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Abstract 

This review paper synthesizes the early findings and lessons learned from the Ankara Hub 

established under the Horizon Europe Project entitled United Circles, with a particular focus on 

construction and demolition waste (CDW), digital traceability, governance innovation, industrial–

urban symbiosis (IUS), and low-carbon material innovation. Designed as a regional Hub for 

Circularity, the Ankara Hub integrates technological innovation, digital material passports, waste 

traceability platforms, industrial symbiosis matchmaking, and social innovation to accelerate the 

transition towards resource-efficient and climate-neutral construction value chains. 

A defining feature of the Hub is its multi-stakeholder governance model, which provides financial 

and administrative flexibility while operating independently of any single institution. By bringing 

together municipalities, national ministries, industrial actors, SMEs, civil society organizations, 

technology providers, and academic institutions, the Hub enables coordinated action while 

maintaining the agility required to pilot, validate, and scale circular and low-carbon solutions. 

The paper reviews the regulatory and market context of CDW management in Türkiye, identifying 

data gaps, informal practices, and fragmented governance structures that hinder high-value 

recovery and climate-positive material use. It then outlines the Hub’s methodology for mapping 

CDW flows, assessing secondary raw material potentials, and identifying industrial symbiosis 

opportunities across cement, concrete, aggregates, prefabricated construction products, and related 

industries. As a core upgrading step, the Hub is engineering an X-ray transmission (XRT) sensor-

sorting line to convert heterogeneous CDW into specification-grade mineral products. Single/dual-

energy XRT features, supplemented by RGB/NIR/laser cues and an induction stage for metallics, 

enable particle-wise separation on a monolayer belt (approx.10–90 mm). Pre-characterisation at 

external OEM test facility established class separability and threshold windows; ongoing final 

characterisation will set sorter set-points and product recipes to meet EN 12620/EN 206 

requirements. Target KPIs for the demonstrator are ≥90% product purity, ≥85% mineral recovery, 

and <1% organics carry-over, with lot-level quality and provenance recorded via digital material 

passports. In this context, particular attention is given to the accelerated carbonation of concrete 

waste, including the carbonation of hardened cement paste (HCP), as a pathway to utilize end-of-

life concrete as a carbon sink. The review discusses early conceptual and experimental studies on 

carbonation reactor technologies that enable permanent mineral CO₂ sequestration while 

producing carbonated concrete fractions suitable for reuse in cement and concrete production. 

Building on these early-stage studies, the review further examines laboratory-scale investigations 

carried out within the Ankara Hub on the alkali treatment of waste wood and the subsequent 

production of cement-bonded boards combining alkali-treated waste wood fibers with carbonated 

cement produced via the carbonation routes described above. While the reported results focus on 

material compatibility, process feasibility, and preliminary performance at laboratory scale, they 

are framed as preparatory steps towards a First-of-a-Kind (FOAK) industrial implementation, 

aimed at translating these coupled carbonation and waste-wood valorization pathways into scalable 

manufacturing solutions. 



Within this framework, the review further examines the IUS approach adopted by the Hub and the 

enabling role of digital platforms for material offer–demand matching, digital material passports, 

and waste traceability systems that support transparent monitoring of CDW flows in alignment 

with European circular economy and climate mitigation frameworks. Additionally, the paper 

highlights collaborative governance models reinforced by digital tools that connect municipalities, 

industry associations, SMEs, technology providers, and citizens. 

Finally, the review addresses the Hub’s social innovation dimension, including stakeholder 

engagement, co-creation workshops, and capacity-building activities aimed at shifting the 

perception of CDW from “waste” to “urban mine” and “carbon storage resource.” The paper 

concludes with recommendations for replicating similar circular and climate-positive hubs and 

identifies research gaps related to carbonation technologies, governance models, digital 

interoperability, cross-sectoral KPIs, and sustainable financing mechanisms for circular CDW 

ecosystems. 
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