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Abstract The pursuit of fresh food quality has promoted the rapid development of the cold chain industry. The increase in cold chain
equipment and facilities causes excessive energy consumption and refrigerant leakage, which has a negative impact on the environment.
The development of the cold chain industry is therefore under pressure to reduce emissions under the current " two-carbon" goal.
Considering the carbon footprint of the entire cold chain, this study calculates carbon emissions from three aspects, including refrigerant
leakage, energy consumption, and food loss and waste. Emission reduction using environmental-friendly refrigerants, high-efficiency
technologies, and low-carbon energy is also analyzed. The calculation results show that the current carbon emissions related to the cold
chain are up to 402 million tons and will increase to 436 million tons in 2030 if the cold chain industry is developed with existing
technology. However, emissions can decrease to 272 million tons, if environmental-friendly refrigerants, high-efficiency technologies, and
low-carbon energy are applied.
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Fig.1 Yearly fruit and vegetable production and

forecast in China
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Tab.1 Current main refrigerants and future environ-

mentally friendly refrigerants in the cold chain

WEERRYT BT VR B A HERAS
122 R22
i R404A R134a R290
BAHER  R404A R134a  R600a
R507A R134a
¥ 7 R507A R404A  R290
NH; R600a
NH, R404A
NH,/CO,
HFOs
NH, NH,
B HFOs R600a  R290
co, co,
5 Co, R290  R600a
HFOs  HFOs
o,

TERFEA SRR P A RE S A5 55 10 P S PR
JEEORAICIR T E A R g, A R e R E8 s
s R R G A VIR G, BN R FH Y K
PLEY CO, EEHRB RS 1 kW HIAHTFHELA 4~8 kg
CO, ; RIS KB RA04AA EHEMEIK 255 1 kW %
Y 5~8 kg, ARHHFE R MR RS 1 kW il
BT 20 ~30 kg, IR HI R A H

ARV BEAN ] B B & 700 B AU ¥4 50 ) B A3 7

REITIER AN 2 FR,

R2RETEAFIRABIRFTRERBILH

HBANHSERTE

Tab.2 Charges per unit of refrigeration capacity of

currently used refrigerants and alternative

refrigerants in different cold chain equipment

b2\ il 5 AN Ve B T
R404A 8 kg/kW
I
NH,/CO, B & 4 kg/kW
- R507A 25 kg/kW
87 .
NH,/CO, &4 25 kg/kW
R404A 5 kg/ %
B
o, 5 kg/ %
R134a/R404A 300 ¢/ &5
i
R290 180 ¢/ &5
R134a 150 ¢/ &
2
R600a 5 yE

SR FH A O 41 & 500 U i v 7 ik T 1) o HE T 5

1) G AT 45 B 10 V8 R 8 TR B B/ 1 v B A

i

2) A T B A A

3) MRAE PR IR TR AR T B/ AR
TR ITA S

4) MR A UG 5 ke

5) Mt s & x GWP 3155 CO,e (CO, X 4t) #F
il

6) XF Fb R AR AT JG ) HE i 75 30 PR 08 18 7R B
A HETE T .

TR AR R, BRSO E] Y 2030 AFRA 54K
W, BETEAL FETE R CO, H 25 kg/kW, R404A 1L
25 kg/kW , ¥ JIE BN PR3 T 7 Ve B 60 W/t; s
i YT AR R TR T SCHER [ 14 ] 5 7T FHAR A9 1 v 57 R
FH R404A R134a 1 R290, H A R290 fifi FBOk £ |
25 60% V) b, oYK& RA04A 2 20% , 5 & R134a,
HLE R A AR I IR I FE T B R134a B 300 ¢, R290
I 180 g; il ¥2 Mt 4% 10% 1157,
1. 3 2 HEIRTI gE FERRHE AL
1.3.1 2 MIHRF

