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Fig. 1 Energy consumption and carbon emission mechanism of general food cold chain
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Table 1 Main energy conversion coefficient in food cold chain

seah/(MI-LY) 56.31 [17]
M3/ (MJ-kWh™) 10.59 [17]
57 J11(kJ-d™) 12,600 [18]
LML= (KI-kg™) 2.092X10° [19]

3.1.2 fRER
[ BR300 5 R PR vERR R . TS Y
w, e (EE) AUESESE, P ERIRGS

F2 RMCHTZRERRE

Table 2 Main emergy transformity in food cold chain
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B A REROTAL AR SC BRI, A i R S R R 15 7 R
RERLHR bR . OWRERLIR bR . REURZ TR HR bR . REVRIA
BARPR . ZRA RBALE bR 1) B S HELE G BRSO
PRk Z, WE 20

B2 At b AUr R ARE R
Fig. 2 Comprehensive energy efficiency evaluation index sys-
tem of food cold chain
3.3.1 EMEEMIEIR

TEWLRERSAG g N R GE B Y #1 BE 0 B R GE Y
REVEFI B0 ™, A9 B0 W ZR 3 REAE . REAL
P A0 R AR RRIER I &

(1) HAfir= i A aeFe (H,, kgeelkg) & 48
GtE N, ARSI R (fk
. LAES . RS E) MM ™, 7ExXBigme
B R BELR A BEAE E S iz e & S2 i
HAKgZ (A (16) ), ZHAH AT R WA Ve 4
BB FRIER , WIS T RS EE T LAY AE

gt 58,
_E
H, = N (16)

(2) FERLILR (H,) MZEEREVR N FE R S
HESHEHEEZL (A (17) ), HRMEH
REFESCPREAMR THUSE, REIRAIHE S, &S
FUIREFE PR THISAE , BEVE AR =,

E
HZ:E (17)

(3) A=A BRI P
Bl 27 A TR AR R M R B, A RES B
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AR A T IR T 320 I, A RO™ MR (Hy)
BB )R B UV BE A A RO R, LB
r AU E LR HERE S S I S 2w A R, (ELRE

2 R BT BE A R I RE IR T FE AR HE L, TR
E A= (18).
_A
H. = (18)
(4) ATHARIEFH S (H,) fRizditik &
R EE TR T FAE BB URVE AR 2R A RERERY LLB, 1A

TR (19), 1% HUAE A9 /N S e ) 2 B i 1
B X ] A BE VR B TH AN K 2, TR A — E R
BE bR T B A A A ] BRI R 5

-n_ Erei'r]rei
mzzLE (19)

Hoip, Eo A M AT FAEREIRATHAE S 7
S VAT FEAR REIR A PTARME R SR AL
3.3.2 WMBERIEIR

PlOWLRE A A T HH T 0 A 62 il 14 BE 2R S8 N T
AREE A IS B0, IR F T8 v 8 25 3010 i A
BT AT BB IR S0 . 275 3.3. 1N,
AT FEA TP BERCE AR, BRI 7 5 3R
THEFE (W, ). M RER LR (W,) (i=1, 2,
3, e, 6)o HALT AN IR REAE W, RSBV
B AT REFE K B HEIR T ER T RERL L AR W, )
B W B BR T RE IR A IR B Y A, H B T

2 (20) 1 (21) Fw.

W:E“ (20)

qr

W>

=

Em (21)

ﬁ¢,aiﬁ%ﬂ%%%i%ﬁ,mw;&ﬁ
FBIiN VAR ISE, kgce, Al B 3.2 W HEAE
ﬁﬁo
3.3.3 “ﬁ%ﬁ%ﬁ
B AT AT A VR A AR Fﬁ%
%ﬁ,Mim@%ﬁFﬁ% AT IEAL, SRR
LT iﬁ?ﬁ%%%ﬁ
(1) # veA 3y,
&é%%hﬁm%@ﬁ BRI £

RIS EER R BERE R TR,

Jtlkg) TEIZHKE
ATENA, BT
AR A RC S IU/N
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X (22) fims.
J,=[E, P+ (E, +E,)Py+E,P,+
E-P, +E,P,+(E, +E,)P.]/A (22)

Hdr, Py Py, P BRI BN RAS , JT/L;
P, Po. P W ARRIMLIX BT, Jo/kWh, 2 H
AT AR RE R L O T B VR A R 4 S T BE Ve HE R i
BF, RS AR (22) K.

(2) BAfir={HLZE A BeFE (J,, kgce/Jion) #5
GRS N, 54 REAE S T RE 008 = (E s i
fE (ATt LM ™. X IR Z ALk & A R 4
LifHERE (BE) Szt g & ELH (P, ﬁ
Jo) Z b, R A B (A B S TR A RE
i,ﬁ%%%@%ﬁﬁﬁ%ﬁﬁmﬁﬁﬁ,ﬁﬁﬁ
fiK, TR AL, TR AR (23),

@:ﬁ— (23)

3.3.4 BEIRINIEISHR
BRI AT (N, kglkg) 28zt E
RHER /I\(Jlﬁi*ﬁ)&g%ﬁfiﬁiﬁnuﬁﬁfgﬂ:m
YRR, WEINEWANX (24), AXEEE
E%m%%ﬁm R ERRHEIL F kg BEAL, B
v AL B0 7 34 T L B A2 £ v B B TR T KO R
A RPELPERR A
N =

At
5
J&
}—_‘z:

; (24)
335 A EEIEt

%% BRL (S) FEI AERUAY PN 1L — 5 T
BT FAL . BFRERE— BB, (PG LA
FUEATAMRTR T, 4545 B A 7 1 5
AR, bSO, S B £ R
SERRIATIEA, A S bR LA AT (b 2, o
TR F 9 T R A 2 5 A P B R L O
{377 5 PR 2 2054, A R 20 £ R
B TR TR 0 A £ U
FE, MM, S 0 B TR B AR HE B2 PR
WA

i, T AR %
RO R kA SR

5

HARIR, (ELR G REAK
ZTE . RIS Z

A BESE R AR, T HIRACE . TR A S
£ BRI BV O LR, O O R 0 % 0k
B .
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3.3.6 HpERITMEIER

HAT, ST AR RE 6 2 5 AL 4 19 BE VR TH #E
FIPEH 46 A5 1 25 FhBF 5% © A 1238 . Marchi f1 Zano-
ni PR T — S T R A Y £ A B AT A
FHBEHY, SCEE T FE 5 BEAE L DA RE A i X i /=
BEE T FELEPE AR IR . Xiao 55 ) LT BN A [N
BREFETL AR T — P T ff i A R 0 A H A Y
REWE VPG vk, SEBR T IE WA . PRTEAE NS HE —
PR LT B EAE TR RN W J1 3P4l . Diaz
S BN A TR R A B = R T RE RS R AT T R
A JE VAN AL TR R AS A, S5 R, BefE
TS TE RBRLCH i 2 R A= PR 2 A T DR S Ak A
HOBTRER

FE] N AR T ATl 1 BE RO AN A R AN 52 35
S A N T O R 3 e | B VT R e A DIV B
HEMRERCTAG . N, Zhang F1 LI AR 4R AR &
REGE, TR T 7 A A R T BeRE A3 T
FLATREE J1 . /N O T A SR B BE LR
FEIEVEAL T Hah Tl e FE RIS BBV ), 45 R %
B, 205 80T DA O AR 3l Tolb o R 97 e v
Jio HEFLAE ST @A T AT RE % A8 4 (Energy
Intensity Index, EIl) [ RERLCIE M 48 bRAsi Ay | 48
RURTFH T A 5 Bl AN AL T 2% B A0 A i Ak T Al
CEARBREAKT- o JAIEWIAE 0 SR K 8 R G0 R 41
Bride, g KESCHKTY, T RMER R
i AERESZ I IR R 1 kb . i pRAR B s K
O SIS B T BT X BRI AL REFE 1Y AL AR AR I
MARZR, ZIT e S e Al S A B
KV, IO T Sz el R 4525 B RE S 5
Mo PRI, FEESAHE AT R K (6 2R 48 #EE 4
MR PEAS REFESE g PR 2 B, DA T A Xt f5
Wi A1 2% ) 2 A 0L B A5 it

WL ERYRFST, 151 5 R EEROTAS PR R 7E
A EE T A A RS, L 2R
JECBR UL K A e s a0 4 Fin . SEPRELTERE (Specif-
ic Energy Consumption, SEC) K345 5 7 B 4K A
X, IRSHOE L, (HEFER % E T FEAK
o BEAERT R AR AKOT DL R T i R AR X L
REFERISEmT . PTLL, fERMERERT, WSHNH.
BEAR, T2 F YT BRIV 0 DA R i v B -8
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TREW 1, IS e B BEREAERYE NI, RS
iz R R GEHIE o Mk e sr K ERHR Y, i
HE A BE TP REFERC I IR A 2R, &l iR d i
SN DR B R BEALHE I, AT 2k B REAE S Bk
HEcE/ ME KA B KA H Y, SEBLE ah e it
TR, PR R R AR BE R ] RS AR

