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1. Executive Summary

The overall goal of Bio4AHUMAN is to identify and assess bio-based solutions for solid
waste management that may be applicable in humanitarian settings, and to provide
humanitarian aid operators and bio-based sector stakeholders with evidence-based
guidance on their potential application, sustainability performance, and circularity.
The key objective of this report is to translate Bio4AHUMAN'’s findings into practical
guidelines and recommendations for policymakers, humanitarian aid operators,
donors and bio-based sector actors, supporting informed decisions on where, how
and under what conditions bio-based products and systems may be appropriate in
humanitarian solid waste management contexts. Without coordinated action across
all the diverse stakeholder ecosystem, with all actors involved (community,
government, humanitarian organisations (HOs), EU institutions, bio-based sectors’
representatives), the potential outcomes of biobased solutions will remain limited.

The results of this report are informed by combining the work of the partners in
Bio4HUMAN including mapping the relevant stakeholders and reviewing the current
status of needs within Solid Waste Management (SWM) systems in the humanitarian
sector. The information from these specific tasks were leveraged through continuous
engagement and feedback with multiple stakeholders via online and on-spot
meetings, thematic knowledge exchange webinars and information sessions which
helped to shape the guidelines and recommendations in this report. This document
also reflects the environmental life cycle assessment (LCA) of innovative bio-based
solutions for SWM considering social, economic and governance assessments where
policy instruments, governance mechanisms, and investment priorities can be
implemented in the humanitarian aid (HA) sector. Finally, this report will provide key
findings from the socio-economic and governance aspects evaluation that critically
analyses humanitarian contexts, particularly where infrastructure, resources,
governance capacity and waste-management services are limited. This critically
evaluates the ability of a solution to be adopted, sustained and scaled under
prevailing market conditions, governance arrangements and social norms.

The adoption of bio-based solutions depends not only on technical feasibility, but
also knowledge, awareness, economic viability, acceptance from communities,
regulatory compliance and alignment with the global humanitarian and donor
standards. These recommendations and guidelines were generated based on the
findings of the Bio4HUMAN research conducted in both the Democratic Republic of
Congo (DRC) and South Sudan. Although circumstances of each humanitarian
situation will differ, research and findings from these specific areas can be referenced
as cross cutting recommendations which may be adapted to other humanitarian SWM
systems.

Some of the most important guidelines that should be considered are to combine
humanitarian organisations, local actors, bio-based industries, academia and
policymakers to develop a cross-sector working group to maintain communication
regularly among its members and coordinate planning for pilots.
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More local field trials of bio-based alternatives that represent direct product swaps
within existing procurement systems, prioritizing institutional and logistics
applications where adoption barriers are lowest need to be conducted to bridge the
gap between theoretical research and real-world conditions.

Humanitarian organisations and institutional donors need to develop sustainable
humanitarian procurement/supply chains policies to prioritize eco-friendly products,
reduce single-use plastics and incorporate recycled and biodegradable materials.

Bio-based solutions need to be critically evaluated to consider the environmental
implications of material substitution choices and key environmental trade-offs that
balances cost, environmental ambition, social outcomes, and institutional realities.
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2. Introduction and Vision

Humanitarian operations generate significant volumes of solid waste, including
packaging, medical supplies and single-use products. This often occurs in contexts
where waste management infrastructure is limited, overloaded or non-existent. As a
result, humanitarian waste is mixed with general waste and is frequently unmanaged
or poorly managed, with open dumping and burning remaining common disposal
practices. In many situations, there are no proper waste sorting, storage, collection,
and treatment systems. This has a serious negative impact on the environment and
the health of populations, such as an increase in air, land and water pollution,
transmissible diseases, and respiratory infections.

To combat these negative issues, it can be concluded that bio-based packaging and
materials can support environmental improvements in humanitarian operations, but
the most effective strategies lie in optimising high-impact items, improving material
performance and strengthening end-of-life (EoL) systems. EoL management emerges
as a decisive factor shaping environmental outcomes. The use of bio-based solutions
in humanitarian scenarios is not always a better alternative to conventional plastic
options, as the effectiveness of bio-based solutions depends on adaptation of
products to context specific conditions, including biodegradability conditions of
proposed solutions, financing mechanisms, donor priorities and system-level
conditions.

