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Evaluation method of refrigerants climate performance
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It iIs more comprehensive but also more complex that climate performance

evaluation methods develop from GWP, ERR, TEW!I to LCCP.
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LCCPHIZZN0 X &=
Effect factors for LCCP

LCCP=GWP><(L><ALR+EOL)
+LxAECXxER+MM xm+RM xmr + RFM xC + Lx ALRxRFM + (C —EOL)xRFD

GWP = #1452 3ki8 EH M [kg CO2/kg]

= RETHERERY SHIA F M FEHE 2
ALR = FiafitiRRkg], &NAGUEA—F Associated with refrigerant properties
GWP, AEC, m, C
EOL = #®&BETHISTHKZEK], EEHIEAE
AEC —  fFRHBEBSAEKW], EIEEHCOP e s
- . S5&EMsiHiEExX
ER= S{IRIna=ESAHmMIkg COkWh], SXEAEX Associated with basic investigations

MM = (ERIEEMREEESAHGIR kg Coxkg] , S5XiEx  Statistical data
L, ALR, EOL, ER, MM, RM, mr,
=  MPREEEk], FWEL—H REM, RFD
RM = EkEhE=SH kg COx/kg] , ZERIERE
Mr = EugsRiEZ[kg]
RFEM = 54500 T 4 #2198 = SR HER [kg CO2e/kg]
= #1257 7 E=[kg]
RFED = #1450 mug =4 4938 = SRHERE [kg COz/kg] 4/26
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LCCP analysis requires basic data

EE

e

(such as electricity emissions and
material consumption etc.) and a

lot of industry research data

(annual leakage and refrigerant

recovery amount etc.).

LCCPIEFZAREH
LCCP analysis requires a lot of data to suport

Y

ERL

L39 - £]
A B c D E E G H I J K

1 FEEMEI kg AER (BH1kWh)

2 Major Articles* el EX 7.0 Units B #1 GRE E5 25 £8 £ B B
3 (1) Iron (Fe ore) #irE kg 7.34E-04 | 1.09E+00 | 1.11E+00 | 348502 | 352801 | 1.56E-02 | 4.99E-04
4 aluninium (AL} [ kg 2.67E-05 1.97E05 | 112605 | 8.74E-01 | 294E-04 1.03E03 | 3.56E-04
5 chromium (Cr) = kg 3.21E-06 8.96E-06 5.20E-06 8.12E-05 1.42E-02 8.22E-04 3.66E-08
6 cadnim (Cd) [ kg 301E-09 | 237E09 | 173609 | 138507 | 10507 | 397E-04 | 0.00E+00
7 cobalt (o} W kg 192812 | 81A7TE1 6.00E-11 | 239E-09 | 468E-10 | 6.99E-09 | 0.00E+00
8 copper (Cu) ifl kg 1.19E-05 147E05 | 113E05 | 23E-04 | 1.07E+00 | 9.34E04 | 8.38E05
9 fluerine (F) & kg 1.15E-08 1.90E-07 1.81E-07 1.11E-06 3.20E-04 5.48E-06 0.00E+00
10 zold (hu) EA kg 3.37TE12 1.93E-10 1.92E-10 1.90E-09 9.84E-09 6.39E-08 0.00E+00
11 lead (Fb) 2 kg 654E-09 | 369E-07 | 319E-07 | 4.83E-06 | 841E-06 156E-05 | 832E-07
12 Lithium (Li) [] kg 438E-14 | 7.82E12 | 753E12 | 767E12 | S41E10 | 6.29E12 | 0.00E+00
13 magnesium (Mg) i kg 5.88E-06 1.25E-02 1.28E-02 9.53E-05 6.70E-06 2.88E-08 1.19E-03
14 manganese (Mn) i kg 9 98E-06 2.07E-02 3.10E-06 1.68E-04 1.40E-04 9.65E-05 JATEOT
15 nickel (i) ] kg TE2E-06 | 3.42E-05 | 249505 | 220E-04 | 3.33E-02 1.98E-03 1.23E-05
16 phosphorus (F} [ kg 462E07 | 147E06 | 1.04E06 | 521E-03 12903 | 2.23E-05 1.75E-11
17 ilicium(Si: silicm %Eﬁgﬁiﬁ 53 kg 6.02E-06 2.09E-06 1.24E-06 9.67E-05 5.75E-01 0.00E+00 0.00E+00
18 silwer (ag) iR kg 9.39E-12 5.69E-10 5.66E-10 5.22E-09 2.70E-08 1.72E-07 0.00E+00
19 sulfur {5} W kg 146E-06 | 268E04 | 327E-04 | 125E-02 | 272801 | 262605 | 622603
20 crude il B kg 352E-03 | 405602 | 405602 | 42101 | 287E01 | 1.31E+00 | 4.12E+01
il naturalgast EH®S kg 5.27E-03 114802 | 1.09E03 | 14%E01 670E-03 | 0.00E+00 | 4.08E+01
22 (r) Limestone amaE kg 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
23 (r) Dolomite EET kg 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
24 (1) Zinc (Zn ore) HiITE kg 6.28E-08 | 250E-06 | 233506 | 1.68E-05 | 2.26E-04 1.23E-02 1.37E-05
25  by-products (used) Bl R kg 0.00E+00 | 1.28E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00
26 Ferrous Scrap (used) BxEREH (FR kg 1.22E-19 1.38E+00 5.04E-02 0.00E+00 0.00E+00 0.00E+00
27 Scrap (used) EH R kg 0.00E+00 1.28E+00 1.82E-01 0.00E+00 | 0.00E+00 0.00E+00
28 (r) Coal (in ground) wiE kg 5.92E-01 8.76E-01 1.09E+00 1.11E+01 9.50E-01 2.04E-01 1.07E+00
29 (Water Used (total) BHKE litre: 8.39E-01 | 528E+00 | 240E+00 | 0.00E+00 | 0.00E+00 0.00E+00
30 (nenergy (total) E—RiEE Ml 1.93E+01 | 3.04E+01 | 367E+01 | 3B1E+02 | 4.33E+01 | 642E+01 | 8.31E+01
31 electricity (net) B kWh 6.00E-02 5.64E-01 349E-01 0.00E+00 0.00E+00 6.68E-01