4 WHHEMIZE

B HE R R 2 AR B TPk, HEEh TR
PeBRHER, HAB R = SR b . U] B 55 R
AT D o B B UG ] AR L 112 51 2x (In-
tergovernmental Panel on Climate Change, IPCC) i}
L) GWP F5 45 o — S Ak mi 1 i 5 FREEATIL B . T
e JE& 30 2 % R — 7 il B BN A A A I N A K]
o ErRE A R, DL AT
AL Y B SR T B R AR
i, H A AR 2 ERAE Iz B

R RE IR I AE ™ A 1) AR AR LA, IV 5
{8 T e — R Btk R 0 DT R 3 o 7 R Ve e A%
o, RRAEA RS 15% MR R, HORTR RS .
AN TR P PR 2 ] A i e A AR K 22 5 . BRI,
TEWERATHIA A R TR, ¥4 500 e it o 7 12330 3
T B 2 N, L AT AR I Y o] ¥4 711) A 3 5 2 R Xt
IR IATEIE

B HE B = TR A N — O & BRI AR R S
AER B HE TR R B SR AR 2 FN . A AT 38 ok S e o LA
FFFRR R AR o (H T W B h IHFE Y
RV A AN 22, BRI PR B AN A,
FLARRIR A% AL BRI AR % . R, X PR
B AR AN Z

4.1 ZEHR

Xt FERHE R G B, AE 3.1.2 7 h SR B LR
B REAEN N A AR 2 R R A i, R I ARRLTEA
AL NI, TR SR B AR AR, A
(T IV BEAS IR 5 DR A B HENL, 3N
L AR PRI e R, RIVH g TR RRHERR , 1A
BERF HAHACK 1 K BT R HE R . A T
Hrai R 9 £ BRI, FTEESL 02 B R T
BIVF= ity s T 2 5 R ) LR L RS 6 S A 1]
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Table 4 Comparison of five energy efficiency evaluation indicators

HORBOWOTE e Jiam £ 4 B
7 BE B ]
i;i;:;;i’%ﬁﬁﬁ {34007 S A0 A R 3R S PR AR S T RV ) SR ML W O B A B R
;mﬁﬂm]“ ] BHRZEZH SR, WA AT S (E, 5 R P TR SR RERE Y B
s, VBEERINEICAEREL AT S BT N LR S M S RO
el A

Sob R
N LU He ik

U Z AN LR B A SCBR B L RERE, S 3R THBTRT L e s BB AU IERT %, ELAT 26 2020 20 i 3
Wi 2 7 — B B 287 i T Y B

HEA R REROKFRIRR A%, M0 iR

JRAA IR IS 4 S B REFE IR B g

W =28 PR — P AR 2 UL T BT Al Y AR RE
hy BRGNS, A BT A2 ) = A FRKF  REDTAG 2% 2 ELRERE
I ST 2% B AR FE R 23 U, BT 5 2R

BT IREBEBIE ol Al
1 G 7

YL

SURBAKEE AT REAE R , A REXS
5 AR BRI FEEAT S5

ZMEN 5 RSB R TAL T Al A B 255 REFE K, 3 T8 1
PR R W AR R PIRE R IR R B BB T T 2R E AR
LA EAACE M EMATRZ A NRE K2R 6 ke B RE AL A B
RGN IR, BB A% M 5 BE 92 BL IR AT Ml A 17 Aol

T ARG A A 4
ML ETFIIEES P

T BERIOK S R

LA H 2R G REAE o EIE S5 BT K LR RERE S B A% A0 B it
Ao Z LRI AZ ™ il ) BT LE 2R REAE

EN1 5722 5 Rl S ; B G 2
W SN B I L
M X A A 2 5 A A
i

1] ) Bl K T L Pt

Jfg/f\- G ’L///E\.—FAEEIZf iR
USPTRRE TIETIURR g o 0 e R
B A RO AT

AR ) il )RR A MBTE R ELA R

PRI HAh BT AT R I =2 2 R0 R A Bk 2
M IR, R TR A A BE A R HE RS
V7 28 A ST IR BB S B TR TER RN
PR R SRR, SEAERZSR, PR Tl
BRATATPE SRR, Al e R fh P BE AT O Al B 2R
BEAT T BEIRLHE A RE VR GE T A HER AL 23 i,
R HAB A AR A A, AT il 5 S P
R REIHER TR 1S %

4.2 IEIRE

M LRI A Y, B v BE & DR Th T
FERI— BB LA AR, 27 A Bl & A
O, THARRIR T (ORBETR) diesy™ AR AR % R
PRHEIL, A E SR A SE— . IKEE
WA R, oy AR A ™ At & AR
I, REVRAGTHFE S PR i R A HEL, DR
R = SMHEBORSE GWP T3k — A AL AR HEAL
MNTTPT A v B O T KT o — A AR HE R B ik
HE B R TR, R TR Y
JETH AL RE PRI ™ A2 A — AR Y i, A W)

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

1) BEAE Fit 1 25 DA [ e HE S P57 1 2 25 b e i 2
AR BRHE O . Rl B s v B T IH AR Y 32
BERERIE—— ), FLBRHECE T ARy
WS E RN 2SR R, R g%
L

HirH A 2% Jacobson #H % LU T LA A [A] RE YR
KRB E R A RRHE S (A= i R R HE
. MLEs AR BRHE . A i . A K 28 S cHE
T AT A T Vs IR B HE B LA % - b AR
BB AT I B HE R A B A, 45 SRR, B AR HE
WA M 282~1011 g/kWh ) BURIZ T R4S % &
T 2R R s, EAE K, HiZ
e HE R AR A AR, o A R r=
AL KA AR, BT LA T B BRFHECR Tt A Br
AN o FH T A 4 TH S 1 v AL ZH i v HF £ 1
FIF R FH B B HE T I 1 4 583.9 g/lkWh, (B33 % .
Ak, AT LI A SOk TR R ) i R HE R T
SRR TChMER . e, XISERIEE T SRR
MRt % 1 RIS (25) SRITE K= FRFEFE T
P A B RRHE R R B
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L BRI N - = 45 B AR RO AR BT 2%
SE A 73 B R R 3 X i I i R K (44112) XK
H, L 4 (25)

A R R TR KRR (AR
e 67.8%), HALMRBEL N T, AL W
AL AR, AR A T R R BR AR, M ETE T
RN KU R BH R & L LA KoK L S T
PR AR RO D> P R, H R R K
D1k L 2k B At m HE T, T KA G A B AR U
L7 O HE A 7, R B R TR DR B B
PRAEEFE HEAT IR, e BE IR A Bk HE L DY T )
R4 A (26) " FAG, &a e E2aeH
f HE R T2 B EH W3R 5 i, 52 Br i FH B T 4R
a0 (26) HEATIEIE, WAl R A OGB48 E 4T
LivRl1I8

B HET IR 7 = B B 5 Ttk i X i RT3 X
{E X BREE 2R K (44712) (26)

x5 RMAHEPEERFHHNEF(S2HE)
Table 5 Main energy carbon emission factors in food cold chain

(reference value)

REE 44 B B A KR
P/ (kg-L ™) 2.76 [25]
Leih/(kg-L™) 2.73 [25]

1 1/ (kg-kWh™) 0.581 [49]
FRUfEREI(kg-kg ™) 2.5051 [21]

4.3 ZEHE

B A V4 BB HR AL 5 4 B T A i) 4 e HE
W, AR AR T B IR A X eHEOo
BT FEEAHA T R . BEA
PR AR G A A P I AR . ALV BERR R
AR S 2 W S SEPRBRIBHERE I Al BUORSF 956
JeRE, NI, 7l J7 kAR BRI AR
VO BERRHE I AZ ST 10 SR
431 HEMEFi*

HET PR 33k RIVesHE T e RE R T A6 1255 R g
PERRAHERL K 7 AR, LB HE A 5 1] AL IPCC i
) (4 T A HE R b AR HECN 5 iR A
15T AT AZ A AL AT ORI e T B0 i 2 VAR HE
i, BAEARBOTE, TR RBON R, ST
ROBEREUR A B RSB A5 o ELBR A TE T AL BEEAT
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FLEREIR A HE RO, RS ERR, Jf ke
i R A IS \PCC Gt ifil 19 == SR HEROE H1
M A 5 S R A E A IR . FoR . BRIRER
Z5M, MRS RAE —gRE ™, mrphE
F2 AT A YR A i It B e, BRI
o7 BB 5 i i 5 IPCC AR MEBRIAME A 22 T8 L, (HIHE
P D KT IPCCARMERRIAE,  Fr LA e 1) 52 B
IR HEC R KT IPCC BRINE, M7 3 35k H HE ik
Rl Ak 1Y 2013 4F [ Ak A RRMR B FK e 2B
FEORHE R 5 2 14% . BRI, BRHERCE R L
ZH N (25) A (26) HATIEIE. B CHT
e e O | S R SR e N DR [ € O 1 W]
BRI D FIE FH A B HE RO 537 1% 1o
432 HEmBEEITENE