The adoption of bio-based solution depends on many factors and is not only based
on technical feasibility elements. For it to be successfully adopted, there needs to
be knowledge, awareness, economic viability, acceptance from communities,
regulatory compliance and alignment with the global humanitarian and donor
standards present. Their performance depends heavily on local conditions, including
waste management infrastructure, market availability, regulatory frameworks and
community acceptance. Adoption should begin with applications that fit within
existing procurement systems and do not require changes in user behaviour or
additional infrastructure. Adoption also requires upfront investment in production
capacity and market development.
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3. Bio4HUMAN Approach and Methodology

The key findings that informed the main recommendations and guidelines in this
document originate from the research and findings of mapping and scoping research
activities, the identification of solutions and supply chain gaps in SWM systems
including a humanitarian sector needs assessment report (deliverable D3.3, available
on Zenodo here: https://zenodo.org/records/14097991) addressing the main
challenges, opportunities and main needs of humanitarian organisations in SWM
systems. Aligned with this a ‘Gap Analysis Report’ (deliverable D4.2, available on
Zenodo here: https://zenodo.org/records/17711865) identified gaps and areas for
innovation was published assessing needs, proposing solutions, and analysing gaps
resulting in a comprehensive view of the challenges and potential innovations.

The potential environmental impacts of the bio-based solutions were analysed, which
determined that EoL management emerges as a decisive factor shaping
environmental outcomes. This work quantitatively compared the environmental
impacts of reference items and their proposed bio-based solutions, using a
harmonised LCA framework, identified key environmental trade-offs and provided
science-based recommendations to HOs and donors on the environmental
implications of material substitution choices. The findings from the socio-economic
analysis report (deliverable D6.1, available on Zenodo here:
https://zenodo.org/records/20364423) and the SWOT analysis methodology report
(deliverable D6.3, available on Zenodo here: https://zenodo.org/records/20478948)
which assessed ten areas of importance, including the endogenous potential of local
sectors, technical and environmental challenges, circularity performances, social
innovation, investment attractiveness, and regulatory frameworks will be referenced.
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4. Current state of SWM in humanitarian settings

Waste is often not managed properly and needs to fundamentally address the system
gaps below to reduce risks for the local community and encourage bio-based
solutions:

Infrastructure Gap: Humanitarian assistance is provided to crisis and disaster-
affected countries and communities where the existing SWM systems are often not
functional, broken or overloaded while receiving more or new types of waste,
including new waste streams generated by humanitarian operations. Existing systems
are owned by the host communities and only partly operational. The
disaster/humanitarian waste adds to the already present unmanaged waste left for
local authorities who lack proper SWM infrastructure and equipment. The
accumulated waste that often remains in communities or is disposed of
inappropriately causes considerable adverse impacts. The lack of appropriate
infrastructure limits the implementation of the waste hierarchy. In many
humanitarian settings, facilities for waste segregation, collection, repair, recycling,
composting, and controlled disposal are absent or insufficient, preventing the
transition towards more circular and resource-efficient waste management
practices.

End-of-life infrastructure is a critical constraint. Many settings do not have a
functioning commercial or industrial composting infrastructure. As a result,
biodegradable materials may offer little than expected environmental advantage
relative to non-biodegradable plastic materials. - While such materials still degrade
faster and do not generate microplastics, they can effectively become waste if
disposal systems are absent. This highlights that material substitution alone is
insufficient without corresponding waste management infrastructure.

Procurement Gap: The products used in humanitarian operations are largely
determined by procurement regulations, donor criteria, technical specifications, and
pre-approved supplier lists. Many responders used existing procurement system as
a barrier. Bio-based alternatives are not incorporated into overarching HOs
procurement systems, cluster standards, and donor policies, therefore their uptake
in field operations remains very limited.

If bio-based alternatives are not included in humanitarian procurement systems,
cluster standards or donor requirements, their uptake in field operations will remain
limited. Procurement therefore acts as one of a key gatekeeper: what is included in
tenders, framework agreements and approved vendor lists strongly shapes what can
realistically be adopted.

Policy and Regulatory Gap: Regulatory and policy frameworks either do not exist or
are not enforced in the assessed countries. In practice, humanitarian and donor
standards often function as the de facto regulatory framework for humanitarian
actors, positioning donor policy as a powerful force for change.
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Knowledge and Market Gap: SWM is not always treated as a core operational priority
by humanitarian organisations being frequently attributed to development initiatives,
and several actors lack detailed knowledge of available alternatives. At the same
time, the bio-based sector does not yet systematically recognise humanitarian
operations as a potential market. This creates a disconnect: solutions may exist, but
they are often not visible to humanitarian actors, not tested in humanitarian
conditions, or not adapted to low-infrastructure, high-pressure operational
environments. Stronger coordination between governments, humanitarian
organisations, donors, local actors and the bio-based sector is therefore essential for
identifying feasible solutions and translating them into practice. Bio-based
manufacturers typically design products for industrialised market conditions
(industrial composting infrastructure, controlled supply chains, consistent storage
conditions) without accounting for the realities of humanitarian logistics.
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5. Why multi-stakeholder engagement is critical

