Highlights
1. Bio-inspired CCUS Topology
A novel bio-inspired framework merges pore network dynamics and Hebbian learning to autonomously generate cost-optimal dendritic pipelines for CCUS, resolving oversimplified geo-engineering and rigid topological issues in traditional models.
2. Multi-scale Optimization
Encoding geological, flow, and economic constraints, the model mimics porous media flow and neural plasticity, optimizing network geometry and abatement efficiency across micro and macro scales.
3. Adaptive Network Generation
Pipeline networks adapt to bimodal centroids of emission sources and storage sinks, avoiding high-cost zones. Regional case studies in China reveal diverse optimal topologies tailored to geology and economics.
4. Infrastructure Synergy
Co-locating with existing oil and gas pipelines forms "stem-root" dendritic systems, significantly reducing CCUS transportation costs.
5. Performance Breakthroughs
Nationwide simulations achieve 5.7 Gt/a (75%) and 6.5 Gt/a (85%) carbon capture at <90 USD/t for standalone and hub projects, respectively. Ningxia validation shows >80% emission reduction at <50 USD/ton, with 32k-grid simulations 5 minutes—orders of magnitude faster than traditional methods.
6. Decision Matrix Innovation
A carbon abatement matrix integrates cost, topology, and inventory parameters, enabling holistic engineering-economic analysis for CCUS infrastructure design towards net-zero goals.