A I B PEAY (Life Cycle Assessment, LCA)
IR T 1970447, BRI K2 Hadeh ¢,
1M 17 2 HoAth 7= a7 80 4R A K A 3% W 9% 2k 17 43
Br = BHRETA WA AP SR 7= i &R
G HAEA A an AN R . i R E RS
M) PV G A PPAG ™ 0 Hor, PR S e A 4% g IR
L BEIEIEAE . I HE S T ks
BB, 2l BARAEEDE . TR T R
P INIESES 5 < i

VE—Fh B i s Rl E T, LCAT
RERS LRG0 . a0 7 R PPAL 1 i 2 4% b iy e HE
i, JEFE T T O T LA BV TR IR Y
o, 1T AEROWE T, I, Xk
e N o 111 I s Y R R = N R =N U NS R N g
Hewot s, (B2, I HotR it s
REH, B—FOEITT R AR HE LR A T B

AL, LCAERRZ% M . A8 Jrik . 1%
S ST TR R AN S 1k 0o T S AN it o
J& LCA B ST vh s i 40 A 9 AN s Mok, JF HLl
WA LR (FL NSRRI B #1757
Br =, ARATEEMERE R . AR Y EE . AN A
6 B GE T 1R R 2 B AR LCA B 14 o & DA K e 2%
RHEBOTEEE R (B2l ) mnlEE . ik, Wb
LCAFE AN E PR T 2Eny, A ny E 4
R L o W22 R E 5 B Y TA S I S ff
G A TV, FER ORI T = 1A 3] 15014044
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2 PAS2050 T #LAE BUARE , FEanfCR . HERG M
— B, TR B S IEAl LCA R IR B AN
SEFE, ARE I SRR P B H LCA G R 1A
W B2, P45 G U 43 g 45 R0 LCA
BOHE T ) OC B A, B 28R Y I DT A O
LCAK I Bt iy R Gef )i (CLCD-Q¥:) HAA
—ESE M

TA, SEEFR PR T LCA R,
BRI ASEUA AR E R, I
B AR AR ], R A mT 3 g Atk Ok
BoRE . AWENERRE P . MR D ise
THRIZ B PBUR I o TR AR
Fi-R 2R H B TR A E M, TR
RVSE M PPAS 7 i AN PR R B, T DL SRR
AL 5 HAASE E P B T RSS2 T
LR PN P AT A S % FIBFdnr =
% Mahmood 45 " 42 1 iy [R] i 25 IS8 1 5 A
RURHR E PR — L 2SR HESE

LCA H i =20 T AR 55 5 i, @ T
THOUL 2 T8 Py e R IR A% B ) B LCA B 52 BR 1Y
wahn, R FHSSRA R, LCAEZHIgH TEME
SERORRHERCITE b . Stoessel 45 1% i A iy JE B
ik X Bt — G AU B R 1 34 Fh oK R gk K idE
770 K IR IR PEAL , HE R
T2 TR B A SR Wl e 5 S DA R ot a4 o % 1) B
Jt # 57 B A A B S B (Life Cycle Inventory,
LCl) [AlREiE T H A G5 . Wu 55 0 A
JPEAN 5 S HEAISS &, Sl 1 A
2y ) 2 R BEFE R T RS KR IV A R FIACR
Frid i g s, IR AL TR R L . R
S UK A RPN I 5 RSBl ik A G
5L T AR TR EE I RSB R, AT
R I Bk R . KAz LCARRE &
vty ¥4 B Al I TR0 491 - 3 A R B R 6 L R AR T
A,

BZ, LCAH R M HEAR DG B SL 4R AL T
BRI 2T REFE . BRHFBUE ., R Ry m]
FREL R AR AL 1 FIR S A, [l AH AR . L
WL EETHE RS T e R
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433 BANFHZE

BAPE 2B (Input-Output Analysis, 10A)
SR A LR, RET AT IRI iR %
AL PEHEA . BAEA S E = R R
PR Z A e FR L 10A 35 E £ 4 Leontief
T 1936 4E 4R, FHTHFoE 36 [ 45 3011 1] Y 28 5 ¢
RO WE, AW L REE, 1I0AE N
TAE W T b2y e R R ) Bk R A SR 1Y)
FEI I MR T ROULE 1 A £ () LCA T,
IOATERAFFE F NI, RENSEE G LCA T AR IMT R
N il B = RS I N = e SR e 2 g B
R FR o

ET IOA MY B JE I AZ D BR— MO A R
(Input-Output Table, 10T) K& . Bk /& 75 ALy
OB AL NG AT S — e 2 A% G
B Sk BRBE 40 8 (4 22 DX A8 A 7=t ARy tenmrsd oap
S5 AT TR IR A SAHECEE AT AR TR
TH 28 A ™ B B A DG R S5 T A HE Ak 1 e
TR SR, B AR, Ak
W= (27),

E=b-(1-A)™"Y (27)

Forfr, EMASHRITT R R A TR SR Y N Y
BN B R = SRR AR s b o B R
BOERE, i o AR R T A B B T
FLAEHEBO IR = S I B R s Ak
THAERBUERE ; Y N RAF R,

I0A 3£ 1] DLt Leontief 336 4 [ E 17 2% #h e IF
T EATEE A B AR BT, 2E A5 B AL A 1
PG B, Minx S Y AE—N3E 2 XA
P AR R N T SER BAR 0T, R LT A
Pl = SARHEEC A, RIS IR 4 i T K
B4 /N T 2 [ 3 o 17 R o 4 17 e AR R — 3 3l
HEdik, 3% AT RE 2 B LCA 2 rb i R0 20 ik B A T
Camanzi 5§ ' JE T I EE 30 B 7= H 1k 6 BB rh
254 FE R0 B b AR TEORS OB B B AR 7= 21 B2 1)
PR RS R A PR T T ARG, IR T T 45
BEAR 3B, DT B e T Bt B e s HE R
LY

J3A0, VOT 11 G il 75 22 46 9% K ot 1) B[] FDRG
J1, EEEE, BARMWMIEE, HILR A
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B B A H B R AT A AN e S R A R R
25 T A A [ A BN R, i AR TR AR 2 A BT
ANTAl . AN, 10T Fr4e it 1 2 e o 41 103 19 7 35 8K
i, JFANBE R WA B ™ St i A A TR IR 25 2R, A
HEATRG O BT A0 . S PR R A9 B A2 3 A AT B A AE
JRIBR

FEE AR EE T, T AR IAEE 207 0 R f ik 2
WA, T T IOA R AR 1A A A, 7E R —
HTT PR 7= i A P AR 5 AR 55 A B HE RO R 52 4
AHIE, I ELAE R A 230 TP 25 He e o e . R
ME LU FOW R G0 08T, NI BR il T 10A 4
i BB L. Bk, ¥ LCA5I0A
FHGE G AR SR T Do A — e R R 48 B i
JE ST RS
4.3.4 REEGEBITEMNE

R A A A P4 3% (Hybrid LCA, HLCA)
W B T= A B R AR A SR PR AR 48 5 78 R — S BT A
Y, AT WAL, R EE R RRHE U
B, X PR E A A E S %
J7 1%t Bullard %5 20 122 70 AR — Wk A7 i fE AL
ZIEES, Mt EEH TR A T
Broem oo HoaR A A XS 10A M, WA
X (28) 7,

S A H <28>

o, BTN BRI G IR SRR By
POV R G2 0 B B HE R B W 5 AR, %
INBIETERS GAE A A A5 B Be B A S 77 s L3R
T 7% W28 5 25 G5 1) BF 5 X6k G2 T 7 11 1 O 2 46 1) %
A BB IR IR E TR TR MR i
FEXRITER OLZR L 10 A RGN ¢
MNRT R . by L ARE LA (27).