ST b [ A U REGE E (CLCD) HUEin
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Different results may be obtained due to different data

LU EAG, KETEE, SENEHHINERERBERK, ET
LCCPJF A% AV F it A] GE AN —4%,

Regional power generation emissions rates have large differences with
big weather zone span, so evaluation results of refrigerant climate
performance may be different on based on LCCP method.
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LCCPit &~

KRS R M 9 B

LCCP analysis Is sensitive to the key parameters

(EUE 5[%1& B,
A

NG
AEILRFZEAE

Efficiency is very important, but also complex.

BIRE 2%

s mRE, MERNEANRK
1RA, ARIIAZEANERK

UNiTy

There is large difference of efficiency between
different types of products.

There is large difference of efficiency between
different conditions even for the same kind of

product.

Different refrigerant requires different design
and optimization,

lealiw F.miminnu

I I Direct Em
‘ Indirect I-.nll:-nmb

KIEJSEERP‘FDEiiTETﬁﬂFﬁﬁﬁﬂlEﬂ%ﬂFﬁitt
) 22 55k (RALOAIFIE LD

Stephen Anthony Kujak,Panayu Robert Srichai,Kenneth J.Schultz. Assessment of Life Cycle Climate Performance (LCCP) Tools for HVAC&R
Applications With The Latest Next Generation Refrigerant. International Refrigeration and Air Conditioning Conference. Purdue University. 2014
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LCCP evaluation methods need to be standardized

LR AEZTTNAGUR, BaiH% T HNETTE T EGREEN-
MAC-LCCP ; ORNL Supermarket LCCP ; AHRI HP LCCP,

Hel, UNEPFIIRIEEZEFRimELX T ERNITIE.

For refrigeration application product segments, GREEN-MAC-LCCP,
ORNL Supermarket LCCP, AHRI HP LCCP ,etc. LCCP tools have
been developed.