N T3R8 1R A 5 1Rt A SR T
WU BB SR R S B SR TR R
51, ¥5 K A R R R R L
K RO T B RIS RIS VRIR A

KA TE T 35 R UL B A R T
HAP(E R 3. 275 K/ (kg C ) , BT ARER A 1R
PN MNEIR (25 C) FEZE 5 °C, R EBCR R4 I T
TR LR E N 65.5 klJ/kg, E. G. Murakami %[]6]
MBS AR, R TR AN, 5% T
AR ESIREEY ENEEERNO0~4 C K
—18 °C, HUAb P f A5 b ¥& A1 IR B 75 2 4L 1 9 O
50 kJ/kg, ¥R TR 5 JE S5 8 H, L BT ¥4 L 260
k) kg, AR GT VR UREK S HRAROK THT V2 R K™ BT e 1
0500 150,400,200 ,320 k) kg, M3 4R R Y
TSR T 20% IR A RO in T RF
THFEA L S8, TR N T & R 40, Rk
AEHRINES | T 2030 4EAERR T 10% .
1.3.2 IR TS

VORIV BN 19 U 28 2 SR P B A LA
PRI VA B T B R, 2021 4F 4 R A E A R
8205 J1 t,IRFEF-IHFE 0.5 kW-h/(t-d),
1.3.3 BT

HH B VA BE BN s, 2021 AR 4 VA I AT
YA R K % 341 400 %, S. A. Tassou 57
TV AR A B T R AR CO, HERICE: , X
TH RAO4A ¥4 8K 4 T EEL Sl i 42 04T T X L, 2553
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g E AR U HE 10 ¢ Co,, % 3 o e 4 Tab.4 Power consumption of each link of the cold chain
BARM B RS A W) el Sl

®3AMESERHBHESH — R O05KWeh/Ged) R
Tab.3 Calculation parameters of annual carbon BRI TS
emissions of refrigerated vehicles B (51) 6000 L/& VAR TR
v memy g T COe B e 15000 WeE BIRERE
W (W] e (50
TS 4 000 1.8 6 000 16 e MRFIE 5 kW-h/(FH-d) FEHL
HLBh 4 4000 2.16 15 000 6 ‘ 0.87/1.3
2 K 713 Fe it

B Fi/UKAE kWeh/(f5-d)
T EYI S R IR SR B I T Ik & RSB :
i R, 2019 4EFR AR A A 78 0.13 B/ - s 3060 g/kg Cozfﬁﬁi
TAHAN 195 6/ F A, %EH 176 /T A, 7 2630 L CO. A
HIFE  583.9 o/(kW-h) €O, fEik

PRIFIA A AR B 18R 2030 4F 3% v 4 50 A
EHIAF 100 T,
1.3.4 HEWRT

YRR B T T U A T B AR R R B A | A
Beak AR Vol B L HLAE . AR 7 AE S B d , AR
FKE 2030 FFHBR AT SR A EHRE 1126, )
P SCHR [ 18 ] ikt B Y REAE N 5 kW -h/24 h, B
ZOEHIHAE N 1 825 kW-h/( B -a) , KA AL e
A, Bl kM REAE W] AR 10% LA 11,2021 4F4x
FEl e, SRR R TR 0.583 9+ CO,/ (MW -h), 2118
TR BE VR 45 40 IR L H br I & 8 1 R AE L, 2030 4E 3K
L 7 P HE A £ AT 3R 5] 0.4 £ CO,/ (MW +h)
1.3.5 H&ERT

R B AT B A B R KA UK AR,
2021 G e B o 3R KR R A o 4.5 12
B, XS ER 126, Tl Eifa &,
[H I 2030 4F3E KR EL 10%

P73 el N o S 1
FIi7R .