RA A T BB B X 4 (AN i)
P i 1A% B BB 5 i s — R A
PR, LT MRS S E MR T Z B R ERE . X
FEREOR B T AR SRR R ST X PR B R A, Sk SR
TR RS, R Ik BEA ORI T A R
e, WD TR TR AR SR R I R RORS ) OB
P 1R RIS B VS, O TR AR R
MALRGER M. LT I0AE:, RE
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JEAVEAN B P R B R Bk, MR R E
i L, TRA A R PEA 2 6 i HE O B AR 56
N GBS KRB AR Bk e, e I B &
i V2 B P B HE RO B3 DA S A Al R g R R, B
T PE AN R

RAAEm ANk SIS T RN AR
RGN R IR R A L, X RO
R RE M TR 4a Xt 7, TRA LCA BT AR
b AR R AW RES NS ATE ZHIRE, JF
H A 230 A A A A PR A A A JE 3 P40 H A AR
) ) 1 40 R R B, PR BB 7 ik A S 7 A A D 1 4
R RS, TRA LCARIE T BB RN
RGN FRERAL T E o B g SC AR
AT M 1T rp 6 R o R T A AT AR
Bl TR A (AN o8 3, (& BT EMLRT IR &
Az R I (R AR R 2Rk 3L

AT T R BRHE RS vk, AR T
A PN TR A B o . R N DB
PLAE B RS LN S . SRR T EAEAR
7] )3 P PR 5, 45 B AR Bl S B o B i
W6 s, WETSCurad, A BN e B
VB 7 T )2 TR B HE RO B3 b A B A aE R
7 VR A 2 i JE 3 TE A 1 AR 3Bk 4 T LCA PR A Rl
SR TR 22, (AR RS E 2, IFH
H T 1A 5 G 06 UE A AR AR ROk UE B IR A LCA Y
PERR T, T AR X AR SRORG 11 e A AN I A
ULk, 38 FH— 2 By 05 vk s A i e LCA T R 1
EPEZ G, LCAYERTLATE ik . (EHEM &
I EEIBRHE . X T I0A R, BEE 10T HXET
T AR A Ek, L MRIO R 2 il 1)
AU R E PR, 10T H AT 5758 A I 304 7 nl £
B, MR AT ST AR S R Y W
i FH AR A E |OA 78 B b v Bl B HE BRI 5+ 9 AS 1B
KIBMGEE

4.4 LCAERIMN A

H T LCAE AR AR B p B T iz,
HIE R R W B, I, FICK X LCA L AE
BV BE LA R EAT T A 4, BRI S AR
IR FEA R

http://www.cnki.net



14 B EAN (FPIESC) Smart Agriculture Vol. 5, No. 1
=6 BHEMZE T ERRTLE
Table 6 Comparison of carbon emission accounting methods
itk HERCH 12 A R PR FAT TRA A AN
4 - :
) mﬁjw#ﬁx%ﬁ%% ) ) $ % Clark W Bullard
W IPCC ) — Z 90 6F X 55 i 4 35 H 3 Wassily W. Leontief ¢! sl
M AnvFAR
W A R B BRI AR HE L 7 H AR OO T L TIPS R 4
FLAT LCA T 18 B %t ¢ 0
B RIS R WA R LA B X M 5 AR Bk GR T ONT R 2% s AR WA A T T IR) L L R ik Iofﬂe b?;ﬂ’lljr?;f; "
e TR g e A ST HEHOCE AT AR T e R
il o . ) P T e HE O A
BV BRI b AR N
ep S TRL ARG ) 43
IURERZ S H R I B HE A e B0 R GT i A AR IR A M AN RIS PR HE O B0 B R B 4% i R
B s W HE T R AR IPCC Y AR BT 25 O B Sk s AP AR SR T IR A 2 7 o L B S etk T Sy SEBA XN BY g B

MR PR, BEAT 75 T IX
KR 22 S I A 2%

SRR B Bk
YR INICPNIIRT DAL UN

P17 i ST S L AR HE R R i
LA™ Ay B 55 T B BE AR B HE

KRB B AR 5 B AR
O BEAFTE Y

(1) VM BAre AR SCIEN B bR a8 i 0 A= fef A
7 i A A A R AT A0, A5 B A AR S A 2
TR AAE DG . InRR IR AR SR E AR, T
fff A T AR T A8 DT PR AR A AR R X ER
S HE s, DT ] A IR it DA sl A e
st X A 3 B S
(2) THREEAAL. DIREAAAIE T 7= fh i /2 8 1)
T, A AR R EAL . FIEE, o
FEHRAE T S5 B AT . AR SCHURE T S B TR
<R VA
(3) BGA. 3.2 % —H A A B4 B
WHAT TR R SE M BERE T, (B T8 8 1 2
PRBERR LI T R A, 0 N AL FE A B iy A
A= SRR (SR5H) FISRMC. ZIm i 2 s 5h
DISR S AL (BEhe . fiE) 4%, X4Eifg)
55327 7SN T S R T % S BE I Bhil
Ho ABGh RS E NS SEA, MV . &
FERT L BCREHL . BE R ATE A
(4) TN BRI TR ™ b A=A JE]
145 B BERE TR I AR MR 2= A RHER AT SR A
IZAE S A A R A B R I AL a5 (29)
G=G,+> G +G,+G +G,=G, +
[Ewyi + (Ep + En)ye + By, + By +
Euys + (Eg+ Eg)*7.]/A +G, + G, + G,
(29)
Horr, G ™ Az aiw J5 BB 23k, kalkg; G,

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

SR JEAE LR U B B L3, kglkg; G RIREEW)
T VBT BB R, kalkgs GO Bt B B R A2
i, kglkg; G, 4% i B 0 1 v 300 i 88 BT 2 A 11
W JETE, ko/kg; G, A it 4 Ah BB BE (1 f 2 328
kg/kge 71. 720 7P AIREE— . . RIS HIHFE
BRI B BRFHE LR T, Ko/l HL T BRHERC A 9, FT S
%3R5,

OJFEM R BB Bk L G, A A ™ 5 AR
FEIF A . BRHEBOT 5 RN, 25 EREE A T
WIESHE 2, BT LAR] 22 HAWE 90 R AR5 1% o B
ST, AnsciEk (831

QW T Wy BB L5 G, T8 P 0 I 3K [A] 25
A6 7= A 1Y) R R T R AN B HE LA AR R R
SETE, SRR Bk 2 G AR, T 2B
BLr i /2 E G, il 2 2% HABE o8 FOBLSR , An/F 4hi i
S 1 SRR T B A B B AL 3 A v A
ghIR

QB MR A L3 G0 AR BN 77 B
A7 s TR P ) ¥4 7500 Tl kL A 7 o 0 LA % il ¥4 3510 %o i
GWP HH T3, 15 ik n] 2% 30k (44,85,

@ E Y BB B A B G, TEENE
AV BE I R PR S e AR I SR, T — RS X R
FEMIETEIEA R, TR 2% SCER (44
66, 861

SR PERY o SR P A4 A A R 0T By
B 45 SR PAl 5 3= A C T TE IR BT R, 3

http://www.cnki.net



\Vol. 5, No. 1 TS IR EEREROTAL SRR AT R iR 15

AR RBUR B AN = ARHE . R R
Al BAR RS AR A S5, DUE A A
iy JE I P R PR B S

@ZE A fRRE . FE T B BT R e TP A ) 45
I A S R — e ), HE A A
w. HIE.
5 BmeETERHEA X

MRS 2T, (H R EFERENE 3 WA
TWRiEh (K% EGE) UREMESRER
fAE o B AR BE AT REDRLHE W] LA SR T,
el RS R EIR R, Dok B AE, SR AR ER
IMRREIR, (HRARAE E R R R LR B r 2R A 4
AN ESEAT WA, BRI

(1) A FH T 5 B v 700 o v 8 5 1A it H o)
R FHAE A PR Bl 2 v ) py 88, iR R12,
R22 45 & 4t il v& ) B A 55 1 BT FE VR A
(Ozone Depletion Potential, ODP) Fil GWP, it
X T RAZ M RRRIR A BRI . Rt
Xof T R 07 P ) ¥4 1) R o 2 790 T 6 R A Y £
B, BRI S SRHEROR BAEZ R, R
TIPSR FH S T 8 7 o AR 77— A
E G . A ik, =45, HGWPAL, WA
MBI ERN . 2021424 7, hEJGEREZ (O
INAMEIESR), Jinsik HFCs SR L) 5 iR = S
5. MWR12. R22. R410A #| R32, #I¥ &AL
TEARWT By, 762021459 H 29 H, (HHEZ T4 #E
FAJZYITE ) AT, UE B T R R R ek
3. TR PG T 18 R HFC Z =W i, A 46 il
A7 R32FIRA10A ¥ PRI, B S il v Sidek SR 24
PREE I G R FBER AR . BHKE
AR, AT LI 9 Ve B Ve 1 A AR TR
RIENPE ARG T, SR E SR A e
BHAL R B AR S8R, HERT/NISHEIR &
IR A TREIRHA

(2) DRAGECIE BEAR . £ b ¥ 5% rp A= i 2 5 X 36
B USSR, WS MU T, Ak, Bk
B[R] [ 2 5 M £t O JRRRY S 0 B AR A R
B R . HET, AREEYIR AL B R
RS AT R AN G, PRSI NAS . B

