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Abstract: Against the backdrop of the “dual carbon” goals and the green transformation of traditional Chinese medicine manufacturing,
traditional Chinese medicine production is facing several practical problems, such as long process chains, concentrated energy
consumption, complex carbon emission sources, and prominent quality constraints. This paper reviews the related studies from four
aspects: carbon emission formation mechanism, applicability of accounting methods, collaborative evaluation of key unit processes,
and carbon neutrality pathways. The results show that extraction, concentration, and drying are the main energy-consuming and carbon-
emitting processes in traditional Chinese medicine production. Steam, electricity, public utilities, solvents, and waste treatment are the
major emission sources. At present, emission factor method, life cycle assessment, and unit energy consumption indicators have been

gradually applied in related studies. However, there are still some problems, including inconsistent system boundaries, unclear
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functional units, insufficient measured data, and inadequate integration of quality indicators. In the future, it is necessary to strengthen

the collection of process data, improve the coupled indicators of quality-energy consumption-carbon footprint, and combine

technologies such as advanced production equipment and intelligent control technologies, so as to promote the transformation of

traditional Chinese medicine manufacturing from carbon footprint accounting to process diagnosis and carbon neutrality management.

Key words: traditional Chinese medicine production; energy consumption evaluation; carbon footprint; quality constraint; energy

saving and carbon reduction
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Fig.1 Life-cycle emission inventory of traditional Chinese medicine products
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Table 1 Carbon footprint accounting methods and their application scenarios
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Fig. 2 Basic principles for online energy-consumption monitoring of energy-consuming units
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Table 2 Activity data and quality evaluation indicators for different extraction methods of traditional Chinese medicines
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Table 3 Standard coal conversion coefficients from China
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B (48) 3600kIkw 4! 0.122 9 kg FrifEE kW1 0!

MRIE PP H AT BE— 2D T R A BORHE REAE
AL EAR PRIBORAERE . B [ 5 S REFE AN B AL A 2K
Ay RERE,  (3) ~ (5) s,

E,
SEC . — extractt (3 )
liquid Miquia
SEC — Eexlracl (4 )
extract M
extract

active

SECiiquia WAL E I SRIBORAERE (kgee/kg)s SECexqac /I FRAL
[ & AEFE (kegcelkg)s SEC,cive N ¥ A 3L 7 B
(kgee/kg)s Miquia~s Mextract P Macqive 73 5 90 % BB &
B & B AE Rk o (k)
XTI R G E, NEE (hEZ
B) ARl AR S O SRR 8, R R [ 2
B ISR R TRgUERIE AL
SR HHAT A . A AT AT L 9T O R 2R A
R T R AL BUS FEREFETEMT . Kobus ZEHTIRL L A%
R AR BN G, Il R A AR RERE, IR
SR ASIEE RAEA TR AR, it R
L2 Wy e A A8 RIR IR #E . HWT ik — b 3%
B, ke 7 R P R UE BCER vl MR A I AR B A
fRE, AT LRI Z) 20%~51%FE & . Chen
SEUSTDAMN AR R 7 SRR B, SR Taguchi 77
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VEARACTRIUNS [A] L S RIE . SRR T AW A6 TR
I E P PEO S REAE AN B AT REHE . 2 TR AR
% AL, BONUNE A RS AN NG ShEE
SREETE L, s FH D3 W OGN s el iR, AR T2
ZAE T R HEFEN 0.047 9~0.059 3 KW h, SEC.yact
4 0.006 7~0.009 5 kW-h-g/(mg GAE), GAE (gallic
acid equivalent) N B TR M E.

