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Introduction. Material selection for humanitarian aid kits (Agricultural, Food, Wash and Non-Food Items)
presents a complex logistical and environmental challenge. In crisis-affected regions, the absence of formal solid
waste management infrastructure often leads to suboptimal disposal practices, such as open dumping or open
burning of petroleum-based plastics. Although bio-based solutions (BBS) are emerging as promising alternatives
for reducing environmental impacts, their environmental performance is highly context dependent. This
underscores the need for a specialized Decision Support Tool (DST) for the humanitarian sector.

The EU-funded Bio4HUMAN project (2024-2026) addresses this gap by developing a multi-criteria
decision-making framework design to evaluate the feasibility and performance of circular bio-based interventions.
This paper presents the environmental component of the framework, using Life Cycle Assessment (LCA) datasets
and the Environmental Footprint 3.1 method to perform a systematic comparison of conventional fossil-based
materials against innovative bio-based alternatives. Beyond climate related metrics such as carbon footprint, this
DST integrates additional indicators specifically relevant to bio-based materials including plastic leakage potential,
biodiversity impact and End-of-Life (EoL) transformation pathways, while accounting for the mechanical
performance and load capacity required in high volume logistics.

Furthermore, this environmental assessment is designed to be integrated into a broader, holistic decision-
making process that incorporates ongoing socio-economic evaluations. By modelling multiple EoL scenarios the
tool enables stakeholders to identify the specific conditions under which bio-based materials provide a genuine net
benefit. The ultimate objective is to provide a science-based roadmap that supports the transition of humanitarian
procurement from a reactive model towards a strategic, circular and sustainable decision-making process.
Materials and Methods. The development of the decision-making logic follows a rigorous environmental
assessment road map designed to evaluate the feasibility of BBS within humanitarian settings. The methodology
is structured around three main pillars:

¢ Comparative LCA. A systematic evaluation was conducted using the Environmental Footprint 3.1 (EF 3.1)
method. This allowed for a direct comparison between “reference items” (traditional petroleum-based
materials) and “innovative bio-based alternatives” across four core humanitarian Kits: Agriculture, Food,
Wash (water, sanitation, and hygiene), and Non-Food Items (NFI).

¢ Functional units and reference flows. To ensure a fair comparison, harmonized functional units were
established. This is a critical step for robust decision-making, as it accounts for the mechanical
performance and load capacity of materials. For instance, if a bio-based bag requires more material
thickness to achieve equivalent tensile strength of their plastic counterpart, the assessment reflects this
mass increase in the final environmental impact result.

¢ Context-specific indicators. Beyond standard climate change metrics and EF3.1 impact categories, the
assessment integrates indicators specifically relevant for waste management in fragile contexts such as
plastic leakage and biodiversity damage. These indicators provide a deep understanding of the local
impacts associated with improper disposal.

¢ End-of-Life (EoL) scenario modelling. A key methodological feature involves modelling multiple disposal
routes. These include “worst-case” scenarios common in acute crises (e.g. open burning and open
dumping) and more “circular” scenarios (e.g. controlled composting). By comparing these “worst-case”
and “circular” pathways, the framework identifies the tipping points at which a bio-based material
becomes environmentally preferable over a conventional counterpart.

Results and discussion. The environmental assessment demonstrates that the potential for impact reduction in
humanitarian aid is unevenly distributed across the supply chain. A key outcome relevant to the development of
the DST is the identification of primary impact drivers in each kit.
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e Impact hotspots. Across all analysed kits, the core contents (not the packaging) drive the environmental
footprint. In the Agriculture Kit, fertilizers and seeds account for over 70% of impacts. In the NFI kit, the
family tent represents approximately 80%, while in the Food Kit, bulk commodities like flour and rice
drive 55% of the footprint. Tertiary packaging consistently accounts for less than 5% of the total
environmental impact. This pattern suggests that a strategic DST must prioritize the optimization of high
impact core items as procurements, before addressing packaging substitutions.

e The functional equivalence constraints. The results indicate that bio-based packaging only provides
environmental value when functional performance is equivalent to fossil-based references. The DST
highlights a critical a “performance threshold”: when bio-based alternatives require a greater mass or
multiple units to match the mechanical strength of a single conventional item (e.g. multiple PLA bags
required to replace a single HDPE bag), the resulting material inefficiencies outweigh the environmental
benefits associated with bio-based feedstocks.

¢ End-of-Life (EoL) constraints. EoL pathway emerge as the most decisive factor influencing in categories
such as for particulate matter, toxicity, and biodiversity damage, particularly through plastic leakage.

Table 1. Comparative analysis of environmental performance and material suitability across different EoL

scenarios.
Scenario Bio-based material performance Traditional plastic performance
Acute crisis (e.g. open High impact (e.g.particulate matter, High impact. Significant plastic
burning/dumping) toxicity). Plastic leakage into biota. leakage into biota.
Stabilized setting (e.g. . . . Persistent impact. No degradation.
8 (. g Potential environmental benefit. . P . § .
controlled composting) Risk of microplastic formation.

The study concludes that in the absence of appropriate waste management infrastructure, the advantages of
compostable materials are significantly neutralised. Therefore, the proposed framework recommends that
ganizations prioritise EoL. management as core intervention, promoting waste separation and community level
disposal systems, to ensure that the transition to BBS effectively delivers on its sustainability objectives.
Conclusions and strategic roadmap. This study transitions from a purely environmental assessment to a context-
specific strategic roadmap for humanitarian action. The proposed decision-support logic suggests that bio-based
materials should not be treated as a universal or automatic replacement for conventional plastics. Instead, they
should be understood as targeted incremental improvements, particularly suitable for lightweight items with a high
risk of environmental leakage.

Key actionable recommendation for stakeholders

¢ Prioritise high impact items. Decision-makers should focus optimization efforts on highest-impact items,
such as fertilizers, and seeds (Agricultural Kit), flour and rice (Food Kits), and tents (NFI Kit), since these
represent the primary drivers of environmental impact reduction reside, rather than focusing exclusively
on auxiliary packaging.

¢ Ensure functional parity. BBS should only be integrated where their mechanical strength, barrier properties,
and load capacity are equivalent to those of fossil-based options. This avoids “mass penalties” where the
need for additional materials units inadvertently increases the overall environmental footprint.

¢ Strengthen local EoL systems. The deployment of BBS must be coupled with investments in development
of local waste management capacity. This includes providing clear disposal instructions and partnering
with local actors to establish managed treatment options, such as controlled composting, which remain
limited in humanitarian settings.

¢ Catalyse behavioural change. Beyond immediate metrics, the introduction of bio-based materials serves as
a strategic tool for long term learning. It fosters waste segregation and conscious consumption practices
among both humanitarian actors and affected communities, supporting the future development of circular
waste management systems.

By integrating these environmental findings with ongoing socio-economic evaluations, the framework of
Bio4HUMAN provides a robust foundation for a strategic, science-based transition towards sustainable
humanitarian logistics. This multidimensional approach ensures that waste management decisions are not only
environmentally sound but also operationally feasible and socially responsible.
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