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

Btk . REURTHAELL M A kAR . Bk, i
PV S WAt IE 3K AR T B, RIS R A
Mo AR SRR AR A MM IR ROk LIS, %
WFFELE5 75 JERCIR IR A R . R K. &P
W AR 2R, A T BRI E i PR AR LA
B, BT T A R R AT, 4R
R, ORI B RERAFAUT A | 7= dd R G
B HERCABC K 7 58 AR, 3T 228 X R 45 1
BEE T I I AR AL FGE A9 22 42 R HE O T ik
4 A A ™ i BE IR AR DAY, LR Y 8 — Fob
PRI P OUSRE M R DB TR R S0, DT A 280 e
A 7 ol (1 RO s i AT P IR A TR A A (1 i
E WA T A B — i )

(3) RHAMERRIFMRAEN . RENH B i &5 &
Gi b R a IR REIRALAE RBHAE . MBE . HAELI
ALK T RFHBER—RhZR @ T JCAEATE
AR PEAE BRI, SRAEMESE, Vo4 gt T st ¥ h
(T a5, T—LE08 2 B TR AT A2 8 1 X0 R
FHAERL AR, DIk, nlps K PHRECIR A L H AR A
BV IR HIS RGN RS RE ik b MR
EARA B RE AT BB, (BAE—E R LD
TRBEMHIE BERE, RIS T i KT R
A B A RHER . w2 fi R BH A HR
WIS, S8R, AP T T
Ay /b7y 55 g A AR Yt B BRHEIL, Sk A2 3 AT
Wi /1 8.5%, [7] i 475 BE 42 (IS AH 45 3 A K R dh . e
S, RLBIV A AR AR T TR A o e 2
b —E WY A SRHERL, A AT RE A 4 1Y
BN A:, BRI B R A D, (B E K
AR IR, AR T TR AL R
HL BRI GA 2 BI 2 i

BEAh, AN A S ST 0 R A GV T i e By
VIR A C & B8 AR TT AR LA, K BRI S8 A
AL, SHF SV A A B R T, E AT i
= RBHER,  Hashi AR WA, SRR BUE
A, SRS AN TR RCIR R o I, SRR
Y, R AR AR IR OR BE TR 23 JE R AV TR A 1Y
— I

(4) AR REAR . MR 5 F 2Bk
Al VR BEAR BRI R RIS, FHAR B Ve BOR A AE #1

http://www.cnki.net



16 FEARAY (FFYESL) Smart Agriculture

\Vol. 5, No. 1

RERASE, BERE R v &, S0 e R
file BeAh, AR E R EARM R R BB AR
AIPEIR I M S B AL RE ) < HINGESE A" (FEAR A
AR B AR B T E R AT, 76 AR g
W RERCE A A TR e ), B T Al H AR
A, R T HRMEEREE T . AR E R HARIESE
RERETHEEAME ., EXAHE . FXH
PRSI . iR FRRouS . AEE
BHARRSEER N IRRZMALS S, NTER—
FRREM S ] FHA BRI Y 35 V2 Bz f DR U AE , X Fh R
AR HA RN R TEE. Kl KA S
s, BAMRARMERE S, LiudE &t T —
FiARAE R RN B E R 7, 250 kg A9 E &5 0] 2
HHA A K18 °CR IR T oK o 5 1% Ge WL ¥ 5 2 A1
b, ZERFIHFEE/DIREIR, REFEOCH LA i
B 20% 2o A, JFrE A AR IR = SR HER .
B2 AER PR AR, FAEERER
S5 MR sy LS AN, SEE SR
AR A A 1 i

(5) KRBT AR XAV I, 8
PR WA ATURE SR I A B A 7™ b R AE — AR e 11
TR EE R 1, AR TR S Y P I R AR 2
02 B T PR L BT L R I (E DL R T I
o SR, FEARKEREE L, R mEIA, SRR
FTETTHETTBURAIRABE I, 445 F #3540 ¢
HIB R AR B HL, FrmBesie g HoR
R SEIRAS FAL IR AR BT B SE TR A Bl A AT A
FRFRAE TR RE . A AR vT AHS Bl I AN 45 1 R e
A TER HE A IR S R P AR T AR, B AR
Az 5 AT S E AR B 45 G A B T S W R B
Jiti 17 %o 4L 17 i T S M i A ik T P T A (] A
L AT L 4 RE AR FNRR-HE LA T S . B
PL, B 2n A HOR W] DR KR i Ve ik 45 T 5 B 01935
B, ARG N LS (5 2., RSB
Mz R, WD RR IR A R A BT Sk, DT D
SRR HERT . A, LCA B A HE RO B e
AL SBE IR R G A, TR 24
MR EEE B . B HBTH XA RN HT &
i VA B IR T B A ST /0, Al Defraeye 45 4 AAY
SUSCEE T B e BB s v SR I o, SRS PR

P
He
P
He

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

B VB A B B A O A R AR A TURE . Shoji
A5 10N BT AR A BOR R G AL AT AL T P
RBE AV BRI R DR, (EUAR X (PR FEA
AT, HEBL T BERR BT . R, xS
HARIEI RAFR BRI . e, i
FEREROR TR 4 B A R REAE W DN A BT R
WARE

6 B E

1 VA 1Y) RE R AR AR = SUARHERON B SR ER
Baps e TORE] 252, T DA v B A Y e
FEr AT . B REROEAS LA BORS HE i B HE O S %t
398 58 X VA B 1 T AR LA B AR 1 4 R 43 A
WAL, Al v S 8 itk HIE R A B30 W] Sy 2 B BRI T
W AR BESE A | S B T AT AR A — e K
P, PRI REOKE RSB HE R R T IR B %
HENT R E AR bR . BARMA KEW S5 MR
BOPAL bR A B HE T AR, (HERXE LS
v V& 5 PP R B R A 2R 1) SIS R HURT BEAE 5 k- HE Ak
PARSHERT I . R, 2. LG . EhRME R s
REROTAGFEARMA RO BN A, ReFET T il
ARG —, [, I H 2 PR AR REFEIr &
Pl BRHEBAT AR ER e R &, $ m HOE T
MBI, IFRAGE—IriiniE, EEERFE Sk
HEACE 0 B

20214F10 A 14 H, i F S P fE 58 —mEk
A E 2R R Rl iR, ZERIIA
BRSCEAE B, WS IBE . B A
B, XPBEEHHR 5@l R R &, fif
EHAT . Wn G, JF I PRIE gk bk 1Y A28
sy R R RN L
SR ORI K G o A B REFREE I | G
it B4 . v . N TRBBSER AR ERE,
B4 REICHE i B AT R L 54
Ko AJa, BN EMOCER e . BT,
mRl, ARSI R T

P25 RS B AT AR ST LS S AT
IFTERAT S B 4 5

img

> H &

http://www.cnki.net



Vol. 5, No. 1 T %,

A BERERO AN S BRHE RO BT T £k 17

SH3CHR -

[1]

[2]

[3]

[4]

[5]

[6]

[71]

[9]

[10]

[11]

[12]

[13]

United Nations Environment Programme. UNEP food
waste index report 2021[R/OL]. [2021-03-04]. https://
www.unep.org/resources/report/unep-food-waste-index-re-
port-2021.

Food and Agriculture Organization of the United Nations.
The state of food and agriculture 2019. Moving forward
on food loss and waste reduction[EB/OL]. https://www.
fao. org/policy-support/tools-and-publications/resources-
details/en/c/1242090/.

MERCIER S, VILLENEUVE S, MONDOR M, et al.
Time-temperature management along the food cold chain:
A review of recent developments[J]. Comprehensive re-
views in food science and food safety, 2017, 16(4):
647-667.

KISSINGER M, TUVIA-ALKALAI S, SHALOM Y, et
al. Characterization of physiological and biochemical fac-
tors associated with postharvest water loss in ripe pepper
fruit during storage[J]. Journal of the American society for
horticultural science, 2005, 130(5): 735-741.

SARR J, JEAN-LUC D, GUILPART J, 45 . 4Bk /A4
ik AT O], A, 2021, 41(4): 82-87.

SARR J, DUPONT J, GUILPART J, et al. Carbon foot-
print analysis of global food cold chain[J]. Chinese jour-
nal of refrigeration technology, 2021, 41(4): 82-87.
International Institute of Refrigeration. The role of refrig-
eration in worldwide nutrition[EB/OL]. [2020-03-26].
http://dx.doi.org/10.18462/iir.INfood06.03.2020.
KITINOJA L. PEF White Paper: Use of cold chains for re-
ducing food losses in developing countries[R/OL]. Pine-
La, Oregon, USA: The Postharvest Education Foundation,
2013, No. 13-03. http://www.postharvest.org/cold_chains_
pef_white_paper_13_03.pdf.

COULOMB D. Refrigeration and cold chain serving the
global food industry and creating a better future: Two key
IIR challenges for improved health and environment[J].
Trends in food science & technology, 2008, 19(8):
413-417.

DONG Y B, MILLER S A. Assessing the lifecycle green-
house gas (GHG) emissions of perishable food products
delivered by the cold chain in China[J]. Journal of cleaner
production, 2021, 303: ID 126982.