The transition towards bio-based products and systems in humanitarian settings
cannot be achieved by one stakeholder group alone. Humanitarian organisations
understand operational needs, supply chains and field constraints; donors influence
funding conditions and procurement priorities; policymakers shape regulatory and
enabling frameworks; local authorities, communities and local businesses determine
what can be implemented and sustained in practice; and bio-based sector actors
provide the technical solutions, materials and production expertise. Bio4HUMAN
shows that these different perspectives need to be connected through a common
language around feasibility, sustainability, cost, technical performance, procurement
requirements and end-of-life conditions.

Bio4HUMAN engaged a diverse range of actors across the humanitarian sector, the
bio-based sector, local stakeholder ecosystems, circular economy experts and
policymakers. This engagement confirmed that bio-based solutions can only be
adopted successfully when stakeholders understand each other’s constraints and
decision-making processes. For example, a technically promising product may still
fail if it is not included in procurement systems, is too expensive for programme
budgets, cannot be managed at end-of-life, or is not accepted by local communities.

Humanitarian practitioners, aid operators and donors: This stakeholder group
consists of community members/leaders and humanitarian actors (international and
national humanitarian non-government organisations (NGOs), UN agencies, clusters,
donors) based both in DRC/South Sudan and in Europe. This stakeholder group is
pivotal for the success of Bio4AHUMAN as they are best placed to enact any future
feasibility studies and will govern the emergency supply chains, fund critical
infrastructure, define operational needs and can influence environmental policy and
procurement rules.

Bio-based sector: The bio-based sector brings technical expertise and potential
solutions across sectors such as agriculture, food, textiles, plastics, chemicals, paper
and packaging, wood, pharmaceuticals, energy and construction. However, many bio-
based actors do not yet recognise humanitarian operations as a potential market and
may not design products for low-infrastructure, crisis-affected environments.

Local actors: This category includes local authorities, businesses, innovators,
entrepreneurs, community representatives and informal waste actors, are essential
for implementation. They can support local production, provide contextual
knowledge, facilitate community acceptance and help define realistic end-of-life
pathways. Local authorities can also act as pilot hosts and provide land, political
support and coordination. Local academia from within or nearby regions can provide
closer contact between other stakeholders and beneficiaries. This partnership can
facilitate reliable data to be extrapolated and implemented that are tailored to local
needs.
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Policymakers (local, national, macro regional and EU-level): Bio4HUMAN targeted
policymakers and regulators responsible for SWM, humanitarian aid deployment,
waste management, circular economy/bioeconomy, and environment protection at
all political levels. They will be potential future replicators and amplifiers of bio-
based solutions. In regard to the bioeconomy, important European institutions/
entities are setting out the directions of the development of the bioeconomy industry.
Humanitarian actors can work only if granted access by the governments within their
legal frameworks, policies and regulatory systems and they always work in
coordination with local authorities.

Key findings: The bio-based sector does not currently recognise humanitarian
operations as a potential market for its products and technologies. In most cases
during the Bio4HUMAN scoping exercise for bio-based solutions, the providers were,
for the first time, alerted to the potential humanitarian applications of their products
and technologies. Equally, the humanitarian sector lacks awareness of what bio-
based solutions exist, their technical performance, cost structure etc.

What can be done? Engaging with the humanitarian sector can open new market
opportunities currently dominated by conventional approaches. At the same time,
bio-based solutions must be adapted to low-infrastructure environments, therefore
continuous dialogue to understand each other’s capabilities and environments are
required. It is a complex conversation, so to build on this project, there should be a
cross-sector working group developed (comprised of representatives from
humanitarian logistics, bio-based industries, academia and others). This group could
help maintain dialogue, identify realistic pilot opportunities, align technical
specifications with humanitarian procurement needs, share LCA and life cycle costing
evidence, validate solutions with humanitarian users and local actors, and support
practical implementation pathways for future testing and scale-up.
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6. Recommendations for humanitarian aid practitioners

The objective of this chapter is to provide guidelines and recommendations of the
potential for replicating bio-based solutions in humanitarian settings based on
project research from South Sudan and the DRC. Key questions surrounding potential
solutions are economic viability, social acceptance, institutional support and
responsiveness to the needs of different stakeholder groups, including affected
communities, humanitarian actors, local authorities and market participants.

