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INDUSTRIAL SYMBIOSIS: LEVERAGING INTER-FIRM 
PARTNERSHIPS FOR SUSTAINABLE DEVELOPMENT
Manufacturing and production operations are critical to the functioning of modern society – 
providing essential goods and services and supporting economic development. However, there 
are also significant environmental burdens connected to these processes such as increasing 
greenhouse gas emissions, increasing natural resource consumption, waste generation, and energy 
use. For instance, the manufacturing sector is estimated to be responsible for a fifth of the global 
carbon emissions, and global waste generation (and associated energy and resource consumption) 
are expected to double by 2060. Inspiration from biological ecosystems, which have evolved to 
maximize resource utilization and reduce waste, provides a promising solution to this conundrum – 
Industrial Symbiosis. 
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Industrial Symbiosis is the practice of building inter-firm partnerships, where the waste or 
byproduct of one firm can be used as raw material by another firm – promoting economic 
benefits for participating firms while reducing environmental impacts. The success of the 
Kalundborg Industrial Symbiosis, in Denmark, highlights the significant benefits of this approach. 
However, many Industrial Symbiosis initiatives fail in the early stages due to challenges such 
as the lack of knowledge regarding strategic network organization. Additionally, successful 
Industrial Symbiosis operations require the buy-in and adherence from multiple participating 
firms. In this presentation, I will discuss how we can quantify novel network design principles 
inspired by mutualistic biological ecosystems and the potential economic and environmental 
benefits of using such principles to design Industrial Symbiosis networks. I will also discuss the 
potential of network analysis metrics as benchmarks for Industrial Symbiosis development – 
without requiring sensitive firm information. The goal of developing such benchmarks is to enable 
comparison and knowledge transfer (regarding network organization) from mature Industrial 
Symbiosis networks to support the advancement of new Industrial Symbiosis networks. Finally, I 
will discuss how Industrial Symbiosis can enable sustainable clean energy waste management, 
promoting critical materials recovery. 
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