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Abstract: Driven by the global push for a “dual carbon” strategy, the green, low-carbon, and
sustainable transformation of the traditional Chinese medicine (TCM) pharmaceutical industry—a typ-
ically energy-intensive sector—has emerged as a core issue for its future development. This article fo-
cuses on a representative part of the high-energy-consumption operation in the industry: drying. On
the one hand, the article sorted out the internationally accepted carbon footprint accounting stan-
dards and further clarifies the boundaries, key emission sources, and applicable carbon footprint ac-
counting methods by considering the complexity of the raw materials and process particularity in
TCM. On the other hand, the article is not limited to a simple carbon footprint; rather, it innova-
tively introduces and expands the concept of “greenness” and builds a multidimensional evaluation
system that comprehensively considers quality, energy efficiency, resources, and the environment
for systematically exploring the applicability of carbon footprint accounting rules and “greenness”
evaluation in this field. Finally, the article maps the potential advantages, major limitations, and
optimization directions of typical drying technologies using the proposed indicators; clarifies the core

needs for the current green transformation of the TCM pharmaceutical industry; and discusses the po-
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tential of the underlying equipment iteration and digital technology in the future.
Key words: traditional Chinese medicine pharmaceuticals; carbon footprint; lifecycle assessment;

greenness evaluation; drying process; green manufacturing; sustainable development
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Table 1  Comparison of quality characteristics and key energy-consuming stages of selected typical drying technologies used in tra-

ditional Chinese medicine manufacturing
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Fig. 1  Schematic system boundary for carbon footprint accounting of the drying unit in TCM manufacturing
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Table 2 Reference inventory of greenhouse gas emission factors for drying processes in TCM manufacturing
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Table 3 Definitions, calculation methods, and primary data sources of multidimensional “greenness” evaluation indicators for

traditional Chinese medicine drying processes

E\./aluatl.on Indicator Definition or calculation Primary data source
dimension
e PRSI RE AR R =CT ™ &b BAR AN Bt /E R AR S ) x 100% PERFS AR T
R INIES ¥ = B IR A 3 T3 b/ el TR 400 ik ) < 100% BORLEIEY) . AAs 7 T 3L it
AEACR  PAQIBRKRERE  SEC=TMAEMIAERL/ KBR/K i, 0 kWhikg H,0 KBroKa . B ZER PR
PrAnere
AE IR T, =(SEBR BRI A /AT TR ) % 100% R/ . SR AR
PREMA BRI RGN SMIIREAAL T, TR P AR AT AR U BRI AR A SR R HE i
TR SRHR G T2 A ms T Y e 3] B T2 R SR A
BRIAERR R =IO A AR A )BTk ) x 100% A L IS A ] A
B 524 IR GWPHER 1=(Hhl¥2 it S xG WP, ) /A A% ™ BT, P07 kg COzeqlkg ™ it 40 78 f/ill U o . 7l v 75 b 28 %
GWP100
Hrh 5 b TAES PR LR 25 5 55 W 4 il BRAE A A S 15 00, AR &% Ry A ke e sk . IR B2 w2 .
. Bl dfE e . JIRER/BR R AE A AT A IATHRE TR 5 85 20 By SR AR e
GWP,, denotes the 100-year global warming potential, representing the cumulative climate impact of a greenhouse gas over 100 years relative

to an equal mass of COZ, with CWPmo of CO2 defined as I(GWPIOD%] 100 4= [a] U EE 4 TR bt 7 s 44 100-year global warming potenlial) , N
FR = SARHEUR 10045 4 7 A= 1 S FR AR AN 45 BT CO, A4, Hirp Co, i GWP, e 1)

3 EfIfEN: ETSHEFZEITFMERNTERARNHEE

3.1 FRIZE “B-&” HhEEM

MRS ESCRr R, FEBEAS 22500 T2 M, TR B S SR U 55 A S 390 0 S AR ER T
3 T B — R T oL A R S e DR KRR I SRR 25808, e AR BB ) A B v nof v 2 i
SPRHE AR IR e 2P ARG . T, A RE IR S 2 RN 24 T fabR
RS, W e . BEFEACR . WIER DL IR 5222550710, X S i R a4 T AR E it
ATt X B HE S AR A B SRR ROR. TR, R R R A SRR T SEbR IRy, IRk
R T2 aT REAAAE B A A e gt 5 1) .t T H RS /DG — AP S RS2 i) T 2088, AR SCAR %
KPR ARNEE EPER) CCIHET
3.2 ETSHTFMEREN TR ARFFERNT