It complements the work of the Bio4HUMAN Replication Roadmap which is a strategic
and operational guidance tool to help humanitarian actors adopt and scale bio-based
solutions for more sustainable and circular aid delivery of solutions for SWM.

By evaluating governance and social aspects, the project identifies potential barriers
to the adoption of bio-based solutions. Economic analysis helps determine whether
the identified safer alternatives are cost competitive. This prevents "burden shifting",
where a product is environmentally superior but economically inaccessible for the
intended geographical sites. By integrating these results, the Bio4AHUMAN project
ensures that the transition to bio-based solutions is not only chemically safe but also
socially just and economically resilient.

Please note that while these recommendations have been developed with
engagement with South Sudan and DRC context-specific activities in mind, barriers
and enablers in other humanitarian settings may differ. The broader lesson is that
bio-based solutions are not universally better solutions. Their perceived suitability
depends on how well their characteristics align with specific contextual conditions.

Cross-cutting recommendations

Design stage

Programmatically integrate waste management considerations into project and
program designs from inception, including considerations related to material
selection, anticipated waste stream generation, and EoL management, instead of
considering waste as an afterthought. Waste reduction opportunities exist across all
sectors: WASH, Nutrition, Health, Shelter, as well as across logistics and supply chain
operations, all create waste that can be minimized through innovative approaches,
purposeful design and budgeting stages. In order to optimize waste minimizing
efforts, it is first necessary to understand, monitor and communicate data on waste
inflows and outflows. This data could help HOs to better advocate for a change in
SWM dynamics in an emergency response. This recommendation should begin at the
very beginning of a humanitarian emergency and is particularly relevant for
policymakers at multiple levels, including EU institutions, donors, funding national
governments and local authorities.

Prioritise low-risk entry points for bio-based solutions
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Adoption should begin with applications that fit within existing procurement systems
and do not require changes in user behaviour or additional infrastructure. Institutional
and logistics uses, where procurement is centrally controlled, offer more immediate
opportunities to test and scale bio-based alternatives. These initial applications can
generate operational evidence and build organisational familiarity with bio-based
materials, creating a starting point for broader adoption over time. This
recommendation should be implemented at the very beginning of a humanitarian
emergency particularly relevant for humanitarian organisations with staff that have
familiarity with beneficiaries on the ground.

For example, ShelterBox, an international disaster relief charity focused on primary
and tertiary packaging as “low hanging fruit” and successfully avoided the use of
173,396 pieces of plastic in 2021 by implementing sustainable packaging practices.
Based on a mapping exercise of the composition of their relief items, ShelterBox
identified 13 different types of packaging used in their relief items that could be
revisited, highlighted four as non-essential, and labelled three others as potentially
reusable.!

Bio4HUMAN also identified some concrete potential use case at the country level for
mycelium protective material (protecting IT equipment and medicine in glass
ampoules during onward transport to field locations). It offers a wide range of
potential applications across both humanitarian and local markets, from protecting
fragile goods to use by food vendors or beverage producers and possibly as an
insulation in construction. As a result, successful adoption depends on demonstrating
reliable performance, building trust through physical testing, and clearly identifying
viable entry points within both procurement systems and local markets.

Procurement Rules

Procurement rules can be used by donors and Humanitarian aid organisations to
signal demand for lower-impact supply chains. Humanitarian Aid practitioners should
introduce requirements that include product-specific, measurable, and verifiable
information that is impactful for the local setting. Require suppliers to engage as
transparently as possible with stakeholders to determine feasibility of proposed
solutions in that setting. Green procurement should start immediately. With supply
chain emissions typically representing 40% to 60% of a humanitarian organization's
footprint,? the integration of environmental and circular criteria must begin at the
needs assessment and strategic planning stage of every procurement cycle.

' ShelterBox and Joint Initiative for Sustainable Humanitarian Assistance Packaging Waste
Management, Managing Packaging Waste Sustainably: Lessons from Humanitarian
Organizations: ShelterBox’s Success in Eliminating Single Use Plastic (n.d.), accessed June
30, 2026, https://shelterbox.org/wp-content/uploads/2022/09/MANAGING-PACKAGING-
WASTE-SHELTERBOX-low.pdf

2 European Commission (2025). Common Donor Priority Actions for Greening Humanitarian
Assistance. Retrieved from: https://ec.europa.eu/echo/files/policies/environment/common-
donor-greening-priority-actions-2025 en.pdf
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Donors should encourage the inclusion of bio-based alternatives in procurement
processes by supporting the development of technical specifications, environmental
criteria, and market guidance for humanitarian procurement. In parallel, humanitarian
clusters should develop clear technical specifications for bio-based packaging
materials. Humanitarian buyers control procurement criteria and can specify
packaging requirements in tenders, creating market signals that incentivise upstream
supplier adoption.