T 2 T U A5 S AE B R T DhRe A Ak
Yol B ORI R . TR 2GSRBS R TR
s A A JE AR B — AN T BT R . AR E
PRAZERTTREE B, WA ATIRE N “ INBORLBIHEHL
W VPO B AR b e h 2 128, 1 5 N A8 m
PRI, PR, IR, TEBESE: A VRN H AR N
Ak I, ORI ITIFN “RRIESIRT]” 1Y
PRl RS . HEEUER TR 2 8 ] K F I sh A s 3k DLHE
7 177 AT o it &, sk (6) s

CF=J" ; AD; X EF; 6)
CFAIRBUS FE 2 (kgCO2-eq)

i SR TR 25 SR N 5 D RE B 0 Nk, SRR T
Tk R 328 PTG PR S A SR IO AR 128 A7 [ 75 &
T & AN B A RO 3 B R 28, sl (7D ~ (9)
FT7R o

CF
CFliquid: m ’
CF
CF xtract= Jlm N
. . 9)

Ve Myctive

CFliuid~ CF extract T CF acive 73 227N BAAL B M AR UL B3z ]
B RN B R LT (kgCO2-eq/kg)

CL A 5 1 B o SR B G R R T A B
W FLHELL, Seling 54 DL I /RS G ek Hh 2
MR RSERCAXNT 5, RS IR i
BRI S BRI 3 Pk it AL a2 &
BT A AP RE IR B R N, [F
I FEHT BN IR R T, FF ik — 2P DL S 2
BB R TN AH AT R AE 778 . Moura 25150156 T 1K 18 75 55 i
PERU A A L BAREAT I T . BRI e “1 g 05
FIRIY” M “1go-IRM” 2 NIhREHRAL. Dl g
7R N D Re AL, EEFEEIR T CO, $EHY
&5 R, REREABRFESr 78 290 MJ F 15
kgCOz-eq; THEARZSZAMMEA, 40700 166 MJ
Al 8 kgCOreq. AEALA 1 g a-TR)E NIhAE AL, /K

AR BON B TT 2, SERERIEREN N AEFE S
AN 465 1398 MI, BRHAEIS 7179 23+ 69 kgCO-eq-
IR SR, AN R T2 TSR T E AR A
OB 2 R ORI, A B B B R T8 T g R AR
i 22, BT AT 2508 43 i 2 8 B S T ) B SR ER
BRE

3.2 REIIEMEITMN

2k A 1 R LU A L R AR B B R
HI, 5Bt NG S8 HiPRL a2 /i i
HER T, SEEBEAREAR, TR BRE
WEHZRE. ®BA. B, 2H. oM E
KIGPRECsy, AP & E B, BE.
EE R AN T AR AN W AR AL o BE R TR 4 %
IR, AR IR, 453, Rt #Orl ooy
Ree e ARG 38 T, PR 28 R RERE AT BE T . BRI,
Wi BITIPI A RE R G 2R i TR, B R
YIRPIRAS . & 2 M A 08 AT 0 far 2[RI AP
fro ERRESREY, FEE BARRZEIEREEY,
N 4 Fiow.

AN[F A A (1) T REVR Y A AE A 5 2
RO 2 278 R DL ZSIR OO 3, HUZSIR
4% (mechanical vapor recompression, MVR) PLE 4
PBUHAE A, kS DL ITEFE N 3, ARk 4
DA R HAEA T . AFEBREN AR, Hi%
R 48— I BB BT R I RBOEAT I . k4 AR
Ziafertsl (100 Fror.

Eeone= X AD;Xk; (10)

Econe RIS TR A RERE (kece): AD A AL B
Hts kR IS A R AT B R K

FRbR FIAE AT LS 25 AT bR it 1) LB 2R AT S A,
k(1) (12) Fior.

SECopgp = =22 (an

evap

ECGI‘IC
SECqualiﬁcd e — 12)

Maualified

SECoyap N AL L BRI RERE (kgee/kg) s SECqualifiea WAL E
RRATAERE (kgeelkg):s Meyay WZERIKE (kg): Muaiified
ik B B R R4 2 (kg

XPH 2P B S 2k A AR, RS R 2
CNEBIE” kg RN bR ZT, R
FAHLLZ SRR RGO, X 4 i #2 T SR AR
tefeR, =l (13). (14) Fiw.
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Table 4 Activity data and quality evaluation indicators for different concentration methods of traditional Chinese medicines

