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1. Introduction

Construction and Demolition Waste (CDW) constitute approximately 35—40% of total waste generation in Europe
(Eurostat, 2023). Within CDW, wood fractions present significant opportunities for reuse, recycling into engineered wood
products, and integration into bio-based value chains (Pomberger et al., 2017). However, recovery performance depends
strongly on wood sorting efficiency, and waste logistics planning. In many regions, including Greece, CDW systems
remain fragmented, with limited integration between construction-site practices and regional recovery infrastructure.
Material Flow Analysis (MFA) provides a systematic framework for quantifying material stocks and flows within defined
system boundaries (Brunner & Rechberger, 2016).

Within the W2W project, a scenario-based MFA tool is currently being developed to support data-driven planning of
wood waste recovery systems at construction-site, regional, and national levels. The objective of this work is to present
the conceptual design and modelling architecture of the tool, demonstrating how sorting efficiency and spatial system
scenarios can support infrastructure optimisation and circular wood valorisation strategies.

2. Digital Tool Design

2.1 Conceptual Framework

The tool is structured around a layered system logic linking four levels: (i) Wood Waste Sorting System, (ii) Logistics &
Investment, (iii) Circularity, and (iv) Hubs for Circularity (H4C). Two interconnected scenario dimensions form the
analytical backbone of the design.

The first dimension concerns sorting efficiency scenarios, focusing on operational parameters influencing recovery at
sorter level. These include wood particle size, pre-treatment level, contamination level, material homogeneity, input
volume stability, and target purity requirements. These parameters determine sorting efficiency values, which directly
affect recoverable wood volumes and residual fractions.

The second dimension concerns spatial and logistics scenarios, addressing system-level planning variables such as
centralised, decentralised, or hybrid configurations of sorting facilities; facility location; number and capacity of facilities;
catchment area; transport distances; and investment requirements. These parameters define how waste flows from
construction sites to sorting and recovery facilities.

The two dimensions are interdependent: improved sorting efficiency influences capacity requirements, while spatial
aggregation may enhance operational stability and economies of scale.
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Figure 1: Layered System Architecture Linking Sorting, Logistics, Circularity and Holistic Circularity (H4C)

2.2 MFA Model Architecture
The digital MFA tool, developed in Python, is based on the modelling framework described in Horizon Europe
Wood2Wood Deliverable 5.1 (CDW flows valorisation and digitalisation (version 1)). The present section summarises
the architecture implemented in that deliverable. The tool integrates:
e Quantification of CDW flows using EWC classification (e.g., 17 02 01 for wood),
Automated mass-balance validation,
Sankey diagram generation across value chain stages,
Baseline and enhanced scenario modelling,
Forecasting of waste quantities up to 2030,
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e Integration of regional and facility-level datasets.
Material processing efficiency is incorporated at each node. For every scenario, the model estimates recovered clean wood
volumes, residual fractions, facility-level inventories, and capacity utilisation rates. An optimisation module enables
structured comparison between baseline (e.g., limited sorting) and enhanced configurations oriented toward higher
recovery or improved spatial planning.

2.3 Case Study Context

The framework was being calibrated using regional data from the Evoia region (Greece), representing a mixed urban—
rural context with moderate CDW generation. Baseline and enhanced sorting efficiency scenarios were combined with
alternative spatial configurations (centralised vs hybrid systems). Input parameters included regional CDW quantities,
estimated wood fractions, sorting efficiency ranges derived from literature, and indicative transport distances.

3. Design Outcomes and Expected Analytical Capabilities

3.1 Sorting Efficiency Modelling

As the tool is currently in the design phase, the focus is on establishing a clear and structured modelling framework rather
than presenting empirical results. The model architecture allows systematic variation of particle size, pre-treatment level,
contamination, and input stability to assess their influence on recovery performance. This enables future evaluation of
how improvements at construction-site level may increase recoverable wood fractions and support higher-value
valorisation pathways.

3.2 Spatial Infrastructure Assessment

The spatial scenarios enable comparison of alternative infrastructure configurations. By linking sorting efficiency
assumptions with facility throughput and catchment area, the framework supports estimation of required sorting capacity
under different planning conditions. The model structure is designed to evaluate trade-offs between economies of scale
and transport constraints, supporting strategic decisions regarding facility size and regional aggregation.

3.3 Integrated Scenario Architecture

A central contribution of the tool design is the integration of sorting efficiency and spatial planning scenarios within a
single MFA environment. Cross-combination of parameters enables exploration of how construction-site practices
influence regional infrastructure requirements and circularity potential. The architecture ensures internal mass-balance
consistency and is designed for future integration with Digital Product Passport (DPP) datasets and Life Cycle Assessment
(LCA) modules, in alignment with European circular economy policy objectives (European Commission, 2020).

4. Conclusions
This study presents the conceptual design and modelling architecture of a scenario-based MFA tool for optimising CDW
wood waste systems.
The contribution lies in:

1. Structuring sorting efficiency parameters into a coherent modelling framework,

2. Integrating spatial system planning variables into MFA-based infrastructure assessment,

3. Enabling combined scenario analysis across operational and regional planning dimensions,

4. Establishing a scalable foundation for future quantitative evaluation of circular wood pathways.
Although still in the design phase and under validation, the tool provides a solid and promising methodological foundation
for data-driven CDW planning and circular wood management.
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