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Circular Intelligence as the integration of Artificial Intelligence, Big Data Analytics, and the Internet of Things in
operational circular economy models.

A circular economy is commonly described as an economic system in which materials do not become
waste and nature is regenerated, keeping products and materials, including complex biological streams such as
lignocellulosic biomass, in circulation through maintenance, reuse, refurbishment, remanufacturing, recycling, and
composting (Ellen MacArthur Foundation, 2019). International standardization efforts reinforce this systemic view
by defining key concepts, principles, and implementation guidance for organizations transitioning from linear to
circular models (International Organization for Standardization, 2024a). However, moving from principles to
operational performance requires continuous visibility of material flows and fast decision-making across multiple
actors.

Circular Intelligence can be positioned as a digital-operational layer that combines Artificial Intelligence
(AI), Big Data Analytics, and the Internet of Things (IoT) to close information and control loops in waste
management and resource recovery systems. Within the broader “smart circular economy” literature, digital
technologies such as IoT, big data, and Al are treated as key enablers that connect circular strategies with analytics
capabilities and real-time execution (Kristoffersen et al., 2020). Systematic reviews also highlight how specific
digital functions (for example, sensing, tracking, prediction, optimization, and coordination) can support circular
economy strategies across the value chain (Liu et al., 2022).

From a control perspective, Circular Intelligence operates through a recurring loop: (1) actions and
physical states such as the moisture content, chemical composition, or degradation levels of lignocellulosic
biomass generate data, (2) data are integrated and cleaned, (3) models learn patterns and produce forecasts or
prescriptions, and (4) decisions are executed, creating the next set of data. This feedback architecture is relevant
for constrained environments such as islands, where logistics, capacity limits, and seasonal variability increase the
value of adaptive scheduling and material traceability.

Differentiating isolated AI applications from dedicated Circular Intelligence platforms

Distinguishing between isolated Al applications and dedicated Circular Intelligence platforms is essential for
research design and implementation planning. Standalone Al solutions typically target a specific process (for
example, image classification for sorting or optimization for routing) and may deliver local efficiency gains
without ensuring traceability across the full life cycle of materials. In contrast, Circular Intelligence platforms are
designed explicitly to support circularity by integrating heterogeneous data, coordinating multiple actors, and
tracking materials across life-cycle stages (Kristoffersen et al., 2020; Liu et al., 2022).

Five differentiating attributes are consistently emphasized in the digital circular economy literature (Figure 1):

e Full life-cycle perspective: trace materials from generation through multiple valorization pathways, not only
“end-of-life” handling.

e Heterogeneous data integration: consolidate operational, commercial, regulatory, and environmental data into
a unified material-flow view.

e Circularity-oriented prediction: forecast not only service demand, but also the availability and quality of
secondary materials, particularly critical for the seasonal and heterogeneous supply of lignocellulosic biomass
destined for biorefinery processes, for recovery markets.

e Multi-actor coordination: connect generators, operators, recyclers, manufacturers, and authorities through
shared data and process rules.

e Explicit circularity metrics: compute closure of material loops, extension of product life, and contributions to
circular economy objectives; measurement standards such as ISO 59020 provide guidance for consistent
indicators (International Organization for Standardization, 2024b).

e A practical illustration is CoCircular’s 360° advisor, a commercial platform focused on end-to-end waste
traceability, compliance documentation, and decision dashboards for recovery and valorization. CoCircular
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presents customer cases reporting that non-hazardous waste valorization can exceed 85% when workflows,
documentation, and contractor engagement are digitized and monitored (CoCircular, 2024).

Five Differentiating Attributes of Circular Intelligence Platforms
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Figure 1. Five differentiating attributes of Circular Intelligence platforms.

Conclusion

Circular Intelligence provides an operational approach to make circular bioeconomy goals measurable and
actionable in solid waste systems. By integrating IoT sensing, big data analytics, and Al into closed-loop decision
cycles, organizations can reduce collection and processing waste and increase recovery. This enables the high-
value valorization of lignocellulosic residues through advanced biorefineries into bio-based economy loops and
document compliance and environmental outcomes in near real time. The highest value is reached when isolated
optimizations are elevated into platform-based coordination and standard-aligned measurement.
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