USUBIAGA-LIANO A, BEHRENS P, DAIOGLOU V.
Energy use in the global food system[J]. Journal of indus-
trial ecology, 2020, 24(4): 830-840.

WANG LY, ZHAO L, MAO G Z, et al. Way to accom-
plish low carbon development transformation: A biblio-
metric analysis during 1995-2014[J]. Renewable and sus-
tainable energy reviews, 2017, 68: 57-69.

MARCHI B, BETTONI L, ZANONI S. Assessment of en-
ergy efficiency measures in food cold supply chains: A
dairy industry case study[J]. Energies, 2022, 15(19): ID
6901.

ODUM H T. Self-organization, transformity, and informa-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

tion[J]. Science, 1988, 242(4882): 1132-1139.

ODUM H T. Environmental accounting: EMERGY and
environmental decision making[M]. New York: Wiley,
1996.

akEcs, e, TR . TR A AR IR FTRRSE A Y RE(E
IMTEEIIFIT[I]. SR, 2010, 26(10): 181-186.
ZHANG G J, LONG W D, ZHANG J. Study on emergy
analysis method for sustainable evaluation of renewable
energy[J]. Building science, 2010, 26(10): 181-186.
Pt A A A B R RGP IFSE[D]. db st
el K%, 2013.

FENG J. Evaluation on the technical benefits of the pro-
tected grape cultivation[D]. Beijing: China Agricultural
University, 2013.

OZKAN B, FERT C, KARADENIZ C F. Energy and cost
analysis for greenhouse and open-field grape produc-
tion[J]. Energy, 2007, 32(8): 1500-1504.

WEI X M, CHEN B, QU Y H, et al. Emergy analysis for
‘Four in One' peach production system in Beijing[J]. Com-
munications in nonlinear science and numerical simula-
tion, 2009, 14(3): 946-958.

ORI . Aol A A~ M. dbat v Al ik, 2001.
LUO S M. Agroecology[M]. Beijing: China Agriculture
Press, 2001.

ELLE . BT ST iR AT AR P U TR R
{4 HT[D]. bt hE R B, 2016.

WANG H Y. Emergy analysis of straw biogas project for
central gas supply based on life cycle assessement[D].
Beijing: Chinese Academy of Agricultural Sciences, 2016.
NEAD. National environmental accounting database
V2.0[EB/OL]. http://www.emergy-nead.com/country/data.
J I8 E, B . R G A A AL A B BE (T4 [9].
WA 523, 2006, 17(2): 237-242.

X1Y G, QIN P. Emergy value evaluation on rice-duck or-
ganic farming mode[J]. Chinese journal of applied ecolo-
gy, 2006, 17(2): 237-242.

FzAe, PR, P, A L Y T AR g T R
X5 REWHE ) SR R [0]. e S kR, 2009(6): 13-14.
JIANG A H, SHI Z M, MEI Z, et al. Negative impact of
the statistical system of "converting electric power equiva-
lent into standard coal™ on energy conservation and emis-
sion reduction[J]. Statistics & Decision, 2009(6): 13-14.
ER TSR, BEREREMER 2. 54
BEFETTAAM N : GB/T 2589-2020[S]. db.5¢: A5 fi i it
1, 2020.

State Administration for Market Regulation, Standardiza-
tion Administration of the People's Republic of China.
General rules for calculation of the comprehensive energy
consumption: GB/T 2589-2020[S]. Beijing: Standards
Press of China, 2020.

ZHOU X, ZHOU M H, ZHANG M. Contrastive analyses
of the influence factors of interprovincial carbon emission
induced by industry energy in China[J]. Natural hazards,
2016, 81(3): 1405-1433.

FP R I 0TS RO PG L 2020 4R H O B S AR B —

http://www.cnki.net



18 B EAN (FPIESC) Smart Agriculture Vol. 5, No. 1
Wi Z2 [EB/OL]. [2021-12-09]. https://cec. org. cn/detail/in- 129-132.
dex.htm1?3-305140. [38] JEIDei, S, MR, S5 L R GG M I A S 4R i

[27] 1AL, % 75 . AEREV I3 A v >R SRR 7 1 0], v I g R GEREFEVEH 7 4 18 FH [3]. 3 <H Hb iRl T2, 2009, 28
i, 2010, 32(5): 5-11. (2): 14-15.

JIANG Y, YANG X. Electricity equivalent application in ZHOU Y M, WU G Z, LI D, et al. Application of grey re-
energy analysis[J]. Energy of China, 2010, 32(5): 5-11. lational analysis method in energy consumption evalua-

[28] T4, XVIGede, ek, 45 . REUR S R IT-Hr 46 br A BT tion of crude oil gathering and transportation system[J].
2], HERRIE, 2004, 26(3): 27-31. Oil-gasfield surface engineering, 2009, 28(2): 14-15.
JIANG Y, LIU X H, XUE Z F, et al. Study on ECC index [39] vHubpe, 4 1 ik, XIaE 45 . W M 66 ST BSR4
of energy conversion system[J]. Energy of China, 2004 THRE S BERE B GO BT ST [9]. AL T ALK, 2013, 40(6):
(3): 28-32. 713-718.

[29] Z=W0F, 230, XI5, 45 . RBIR LR G R 55 3l R SRV RE IR FENG H Q, YANG X X, LIU D J, et al. Study on gray re-
o3 M J7 ik 5 RE O A (3 B D B, 2022, 43(4): lation theory application in energy-consuming evaluation
140-148. of refining unit[J]. Chemical engineering & machinery,
LIY, XIW Q, LIU ZY, et al. Energy flow analysis meth- 2013, 40(6): 713-718.
od and energy efficiency evaluation of integrated energy [40] E#E, sk WAE, T TR, 5 . 40 K2R 7= AT b4 4 BEAE
service station system[J]. Electric power construction, PEH BRI [O]. TT AR, 2022(2): 1-4.

2022, 43(4): 140-148. DONG C, ZHANG Y H, BEN D C, et al. Discussion on

[30] B . A Tl bl IX 25 5 RE VR AR SERERL VT AN K AL AR evaluation of comparable comprehensive energy consump-
WF5ED]. Abat: Al R, 2022. tion of lime unit product[J]. Jiangsu building materials,
ZHAO H. Study on energy efficiency evaluation and opti- 2022(2): 1-4.
mization model of integrated energy system in eco-indus- [41] 25, THBEH . IR o R A AR T B WF T e 0],
trial park[D]. Beijing: North China Electric Power Univer- HEAS 2, 2011, 27(4): 76-80.
sity, 2022. JI'J P, MA X M. Review of carbon footprint: Definitions

[31] Frio . Jikili ASCHLL S ATREREER & 0P 0 5 1 eI ) o and accounting methods[J]. Ecological economy, 2011, 27
Hr[D]. J7JH: A pg B T2, 2020. (4): 76-80.

QIAO F R. Operation energy consumption comprehensive [42] AR, 222 . BhL B BEAE 5 R IR A SOk
evaluation and energy saving potential analysis in urban iR 0], MR 42, 2022(5): 39-50.

public institutions[D]. Guangzhou: South China Universi- ZHAI C Y, GONG C. Research and application of carbon
ty of Technology, 2020. . . footprint: A literature review[J]. Hainan finance, 2022(5):

[32] MARCHI B, ZANONI S. Cold chain energy analysis for 39-50.
sustainable food and beverage supply[J]. Sustainability, [43] JACOBSON M Z. 100% clean, renewable energy and
2022, 14(18): 1D 11137. storage for everything[M/OL].New York: Cambridge Uni-

[33] XIAO X Q, ZHANG X, FU Z T, et al. Energy conserva- .
tion potential assessment method for table grapes supply versity Press, [2023-01-05]. https://web. stanford. edu/
chain[J]. Sustainability, 2018, 10(8): 1D 2845. group/efmh/jacobson/W W SBook/W WSBook.html

[34] DIAZ F, VIGNATI JA, MARCHI B, et al. Effects of ener- (441 HIKT, FLEEL, 5K AT . v HERRIAFBAC 2 KU
gy efficiency measures in the beef cold chain: A life cycle- FE[). v 59, 2022, 22(3): 72-77.
based study[J]. Environmental and climate technologies, TIAN C Q, KONG F C, ZHANG H N. Technical ap-
2021, 25(1): 343-355. proach and estimation of cold chain carbon emission re-

[35] ZHANG H C, LI H. An energy factor based systematic ap- duction[J]. Refrigeration and air-conditioning, 2022, 22
proach to energy-saving product design[J]. CIRP annals, (3): 72-77.

