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Achieving the EU’s 2030 circular economy targets for municipal waste requires decision-support approaches that
reflect measured operational performance, locally applicable tariff mechanisms, and geographically constrained
logistics. This study proposes an integrated forecasting and spatial decision-support framework for the Regional
Association of Solid Waste Management Agencies of Peloponnese, Greece—an area characterized by rugged
terrain, pronounced seasonal variability in waste generation, and a centralized Public—Private Partnership
management scheme. To ensure practical relevance, the framework adopts the 2025 Holistic Strategic Plan of the
Peloponnese FODSA as its operational baseline. The scientific novelty lies in combining (i) multi-source, validated
operational datasets from a real regional system, (ii) tariff dynamics consistent with the Greek regulatory context
(gate-fee indexation and landfill tax trajectories), and (iii) terrain-aware network optimization on a constrained
road graph, to quantify threshold conditions for financial feasibility and logistics performance under target-aligned
scenarios.

The research is in progress and currently includes data consolidation, validation, and scenario design
using five years of operational records: financial accounts (cost and revenue streams), daily municipal transport
logs, and weighbridge transactions capturing realized tonnages by municipality and trip. The economic component
represents FODSA-specific charging provisions and adjustment mechanisms, including CPI-linked gate-fee
dynamics, compensatory benefit payments to host municipalities, and landfill tax escalation pathways under the
national circular economy framework, enabling scenario-based assessment of cost recovery through municipal
levies and incentive mechanisms (Panaretou et al, 2016; Guide for Greek Municipalities, 2020). Separate biowaste
collection is modeled explicitly because it reduces residual waste flows and exposure to landfill taxation and can
alter collection and treatment cost structures under alternative configurations (Izquierdo et al, 2020; Ermayendri
et al, 2025). By recalculating the energy and time 'cost' of collection routes on steep gradients, this study re-
evaluates the infrastructure requirements and separate biowaste fleet proposed in the 2025 Holistic Plan under the
region’s specific topographic constraints.

The logistics component evaluates collection and transfer operations under real-world road constraints
(e.g., one-way links, turn restrictions) and terrain-sensitive impedance. The road network is represented as a
weighted graph where edge costs capture distance and, where available, slope/gradient effects derived from Digital
Elevation Models. Least-cost paths are computed with standard shortest-path methods (e.g., Dijkstra and A*), and
the system is evaluated under operational constraints reflecting fleet capacities, facility locations, and
municipality-level waste flows derived from weighbridge tonnages with seasonal variability. Performance is
assessed by comparing a Current State (empirical routing and allocation patterns) with a Target State (target-
aligned network utilization consistent with the 2025 regional strategy; Peloponnese FODSA, 2025), quantifying
changes in travel demand and transport-related cost proxies attributable to transfer-station use and diversion
scenarios (Chalkias and Lasaridi, 2009; Sallem et al, 2021; Herrera-Granda et al, 2024; Karimipour et al, 2017).

Preliminary application to Peloponnese operational data indicates measurable shifts under target-aligned
configurations. Strategic utilization of the Transfer Station network is projected to reduce total municipal vehicle
travel distances by approximately 12.5% relative to current routing patterns, while maintaining service
requirements associated with additional biowaste collection. Economic simulations indicate that, although unit
treatment costs are sensitive to inflationary conditions, the overall municipal cost burden can be mitigated through
reduced residual landfilling (and corresponding landfill tax exposure) combined with optimized transfer logistics.
Across scenarios, early results identify critical threshold conditions for full cost recovery, highlighting the role of
high source-separation performance—particularly for separate biowaste collection—supported by effective pay-
as-you-throw incentives, with feasibility emerging when biowaste source separation exceeds approximately 40%,
a threshold that is significantly impacted by terrain-sensitive logistics costs.

To strengthen methodological credibility, the study applies cross-source validation checks (consistency
between transport logs and weighbridge records; reconciliation of aggregated tonnages with financial charging



bases) and incorporates sensitivity analysis on key parameters (capture rates, CPI-linked gate-fee adjustment,
landfill tax trajectories, and collection frequency assumptions). The framework is intended as a practical decision-
support tool for regional authorities to evaluate EU 2030 pathways under realistic financial and logistical
constraints and to prioritize interventions that jointly improve network efficiency and economic sustainability
(Melaré et al, 2016; Gutierrez-Lopez et al, 2023).

Conclusions

The integrated framework developed in this study provides a robust, evidence-based roadmap for the transition of
the Peloponnese region toward the EU 2030 circular economy targets. By synthesizing five years of high-resolution
operational data with the strategic directives of the 2025 Holistic Plan, the research transitions from theoretical
waste management modeling to an empirically validated decision-support tool.

The findings underscore that logistical efficiency in topographically complex regions cannot be achieved
through distance-based metrics alone; instead, a terrain-aware approach is essential for realistic cost estimation
and fleet dimensioning. The projected 12.5% reduction in municipal transport demand highlights the vital role of
the Transfer Station network in mitigating the geographical constraints of a centralized management scheme.

Furthermore, the identification of the 40% threshold for biowaste source separation serves as a critical
benchmark for regional policy. Below this level, the financial burden of landfill taxes and collection overheads
threatens the economic stability of municipal budgets. The results suggest that reaching this threshold is not merely
a matter of infrastructure but requires the strategic integration of economic incentives, such as PAYT mechanisms,
and the dynamic adjustment of gate fees to reflect real-world inflationary pressures.

In conclusion, this study demonstrates that the convergence of data-driven forecasting and spatial
optimization can significantly enhance the credibility of regional waste management planning. The proposed
framework offers a replicable methodology for other Mediterranean regions facing similar challenges of
seasonality, rugged terrain, and the need for rigorous financial cost recovery within the circular economy
framework.
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