIS A ZEAREBIBRE R F-SAEE KR RR
HZSR MR B ERLR, 5 R EEES IR R ARE S
FAENEERMEFA T ERRBNTREREERELR
SHLRIRE .

fEh—R B — L SR MR, R1234yf 2t T 5§
R134a $J72= M REFAZE BV HERE, BRI IL IR FE A= T B B &%
B/, It HWH R TREE SHAENGED . BE
BA 100 £ BABAE N 4 XAEBIMEH GWP EF,
Riz4yf BB (K. EER2B) MAHEBHRER
(reproductive toxicity testing) ¥ H 58 B, {H & GEH.
BRBAB MKEHEMGEN . EERB RENERERYT
B, BERAEFREA RSB EN, TRERERL
TZ, B IEFHERYRB R, 5 R1225 BFHEERE
WAL, 3T R1234yf BRI BE— PR AT RS B i —
ATFTHRY A RIES R, B MR S YE & Rn b
AT EZMEH . R1234yf B RARAT B b R134a /R
&, LHEwH . REmk, 2PAERREENbER S
IS ESEMNNH R GREMRD ESEF N EERE
JERK R Go R Y R1234y108] i — b R IR E il R B ZE
ETETEA X R 77 o

REBHIERELERT Ri2a E—BHEEPKRS
H AR R B SR » BB g 0000 3¢ o 1 ¥4 790 LA AR R A T
IR, R L R e I IR 2] & ShPLE R A B XE T R4
BERERE“AEEHATAETRH A BITHE
W, BTFEHATEERT MEHSRESBETH
PR MR R G A AE gk AT
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WL R IEFETEN — Sk 5 HAL“ R AR 7EE
FEBHREFHMNA. —EMRETILHSHEERR
SREREBRTHFERENERERE, BREFERBRRT
AR, —SARERTRKNHLE (HPWH) f
R PR IEZE AW 22 , AR H AR, B H AR AR 30K
PRERE L R FREE A RY 30%., AM 2001 EEFF AT 5
A 72 L3R, EcoCute HPWH ) Bt X B 7E 2007 4E48
BT 100 FEM, HEieERERBIT 50 AR, BRI
FIRWF 2010 42 BB BT 34 520 7 M), EcoCute
MEFIER, REREERRT HABR S A RELAR A
2002 £EIRAMET 470 /2. B G, K& &M T 47 000 H
JC(ZE 290 BRIGER 420 01, WA S5 HAE
ZPHRAHEBRBRBREN, BEEHAZIERPE
Z ] BB R B — B PR R A

ZEALBRTFE R I AR TR S — & (=
W) RGP RN HTF (@3 TR fA] Fth e 38hn,
FERAERRINET . 5 — R B F M 5 AR #F T #8778
FENBERS AN EZERAESETHESSE
BB HEHE.ENBESHAN 0. Wb E=m
RE170, ZFREZB) RS R152a B HABAT R4
PRI T KRR ATRE

BEAL Y 455 B R600a( R T ) fH bR T 4e
BAHRRH, BB T R12 1 R134a, HATE EKWE A
KA A S BRI, RS E R R,
HEFEBRG ZIHRHETRLEEE, B0 TokeEkRit
Fdednk, By EH AR R ER A (— R 120 g,1/4
B, ~HFEFHEBHERRELREEN, MNF s
INHIREAEYERN R Z LM, MBI TRENRAZ S
M. AERE, B RT RE LRI KL, B5 B A5
HEMKBERTRESHN, ME B A SHE, R T K
BEERIPRHFERIEAR. XFEHBRTEERN—
BREBIUTHER, XELESR - LHERENER
A RS YT AR ER T &R R A KR
. XAENSREBXAK Stk S SYR MR g
POk RBARFR , H 5 R Y SRR AR R, B
W RER . R SBEARERLIE TREAMEYE
ABEBEEPHHER, R T HE—-SAET LR XET
ZHBARGFEEE KWERIT HEA .

KE—-FETENHAF, AT LRV RS, REEAE
B SYRIN TR, 430 2E A RESH, BT
MTABEEFERNABSENRETEN RGNS, UK
ERRE. FERRU, R EAIRREFKE TRHEN MR, B
BRI HATE 55 % B2 BRAE /IR FEE 4 8 Tl [ AR 1l T A
fiss gz, R HARBESIE T  ARLEEEE
KT — R T — &R R A ANLA.,

H— B RRIR R A HLA 59 KHLA I E o, K

iR R FBE TR, X RS KA FER B IRIEEN
B, REE—-LE/NMIBRRREPBRASHIK,
BEMFE/ERRME—E/E, IERMAH, KERIK
o SRAEAKBAANARERRNY H LA EAT S
32, 3 TR B 5 K R 9 % U 5 T e A TR
AERRNERATRN, HEURHRERHT. #E—
BAEREOEFIM AR BRRER —— RS —
FEREEZBITREZZESH, M TRSIBES
R KL R K AE R R T2 2 T IR, BB LS
RN F— L RIHT R VLB BT 5T
5 —BEKEEREG

