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Abstract

In recent years, the demand for high-quality fresh agricultural products, such as vegetables, has increased continuously, and
the application rate of cold processing in vegetable-producing areas has increased as well, thus resulting in an increase in carbon
emissions during vegetable processing. Based on existing models, this study performed sensitivity analysis to calculate the sensitivity of
each parameter. The carbon-emission reduction leverage points were identified as refrigerant leakage and vegetable loss rate. Based on
the key points of carbon-emission reduction, feasible paths were proposed, and the expected effects were calculated. In terms of
refrigerant leakage, a green refrigerant replacement scheme was adopted, with R515B and R744 as the transitional and final solutions,
respectively. Based on calculations, the transitional and final solutions can reduce carbon emissions by 28.98% and 26.78% in
producing areas, respectively. In terms of vegetable quality loss, an optimization scheme for the vegetable loss rate can reduce carbon
emissions by 11. 48% in the producing areas. By jointly applying the optimization schemes for refrigerant leakage and vegetable loss rate ,
the calculation results show that using the combined optimization scheme can reduce carbon emissions by 37. 62% in the producing areas.

Keywords vegetables treatment; cold processing; cold chain; carbon emission reduction
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Tab.1 Model parameter values

AL PRERTT a,/(kgCOLeq/kg)  a,/(kgCO,eq/kg) L /%
SRR (v=1) 0.372 1.325%107 6.00
G3IEIT (v=2) 0.372 1.860x10™* 0
I (v=3) 0.260 9.300x107* 1.70
I HRIR AT (v=4) 0.260 8.550x107* 1.75
FLREIR T (4=5) 0.372 4.226x1072 2.40

1.2 IR E S X

BRI S AT — Mg 0 B S A I EA S
LA S AR AR AR A I IR 27 AR R R A T vk, FL st
3t e WL R S A R ) KL AR B, Wl L) i
A b A S B R BE RS 1] AR SR ) R
RIS A T S s A 7 Ak



478 4
2026 4F- 8 H

Vol. 47, No. 4
August, 2026

P AR HE R RS TR

dy
S =— 2
Y Ox (2)

2 S, D A AL IR o X H oy (18R BB 5 0/,
FR 2 I — R/ BRI B iy B AR A
S, AELHEA, i 322728 e PO SECRRRE ARy, AEAR SO AP
7% S GCIR G R LN e R NN A T SPNIP R q
HERA OB A B ) AR A

2 P AR IR AR HE R B R AL S A

2.1 R RERKRLHBRETE
=X (D P R BRARLIN 1 o BN E R
SR BRI m U1, 23RBS ER T B R L,
RS T A R N 3R 2 s o
R2LHBETEER
Tab.2 Calculation result of the sensitivity of L,
AL ERERAY R 43k it G %

aClIL, 0.304 0.286 0.193 0.194 0.299

PSR 25 SR AT, 25 A AT o A A5 2K 3R 1 B
JERPE SN« SR> 1> I3 08 > > TS, 19 o
R R AR T R B SR O A 4 Ok RS Y Bk
HERL
2.2 BB REBRKMEEBHRE T o, BREE
it

KX OO H BT A B PR B 45 2 5 L R 1Y i
R TCRBHE I T o, B E IS, B R o i
m UL, 23 SR AN BR AT A oA 40 A SRR HE I A 5
a, IBURE  THR AR IR 3 PR

RIa  HBEHHEER
Tab.3 Calculation result of the sensitivity of a,
ARPEERYT SRIL Irik e 18677 (E
aCloa,, 0.060 0 0.016 0.016 0.022

54455 0, 5045 B S A e T
TR S O T R R
U, LRI (015, 3R BE 00 20 0 G 0 1
BB . BRI A/D R R T
=T > . B4 RS A 7
BT 5 OB
23 RTRERRERBHBEF o, BRE
it

AT 10515 T BB %6 L, FUSR 15 LB
XA F o, B T RIS, BT m L1,

O3 BSRAEEAS B B B4 R TE R N T o, 3T
BEERMNFEAPR,

Rda,FRETEER

Tab.4 Calculation result of the sensitivity of a ,

AREEIRTT SRR oy i iy 8614 %
9Cloa,, 0.940 0.940 0.940 0.924 0.886

PR 5 28 2R Al BT o 45 2k TG O B HE B 1A
T B BB U O S HEAT P b R
TR R 5

a,, M3 M REVRTFAE b, il v 700 Tt s b, ANAA R FE
by3X 3N BRAHFHOR IR . o SRS BT Y @, X
H1 R TR A ZH 805 TV FIIE JRE A 19 1 o, FH AE U TH #E
R 550 T 2 B 5 A2 B 1Y 1Y) @, PR RERTH FE A RS
FHAFEL M. B IRAY 14 R 0 2 TGO R HE L A 1
a,, T P A TR B HE A DEAH IR AR, B ] 531 R A+
— A BRHEOR I b, B BIURREE , G5 2R 5 PR