1.4 B REHRRHE

R o A 0 V2 i 22 A DG R 107k, 2018 AEFR
AR BRSE R S K R E R 4R A ik B 1%
15% 12% 11% . bR & 5 B 58 0 6 i U 38 J8 1 1
B, 1R 1 e iE ) A B B R 8 &S IR EEIR RS
2030 4F A B L RS KR ISR A BIRE N 8% |
5% 6%

Bk KA | R AR ™ S A AT Bl ) HE A
THRAWAWIE, J. Poore ZE 2 WF5E T & 4721
TR GRS RS20 H. Ritchie 252" 3 H7E 2R K%
TF %% W 9 3 V- 5 (Our World in Data) FHEHET
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WA T PSRRI HE T A B K
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Tab.5 Carbon emissions from various types of

food production, landfill, and decay

WH i3l ol
bR 260 g/kg
KR 893.1 g/kg
FRA 45 kg/kg
P FERAE 24 keg/kg
BRAT 5.5 kg/kg
CELe 3.5 kg/kg
KA (FRAE) 4.5 kg/kg
- Ak 41.21 g/kg
R 111.2 g/kg
TE AR R 2 4t Co, HRk,
2IHEER

2.1 H12 7t mERHE AL

K R T E T R E R B R T
iV 30 it e e B HE A e BRI B AR R 2 S 118
B V4 751 it U Btk I I RN SR FH BR R 1 v 70 2 AU 1Y
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Tab.6 Carbon emissions of existing and environmentally friendly refrigerants in the cold chain

E7 ) W k&gl il 74 F R Lt CO,e/J7 t
T R404A 586. 25 229.93
YL 2030 4 (TR R404A 1223.74 479.95
2030 4 () NH,/CO, E4 611.87 0. 06
BT 50% R404A+50% NH,/CO, B4 6 153.75 2413.5
548 2030 4F (LER) 50% R404A+50% NH,/CO, & 11 250 4 412.25
2030 4F (L) NH,/CO, & 11 250 1.125
2T R404A 170.7 66. 95
e 2030 4E (LB R404A 500 196. 1
2030 4F (L) Co, 500 0.05
T 60% R290+20% R134a+20% R404A 720 192. 67
e 2030 4F (LR 60% R290+20% R134a+20% R404A 1 200 321. 12
2030 4F (L) R290 1 800 3.6
2T 20% R134a+80% R600a 1500 214.5
TH 2k 2030 4E (LB 20% R134a+80% R600a 1 650 235.95
2030 4F (L) R600a 825 0.25

e R AR 10% 115
2.2 A EREFERRHER

THEE T 3 v B 45 090 B il v& it 4 Bt REAE
(BRI | % BB SR 4k S A J (JCTH ) 1Y

2030 471 B i v T A 1l BE AR i HE O A0 AR Ak

R 7T RERITHBEFBRA B EIRE

REVERA JE (TH9) 1 2030 4F ¥ 4 il v 152 4 REAE Bk HF
IR 7 R

Tab.7 Energy consumption and carbon emissions in each link of the cold chain

B RRHERL

2Nt [E HL#E/ ({2 kW -h) [0CO,/ (MW -h)] CO,e/Ji 1
T 43.67 0.583 9 254. 98
“hnT 2030 4 ( LTHR) 88. 06 0.583 9 514. 16
2030 4E(THEK) 66. 74 0.4 266. 96
2 gy 150. 15 0.583 9 876.73

j8€: 2030 4 (LTI 274.5 0.583 9 1 602. 81
2030 4 ( F-4%) 219.6 0.4 878. 4
I 6 000 L/( & -a) IMFE 2 630 ¢/L 538.73
iz 2030 4F (L) 6000 L/ (& -a) 3k 2 630 g/L 1578

2030 4E(FHEK) 15000 kW-h/( & -a) HLFE 0.4 600

EXyi} 1095 0.583 9 6 393.70

& 2030 4F (TLH4R) 1825 0.583 9 10 656. 18
2030 4F (THER) 1642.5 0.4 6 570

T 1 940 0.583 9 11 327. 66

2 2030 4FE( LTHHR) 2 134 0.5839 12 460. 43
2030 4E(FHEK) 1920.6 0.4 682. 4
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Tab.8 Carbon emissions from current food

spoilage losses

- R/ R JESiE, COe F
v HE/ (v Tt B/
KR 28629.40 1.002  3156.16  3162.48
Bk 74912.90  0.372 14 982.58 5573.52
4R 672.45  45.041 53.79 2423.02
FH 492. 31 24. 041 39.38 946. 85
Lin| 4113.33  5.541 329. 06 1823.35
BE 3467.76  3.541 277.42 982. 34
K 5226.10  4.541 522. 61 2373.17
Kb 1322.89  3.041 132.29 402. 29
A 17 687. 02