RAERA YN T EE R PP p T R I A B
RSSO HIRAR, BIEAR, AL URE, WHE, ARENE. RIUNE. MEE A8, B 08, MEURERIEED Bk #
BREBER. BRE KRR, BH RERE.  SRERSRIERERS R B BETHE, RIE 5
iR HEE WA AR T ERER. ROUEEALE  EeE
P K30 FLRE T WK R ARG (8]
REBR SR MRGER ZX0R #0) —ERRNE. BEARNE. R0l MRS, B8, 3. 6F. RBENFFT R R E R
w4 AR DU A TRARAAE. BRI SRR S ERERBL o MREE. B, 6
R4 AR SR RIECE, RAOKE, RRRE A FOEALE. RERREY BRUED
[ J s AT B AN T
T2 5 R 4 RIEBUCH. SNERAT. K HERHE . BEWE. KGR, EE. MXNEE ESE R RE AR REES, BT
W4 BIEIRGE . BAMRGE.  BSRRIRE. BIERRE. RIEREM R R BERSEERCR. SRR TTREBK;
- T SR R 4 HRHH, RIKE. BRGK BRI SRR R, B BT
MRRAR SR WK, WA TRIRAT. B RARHLRRE VR KRR, MR S 8 B (o, SBUHE R B 2

w4 -2 S B A

VK7 B HLE, (R AL, BURAI

HRENE: fon R ARy &R, FERT & U

o BEER A FROKE, BB BEREER, kiR FNERL
okt
— Eome BRI, = (15 Fir.
ECys=—= (13>
e CFoone= X1~ AD; X EF; (15
ECAca:CEf"é (14) CF conc NRAE B T0HR 2 (kgCO2-eq)
at a.0

ECAN AL 5 R EREFE (kgee/kg); Eoon NIRAE B REXE
(kgeerkg)s woRlw r I HIaG . £ miE & Z; ECac, AL
R bR B A R FE AR THAEAE (kgoe L/Kg)s Eoone VR AR S fEHE
(kgeelkg); Coo AVIEHRFRIRAMRIE (kg/L); Co N4 e
FRRRATHRE (kg/L)

Marie SEEALNH IRV TN G, BTG
£ 20°Bx (20 FEAFIBEED fH B8 ARk e
MR IRAGIZDIR  EHIRET TRE. 45R R,
VAR -7 R AR AT RN 63 °Bx I,
G LLREFE N 3 072.26 kI/kg FLHE: F57E 40 °Bx 2
AT NZE R B, SRR RERELL 63 °Bx #4T 7 ZTHA
65.04%. #H—F, 20 °Bx JI £ 40 °Bx FE LR
50% ST R, T 2R 62.5% MR K58 s
1M 40 °Bx F+Z 60 °Bx ({75 2:B% 16.67%M S VAR
i, AT 20.83%MIMIME K . SR UL, W4t
T R AR T A [ 9 B2 I 0T 87 14D Bk 7K 8 R B FE I AN
IR, REFETFAN ROGIEIREE IR THSRE, A B AL LA
AR Br Bk sk E T N2 St
BPOCRTESIE I E ER . SR L LA
B FREEDNEESH, @ T P2 KIRRIK
RIS IR REAE T UK, NIRAEREFEVENIRAL T
IR A -

KT WRAR B e 2 I ST T, [FIREIE A T HE

BTSRRI 4 77 20, 2 728 7= A R () 2 p 4
AN BRS 2 RO 4 B 2 ok B T AN 2R
B H &R 2875, MVR DURJBERAE N 2ok 3 T
FIWI TR AR . A R ) 32 EEAHE I R G0 A
(B HETEC -

IR T AR i T T R A G U SR AR AT A AR
BUS AR T7 0, AR ATl A Ao IE .
Kiyak 545545 e W 4 ¥ A 77 I e 1 A v Ji ST
s FIFE LB R o T R DA 1 kg R4 A
VNDIREAT . PG REIR, kg BRIKGEIH
PRAFHETE S (global warming potential, GWP) 4
1.003 kgCOz-eq, HAZEAKHAITH GWP [ TTHRZA A
30%, AIRTAERFAE =, Ui B 28 RIS S %
Btk A2 20 () B B4 5 . Notarnicola 2515510 g = KR E
| LM RS E R E BRSNS, DA ITm?
TR EE 1 10.5%32 1 2 11.5%[] Rosé Bombino
HE N DIRe AL, AR WA R
TBVE R FFAn A A E TR R o . S5 R R, 18
ITH B RGP A (1 E ORI, IRk e
BB B TTERECK .

