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System Feasibility of Biomanufacturing Industry:
An Analytical Framework, Boundary Mechanisms,
and Enhancement Pathways

Yun Huimin "2, Chen Bigiang>°, Tan Tianwei>*

(1. School of Economics and Management, Beijing University of Chemical Technology, Beijing 100029, China; 2. State Key
Laboratory of Green Biomanufacturing, Beijing 100029, China; 3. College of Life Science and Technology,
Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Biomanufacturing has emerged as a strategic pathway for promoting the green and low-carbon transformation of manufacturing,
fostering future industries, and supporting the development of a modern industrial system. Existing studies primarily focus on the
maturity of individual technologies, but provide limited insight into whether a technology can be successfully deployed at an industrial
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scale under complex resource, engineering, and institutional constraints. To address this gap, this study proposes the concept of
System Feasibility and establishes a four-layer analytical framework comprising resource support, technology translation, industrial
organization, and institutional governance. Based on this framework, the concept of the System Feasibility Boundary and its formation
mechanisms are further developed. The results indicate that System Feasibility refers to the comprehensive capability of a biomanufacturing
system to achieve scalable, low-carbon, economically viable, and sustainable deployment under the combined constraints of resource
endowment, energy structure, engineering capability, industrial organization, and institutional environment. The System Feasibility
Boundary represents a dynamic boundary jointly determined by interactions among multiple system-level conditions. The low-carbon
advantage of biomanufacturing is therefore not an intrinsic property of the technology itself, but rather an emergent outcome of
coordinated interactions among resource support, technology translation, industrial organization, and institutional governance. Changes
in key factors, including resource availability, carbon intensity of energy systems, engineering scale-up capability, supply chain
coordination, and certification requirements, may lead to boundary contraction, implying that technological feasibility does not
necessarily translate into industrial feasibility. Based on these findings, this study proposes a System Feasibility-oriented development
strategy that emphasizes the coordinated enhancement of resource support, technology translation, industrial organization, and
institutional governance, while promoting a system-intelligent governance framework driven by the integration of data, knowledge,
models, and rules. By extending industrial assessment from technological feasibility to system feasibility, this study provides a novel
analytical framework for industrial planning, technology pathway selection, and intelligent governance in biomanufacturing, and
offers theoretical support for the development of modern industrial systems.

Keywords: biomanufacturing; industrial system security; system feasibility boundary; industrial system resilience; life cycle assessment;
system-intelligent governance
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