Infrastructure and End-of-Life Considerations

Before a bio-based product is considered, HOs should ensure solutions are aligned
with existing infrastructure and waste management systems and avoid introducing
products where end-of-life pathways are not feasible. Some biodegradable materials
only break down under specific conditions, Bio-based, compostable materials offer
clear advantages only when supported by appropriate disposal conditions.

Economic Viability

For products distributed through humanitarian programmes rather than purchased
directly by communities, organisations should assess affordability at project and
programme level rather than household level, with consideration given to absorbing
moderate cost increases where environmental or operational advantages are
demonstrated.

Procurement decisions should also incorporate environmental sustainability criteria
alongside cost considerations, particularly for institutional use cases where
organisations have direct control over purchasing decisions.

Targeted financial mechanisms — such as donor incentives, blended finance, tax
exemptions, and support for local production — will be essential to bridge the gap
between pilot implementation and sustainable market development.

Local Emphasis

Support local markets where feasible by sourcing products and services locally when
quality, availability, and sustainability criteria can be met, thereby strengthening local
economic development and reducing dependence on imports.

Strengthen local ownership by engaging local authorities, communities, and local
organisations from the design stage and ensuring they have clearly defined roles in
implementation and long-term management. Prioritise market-based approaches by
working with local businesses, including manufacturers, waste collectors, recyclers,
composting operators, repair enterprises, and distributors, to create sustainable local
value chains rather than parallel project-based systems.

Sustainability

There is need of embedding sustainability across humanitarian supply chains,
addressing environmental, social, and economic dimensions. Sustainability refers to
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minimizing waste, optimizing resource use and fostering long-term resilience. This
includes ensuring sufficient human resources and expertise for performing the
sustainability assessments of purchased products and robust supplier screening,
including life- cycle assessments for aid items. Humanitarian organizations must
prioritize sustainable waste management by integrating circular economy principles
into the supply chains

HOs expressed repeated concern about sustainability and exit strategies of bio-based
solution projects. HOs should purposefully select their ownership models, rather than
relying on an automatic default to community owned delivery; all projects should
define specific paths to sustainable financing through either commercial viability,
cost recovery mechanisms or inclusion into government programs.

Additionally, technical skills related to maintenance and repair of equipment should
be transferred to local entities. Interventions that may be integrated into already
established programming will typically present a pathway to sustainability in addition
to the potential to improve outcomes. Additionally, donors should provide multi-year
funding rather than relying on one- or two-year project cycles for those solutions
that require extended periods of time for users to adopt them.

Organisations should conduct field trials of bio-based alternatives that represent
direct product swaps within existing procurement systems, prioritizing institutional
and logistics applications where adoption barriers are lowest.

Organizational responsibility and ownership

Humanitarian Organisations need a clear focal point and experts within their teams

leading environmental strategies that can leverage and share information from
donors and networks that can be disseminated with Country Programs about climate
funding opportunities. For example, the Green Climate Fund (GCF) is the world's
largest dedicated climate fund, created to address the climate crisis and helps to
enable and deliver finance for climate action in developing countries, including
mobilising private capital.

To support HOs, international and local authorities must step up in terms of funding
to cover the cover the capital and operational costs of tackling SWM. It is important
to note that disasters can exacerbate already under-funded and under resourced
efforts so government donors, EU agencies, UN bodies, development banks, private
sector and research grants are funding streams that can be leveraged by HOs and
other stakeholders.

Regulatory Engagement

The absence of regulation for other solutions presents an opportunity for contributing
to policy development. Authorities in South Sudan expressed willingness to develop
by-laws to regulate and support bio-based waste management. Humanitarian
organisations should therefore engage cluster validation processes early when
introducing solutions into humanitarian supply chains. In parallel, donor engagement
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is critical, as inclusion of bio-based alternatives in approved supplier lists is a key
precondition for adoption at scale.