RS5b HRETHHER
Tab.5 Calculation result of the sensitivity of b,
BRFHERIOA I REVRIH #E 7 70 W ABHHAE

aClab, 4.630 1.864 0.886

F 5845 R R B T AR SURR R A s, v 51
kI U, AR FEREURURE BN, AN TR BRHE R U5
FRURE 5 HE B BT A 5, W ORI 2 kA
THOR U B B g

AR B A7 7 M Ak B e B HE R SR BE IR
THRERRHE O 7 507 b Ah 3 e HE 3 1Y) 89, PR Utk e
A5 PR BEJRIH FEAY BRI HEROCR IF AN LR . 25 1,
Xt A TR P RBURBE i , A5 50 77 st ok B e
DR HE A RTAT A5« 1) 8l V& 750 1t O GBS SG 1A 10 B4
H ) 5 2) B AR (I AR R 15 27893

3 BB HERT T B/ 12 R LA R L 97 1T

BET 77 1 Ak P B DA G B R B 2 BT AR AR
TR DA ¥4 ) 5 A R SR 40 R 23 2 AT T 4 ¢ Rk i
HEA AT AL, IG5 T Bk
3.1 FRFIEK

T i A 7 i Ak BT A v 9 i 4 5 1 Tk HE
JHCHR) 2 T MUY JCER T ffi] v 770 A s R AR v 79
AR ) £ 2T Z — o AN SR S B S i A
ERiaibha NS S e S Y Rl KX AW R B i
T R 5 REE A B HE TSR WD, I LA 12 i il el R 552
A EDEIE RN E I SR R 9



5475 41
2026 4 8 A

R , 25 « B2 L v N IR S B i S AT AT R AR AT Y

Vol. 47, No. 4
August, 2026

R515B 2 3T T H 18— ol B IR 4 2R AR B 95
{E (Global Warming Potential, GWP) {2 & il ¥& 7 , T
R515B HA RAFINIT I EIERE A ME PR A
SORE AR 1574 R A9 v AR A U 0 2

2305

T2k

.

]

YRS | )
R507A |

sl SINETlIse b an SRLT TR

I 1
| I
1 1
| 1
I 1
| 1
: 1

1
| DA R S LY, RIS B i A '
1 |
1 |
1 1
! 1
I I
I |
I 1

CO,(R744) A R b (%) PR35 R A o 1) 28 4
P, B — B0 BT O RN R ) AR T, AR
SCHE COLNE Ry TRVA FRIE 6% B0 15 2 R B AR i & H
b, 77 Mgkt il v 7R AR I H AR R ] 1 s

—_

I
|
R515B R744 |
|

3
!

TS B b, MG #riat Tl

L0 74 75
R
A FER515B A PR 744
RS ENE % s RGWE A

——

Fig.1 Technical routes for replacing environmentally friendly refrigerants in the production area
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Tab.6 Carbon emissions at the production area of the
refrigerant substitution optimization scheme
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5, T AT AT b B YR AN v 7R i e 5 ]
A (A B HE T S R AIG, R DU MG 1 1 kg B30, (U™
"2 94.75 ¢CO,eq, SR I 7 58 1T FEAIK 28. 98% I 7
B HE T 5 SR P e 2807 8 0, T4 NN 3 B 15 i) 4 511
T3 5 1 Ak P e R i o B2 AU {FL FR 8 5T RE 5 | A 1 ik
HEBCE N, BN 7= Hiz 1 kg B2, 10 E 97. 68
gCO,eq, K FH I T7 58 AT REAIK 26. 78% 197 v HE L

Foe 287 SR AE A A0 T T 1 s HE R AIG L AL
LB HE AR 55 2o P 7 S 0 JE R CO, RGeSk
77 i A 3R I R AR B N g, S B A R
REVRTHFES R MRk HE R & K. B CO, RGN+
AR P, HBERL LA W T, B R T RE B
A Bl HE I K 5 3 B AR, e 2 T 8 W HE S5 R A
TR R
3.2 BREMKE

B4 3 DR AT A1, 77 i A R Y LAY IR T 4 B e B
S A0 G 7 AR BB HE I, R SR STk 3 A ik 4R
B85 I REARE SR R e &
3.2.1 FWHT

SRASCER T A S0 O R R R A Ok, R
G AN AU L Rl T R i 4 KOy
T FENUMCR O AR 58 38  HUAH] 1 T2 B
FAET  HUBCRMOTT £ 5, BRI I LR WA R Wi 2
FALTF AR, LA R 6], R IR 5%
B I BT R A8 R SRR ) SR i % e
N TR 1. 75% 0 . BRA BE3EFEA N AT 2Rk,
B8 BT AT 8% S8 34 R F A8 A 14 SR ORI, , D SR i 4t 2k
R0\ 6% " FE 4. 25%.
3.2.2 FUSIATS