2010, 59(1): 183-186. [45] XI5, ZE5T . iK™ R 0E A A i HE A 3B 1 0 20

[36] /A . 5 A REREIEHT SR bRt S KR T [9]. M ah B AR WFFEL]. B Ji7K 7, 2010, 6(4): 77-80.
5T, 2012, 42(9): 49-53. LIU H, CHE X. Elementary study on evaluation of CO,
XIE X H. Establishment of evaluation index of complete emissions from aquaculture in China[J]. South China fish-
energy consumption and application[J]. Petroleum refin- eries science, 2010, 6(4): 77-80.
ery engineering, 2012, 42(9): 49-53. [46] 4178, BRIt . T EK ™ 250 09 B 45 B #6 S HE i it

[37] HA, B, BolfiiE . BT ENAY A AL T4l BRI ¥ [J]. HEL 25, 2012, 30(1): 73-82.

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

W 48 b B R ST i F ST 9], 1 AR 4R T, 2022, 51
(15): 129-132.

DONG S, YANG H J, DUAN W C. Research on the estab-
lishment of mathematical model of energy efficiency eval-
uation index for petrochemical enterprises based on
EIl[J]. Shandong chemical industry, 2022, 51(15):

[47]

JIN S Q, CHEN J. A study on energy consumption and
carbon emission of China's aquaculture[J]. Chinese fisher-
ies economics, 2012, 30(1): 73-82.

PN . RIKIETS 50N ) AR PR RS ol — A AR
A% B8 7 R WE AR [9). A2 Y e 5 AR R, 2022, 18(5):
60-64.

http://www.cnki.net



Vol. 5, No. 1 T %,

A BERERO AN S BRHE RO BT T £k 19

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

SUN Z C. Research on the accounting method of CO,
emissions for line passenger transport enterprises in
Guangdong Province under the background of carbon
peaking[J]. Transport energy conservation & environmen-
tal protection, 2022, 18(5): 60-64.

] 5 0T S W B R S R B, o [ [ AR AR A I O
23l B SRR S SIS R 5 1 Al
GB/T 32151.1-2015[S]. b5t H E bR H it 2016.
General Administration of Quality Supervision, Inspection
and Quarantine of the People's Republic of China, Stan-
dardization Administration of the People's Republic of
China. Requirements of the greenhouse gas emission ac-
counting and reporting—Part 1: Power generation enter-
prise: GB/T 32151.1-2015[S]. Beijing: Standards Press of
China, 2016.

e N RN [ A= AR . O THEU 2022 A Al i
B A HE TR A A HEAR DG H A (938 1 [EB/OL].
[2022-03-15]. https://www. mee. gov. cn/xxgk2018/xxgk/
xxgk06/202203/t20220315_971468.html.

TREUE, IO, TR, AL BT ARG A A i Btk 2 R AT
FEHERE[T]. FARBEUR~A4], 2018, 33(4): 696-708.

ZHANG Q F, FANG K, XU M, et al. Review of carbon
footprint research based on input-output analysis[J]. Jour-
nal of natural resources, 2018, 33(4): 696-708.

AT o v IR A TR R IR R HE 20 e R AR
HFFE[D]. L AP R R A7, 2021,

ZHOU D L. Analysis of carbon emissions from Chinese
residential direct energy consumption and research on
emission reduction paths[D]. Wuhan: Huazhong Universi-
ty of Science and Technology, 2021.

LIU Z, GUAN D B, WEI W, et al. Reduced carbon emis-
sion estimates from fossil fuel combustion and cement
production in China[J]. Nature, 2015, 524(7565): 335-338.
5P, WAL, WA 1 o R o 2 i PR 2 R 5 e
JEBA[I]. Aol 2835%, 2021, 43(8): 39-49.

FUW, LUO M C, CHEN J C. Research progress and pros-
pects of carbon footprint and its influencing factors[J].
Forestry economics, 2021, 43(8): 39-49.

JENSEN A A, HOFFMAN L, MOLLER B T, et al. Life
cycle assessment—A guide to approaches, experiences
and information sources[R]. Environmental Issues Series
No. 6. Copenhagen: European Environmental Agency,
1997.

KLOPFFER W. Life cycle assessment[J]. Environmental
science and pollution research, 1997, 4(4): 223-228.
HELLWEG S, MILA | CANALS L. Emerging approach-
es, challenges and opportunities in life cycle assess-
ment[J]. Science, 2014, 344(6188): 1109-1113.
International Organization for Standardization. Environ-
mental management-life-cycle assessment-principles and
framework: 1SO 14040-2006[S]. Geneva: International
Organization for Standardization, 2006.

B, EUbVE, JEREAS, S5 TR o B AR 4 A
(1 LCA B4l J5T 4 PPl 5 45 ) 7 6 [3]. PRI 22 40,
2012, 32(6): 1529-1536.

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

HUANG N, WANG H T, FAN C D, et al. LCA data quali-
ty assessment and control based on uncertainty and sensi-
tivity analysis[J]. Acta scientiae circumstantiae, 2012, 32
(6): 1529-1536.

BAMBER N, TURNER I, ARULNATHAN V, et al. Com-
paring sources and analysis of uncertainty in consequen-
tial and attributional life cycle assessment: Review of cur-
rent practice and recommendations[J]. The international
journal of life cycle assessment, 2020, 25(1): 168-180.
MAHMOOD A, VARABUNTOONVIT V, MUNGKALA-
SIRI J, et al. A tier-wise method for evaluating uncertainty
in life cycle assessment[J]. Sustainability, 2022, 14(20):
1D 13400.

BJORKLUND A E. Survey of approaches to improve reli-
ability in Ica[J]. The international journal of life cycle as-
sessment, 2002, 7(2): 64-72.

VAN STAPPEN F, MATHOT M, LORIERS A, et al. Sen-
sitive parameters in local agricultural life cycle assess-
ments: The illustrative case of cereal production in Wallo-
nia, Belgium[J]. The international journal of life cycle as-
sessment, 2018, 23(2): 225-250.

STOESSEL F, JURASKE R, PFISTER S, et al. Life cycle
inventory and carbon and water FoodPrint of fruits and
vegetables: Application to a Swiss retailer[J]. Environmen-
tal science & technology, 2012, 46(6): 3253-3262.

WU W T, BERETTA C, CRONJE P, et al. Environmental
trade-offs in fresh-fruit cold chains by combining virtual
cold chains with life cycle assessment[J]. Applied energy,
2019, 254: ID 113586.

B, EO0F, W, 45 . AR ff PR IS B A0 0 B Bl O
RS APADTFE ). T E Ok R 24224k, 2020, 25(6):
165-182.

CHEN J, WANG S, OU CYY, et al. Study on carbon emis-
sion measurement and dynamic optimization of fresh
meat supply chain[J]. Journal of China agricultural univer-
sity, 2020, 25(6): 165-182.

BEMOT, 5K SCHR, s, A T AR A R PPAL 78 ik
W o 2T T B [3]. WU B R, 2015, 34(1): 120-
123, 130.

CAl'Y P, ZHANG W J, ZHANG S X, et al. Calculation of
carbon footprint of cold chain logistics based on life circle
assessment[J]. Logistics technology, 2015, 34(1): 120-
123, 130.

BUNLL, BRI, 55 . BE T A A 0 1k 1) 2 o 7
v P 7 Al JE 3T 43 BT[], 22 N SO A B 2E R (B SRR
Jii), 2021, 35(1): 24-29.

MIAO X H, ZHOU X N, NI C, et al. Comparative analy-
sis of carbon footprint of fresh agricultural products based
on LCA[J]. Journal of Lanzhou university of arts and sci-
ence (natural science), 2021, 35(1): 24-29.

XU, RARE, W), 55 v HEWIUR AR SRk A A
S SLUEST[I]. V824, 2018, 39(4): 19-25.

LIU G H, WU J Z, YOU L, et al. Carbon footprint of cold
chain system and a case analysis[J]. Journal of refrigera-
tion, 2018, 39(4): 19-25.

http://www.cnki.net



20 FEARAY (FFYESL) Smart Agriculture Vol. 5, No. 1
[69] LEONTIEF W W. Quantitative input and output relations print of fruits and vegetables based on cold chain

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

in the economic systems of the United States[J]. The re-
view of economics and statistics, 1936, 18(3): 1D 105.
LENZEN M. Errors in conventional and input-output—
Based life—Cycle inventories[J]. Journal of industrial
ecology, 2000, 4(4): 127-148.

MINX J, PETERS G, WIEDMANN T, et al. GHG emis-
sions in the global supply chain of food products[C]// In-
ternational Input-Output Meeting on Managing the Envi-
ronment. Seville, Spain: International Input-Output Asso-
ciation, 2008.

TANTIWATTHANAPHANICH T, SHAO X, HUANG L
Q, et al. Evaluating carbon footprint embodied in Japa-
nese food consumption based on global supply chain[J].
Structural change and economic dynamics, 2022, 63:
56-65.

CAMANZI L, ALIKADIC A, COMPAGNONI L, et al.
The impact of greenhouse gas emissions in the EU food
chain: A quantitative and economic assessment using an
environmentally extended input-output approach[J]. Jour-
nal of cleaner production, 2017, 157: 168-176.