Now, the UNEP PTOC and IIR have formalizing and standarding
LCCP evaluation calculations.
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K1 F LCCPi# 1T SEFR 43 #r F1] i 45e b
L CCP less practical utilization
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H2iaENNIHMEHNEZBRNZ—- AR

REIEERATBRERRS, H1THGETE
HTFE T ERERT, XTIEFEREMET .

we=EEEER. ATHRIEMmINGIA.

Refrigerants climate  performance reasonable
evaluate in order to Consider refrigerant alternatives for
future policy makers. But It would seem to be an
Insurmountable challenge now when evaluation methods
are too complicated to operate.

The more simple, direct and flexibility evaluation

method is required
10/26



B HER AV & 1L
Consideration of indirect CO2 emission

> [EFERHE P HEDS L~ BT MRMERSFEXN T ERFEEIEE D, BExd
LR, RILLESE
CO2e produced of refrigerant produced, manufacturing and material, usin_%are very

small relative to energy consumption contributions , which can be simplified by use
the method of correspdnding state.

[}
LCCP =GWP x(Lx ALR + EOL ° 5
( ) -—  _ o°
+Lx AEC x ER + MM ><@+RFM x C + L x ALR x RFM +(C—E®
M o
X+0 X
XY 6 —p ~
Y+o Y
B MEquifpmen_t %’LCCP'¥‘ Epg'ﬂ:jﬁﬁﬁttﬁ
T
. Decoigf;s:oning 20%
%* B Refrigerant Leaks 60%
_m Refrig;rant Loss- 40%
End of Life
0.56% , 20%
i EC;I:::::;':‘! . Dl:!c:;:w;{o;?trion 0%
95.95% & GWP
oA RLCep W TR RLCCp miEHTHELCCr " fF A EELCCP
FTAHRIFIELCCP T AT HE I HE ] (HbsiHoustion, BT A R EE TR B SR (M i, A

i FIR32/R1234yfiR & LJf . IR HIRERLSEER N13) BFINR22, A IKHLZICOP43.48)



LCCPITR AR E L
Consideration of indirect CO2 emission
> B{LERILCCPITE, ML XRESH? MREN XERZSH

RTIEBMRZERNXEN, B—RESZHBERE T IZF
HEHE. ETERERITHE.

Which is the key parameters when LCCP calculation simplified? if
set up fundamental parameters and key performance and use the
general statistics instead of the individual equipment data.

LCCP=D)+IN@
(o o
MRLL L 525 % ? GWP. M, Pe, Pc?

Which are key parameters?

12/26



ML E R AN
The output of the evaluation results

> LCCPRZEATHHMERE—RAMSEMNINAEREEITEHTH
BIRHEREE, AMXTARRERIR, EEENEXNTHA
RFNBRERHET Z0rTEN

> R AUETLCCPHISELE, MHMBNRBHFRN AN
R

» The output of LCCP method evaluation result is specific emissions
data on given operational conditions for some type and capacity
units, however, policy makers need emission reduction evaluation
for the current refrigerant substitute more than the specific data.

» Whether can be design alternative emission reduction rates as
output based on the concept of LCCP?

LCCP, — LCCP,
LCCP,

ERR LCCP —

13/26
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7N LCCPRYHI T KX AL 1%

ZIHMMN EE X ZBIECWPE, MiRmEMEEIREHE
YeHEDSFIFhE FRIMEER: GWP, X2, COP. BIHIAE
> FOEE: SHEISFIFE. NAERE, BEFEFHEX;
> COP: 5H25x3E, NAXE, B&FE. MUBARKFEHEX;
> BIFSE: SHEFIFHIE, &R, "FE=E. COPE—EXEK

WETFRNDFED, XEXEMENTSITIRELEFGEMIME
3N kB

< Important factors in emission impact including: GWP, leakage and energy
consumption
¢ Performances of refrigerant including: GWP, charge, COP and volumetric capacity

» Charge: associate with refrigerant, application type and equipment capacity
» COP: associate with refrigerant, application type, equipment capacity and technical level
» Volumetric capacity: associate with refrigerant, affect equipment size and charge

¢ These key properties can be associated with refrigerant fundamental

characteristic using of thermodynamic analysis
15/26



NTRSFER

> REEFESRENRST, MHAXBEFRFHEX;

> MTRE—REFLE, HFERFIABRBRIENENRRZNE
Zaedl2FREZEE (GBREZIEXNELD) ;

> KEHLFIGBEENERIMRFILTITFE;

> AIUEIREIES T FEZ XL XK.