Awareness and Behaviour engagement strategies

Develop stakeholder-specific awareness, communication, and behaviour change
strategies to support the adoption of bio-based solutions. Engage trusted local
actors, such as community leaders, religious leaders, health workers, and local
organisations to increase acceptance and credibility. Where solutions are unfamiliar,
prioritise awareness-raising, demonstrations, and user education before promoting
adoption. For solutions requiring changes in established practices (e.g. cooking, waste
handling, or hygiene), complement information campaigns with behaviour change
interventions. Communication should be tailored to different stakeholder groups,
emphasising the benefits most relevant to each audience, such as household savings
and health benefits for communities, operational and sustainability benefits for
humanitarian organisations, environmental and economic benefits for authorities, and
market opportunities for businesses.

7. Recommendations for Policymakers

This chapter is addressed to policymakers at multiple levels, including EU institutions,
donors, national governments, local authorities and regulatory bodies. This section
highlights where policy, funding conditions, standards, procurement requirements,
infrastructure investment, and market shaping actions can influence the
environmental performance and circularity of humanitarian assistance across key
sectors.

While EU sustainability frameworks serve as critical benchmarks for funding and
environmental standards, they cannot be directly applied to humanitarian situations
without first being translated into practical, context-specific humanitarian
implementation pathways. By deliberately bridging this gap, humanitarian operations
can adopt more environmentally friendly principles and circular practices.

The importance of institutional and policy support is highly influential as a key
enabler of bio-based solutions in humanitarian settings. Policy action can enable or
accelerate change at scale (by shaping markets, supporting infrastructure
development and aligning incentives). This chapter draws on LCA evidence, to identify
where policy, regulatory, and system level actions can most effectively reduce the
environmental impacts of humanitarian aid.

Cross-cutting recommendations

7.1 Local/National Policymakers
While humanitarian standards and donor frameworks provide robust operational
guidance, their enforcement relies heavily on the internal policies of implementing
organizations and coordination with local and national authorities. In some
scenarios, responsibilities for waste management are distributed across multiple
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levels of government, including municipal, provincial, and national authorities, often
with limited coordination and insufficient financial and technical capacity. Local
and national policymakers include national ministries, provincial authorities,
municipal governments and regulatory bodies.

Piloting and Scaling: Local authorities can play a particularly important role in
piloting and early-stage scaling. Local authorities should support pilot and
demonstration units that communities can observe and trust. Partner with
implementers to pilot and evaluate new models (e.g. institutional, cooperative,
hybrid systems). Apply for research funding to support testing, adaptation, and
scaling studies.

Regulatory Frameworks: Develop and enforce clear regulatory frameworks and
product standards for bio-based solutions, including safety, quality, and
environmental performance requirements. Local and national governments should
clarify approval and certification processes, particularly for health-related products
(e.g. Ministry of Health approvals, compliance with international standards such as
Codex or UNICEF requirements where applicable).

Strengthen institutional capacity for implementation and oversight: Allocate
dedicated resources for standardization, monitoring and enforcement, training of
regulatory authorities, technical support to local governments. Capacity building
should extend to municipalities responsible for waste management and
procurement. Initiatives for example including promote local economic
development and inclusive participation in value chains, including access to
training, finance, and markets for underrepresented groups (e.g. women, youth)
would help build capacity.

Local and national governments could also develop transition strategies to support
gradual adoption of bio-based alternatives and mitigate disruption to existing
markets and livelihoods (e.g. informal waste sector, conventional product vendors).

Financial incentives: Provide fiscal and policy incentives (e.g. tax exemptions,
reduced import duties, start-up incentives) to support adoption and local
production of bio-based alternatives. Tax incentives for bio-based production
enterprises could support market entry and early-stage growth. However, such
measures may have fiscal implications, particularly in contexts where governments
rely on import taxes as a source of revenue. As a result, timebound or targeted tax
exemptions (e.g. during initial market development phases) may be more feasible
than permanent exemptions, balancing private sector support with public revenue
considerations.

Market opportunities

Local and national policymakers can also potentially make adjustments so there are
opportunities for market growth in SWM. Targeted financial mechanisms — such as
donor incentives, blended finance, tax exemptions and support for local production—
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will be essential to bridge the gap between pilot implementation and sustainable
market development.

With many humanitarian settings lacking formal waste infrastructure, it is important
that local and national governments prioritise public investment in infrastructure
critical to bio-based supply chains, including reliable energy access, organic waste
collection and sorting systems, local processing and storage facilities.

7.2 EU and international policymakers

Within this group the definition of international and EU policymakers can be defined
as regulators responsible for SWM, humanitarian aid deployment, waste
management, circular economy/bioeconomy, and environment protection in Europe.
They will be potential future replicators and amplifiers of Bio4AHUMAN theoretical
bio-based solutions. Further important European institutions/ entities helping out
with setting the directions of the development of the bioeconomy industry are
initiatives such as Circular Bio - based Europe Joint Undertaking (CBE JU) and the
European Environment Agency.