WAk, ARSI ER A AT ) E AT BRI BOR 78
Bz FAR S O E, 28R R HE SR T
KRS P HEE S e ivE 2 R e B, ARk
CNV AP stk AR SR ITIED, a4 B Bk
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AT E R B E R AR P AR SR B b A B R
28 F HLHERO BT, NI 56T B A& B 2803 HERUA
Tz (16) Fias.

__ 0,Ead/1 000+ CyuEFy +ADg, EF,

mg

EF,, (16)

EF A& ERHIB T (t1CO2-eq/t): O MY AT 2tk
WA (GD); Epg N EIAE EEEHEIORE (kgCO2-eq/GI);
CoNIRELH AR (05 EF AR A =B B HE R 7
(tCO2-eq/t); AD AN KBRS H B E (MWh); EF,
L ATHER T (t1CO2-eq/MWh) 5 m N R HEEE B (0

e FH B AT /DA S SIS N, P4
HINEAM 0.11tCO2e/GI . HL RN H, A0 [ % Ha,
J A F 6 R I TBOER] SR B A 2 A 55 308 X il AT
) 4 (] FEL P HE R . BB EE AT b Ak A
HARIIEANTEEMNPIE AR ERE. S EKE
FA I AEAA R s A & DL S Al R Fv e R F L A
T4 0.

ARV B R BAFAE TS B e T X /], H—
T A 18 M DA IR e FE S e TR 408 3% BORD AR B
B PRI BRI, W T T 1R 328 n) B RO Fi B R
SEA o MR AR AT AEAUR BE B B Tt 25 R 8 40 7K 4
BAA 5 8278 K& B g, MVR U - 58 Bl R i ik FE Y
BB 4n o Xie 08 JIEE . | RiBiE . MVR K&
TS RPN, I LA R K R AR
RGIBAT AR /NN B R RECE AL, RS
R Y1 HIBAT AR FEARL) 22%.

L IRAR A ()38 AT SMEAE VT 2 1. i fi
TG e PRI 25 IR AR KRR e 18 AT I B R
Liu ZEPUEH 2K M E . WM. Bk
FER T 55 K 537 ot A2 Iy G I B 2R 18478
SR A S, TS G H A s s 2 PR T
ERGER s = v NP ER Y el W L2 ST G s =1 (a7 ]
B B ) REFEIR 2T (R4 75 00T . Bl B 5 A 2
T, BRI EREN TR, 2RI RR 1)L #
BE A7 NG PR fh far 38 i, MVR FEZEHLFNE A 52 ] g
i B8 = 0 AT X T

TE 2 W5 Iy B BG4 (1) [ B 1) 48 A0 2% 1 1 e
PRAL T SRR . Jin SRR AT LA GRS
M ARG P A VR . BEAK S, Fdid
PEALRAE T Ol S 28 SRR BN T3,
SR 22 FE R [R) A0 M A R S R 5 T T R
KRGS AT B FE M . fEIEEEAE I, Nascu 256N
AR TN ) T 25 728 R0 R, AR FRRAS

AW WRIES . SE MR, 25k
SEAE AR ANBE R B N R B B4 AR R B
PURAETT o ARRFTINGRAELAT AR 55 4% 1] RS
P, $RTTAIRAE AN IS B2 TO0 T AR E
PE, R8N TS IE SR g R g s, A
SRR REAL & JE o
3.3 FEIEHEITEMN

T b 24 A 7 v BE AR e HL DT R ORI
e R, HEEREEEM T K R SEA, A
Al & R REIR S AR 227 . AEVPIT IO AE R, &
LOPRRME LR . R UERS 5477 1FE
RERE R NEEATS G BAKIM S, nlAG 253 N T 1R
LA F B B E B 7K A B B BRI S8 R
ARSI S TGN RN T TR
W ARG, MNAEEMAGIT T R RS
Pstea, W 5. X F RIS HZtiR A 1%
IS | s RN A3 AT AR SR 7E H A
ON PR ERIA G AT Ak o

FERFIL G, o — DT AT
REVRI Lo TR B REAE P2 R REVRR AL 70 AL S
JaG— 3, REREIITHE A KA S B IUT AR
TRAREFNTEA R A7) s,

Edrying:Z;ZIADka/’ (17)

Egrying AT RIS FRER G HEFE (kgee)

(BRI |, AT R A AR
AR, BB R REREA R AR, st
(18) ~ (200 Fiim.