MINX J C, WIEDMANN T, WOOD R, et al. Input - out-
put analysis and carbon footprinting: An overview of ap-
plications[J]. Economic systems research, 2009, 21(3):
187-216.

BULLARD C W, PENNER P S, PILATI D A. Net energy
analysis[J]. Resources and energy, 1978, 1(3): 267-313.

E R, I3/, EW A AR AT AN 5 AT S Gk
— IR AL A PN 19 R 5 N []. B AR B IR
2#4R, 2015, 30(7): 1232-1242.

WANG C B, ZHANG L X, PANG M Y. A review on hy-
brid life cycle assessment: Development and applica-
tion[J]. Journal of natural resources, 2015, 30(7): 1232-
1242.

SUH S, HUPPES G. Methods for life cycle inventory of a
product[J]. Journal of cleaner production, 2005, 13(7):
687-697.

YANG Y, HEIJUNGS R, BRANDAO M. Hybrid life cy-
cle assessment (LCA) does not necessarily yield more ac-
curate results than process-based LCA[J]. Journal of
cleaner production, 2017, 150: 237-242.

POMPONI F, LENZEN M. Hybrid life cycle assessment
(LCA) will likely yield more accurate results than process-
based LCA[J]. Journal of cleaner production, 2018, 176:
210-215.

PERKINS J, SUH S. Uncertainty implications of hybrid
approach in LCA: Precision versus accuracy[J]. Environ-
mental science & technology, 2019, 53(7): 3681-3688.
DONG Y B, MILLER S A, KEOLEIAN G A. Estimating
the greenhouse gas emissions of cold chain infrastructure
in China from 2021 to 2060[J]. Sustainable production
and consumption, 2022, 31: 546-556.

2k, XK, MRZZD, 55 . BE T s Y R A e 2 8
T[] 14343, 2021, 42(2): 158-166.

LI B, LIU B, CHEN A Q, et al. Calculation of carbon foot-

[83]

[84]

(85]

[86]

[87]

(88]

(89]

[90]

[91]

[92]

(93]

model[J]. Journal of refrigeration, 2021, 42(2): 158-166.
HANNAH R, MAX R. "Environmental Impacts of Food
Production"[EB/OL]. [2022-12-01]. https://ourworldinda-
ta.org/environmental-impacts-of-food.

VELiRE, XUk, PRz, 55 . 6 E SR EE v fE Ak 2 2 20 A [J].
e 2#41, 2018, 39(4): 13-18, 25.

XU RN, LIU B, CHEN A Q, et al. Analysis of cold chain
carbon footprint of fruits and vegetables in China[J]. Jour-
nal of refrigeration, 2018, 39(4): 13-18, 25.

2, XD, PR, 45 B T BRI AR ™ il v Bk ik
JETRTHR[I]. R AR, 2019, 42(3): 1-5.

LI B, LIU B, CHEN A Q, et al. Calculation of carbon foot-
print of agricultural products based on the model of cold
chain[J]. Journal of refrigeration technology, 2019, 42(3):
1-5.

FAA . ik R YE 1 255 P A R BF5E[D]. 1L
H: YR LI R, 2012,

KANG Y C. Research on low-carbon comprehensive evlu-
ation setup of storage system[D]. Chengdu: Southwest Ji-
aotong University, 2012.

A0k, S8 IEIA . A5 TRV R 5 2R I] A&
Z:3%, 2022, 38(12): 5-8.

FU S E, GUO Y D. Air conditioning refrigerant and glob-
al warming[J]. Ecological economy, 2022, 38(12): 5-8.
PR AR, TR BR, SR . 25 H s 0 0 i B P ik R B 24
T Z 8 i v i ) U TG 6 F 5 [JOL). s dfil 5 e o 1 1-
10. https://doi.org/10.13195/j.kzyjc.2022.0998.

GAO H R, ZHANG Y L, ZHANG S S. Research on cold
chain logistics distribution of perishable products consid-
ering timeliness and quality customer satisfaction[J/OL].
Control and decision: 1-10. https://doi. org/10.13195/j.
kzyjc.2022.0998.

XL, BRI, Wbk, 45 . B2 2 42 0F (Y LR S 7 i
TiC 3% g% A A A B A 0] A 2ROl (P 3 30), 2021, 3(3):
139-151.

LIUSY, CHEN T E, CHEN D, et al. Time-varying hetero-
typic-vehicle cold chain logistics distribution path optimi-
zation model[J]. Smart agriculture, 2021, 3(3): 139-151.
TN, ST AR P Y P BV 2 TC IR AR ) R
T[], THAHL TR SR, 2019, 55(9): 237-242.

FENG J, SHI L. Research on vehicle routing problem of
fresh products with pure electric refrigerator truck[J].
Computer engineering and applications, 2019, 55(9):
237-242.

SHAY S, HUAW S, CAO H F, et al. Properties and en-
capsulation forms of phase change material and various
types of cold storage box for cold chain logistics: A re-
view[J]. Journal of energy storage, 2022, 55: ID 105426.
LIU M, SAMAN W, BRUNO F. Computer simulation
with TRNSYS for a mobile refrigeration system incorpo-
rating a phase change thermal storage unit[J]. Applied en-
ergy, 2014, 132: 226-235.

XU, BT, 2 PORE, 45 i BRI Bat S
25 15 32 v A8 DU [0]. AR Mk AR 4 i, 2021, 37(16):

http://www.cnki.net



\Vol. 5, No. 1 TS IR EEREROTAL SRR AT R iR 21

295-302. changes for reducing losses in refrigerated supply

LIU G H, MAPC, LI QT, et al. Design of special cold chains[J]. Resources, conservation and recycling, 2019,

chain pallet and its temperature-controlled transport per- 149: 778-794.

formance test[J]. Transactions of the Chinese society of [95] SHOJI K, SCHUDEL S, ONWUDE D, et al. Mapping the

agricultural engineering, 2021, 37(16): 295-302. postharvest life of imported fruits from packhouse to retail
[94] DEFRAEYE T, TAGLIAVINI G, WU W T, et al. Digital stores using physics-based digital twins[J]. Resources,

twins probe into food cooling and biochemical quality conservation and recycling, 2022, 176: ID 105914.

Review on Energy Efficiency Assessment and Carbon
Emission Accounting of Food Cold Chain

WANG Xiang, ZOU Jingui, LI You, SUN Yun, ZHANG Xiaoshuan®

(Beijing Laboratory of Food Quality and Safety, College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: The global energy is increasingly tight, and the global temperature is gradually rising. Energy efficiency assessment and car-
bon emission accounting can provide theoretical tools and practical support for the formulation of energy conservation and emission
reduction strategies for the food cold chain, and is also a prerequisite for the sustainable development of the food cold chain. In this pa-
per, the relationship and differences between energy consumption and carbon emissions in the general food cold chain are first de-
scribed, and the principle, advantages and disadvantages of three energy consumption conversion standards of solar emergy value,
standard coal and equivalent electricity are discussed. Besides, the possibilities of applying these three energy consumption conversion
standards to energy consumption analysis and energy efficiency evaluation of food cold chain are explored. Then, for a batch of fresh
agricultural products, the energy consumption of six links of the food cold chain, including the first transportation, the manufacturer,
the second transportation, the distribution center, the third transportation, and the retailer, are systematically and comprehensively ana-
lyzed from the product level, and the comprehensive energy consumption level of the food cold chain are obtained. On this basis, ten
energy efficiency indicators from five aspects of macro energy efficiency are proposed, including micro energy efficiency, energy
economy, environmental energy efficiency and comprehensive energy efficiency, and constructs the energy efficiency evaluation index
system of food cold chain. At the same time, other energy efficiency evaluation indicators and methods are also summarized. In addi-
tion, the standard of carbon emission conversion of food cold chain, namely carbon dioxide equivalent is introduce, the boundary of
carbon emission accounting is determined, and the carbon emission factors of China's electricity is mainly discussed. Furthermore, the
origin, principle, advantages and disadvantages of the emission factor method, the life cycle assessment method, the input-output anal-
ysis method and the hybrid life cycle assessment method, and the basic process of life cycle assessment method in the calculation of
food cold chain carbon footprint are also reviewed. In order to improve the energy efficiency level of the food cold chain and reduce
the carbon emissions of each link of the food cold chain, energy conservation and emission reduction methods for food cold chain are
proposed from five aspects: refrigerant, distribution path, energy, phase change cool storage technology and digital twin technology.
Finally, the energy efficiency assessment and carbon emission accounting of the food cold chain are briefly prospected in order to pro-
vide reference for promoting the sustainable development of China's food cold chain.

Key words: food cold chain; conversion of energy consumption; energy consumption analysis; energy efficiency assessment; carbon
emissions; cold chain energy conservation and emission reduction; smart supply chain
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