Embed Life Cycle Assessment-based environmental criteria

LCA is defined as the compilation and evaluation of the inputs, outputs and the
potential environmental impacts of a product system throughout its life cycle. To
assist decision-making tools that can support procurement choices and key policy
changes recommendations for HOs, implementing LCA analysis can enable
humanitarian actors to compare alternative kit configurations under different
scenarios, supporting more informed procurement decisions. This can be achieved
through a combined effort of industry, government, HO’s and academic support. HOs
can apply the "cradle-to-grave" analysis to relief items (e.g., synthetic blankets,
jerrycans, tents, or Ready-to-Use Therapeutic Food) to understand and reduce their
environmental and carbon footprints in crisis zones while international and EU
institutions can typically fund these mapping and sustainability initiatives to
encourage green procurement. LCA can explore the adoption and effectiveness of
regionalized solutions.

Many organizations also face a shortage of technical expertise in LCA, carbon
accounting, or environmental metrics, particularly among logistics and procurement
staff, hence co-operation is key to adapting to different environments.

Funding

SWM remains one of the most underfunded challenges in global development, both
for local authorities and for the humanitarian sector. The involvement of multiple
stakeholders is crucial, along with securing funding, including active participation and
ideally investment from the private sector, whose decisions directly influence waste
generation.

From a public sector perspective, institutions like the EU and other international
policymakers need to strengthen the operationalisation of SWM within humanitarian

18
Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
not necessarily reflect those of the European Union or the European Research Executive Agency (REA). Neither
the European Union nor the granting authority can be held responsible for them.



Funded by
the European Union

funding mechanisms. In many settings, it requires investment that goes beyond
standard project budgets. Clearer guidance on implementation responsibilities,
access to appropriate funding instruments, and the provision of technical support
would be required to translate existing requirements into consistent operational
practice.

Bio-based and circular economy solutions need to be mainstreamed within EU
humanitarian funding, procurement and operational guidance. There is an opportunity
to further align the EU’s environmental and humanitarian agendas - using
humanitarian operations as real-world environments to validate bio-based
innovations while reducing the environmental footprint of EU-funded aid. Such
alignment would support evidence-based policy refinement, strengthen
accountability across supply chains, and reduce the environmental footprint of EU-
funded humanitarian assistance without compromising humanitarian principles.

Dedicated research and development (R&D) support - potentially through EU research
programmes or public-private partnerships - would reduce technical uncertainty,
support standard setting, and enable the safe integration of bio-based solutions into
humanitarian supply chains, rather than relying solely on field consultations or ad-
hoc pilots.

Provide financial assistance for R&D&I addressing unanswered technical issues that
arose out of the Bio4HUMAN research, such as the retention of insecticides in
biodegradable fibres used for mosquito netting, the chemical compatibility of PLA
with medical liquids, and health safety during sanitation pad use - issues that need
to be tested in a laboratory setting as well as through product development, as
opposed to solely relying on field consultations.

Maintaining Procurement Standards

United Nations agencies, humanitarian clusters (both at global and national level),
and core pipelines play a central role in shaping the procurement decisions and
policies across humanitarian operations. They need to further address biodegradable
or compostable alternatives in their approved supplier lists to meet quality, reliability,
cost, compliance and performance elements. For example, the European Union
heavily influences approved supplier lists for humanitarian items, primarily as a
condition for its funding.
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8. Recommendations for Bio-based actors

The humanitarian sector and bio-based sector are two sectors that may not have
traditionally intertwined but both hold the expertise to provide sustainable solutions.
The humanitarian sector has been searching for sustainable alternatives to packaging,
and the bio-based sector has the potential to react to demands; not just for bio-
based packaging, but there is potential to offer more solutions.

The potential application of bio-based solutions might go beyond packaging, such as:
construction material (insulation in construction), energy production (e.g. bioenergy
such as biodigesters converting organic waste into biogas), agriculture, local
community employment and local production opportunities and food security (e.g.
bio-fertilisers and soil enhancers from compost and other organic waste products);
healthcare and medical supplies (e.g. biodegradable medical supplies from bio-based
materials); or textiles and clothing (e.g. sustainable textiles from e.g. natural fibres).

The application of bio-based solutions in humanitarian settings faces significant
challenges. Higher costs and limited availability of bio-based materials pose barriers
to their widespread adoption. Ensuring that these materials perform reliably under
diverse and harsh conditions typical of humanitarian contexts, such as maintaining
biodegradability, is crucial. Ultimately, there may be bio-based solutions or systems
responding to the identified needs of the solid waste issues in the humanitarian
context and further engagement is needed to unlock undiscovered products and
technologies.

