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Abstract: Against the background of China’ s “dual carbon” goals and the green and low—carbon
transformation of the manufacturing industry, traditional Chinese medicine granulation processes ur-
gently require a quantifiable and comparable greenness evaluation method. However, existing evalu-
ation methods mainly focus on single indicators such as energy consumption, yield, or process type
and lack unified system boundaries, functional units, and quality constraints, making it difficult
to objectively reflect the greenness of different granulation processes. Therefore, based on the con-
cept of carbon footprint accounting, this study defines “from extract or concentrated liquid to quali-
fied granules” as the process boundary and “unit output of qualified granules” as the functional
unit. The key emission sources in traditional Chinese medicine granulation are summarized, the
greenness characteristics of different granulation and drying—forming process routes are compared ,

and a formula for evaluating the greenness of traditional Chinese medicine granulation processes is
proposed. The application of this formula is illustrated with literature cases of spray drying and fluid-
ized bed granulation, showing that it can uniformly convert energy consumption, material input,

process loss, auxiliary system operation, and quality deviation in different processes into unit quali-

fied particle output. This method can provide a reference for the low—carbon evaluation, route
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screening, and intelligent optimization of traditional Chinese medicine granulation processes.
Key words: carbon footprint; traditional Chinese medicine granulation; spray drying; green eval-

uation method; functional unit
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Fig. 1 Schematic diagram of process boundaries and extended boundaries in traditional Chinese medicine granulation processes
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Fig. 2 Main sources of carbon emissions while preparing traditional Chinese medicine granules
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Fig. 3 Applicable scenarios and limitations of key processes for preparing granules from different traditional Chinese medicines
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3.4 DURA R IR A 5189 % 7215 BF

btk — 2 A A SR 2 RAEAS )R T2 i 1, AR SGHE— L Teng 55 7 R F/NGEI
B AR A T A TR N TR AR o %F S LN B W Ak R, DK REG ), SR F T ERISE
FMACRBIRL R A THRIRLAI T, JELU=E | JRORER 2007 SOk oD R T 2 e 1 . 2564
2SR XL XBL . BEXUIMBR . B8 A . PR AR TR B RO BEVRTH AL s X R R ANSESIR B R |
FHEFIK B ARG ; X Gr5 . gk ey . IR . ISR AEL 2 A S g R A
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XX AT BRAidug, RIRALER | RAACFRANE G s ) S B R ST S B s X ek
Jo i R PR AR IR B TR 0T & H bR T RE 5 S il B &l 22 XU T 3 . A T B A W =X, AR Sk
T 23 B N I — 2030 E T 23 TR TR IR T2 AL 559 o INSEBIIR B Ky A il (ks
A, MIAN115. 4 g KVERBEF); FHEIGE T 205497, 97%, FXHERFHZ 494, 31%, F
PPk oy b 2. 66%, A5 e T TS A RURL R Qe 0. 527 2 kg, WIEHBEIAIX, O 0. 674 4 kg,
SERERRI X, 0. 031 8 kgo HH T SCRRARSZHLI AL IR UL 55 S0 e . EXUNNPABEFE B 4 25 SRR S5
Bl B e a5 . BRAE IR . RIBUCERRN S G IR T I Sl B R S 8s , ORI 4 X =X,=0, {H
ARFELIRA P P REFEF I REHEBCAE ;. T ITE T 272 MoK KT 4%, 7228 R0 JE0RHR) H 28380
JEEELR, HABPRE & B S 20K, BIRMBITE NN B AFIRE, 8X=0. [, £ k=k=k,
=k=k=1, N

0 +0.6744 +0.0318 + 0 + 0
- 0.5272

W EARTEE, %R AL A ORI B84 1. 34 kg CO,—eqlkg UKL, 1453 FEORIETH
1 SRR AR AR I R e, BB AL R R T2 AR S 7= IR i B —E %, Ww5HI
KT AR GRS R RS . YR AR AR, A — 2. [, A5 RALUTE ENIE A
ST RN T EAE YRR o R S A TR i 262 XU 7 TR 22 5% . 75 S 2
HI T AIRGIE RN SLPRREFE R B) R o8, A ROUE Ak - TER AN, AREZ
TEW SRR IE . A Ja SRR AL IR B i A . BEXUNIBAEERE S B R Geil st , I ib— ¢
TR T AR L2 2 2 B AL
4 BReWIRENAY PG RRERAAL BRI