» Charge related to the amount of equipment size, application type etc. ;

» For the same type of unit, Maximum factor is refrigerant liquid density impact on
charge for different refrigerant (The reduction in density is far more important than the

latent heat) 24
» Molecular is associated with liquid density. 20 e 1 g
» The relevance between charge and molecular o 2
can be set up. E
C. M, o
S | i

A TR o
E—igZFEREAFIFEFRFES N FE= RN
(AHRUEGWPHZ I B IR&1, RA10AZR454T)



III/T;.I%JXECOP
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Y MaH)e R COPHIEIRR S, M%U/v B
FIRSHRAEZIE, HIEEASY, le—uﬁﬂﬁﬂx
?%;Er‘ 5COPERSHEXE, TML%U
RlEA R EAEAIEFICOPHIXIESH .

Normalized Range
f=]
=]

(C) o e T:: o a oF
% There are many factors on affecting T 100%EH R AAEER e

Normalized Range
o
o

the COP of refrigerate system. From L, e ,
the refrigerant thermodynamic e ——

properties consideration, the critical COPE R T A% 1E Piot A Domanski )
temperature and the COP has a high .
correlation compared to other oy
parameters, so the critical temperature N N
of the refrigerant can be selected as a . i
key parameter to control the COP & ° o
o
COP, _ T
COP, T, T T aw T

COPSHIRImA iR E R X
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Evaporation Pressure VS Volume Cooling capacit

WARFISESR A EHBEBERM X
ME, MREEHDEFSFIESFHLA

LB eIk 15, AILLEEGHDSFIES
ﬁ%,m'ﬁzjjﬁ'/ ﬂl'] $-1_L’§~$H$IJ = El’] %f@ﬁv
N &2

¥ Right picture show that it is a strong
positive dependence of volumetric
capacity on evaporation pressure.
Furthermore, evaporation pressure
can be obtained through the
conversion of refrigerant normal boiling
point, so normal boiling point can be
selected as key parameter impact of =
volumetric capacity

- (523
(0] P0

m VCC

0

Tb,a
Tb,o

[1] Brett Van Horn. A Primer on HFOs Hydrofluoro-olefins Low-GWP Refrigerants. 2011 ASHRAE Winter Conference, 2011
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LCCPItBEEB M SIRE L
Reasonable simplified of LCCP calculating model

RESATEEMRIFENSFE =M RHIBIEN 55, EEX
LCCPHITTEHFHITRIBME L, HAPEHLERULTEREN:
> EMETELSRARNBAKE L, $PAFESHR, tFRER. EUREEMEIER
SZEDAFIHE K LR B AT ;
> BEIEH AR EMA THIRZ fIEEEEE, DREERTISTH;

In order to establish flexibility evaluation methods of refrigerant climate

?erforr_nance_, LCCP calculation need reasonable simplified, and which consider the

ollowing principles:

» In the current application technology level, emission of refrigerant production,
leakage rate, and recycling produce significant changes because of alternative
refrigerants application.

» Leakage rate of direct emission and end of life emission have been the fixed
value, that is only considering the amount of charge.

WM SFRIER R (%) L THEE (%) S A A AR TR

K AR 25 15 15

FKH o3k 4 15 15

iR 2 15 15

75 oAl 5 15 15

7 FH AR 5 15 10

F H o R e 5 15 10
% 7K B2, 5 15 15 20/26




H2TRENN N A AEAL

B ZEMXEE R R, AILUBRRIEFIS FIF MBI FEE RIXSH,
BHIHTHEAR. EHTRAIGRIERN:
The same parameters, which not associated with refrigerant, can be
eliminated and simplified by establishing contrast relationships. The
expression can be obtained using proper transformation:
D, D, IND

a 0 a
+

«cr LCCP —LCCP LCCP D. + IND D IND. IND
ERR = 0 a_-1-— a_-1--2 a _1__-09 0 0
LCCP, LCCP. D, + IND, D, _,
IND,
MR ZEBIEHAT ERR°“® — ERR

