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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 concept
of carbon footprint accounting, this study defines “from extract or concentrated liquid to qualified
eranules” 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 formu-
la 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 fluidized bed granula-
tion, showing that it can uniformly convert energy consumption, material input, process loss, aux-
iliary system operation, and quality deviation in different processes into unit qualified particle out-

put. This method can provide a reference for the low-carbon evaluation, route screening, and intelli-
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gent 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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TR B HABARHRN ;. X R R0 . AR denty . DRI . XA R RIFE S ke el Rt X0
FBCEEDE . BRANEIE . PRIRACEE . A BN IR T ) S B R TR B . X R RO R
PEIR IR BT T 5 H RIS o] GE S e B 22 XS L. BT B A 7, ASCGEEZIIT X
23 ) NI —ZHE0E T 208 T n i AR T 2RI L, 559 o /NS E Ry M Ak R, TN
115. 4 g KV RFEA ] BTRERIE T 20 P72 54 97. 97%, X FORHR R J594. 31%, “FX)5= 5ok sy
2. 66%. PEMTT AR 8 Q, 0., 0 0. 527 2 kg, PPEHEAINX, 4 0. 674 4 kg, HFRILIA X,
470.031 8 kg, HI T SCHRARIZALIR AR & S b8 . HERUNIBRBRERE B i 2 M B DL S R fri
Ui BRARdis . WA G A ) S ) R, WA RIS 4 X =X,=0, (HARFELRR AT
HREREFIA BN RAEHBCNE s BT L2200k T 4%, P20 R0 2 20Kk, HABPRL
SEREIFEEOR, BENGRIMTFEEI R EAFIRE, 8X=0, 3, & k=k=k=k=k=1, N

Y:0+06MAJ££?8+0+02134@CQ_6M%%ﬁ: (3)

W BRI, %R A A A ORI AL 54 1. 34 kg CO,—eq/kg UKL, 1225 9 F ERIE T4
B JRCRLR A SR AR I R, BEHIRAL R IR TS e MR i B — e i, 5w
KT ARG S R R R . PRI BRI G — B [F, 345 R TR FDIE 1A%
SCA AT HF RGN T2 M ZRAE PR R | R T 25 XS T TR A 25 57 . T R A 2
B T AR AR L PRRERE R B RGBT R SR AU E A A 208 A R, ARFEZ
T2 e E IME . A R SRR I A B . BEXUIARERE LBl ) R iR e, Wi — 58
FH I AR T2 &N E B,

4 Bee ISR P2y H R R AR BR 1R

RS R SRR . RG] . TSR BRI Z S S 2 R E RS, B E
ENEAOE LR B 202 EAEH, W hdes . fik . BEIRFIRIMAIIR THAE, B, kakik
R aiT# B T AR B, K Bts bR, TR BN F BNt BT % (QbD)
AR BRI T RO A R, AL ORISR BRI . SRR R R TS, I
W BT A )4 L2 SRR @ . TR F, WSS OKER L R L A
VEHICE . AR08 DRV AR B AR ORI L S48 hR , 25 BERGIREE | BRRLEOR | EXUXE | 4k
BT, BiEFIES T2, R Box—Behnken Bit . WOV & BT BOB S EE - 1A (S RE M2 M 2%
Sk, WA TR I T AR RS E R BT s TR) R LA B SURNAE T AR & B B i SE I8
#&, EAET RO IR 8l . IR THURIE, LIk b aiisR “BrEmit” Fin 5
BRI et

TEAE PR, SRR EOR (PAT) | AN T REFIE AL BOAR T BE— 5 R A v 25 R Fe v 1
FatkiR 2% . @RISR PAT W45 & T SCBL PRI B E R B b K & L TR PEZ5 % (AP & & L Ho oy

~ 81.47 kg CO, — eq/kgiki (2)
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APRASHY S, A BY T I BT . ZniifA) | BRI (i 22, M TR AR AN B2 A RE A
NFIR TG, SEBLESERE . FEMAEAE b, N TEmzs | SCRpn Bl ikl T
SeRtENE . TESERBR AR Z AL ERUR R, SRATHINBTRC A | FLBUR . REh 1S m
GER PSSR SR TR A BOR, nTSEBLE RSN . SRS AR A RERED B
A, ZH R SR . SRR E | R REE RS R A IR S F, B RELEAR
H A& SR S TR, mARS SR EEMR S . Bms, Heyiipeisk @it
B MK FE ) BRI AR, ZPRATE | e el PR RS SR A

5 REERE

AR R R 2R AR AL PN TP REIAFAGE — . DIRERLLAIT . FTR AW S LM At
YA S, BT SRR, feih TR CRALS SRR T A% O RE SRR P 2 R Ak
ALV Tk, I — P TR EARREE PPN A T IR REBUNFE . RN . IR Hl
B RGBT BT W22 RS —HELE, A T2 RAESETE T2 AR . BIRBEREEER MR,
R PR AR A SR AL SR BURL BT 75 1 HE B 22 S BB AR 0T o e b nl S 2 WM L SR A R KL . 5 25 L 55
TEAEAFRYEURNE . B b L2500 T isk ol ik,

B, AR T A TR R R B, 32 B T 59000 5 ROBESH A 2 T SCRR L
PEREAT /R IESAE, ik Z HSCh 24 b SE BB SN RERE . R L VR JRFEAREE . IR T
IR S8 3% 5 RN, RO A TF SCHROR Se B4R I X~ X P e JRUAnii sh Bl . DRI AR SCAAE
WA S 25 AF T R 8 PR AL BB S BBt W A SO T B A, 1 ASRE S8 A LS AR 7= 2 T RO 260
BRACTIZ T JESWR R4S & 20 A il H S St , XRNZI7IEAMERIE | FeE PEAE HTA 5
BEATRE— AL, (R0 5o T h 25 DRI A A AL HE O 8t %, IR PR 5 S OK R R
FEL AN R . A RORS R R AR RS R EE PR R S S . AR A5G PAT. A
TAREFE T TIBOR, s b2l 25 et “BrE MR -med” thlEffessd, by
TolbZr el . T2RMRAMIRBRA R AT k3%
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