WRHE 2,47 FIHSLHPEEN, AR TR U B AN [ B AE 15 5 58 A
3.2.1 BEETIE WIE T, Wbk, Wi TR, RyPZRE TR I T
2o rrin iR SRNA R SR IR . SRR EHE R I ) B UG, AR SRR A A
b, HOTRE N e 2 R RS R . X TRER RS SRR SN RE, TR ES T
BUREEERU R o T BB oy R, A= A T NN 22 2R SR 3R SR, (R &3
PR RE B A B B BR G fH . 852 TR RO RERE 35 Bk B SERUINEA . KWLigFT e R g, A it i



2266 SR AR (http://www.fxesxb.com) 55 45 %

L B TE B AN IR B L B A E RS . WA TR, WSS TR DR & XU
ORI AR S T A A ) . A, HSEBRER AR BLZ MR T . B T s T 20
WAEEHR o FEBRAGE— RGEA S AT LR TROL T, ANE EHEAWTH CCLKF-.

3.2.2 HZXRETHE HTWIETERIURKZEAGIASEYE RS, RIGEHZ &M M e
PR K E R, DR BRI S H i o TR TS AR H A — MG IR b, PrLI e Es
TP AL ORAP B S PR E B RNV Sy o 0 BV R TG B0 77 il 5 S B AR 2 AL 2, EK PR
RERLIF o (Al By B0 T B 25 2R RS2 L2 1 VR TR BORRERI I 3K 2 — o a7 i T
PR ARLETREE I . FHAemSTa) | 0 TR ) | BEA R DL R A RGSR G N R, XL =
HRLN FL2S IR R TR BOR B SEPRBERE . U™ S TErS VR AR P AT L . V2 BIE RIS L A5 PRI Y
HA T EAR I ESLETT, X 3RS 18 ] Sx Atk ey B A BR /K BERE o 7] v RN BT FH 21 84 1 14 50 4
T2 e H S AR i TR 1 0 A 23 5 ) T 25 PR 2 B . PR A A 7= J e 0 (4 D TS ) L2508 VR TP M
ARTEARH, (HRTEHM R LR PROTI 255 SCPRBERE . BOA el | v IH & BKF L
Bor= iR SN AT LR S AT

3.2.3 EZHAFTHE HAW TR MIRERSIFEARY R A, I id sk R 73 BOlndh 5e i
T MTYMEEER PR, YRR e N BT, BEAREIUD 22 25 MRS 5 3k dlet a
N, WRTEEG I B TR . Al , X — AR SRS T 2R IR R Al
FHUERE . RS . HZSRE . AR A B & Sy ¥ 2 so il THRRCR o iR AN s 2 il A Fa i
ANEALE R el RE R B S KRS R, L2 RGERINIFA T H T SRS RERE IR, M3
P BARRE B D By AR, ATCIE e IR R SRR 2 . M, ELAS TR SR
ACERRIE RS A7 TR —E R, (B RSE R DU I T BRI R R SL bR 17 451, 2
LESHSE O ITHEADE G . 3Pl 25 THRBORB 248 L0 $8bn/n Ve UK 3

m@ﬁ?ﬁﬁﬁ PERMRR R IR MR
HEFIGWP_ Bt HLFIGWP Bkl HRFIGWP Fyiific
Bkt ORI Bt VORISR Bk VERIER R
A nled AVRHRIUAR  AEIRIR ARG SRR vk S A
MR RE SRR R SR K AR
s T BT LELENEC

K3 3R AP PRREORM S 4, T F8bn R B rEmS
Fig. 3 Schematic mapping of multidimensional “greenness” indicators for three typical drying technologies in traditional
Chinese medicine manufacturing
The indicator profiles shown in the figure are intended only as a schematic representation of the potential advantages and limitations inferred from
available evidence. They are not calculated from measured data obtained using the same material, a unified functional unit, and identical operat-
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