IR R SRR IE . R TERSRAE L OB S SR SE 2 I RS, IR
IEREAPOE LB /RN R WSS AR, ekt . Skh . BEDERI LR BN #E . Blitt, ARk
I HIFS B L ENAN B, Bt HbR ., LERRMg e B RN BT BeEdiT it (QbD)
B BTRIET SO PR R, HA ORI T R R . SCHY R R E R SC B TSR, I
I B AR i LA SRR E 0 RPN, ATBISEE KR RS A T
AU L A RO PR B R SR S AR ORI R B SRR, A5 SR . MERHE R HEXUXE . L
1. RiEHRES TS, R Box—Behnken Bit . WO G BT EGEAE FE - S I A R 22 2%
LA, WU TOR SR A AR R ) BT A ) 1 AR 0 B SUAMAE T AR & B B i S5
HAE, EAET R HORAE = a8l 3R TAHURIE, I T2 & d BaiisR “BrEmit” #im
PR - hE.

TEAE P PERRR, ERAFHEA (PAT) . AN LR RERIETALBOR 0 BE— S AR 25 R A2 P 1Y
PP 9% o @I OGIHERI PAT Y25 5 n] SCBLHP R s B i e b 5K & TR TE25W sy (APD) S
SIATIRZS B SEIP I, A BT BT . ZnBA | R AR R 22, TR AN L BE A RE
PRENFIR TR, SEBLESERIG 0 EHEERt b, ANTAZMY . ScRem B PLE: 1 ikl
MTENLEEYE . TESHRABTREAURZ MM IRV ER S C R, RATINRDRAS | FLBRE . Jish
PESFIBPRAE R o B a G AR HIE M T A EBOR, nSEBUE RRRAS B . S AR GE
FEBENTER . A, syt R Tt . B BURAE | B R AIE LR BEAT PR S P 3K
ey, REACEOR H AT G SRR B S TR, MARE BRI EM A BimE,
HREZR EALDAL B2 A th 230 KB 1) Bl #a . I AEal I . S5 Rl B SRS al PR 8%
KB

5 BEERE

AR R 2RI A b RGEA FAGE— . DIRERALAE . FTR MM L8] Tt
Pegg s SF e, BT e B E R, fe TR CRALS BRI T A O RE ALY 2 RSk
AN TR, JFiE— P T AR A ZDTRGREEIRAE . PR . SRR Bl

Y

~ 1.34 kg CO, — eqlkgPki#(3)
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B RGBT 22 R RS —HEZE, TN RASE TR SIRBEREEER MR,
R DR AR A B AL S R BURL BT 75 1 HE B 28 5 BB AR o e b vl SE 2 WM P SR A R L . 5% 25 6 55
TEAEAFEYEURTE . Bt BRI L2 T i 2 (aAbid il .

B, AR T AU TR SRR B, 32 B T 90 5 RO A0 2 T SCRR L
PEREAT /R PIESIE, iz S A b e BB NRERE . R | TEYE . EFIARRE IR T
BRI SR 3% s I, R AT SCHROR Se B R (1 X ~ X P RUnis sh il . PRIMAR SCAAE
ARG 251 T R AR AL AL P O S R B A A SR B A, MO ANBE S8 B R SE AR P A A 4%t
BRACIAZ S . GBI 4h & v 25 7 Al FLSE P S, W27 TR M HERA T | AU A i 5
BEATRE— AL, (R0 5o T h 2RI A A AL HE O 8t %, IR PR S S OK R R
BEL Wit k. AR PR R ARRE SR R TR R S B . AR EE PAT, A
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