If not consider indirect emission
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LCCP, —LCCP,

Nk

ym 2

LCCP,

ERRLCCP:
D, GWP,-C, GWP,-M,
D, GWP-C, GWP-M.
D,

ake statistical

%& AT AR 7K Y 25871 [E] 2

IXed value based on the

D, current technology level

12.0% 7
_11.0%
£ 10.0% /
= 10.0% 7/
9.0% /7 A
2 8.0% / L
£ 7.0% /
O 6.0% /
5.0% /
£ 4.0%
v 3.0% /
T~ /
2.0%
Q [
1.0% 7(
0.0% | ...,
0 500 1000 1500 2000 2500
GWP,

AN RN B B RHEIT S HE O L] B

GWPAs 4k, (Hh & A Houston)

5]: E
S5 1
HERL 6929
/kWh

R22 B jT
f*ﬂm

B =) BE X

*T/ET y
Z1EA A
8%

SR VPN 7T TR AL

BIEREFEIHFEA
MR

INDa_f Tc,a Pb,a
IND, T.. P,

c,0

FR 4 B 4 JBR < Bk
Based on Property
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JLFEGWPE &S 7R HEZRERR L CCPEL {3

Example analysis on ERR of low GWP alternative refrigerant

SCHREE PLCCPITETHALHI JLAMIRGWP g 1 Eppicer i 2 ) JLAMEGWP B (R IRHER. (i B CHIRA10A)

% ~ 8 Ry

éﬁ%ifHﬁRMOAﬂizjﬂﬁ il S Moy Hfil% | GWP | ERR

sl el e oTat laroTole DR-5 R-32/R-1234yf (72.5/275) | 490 | 2.27%

FRL S IS SL-NE NS SR NE-NE SN BE_NE. L-41a R-32/R-1234yf/R-1234ze (E) | (73/15/12) | 494 | 2.32%

1 = Total Indirect Emis) L-41b R-32/R-1234ze (E) (73/27) 494 2.90%

Lo HPR1D R-32/R-744/R-1234ze (E) (60/6/34) | 407 1.30%

£ R-32 R-32 (100) 675 | 2.12%

ii | | L-20 R-32/R-152a/R-1234ze (E) (45/20/35) | 331 4.09%
- \ 1.00
A 3t e B AT LB 5"
[N —— o~ = 0.90
R AERSHNERBRYET = |
i’@,—ﬁ'ﬁ o - 0.80

It can be seen from on the 2 "2 i 120
right figure that the analysis >
results by the two methods 5
- &1
show better consistency. T “
0 R410A R32 DR5 L20
B AL 71
PR TSR T 12000 B

Stephen Anthony Kujak,Panayu Robert Srichai,Kenneth J.Schultz. Assessment of Life Cycle Climate Performance (LCCP) Tools for HVAC&R
Applications With The Latest Next Generation Refrigerant. International Refrigeration and Air Conditioning Conference. Purdue University. 2014



= 32 Conclusions

- LCCPHZEEREM ., EZFMEAEINTENFE, MTFRZEWR

=EAEXH. BERTETESZMMBIEREBEME, /EART
ZMBRAEREENNFEAKERH, MEYHEKL:

LCCP is scientific and comprehensive evaluation method, which is
meaningful for scientific research. But it should be appropriately
simplified because of computational complexity and difficulties of
data acquisition, and that as not applicable to assess the alternatives
climate change effect by policy makers

ﬁJH'
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= 32 Conclusions

ZHRFILCCPS B R BAILCCPRILLES ﬁﬁﬂlr&ﬁl]/v 7Y
EAMMEBBORRVHERME, TR AL TAIR(EIE R

There is a strong positive correlation between the ratio of LCCP value
of alternative refrigerants to of substance LCCP and the two
refrigerants’ basic thermodynamic properties, so the assessment can
be operability simplified by exploit this method.

ME7th, KELLENBEREIFTIREEI N BHBIEN FES
JRLCCPHABRIFH—E 1, BRZEE R, EBERIEATRE
%, BFHE—PKRIE.

Preliminary analysis shows that the flexibility evaluation method by
simplify has better consistency with the LCCP method, and the
method Is simple and a strong operational, but pending further
examination.
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