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• Industrial Symbiosis (IS) promotes 
circular resource exchange between 
industries. 

• Its success depends on trust, 
communication, and knowledge sharing. 

• H4C extend this idea into regional H4C, 
uniting industry, policy, research, and 
communities to advance carbon-neutral 
transitions.

• Studies focus on material flows, but 
communication and knowledge sharing 
remain underexplored.

• We map how stakeholders connect and 
exchange knowledge in four H4C using 
Social Network Analysis to reveal structure 
and roles.

Two networks analysed across four H4Cs – 
resource flows and communication links.
Social Network Analysis (NetworkX, Python):
→ Centrality (influence)
→ Structural holes (bridges)
→ Core–periphery (hierarchy)

• Resource production is locally 
implemented, yet relies on 
international knowledge inputs from 
research actors.

• Communication is cross-hub and 
research-driven, linking dispersed 
stakeholders.

• Highly central nodes include research 
institutions and industrial partners, 
bridging between diverse stakeholders.

• Networks show a core–periphery 
pattern, with limited peripheral 
collaboration.

Circularity is not only about technologies, it’s about how people, organisations, and ideas connect.
→ How can we collaborate more effectively across sectors?

→ What helps trust and knowledge grow among different stakeholders?
→ How can innovation and inclusion go hand in hand in circular regions?
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Fig 1. IS (industrial stakeholders) → H4C (various stakeholders)

H4Cs transform industrial symbiosis into collaborative ecosystems where knowledge flows, not just materials.
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Fig 2. Communication network of H4C
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