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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-

tential of the underlying equipment iteration and digital technology in the future.
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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

Drying tech-

nology Drying quality characteristics Key energy-consuming stages
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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

X .. . Emission 5 Data
Category Energy/input Application scenario Unit
factor source
Bl A HL O P-4 ] g UK As . BREIAE . SIKML, AR VR TRILMIESR 0.5703 kg COseq/  [2]
CIRSEkE kWh
e TolbZE¥R (0. 8~1.2 MPa) W55 T4 . AU 1 XU A 21 1 [ 22 i AR 5 0.34 kg COzqkg [16]
e R 5555~ 45 2 PR TR Rk e 4 2.16 kg COzeq/m® [17]
TR A TR PSS TR R . P T i MO AR IR 190 kg COseq/kg  [14]
F U IRTE 5
TR ESpRiEiR i WMTHICETE | BRI BR s T 2R 0 L4 3.64 kg COseqrkg  [18]
R TR L T HPRHR I B Be I, RS e TR Pl R 1.45 kg COxeq/kg [19]
B il 45 R404A BT QPR A8 1T LSRR P kiRIR AL 3922.0 kg COzeq/kg  [20]
AT afifpok T AHR 1 B 5 1 K, DR R A A R T Uk 0.26 kg COzeq/m® [17]
&R ol Kk Ak 3 b IR TR A VR A 1 R A LR R 0.65 kg COxeq/m® [21]
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Table 3 Definitions, calculation methods, and primary data sources of multidimensional “greenness” evaluation indicators for

traditional Chinese medicine drying processes

Evaluation

PR Indicator Definition or calculation Primary data source
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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-
ing conditions; therefore, they do not represent measured indicator scores, CGI values, or industry rankings for the respective technologies. ([&]
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