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The Structure and Operation Mechanism of Composite
Industrial Ecosystem: A Case Study on Circular Ecological Economy

ZHENG Shanshan', LI Bin®

(1. School of Business Administration, Capital University of Economics and Business, Beijing 100070, China;
2. School of Tourism Sciences, Beijing International Studies University, Beijing 100024, China)

Summary: Industrial symbiosis serves as a pivotal step in transitioning from a linear economy to a circular economy and
achieving sustainable development. Analyzing the architecture and operational mechanisms of the composite industrial
ecosystem formed among multiple sectors holds significant theoretical and practical value. Drawing from the holistic and
dynamic perspectives of traditional Chinese philosophy, this study employs an inductive paired-case study methodology and
abductive logic of reasoning. Following theoretical sampling principles, it selects two emblematic models—the historically
classic “mulberry-dyke-fishpond” model and the contemporary “fishery-photovoltaic integration” model—for comparative
analysis. Through identifying commonalities in diversities, it elucidates how composite industrial ecosystems achieve
coupling among system elements and the corresponding process mechanisms under the interwoven Sheng (mutual
promotion) and Ke (mutual restraint) relationships.

The findings are as follows. First, composite industrial ecosystems can establish architectures and operational
mechanisms characterized by both positive and negative coupling between two or more industries, thereby constructing
circular ecological economic systems. Both the “mulberry-dyke-fishpond” and “fishery-photovoltaic integration” models
embody multidimensional interactive relations that are simultaneously Sheng and Ke. The interplay of the relationships
constitutes the internal condition for the continuous evolution of composite industrial ecosystems. Second, the mutually
restraining industries can empower their counterparts through the mutually promoting relations, resulting in a qualitative
change of composite industrial ecosystems. Through the interwoven Sheng-Ke dynamics, industries can drive qualitative
changes in specific system elements during particular developmental phases. The “fishery-photovoltaic integration” models
validate the “three Sheng and one Ke” relational configuration inherent in the “mulberry-dyke-fishpond” model. Third,
sub-ecosystems within a composite industrial ecosystem operate autonomously through their respective internal cycles while
simultaneously interconnecting into a macro-cycle via an “8-shape” trajectory.

The theoretical contributions of this study are threefold. First, through paired-case analysis, it clarifies the process
mechanism by which composite industrial ecosystems achieve material closure in cycling, addressing a theoretical gap in
industrial symbiosis research regarding circular attributes and their realization logic. Second, it reveals the architectural
foundations and endogenous drivers that enable the perpetual regeneration (endless Sheng) of composite industrial
ecosystems. Third, by introducing a “relation-process” explanatory paradigm distinct from substantialist ontologies, it
embeds Chinese wisdom into circular ecological economic research.

Key words: composite industrial ecosystem; ecological economy; circular system; separation of time and space
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