SEC, gy = —ot (18)

roduct —
P Mquaiified

SE Cwater = ]:jwu:l ( 1 9 )
SﬁLER::ﬁ%@ﬂ (20)
el

SECproquet /I BALEAE T 15 BEFE (kgee/kg)s SEC, e /AL
B K B B8 AE Ckecelkg ) s SMER A P i i ¥E B2 16
[kg/(KW h) ] 5 Myuiifiea N E TR TR (Kg)s My S
KRk oy oiE: (kg)

XTTCARL R ERIRAGE . T £
AP, SMER FIERVEO BRIB A B H 2R bR .
e B A LS J T ARIR PR BT[] S 20 R I X
A, WE AR ENERE %M. 3
BN 910 kg HHENEREA 10 cm B, FHREE N
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Table 5 Activity data and quality evaluation indicators for different drying methods of traditional Chinese medicines

THRRA WHTE EE SR S & PO R bR KB o B J A U 5
BT AT BT, i AR XWLHFE. THRE SR KRR, B, fRh B R IR R B, W)
AT BEAT B R, W SRR R R R s B, e, BRE
Jie AR TR Koy ROKE YRR I, RoKPERE
BETHR AETR. ARRETR SR, WAL, MBI Sk KGR, 2, A Bk o R B R Uk
IAAHRE, TR WA, SRR RE R R K SRR, GERE
R B ATK 2 SN Gty )3 UNERTE
HEFR AR THR. BREST AR AHEEIEEE. B2 SRS KNG SRR R B B R B R R
B, WREATEE W R AHUKHRE. HE. B AL DRI RifR.  AMBRR AT
o B T AR R ), HEHRDIERRUK Y A WahtE W, Fahtt—
OB ZLAM R BT 1R ZDANF AR B0 BB AN R A B AR, KWL /K3 KINE BRI ST 1R B R B R s )
BETHR B-ET PR R AR AEEER. RO RER. BE. R R kiR, |

A HM-BIRIRE T 1R

HRR A BERERE DI R I L SOKEL, TR stk
(] 3 HREG AR 7

Th o i 5 S EUR i
e TR

106.5h, ¥EHE N 476.8kW-h, FAIFEFEHEN
(0.5240.05) (kW-h)/kg, SMER ¥ 1.41 kg/(kW-h);
YA RN 1465 kg BIRNEEN 20 cm B, SMER
FEEZE 1.74kg/(kW-h). SAEHEREH L, WHECIR
AR AL E A EEK 26.9%, SMER 5
23.4%, HYRIRE OFESR . TRERYS . ik
AU, FERREFEVEMT TR B SR TR . R
K3 IR R 2 SN BELI R, (i REFESS
SRR IR L T 2R AT — 2k

TPl 2 RN PR HERC R T, DAERHEIR
TR FR B AT SR TR A DR SR, Seit T
IR RIRA . . A HIKR R 465 S 2053
i, FIRLIMHRE T, X 2D Fiw.

CFarying= 2 AD; X EF; QD
CFgrying N TR ICHR LT (kgCO2-eq)

NOREAS R T80T vE 2 B B T EetE, k2 28
AT DA 55 BAE B 4 e o s A2 8 R BV B 7K
W r, sk (22). (23) .

CFdr ing
CF, = (22)
product Mauaiified
CFarying
CFyaer= 7 (23)
Mwaler

CFproduct /I AL B AR ALK A2 2 (kgCO2-eq/kg); CFyyier N
BN FRKEIR BT (kgCO2-eq/kg)

Kaveh FEOU7ESIG A1 EUAS RN s £04%
B NE TR, KA geEE U5 R 1kg 7K
Jrasaes, JEE—BHE CO SO Fl NOL HE.