T :a AFRFH b ST

W 1 B A e | S o KAV 1 ol RO T 20 4
MR (2R KR IR BN 8% 5% (6% , 4% 9
HIHRL T 2030 AF Ve iR I R A O BT Al B S T R A ik
HE%

R 9 RRE B IESIRKIERM BIBRHE

Tab.9 Carbon emissions from future food spoilage losses

- i v LR 7 S Ei7h - v CO,e F
Tt He=/ (V) Tt w0t
IR 36 662.7 1.002  2933.016 2938.88
Fi 91 241 0.372  7299.280 2715.33
4 672. 45 45. 041 33.623 1514.39
S a0 492. 31 24. 041 24.616 591.78
A 4 113.33 5. 541 205. 667 1139.59
BE 3 467.76 3.541 173. 388 613.96
b e 5226. 10 4. 541 313. 566 1423.90
Kt 1322.89 3.041 79.373 241.37
&t 11 179.23

TE:a NFRAE,b Al

2.4 BRHEMC 2 5 X3 EE
B R s R TIC R, e 10 ros, &

10 AT, YT SR EEASCH AR HEBGR R T 4. 02 12 t,
TR IEEAA BAR LRI RS B, BARGENS B TR RS
i R JEE L el A 7 A R A e HE A, (05 G ) B 3
INT AR ¥ B IR A 1R, (45 B Ak HE L T
4. 36 12 t, ANF T = B 0 B A, AR 25 RS IR Al
AR B RCHE T LA S AT Atk 7 U5 R FH 45 6 AR, U
2030 4F 38 [ 1 v #E AT O %) Bl HE AT R & 2. 72
¢ ¢, Y RTRRHERL , AT 1. 3 42 o AHAA BR
RIEZ 2030 4F, AT/ 1. 64 441,

R 10 EMERE & EES SRR

Tab.10 Cold chain carbon emissions in various

stages and aspects Tt
B 2030 4
i H i A - -
A HEA AR FE A
BYIEH 17 687.04 11 179.23 11 179.23
REFE 19391.81 26 811.56 15 997. 76
GikESaibie 3 117.55 5 645.37 6.21
B 40 196.40 43 636.17 27 183.20
3 &t

Y8k R GE IV i | REVRTHAE AT 4 R TR
B = AN J7 T B FHE T, T Ve B P U e R R
150 2y O i VA DAL A R ] U/ o S PR TR
BRCTR 9 DA S Bl L | it HE R, (B[R] BS R T 7 2
YA A0 SIS AT IR P 5 T3 ) ¥ i 1 A 5 1 S
SAHHFEE Z B RRTR , IF H 2 1 s 2 0 il v 550 i
o ARSCGHESRFW, B ar IR E 2 5 545 8 i
CO, HELH 4. 02 12 v, ¥ B B H AR & ' 3 2030 4
SR 4.36 ¢ t, R PR BRE AR K SRSV BE i
R Z CO, Holt W 22 2. 72 42 v, I K Jie 5 A A v
HEYITAR 2 T A SRARA BE D I A B HE s, 2 3 =l ol
25 PRAT ML SE IR H AR G R 2 —

PRI LG 1 4 ) 1 FH PR il ¥4 741) ik 2t FH 3y 952 £
PETHHIVe RGERER, BN AT FRA BRI, A e v 4
ZEGRIAH ARV RENLT , 3R EHT & tH R ny
HERAR V2 BE W) AR &R o R EDRURR H A5 A8 B A

== AN
AR/

ACH R e B T ARV, L I 28 2 9 Bh I H (SZ20211166)
%Bh. (The project was supported by the Special Funding Project
for Academician Zhou Yuan Workstation ( No. SZ20211166). )
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