Influence of food loss and waste prevention actions on urban waste management
systems
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Introduction: The increase in food consumption associated with economic and social development has
intensified food loss and waste (FLW) generation and the impacts derived from food production, leading
to the inclusion of FLW prevention as a priority objective in the UN Sustainable Development Goals
(SDGs). Even so, there remains a significant gap between the goals that have been set and the results
achieved. This is partly due to the diversity in FLW generation patterns, which leads to variations in both
the amount and composition of FLW, making it difficult to scale up prevention actions and apply them
effectively across different contexts (Reynolds et al. 2019; Yu et al. 2022). This work is based on the
hypothesis that the implementation of FLW reduction actions modifies the composition of FLW and,
consequently, affects the systems used for its management. This hypothesis is tested at the regional level,
providing a methodology that can be applied in regions with similar characteristics. In this way, the results
can support the alignment of waste management policies with policies aimed at achieving the SDGs.

Material and methods: Existing FLW prevention and reduction actions in Gipuzkoa region (north
of Spain) were reviewed, and a redistribution action was selected for analysis. This action affected only the
edible fraction of food waste (specifically the categories Vegetables, Fruit, Dairy, and
Bakery/Confectionery), the inedible fraction remained unchanged, as food redistribution does not imply a
modification of consumption practices. In addition, it was assumed that a portion of the redistributed food
would still ultimately be wasted. The study used several sources of data, including information on how
much waste is generated, how food is redistributed, the characterization of the residual waste fraction, and
the nutritional content of food (University of Deusto and Gipuzkoa Provincial Council, 2025). To ensure
methodological consistency, the analysis focused only on the residual waste fraction.

Applying the FLW prevention action affects both the quantity of FLW generated and its
composition, which influence the treatment and recovery processes that are technically suitable. To identify
the most appropriate options in each case, a decision tree developed by University of Deusto and Gipuzkoa
Provincial Council (2024) was used. This tool evaluates the feasibility of different destinations based on
key FLW characteristics, such as moisture and organic matter content, and determines which recovery
routes can be applied under each scenario. Once the technically feasible processes were identified, they
were compared using a multivariable approach that considers technical performance, environmental
impacts, economic costs, and social aspects. This comparison allowed an ideal waste management scenario
to be defined, representing the most sustainable and efficient combination of treatment options. Based on
this evaluation, a Circularity Index was calculated to measure the performance according to the FLW
hierarchy (University of Deusto, 2024). This methodology was applied to different scenarios, both with and
without the prevention action. All analyses were integrated into a system dynamics model developed in
AnyLogic, which makes it possible to analyze how the system evolves over time and to assess the impact
of the prevention action on FLW generation, treatment selection, and the overall circularity of the waste
management systems.

Results and discussion: Four different scenarios were defined and simulated to analyze how FLW
generation, the impact of the prevention action, the composition of FLW, and the Circularity Index change
over time. The study assessed and compared the following scenarios: 1) the baseline scenario with no
prevention; 2) a scenario where a prevention action is implemented 3) a scenario with a different initial
waste composition, giving a higher weight to the edible fraction; and 4) scenario 3 with the prevention
action, this time applied to all categories of the edible fraction.

The results showed that when prevention actions are very limited in scope, being implemented at
a very small scale and affecting only selected food categories, there are almost no changes in FLW
composition. As a consequence, optimal treatment processes do not change, leading to only small changes
in the circularity of the system. However, the effects are much more noticeable when the waste composition
is shifted towards a scenario that represents a worse initial situation, characterised by a higher proportion
of edible waste than non-edible waste. This, combined with prevention actions with a greater scope, allows
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the use of treatment options that are more efficient in terms of the FLW hierarchy, which clearly improves
circularity. This improvement in the Circularity Index is shown in Figure 1.

Figure 1. Comparison between Circularity Index in scenarios 2 and 4.
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Conclusions: The improvement in the Circularity Index arises through two mechanisms: first,
because avoided FLW is classified under prevention, which represents the highest and most circular level
in the FLW hierarchy; and second, because changes in waste composition can enable the use of management
options that are more closely aligned with the FLW hierarchy. Therefore, even when the effects of
prevention actions are limited, they still lead to an improvement in system circularity. However, due to the
restricted scope of the analysed action, the impacts on FLW quantity and composition remain moderate.
Expanding prevention efforts in scale or across a wider range of food categories would produce more
pronounced effects, particularly when such broader measures are applied to scenarios representing worse
initial situations with higher levels of food waste, and therefore greater potential for improvement. This
would lead to changes in the selection of optimal treatment processes and, consequently, to higher
circularity gains.
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