X — AR XU, A7 R /K S A2 2 e TH B SR
BHIIIE B /K SR 28 5 K B 22 ity RIGRC I, & A
FTANE TR 2 TR A 1) B4, nge L i 9
AR T R I, #OR TR T e KR
C0229.7~225.8 kg, i T4 T /KK CO,
5.46~26.03 kg, fulis TG A AR N A 7 o 2R 4L
i, R BUC A BR K B HE
34 XBEHBETEZEFRRESHEIRE

W2 A PR G R R IR R . IR R 1SS
[E I S20a = i . BEds VAR . e T2
o 5 T BE A BE D T A BN TR K 23 25 B, AT Re 3
IEEIR T SRR Pk . REFEL ik 2 1B AN 58 42 (]
W, AR BT AR SRR A 52
FICIRED FEVEN A BT B R REFERIAK 2 2E
ISR AZEZ R, TN EY. L2385 3 Kfetr e
HRERR, HERESKNTE N TREZ Bir
Pedt. TR L AN S0 R DG o B JR MR I S a2 (B
Rone WLEZHIREN x, 5 k WO &%
N gix), FHavEaEm (24) Fix.

Li<q(x)< U, 24

L M Uy 53 WINEE k TORHE 5 = & It sRVFI T
FRAN FRR, RIS geeo)R AR SAL, Fabs oo &
1K mg/g. mg/mL; WMFERER, REER LS
KRR %; % KA g/mL; 88 E-REFRUE AT
ENE (CREZH) BREE. MV BAT PRI 2 4k
BURME THEZR, AF—fais A EH&% L2 AR
AT AT A 5 B
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REAKRGER X a5 A e s, HA
RESCBR G A% 7 RZ B R B R ZE 5 . EATTAT
HWUm, & EX AR ERAREAT L RN . R
TRbRAZTRAE VP Y, BE I KRR R R I
o, I R B AR AR S EE AR DL S 1)
TR TR AU R MURRBLEGE , Il kR
A2 o 5 A LOST, ) g3 il R A 1] A S A Al
ZARHELL, EEHR iERR AL T 0~1, HEUE

AR R DA . [ &8 MG KREH
P X 8] B 45 b AN . ] B 4% 1 1) B0 g b B, RTAR
I Fo i 125 H AR R P e M T R RE 6L, g o
BN R A BRI T, R SRR ZR
BUEEG R RS CENN ), 752t
— DB AR . ASFEIFRERXS P i At
A RAEAREVE R DTRR I AR, BRI &
B E R o BARD R R 6.

*6 REESNENRGERERER

Table 6 Quality-indicator weighting methods and their scopes of application

TEAL SR Jii AR i Y
FUIAL JE RS Hid: KVPN BAR R A F R, BRI $RbRZ2 R0, fRbr S etk AR
B PIWAERE, TSR AR E ML) R R LR
FULIAL A2 UMM 5 SO0 Fi5 b S A RO 4 B e A O BR] SR AR R A%, B S0k DL HS 1 (1

B HUHEARARBUE

FELEA

FULIAL m—m s SelhE O BN AN TS, B LR SRR B, A5 BB 5 P
b AR bR 3 RAE S R K

AL CTYCFS MR TR AR E AN R 7 S 10 1 B R LTS5 2. slIRAE A E 70, FRAR U BIRE S Sk T
9, ZEAEREE, B EHMER

LAY AR5 A AL CIEARbREZE S 2 LU AR AR R AR L, FEbr AR ALIR S 22 R oK, fR 2k
AR, P IBUR HE y UMD B R T

LAY CRITIC ¥% LREARP R EZ AR AR RN X REOT G R 2 M RS0 B PESR bR 2 (8 7742

B, RS E RS R
K 2 AR AR bR B By D BOM ST B febn SR HILAR MR R, 2540
AL 70, ARIEEAT AT ZE DT R RUER S(E R

LS [0 8 T ik

B A A

JUARTERR

X P2 OT IR R R, ERWAS
A = BA B2 AR, woe & 5H
Wi 2 B, AR GE R 06 Bt v S A WA
PIRAL TR AL SR AR — 4 77 s ik, sk (25)
B

— v
W=

SO (25)

m
T Wi

W RWR 53 BN ke TR E R AN AL s wi 4L
GRE, HAHREZFN 1

Jiang SESILIHE K LHUKIR T Z NI FRA A,
ENRIE IR . FERATZER . BARER . BEREM
TR S TE AR A AR G VR Fadn . I RBOR = Ik
I NI E AL, A I T AR AR AR SR R 45
PR EHfi EYX (criteria importance through intercriteria
correlation, CRITIC) TR Z WAL, Hr 2K P
HARIFIH M, FRBIRIRRH G E. Rkl
fatr SHESREN TS R, W (26)
F7 o