BUR 58 il 2B B3R5 R0 Rk Hl 7 B s 8 41
SRE KB, IR0 T BTt EA rARAE , O T i R B X
T GWP HREEARARNER, AT BPEERN
BREPIH—EHRRHAFNT A L. WIEWD &N S
AR T EAEF F UL ZRKT WA RXBEEERAS
TR REMRKERE S, & TRELASIAZENER. F
B, B B & 7E 2007 SEKE R T “ BB S 1730 HR1” (XFR
“EEEBRERE RS IR LFE BT 2009 FERATE
FERBCE P BRI 2008—2012 FEARIEHI SR Z G RWE
FURAYZLRU, BAR MR YCRYYH B SR BT T 3
2020 SRR FESARWHE 25% ~40% Y P A, B 2050 48
W HE 50% (RER R WH L 80%) KRG, XA B
#1 2008—2012 FAEAATEFXT T 1990 5 F-H438HE 5% 4
b, B LS, L BARE XA B AR REA T — AR &
HR, MEAEWEFREA EEAR BT

BREMNEHICER 2 HFC{EX 6 # GHG §
GHG £ s i —FhoR AL FR 1Y , 15— figt 1 BB &R IA A HFC )
B RE/NNY, LH R 5 B ia W 55 RE T HE
B GHG M. MEBHART. BRER HFC 5
PFC £ 7E—RMHEEE &3 2006 48 GHG HERE R 2%
A fHE BEE R22 VIR, fB] T 2010 4F 78 — 23
2SR EE R RAIOA REBA, IR HEH LL BHe £ 380, o
HERIN(BRMDRAGECTFERC ST EHMEL TE
T AENTFER, B HFC MR ENBIRHER=
£ BMEIHBR T i F R22 4 7= ief 3 AR 32 19 R23 A HEHC,
3t H HAth GHG HEHE WD 50% , 354 HFC fHERE Hl
WA INE] 7%~10%, BARBMEHEIENSEEA X
AR M TEERARAR o 38 S ot 7 » (LR B F o 2 IR B Y
EHEEWRGANN. RENASIIIRE NG . P
BRI EE R B AR , — R AR = IR AR
B RAFER TG R ST, B 1990 £ 2K, B &m K
SPBHE Ri3ta HBEE S HBITAEFER 56% LU
U 7E 2004 AEFTAEFEARY 17, 4 J7 ¢ R134a o, Bl 3T A9
FHEERT 2% MY TR T 1. 842 t &4k,
IR MR E— K GWP FE, A R ERFRERE.
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(EESFEE L) (America’s Climate Security Act,
ACSA)R—TEXRE S WBE M RRRIER, B TH LD
2012—2050 £E 5] AR B SUAHEH, B T &S RER ST
RIMT . ACSA #5 HFC 5 5 #83UE B #LE 1) oAl = <Ak
SRR, HEEREEFRHHODERE— OB —FARE
BB B MLE T e FRAE, BR7E TSRy 2037 42 9 000
i t( ARk L B YRRl B 2010 ERYTHBRBSER 312
t(CEARYER) . 0% KBS BN TEARBRHAY
WRFTH R HFC 4 7= B B AR, ACSA IBRE
BB BRH R A WL EH GWP ERT 150(5BE
REIRS PR A RBRAEARRD #9137, DA R o /IME
Wi 30% /) HVACR P & . Wk REERXEESHE
S A= 5 RN AR, DA et T BRI AT AR Y
BARMEREATRHE , I Aoif — e 5 BCY /B SRR LLBRF
BARRERUREE AR B . BRI R BRAKA H
ERER, RERARHUBIER, B REREER PR
BORMIEMR T eS| ATE B R mn 5 B /Y il v 77
., Tk HAth E R — BT A
6 it

Z—HRl 2RI VERIESR ST E A RS, A
VST BN i 2R, JLF- 7T LB SETE 2010 SERT EATMSTF G
BADRLIH . AT — AUV RIS B AR R SR IR ) GWP
BOR—EE Y 150 aE /N EF 100 4 23T —F 2
BFAMRTERE Z2E. . SHHEENERD ., £T
X R RES | LT B0 B 355 1R R B0 5% 1 00 X 980 Ak 2 o 196 2 0
GWP [RERTEFERE ST, ) (E XARBR D KR F A
BIFE R —AEFEATHE . BEE R — RS R AR
RO, BAE UL T % tRA% GWP B i 78 3l b7 24 e fi%
AR RS GHG HEf . B4 BEEH &6
RE REBIIREZ TR HRILPAUR E, KRS
P REFEAMB RG22 BRI E AR Hive
#, wEF £ HFC, o] fRR PRIk . £ THREAITHE
ARTT R » AR T Y BE B PR XS BT B3R IR R AR e Ak
BB AT, MAR— ML, b TR S
BB R E RSB ZREEAB R, mEL—
Sk AL RAY T R .
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