A PR Y85 SR O 25 R WA A B A R S
R AR BA 7, BUA I R4 AR HIE . BT
TR AR R AR () TR B A, S8y =X B A i
FE T RS % 142 1 R AR 8 P2 10098 % S Ok Hi 2 1Y
WA AN IR RS, AR KA i,
B 3 5 7K R T IR A Oy 2 A A (RS K

R i FE TR SR E, AN P S B AR YR /K LA %
SRERMIEE

P R FA D5 T, A] 2R FH VKSR IR A 22 R A H AR,
I 7 PR R R 8 1 0 R R PR, LA R A 22 TR T
IR S 6, LAVE Z0 A0 M 1], >R FH 25 FE T4 11
SRR RA 1. 5%, KUK 2 FE A B H AR 1)
PR R E RN 0. 1% Kz S BUE A AR ABL
FRERY ARG AR R v 22 A e E R BUE N 2. 5%
M2 0. 17%.

FL2S TV I S 8 2 5 LA T ) K i 5
A, A3 BOE AL S I 5 A5y =X, LB SR AL
23T P R A AR H b, 75 30 R P g 58 19 de AR
WA S, IF HLAE 7 HOR F R AR S 808 i A 1o
DR E S AR R, HilC A2 4%H
3 SR 2 B R TR L SRRV W AR S B S
[P 25 A N I 2 EERAE HEA TIN5, JF HAR 21k
HRRMNES AR SE L A SOHERBRE S
EH R ERE ST B A W R 1R 0 BME N
1. 44% , DAL S 1 B2 T8 2k B R B[ .
3.2.3 AT

S PR T 0 R S A0 4 T2 R I oo A v Y 2
JSEE, TR R AR T 2, N B SR A R B Y
A LA A T SR A R A A B T S
PR EE AR o WA PFEET 03 % /N 138 T2 S
SKE RIS SR A 0 38 ¥4 J R AR ¥4 s 2B A rh I ok
AT, 25 R SR W, SRV A B AR 1 B SR
ALY RS TP SR TR 50% . AR SCR A
UL 2538, BUASE AR v g BR 5 5% 32 R R 0. 589%™
(1 d), Pk J5 A 49 85 3 K B %20 0. 29% (1 d) .
{E AR V2 0 5 1 1 AL L CO, BRI . & 95 i
Bt i A % SR REFESS N 30%

3.2.4 GLEEHT

LA IRTT A ER SRR N 5 A H R B 7R
BRI T LR AT RIS RS T B S
T AT BRI 77 AR A2 o AR R 2 S5 1) OC Bt
TE T TG SEAE N AT PR EERUR . FERR A
RV P2 AR RLYA PR BB A% 4 T R 1 R i A SR
WD R A R L R . M A B T
AL BT 2R I PR BRSO WY R B, RS ELY
TR AT LK AR RS 2R B AR 83. 03% 5 1 %) far 2=
AE R[]I 9 45 1F T AT 5 R 1 A B 45 SR
IRTES AN SRR 7 22 SR JE R8> 42. 81%
BEA, ZEBHAE WY T 0 RE IR 208 C B Eh R 46 &2
L PR B 50 XoF 7 B PR S IR (R s i), 25 SR 3R L R
JH I A 688 50 7T 920 73. 06% RO HR . FET FIRBF



5478 4
2026 4F 8 A

Vol. 47, No. 4
August, 2026

R , 25 « B2 L v N IR S B i S AT AT R AR AT Y

8 ARSPAG TR AR PR AR A 500 45 ST A s Ak 2
AR 40% o
3.2.5 RS RER K 77 RAI T HEI B R

I B 3 o 4 2R RN DA I 0 S o £
4 ¢ RSB0 AR A 7 Hb A B Ao R il I R AR AR
R AR RIIA J7 R BRI R R T SR Ak
GO, ANk 7 iR o

A SRS R AT, A T AR & 5 A e Ak
oS RS, BN = A 1 kg B R, 724 133,41
gCO,eq; K B S R R Ir 205 , B ™ Hiz
1 kg 3%, A= 118. 09 gCO,eq, 7] RFAK 11. 48% 1)
77 M B HE T o
33 FNRFNBENRERFEMEREEKAGMMN

AR () s 7 T ol ¥4 700 A R SR 48 2k AR Ak J7

RT BRBMEMRN T BRI HRHEA 2
Tab.7 Carbon emissions at the production area of the

vegetable spoilage rate optimization plan

gCO,eq/kg
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Fig.2 Process diagrams of the existing scheme and the optimized scheme
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joint optimization plan gC0,eq/kg
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