Qi: ZZ:I Wi Zik (26)

QN i NLETTRNGETRRIREG 2y s
HEAL G PR AR bR . Q BUK I IR & B R BB
VPN AR ZIEHRAH T RO &0 2 =4
(177 %, A RVEREDRAR I =150 #ME 5 — Dl br
AEkk. Jang SFOEAL & H 4 RS2 UL 2,
¥ 13 g & B TR B AR AT IR bRk
1, CAIVHBR S fRbnE A A E R b =R . Bl
et I, SR JZ k53 #7112 Canalytic hierarchy process,
AHP) HRAEATTECA, “H. B e 7 LR
Gy PRI iR E WAL E, A CRITIC KR TR bR
)5S HIORE FE AR s (B i SR e v H B WA . g 32
BB E AR — AT B HA N E, HShnEtE
FRMBER AT s &5 UR 1557

GETERBET G, RFET-PHNETZS
S REFEAIR AL 128 [A) e AR AR, HLAA S
Jit BN ] 2 R AT SIEEG AT IR AR AN [F] T2 %A TR
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. REREAIIR A I EE, F ol A, anak
27 ~ (29) Fn.

0 =/y(x) Q7
SEC(x)=f,(x) (28)
PCF(x)=f(x) 29

O NEx& TR ETREL SEC() NHRALREFE (kgee/kg): PCF(x)
AR R (kgCO2-eq/kg)

3 MR TFAER e, g —iaFt e
IR AL MG DL R L. 2 H (ST LL I 7 A5
K SN R AR BN TZE R E, L6 Fiigts
B> B RO 4ER, KH AHP-CRITIC
HEWA R ELRE W5y, it —DEN U T 228
TN LR A VSR B A AR #E - (back
propagation, BP) fHZE AR, 5 K, 10 £F
VAL $EE 2 he R 3 IRIISEA VRS B, (HSE
B RESERUSCR . R AR A G, &R 10 5=
W BEEL Thy $2H 2 IR T Z, BuEiis %45

b5 RSD #/N T 3%

AR R 3 JR AL AR AN il EL R E ME— R AE T
ZHAT . CRETETREL AL REFE A SRR S )
RILAEFEAES. EZHELT, FE SRR
B R R LA LI o AR 43 R R B O 5
®Z%E (Dp=1-0), #L3 HArAL, 1=t (30)
Bz

min F(x)= [Do(x).SEC(x),PCF(x)] (30

3 AL RN, JEE AR 1 AN TT%EE
AT LRI X 3 %% B el A5 — T RAEBGRAE—
HAslS, R GEHED—AHAE bR, W27
FRJE T 00 RATR MO A ER AR ST AR R SR AT
AU, HAE H bR () i3 A FR i RITET
o A R IEAREE RS HERR 7778 SE A0 BRI 1Rk
Jigg, JHREE. RERBAIRR AL (8] 1A R+
KA HEMMFERRIEINET IR 7,

®7 MEARMEEKRESELERTEE

Table 7 Solution methods and scopes of application for Pareto-optimal sets

Jiik S 2 iE Y
e-ZIHE TR 1 AEARMENE AR, BHRERENONA ¢ 280 iR, HESER. 4 5871 8

M2 BB e e {H, BEAORMF HASHA, RGP ARG BT PR

AFLIH KT HH R TR

FESCHCHE PR ST SR PRIE AR SR HE I 0 8 MR D06 S5 2, B RS S OR 8 S& M) T 2~3 MMM R B, JRACE

el WL R ER, AN LR RITRER AT B BAARERGR, W] 50N
PERIZ FEfE LM S BB AA

ST Z Abs EIEPCE A2 H AR S 8 — A E ORI B hr G & HAR R E . sk R E R EA R

BEALSE
SeRE I RATHTI
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