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Digital Reconstruction Mechanisms for Supply Chain Resilience in China's
Biopharmaceutical Consumables Sector under Geopolitical Risks
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Abstract

Against the backdrop of intensifying geopolitical competition and global biopharmaceutical
supply chain restructuring, Chinese biopharmaceutical firms face systematic security challenges
in critical production consumables. Key inputs such as single-use bioreactor bags,
chromatography resins, filtration assemblies and cell culture media remain highly dependent on
Western multinational suppliers. With the BIOSECURE Act incorporated into the U.S. federal
legislative framework, together with export controls and friend-shoring policies, supply chain risk
has shifted from a commercial efficiency issue to a strategic question of national security and
industrial resilience. Drawing on resource dependence theory, normal accident theory and
dynamic capabilities theory, this paper develops an integrated analytical framework and
examines import dependence, tight coupling, domestic substitution barriers and digital
reconstruction mechanisms in China’s biopharmaceutical consumables supply chain. It argues
that digital twins, generative Al and agentic Al are evolving from tactical efficiency tools into
strategic resilience infrastructure. Digital twins reduce process substitution risks through virtual
validation; generative Al mitigates information asymmetry through multi-source intelligence and
supply chain knowledge graphs; and agentic Al improves network reconfiguration through
autonomous decision-making and compliance orchestration.
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