Cross-cutting recommendations

Market Entry Strategy

Recognise the humanitarian sector as a viable market. Humanitarian operations
process millions of units of packaging and distribute hundreds of thousands of
essential goods and waste management solutions. Engaging with this sector can open
new market opportunities currently dominated by conventional approaches.

Provide physical samples and enable hands-on testing with humanitarian actors, local
businesses, and communities to build trust and allow informed adoption decisions.
Develop cost-reduction strategies through process optimisation, efficient production
methods, and use of locally available materials, to improve affordability and
competitiveness. Support local production where viable, including technology
transfer, training on specialised processes (e.g. moulding, processing), and
collaboration with local actors, while validating feasibility before investment.

Ensure clear guidance on use and end-of-life management, including realistic
disposal pathways aligned with existing waste management conditions and validate
and clearly communicate product performance under real conditions, including
durability, storage stability, usability, and behaviour under local environmental
conditions (e.g. humidity, temperature, handling) to make it easier to engage with
potential market.

20

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do
not necessarily reflect those of the European Union or the European Research Executive Agency (REA). Neither

Ll A the European Union nor the granting authority can be held responsible for them.




Provide full-service packages, including machinery, training, quality assurance
systems, maintenance support, and clear operational guidelines to ensure consistent
product quality and long-term functionality.

Getting to know each other

A major cross-cutting finding is that the bio-based industry and the humanitarian
sector currently operate in silos. The bio-based sector does not systematically target
humanitarian operations, and humanitarian actors often lack awareness of available
bio-based solutions for SWM, their performance, costs and end-of-life requirements.
Bridging this gap requires structured cross-sector dialogue, practical engagement
with humanitarian coordination platforms and targeted pilots in real operational
conditions.

Rather than attempting to replace entire consumer markets, bio-based actors should
treat humanitarian operations as a specific niche market with distinct needs,
procurement rules and risk thresholds. Humanitarian operations use large volumes
of packaging and distribute hundreds of thousands of essential goods and waste
management solutions, creating opportunities for specific applications where bio-
based alternatives can be tested and scaled responsibly.

It takes time to understand local context, including available capacities, resources,
legal frameworks, sociocultural factors, market conditions, local skills and end-of-
life realities. This should be done through strategic partnerships with humanitarian
actors, who can help connect companies with local actors
(government/academia/private sector),

Bio-based businesses that reside outside of humanitarian settings should develop
local production partnerships which can also be an important pathway where
feasible. Local production can create employment, foster community ownership, and
align with the growing emphasis on localization in humanitarian programming.
However, developing local production capabilities will require investments in
technology transfer, workforce training, establishment of robust quality control
systems, regulatory compliance, and realistic assessments of feedstock availability.

Local entrepreneurs and communities have the potential to address waste
management issues in various settings, especially by implementing resilient, localized
waste-to-resource business models that support the development of local circular
(bio)economies. The area of energy recovery technologies, like landfill gas recovery,
bio-digesters for organic solid waste, and domestic biogas technologies, has one of
the biggest endogenous potentials to help create local lasting entrepreneurs and to
generate new employment opportunities, potentially also directly related to the
implementation of bio-based technologies.

Clear guidelines for sustainable purchasing must be established, coupled with efforts
to optimize procurement plans that minimize waste and prioritize local sourcing.
Developing local supplier capacity databases and providing training to meet
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international environmental standards will reduce dependency on external sources
and enhance local resilience.

One practical way to build connections is to provide free samples of products and
access to technical documentation and testing protocols to humanitarian logistics
and WASH Clusters for field testing purposes. This should be accompanied by
transparent information on product performance, cost, storage requirements, shelf
life, Llimitations, certification, and end-of-life conditions. Where pilots are
implemented, bio-based actors should work with local stakeholders and
communities to collect data, assess user acceptance and refine products before
wider scale-up.

Know your market

Develop bio-based products and technologies that are specifically designed for use
in humanitarian environments, not only for controlled or well-resourced market
conditions. Products should be suitable for transportation over poor roads, use in
extremely hot, cold or humid climates, long storage periods, limited warehousing
capacity, and end-of-life conditions where industrial composting or specialised
treatment infrastructure may not be available. Bio-based actors should focus initially
on product and technological development where demand has already been identified
through humanitarian research, procurement needs or field constraints. Products
that rely on controlled conditions or specialised infrastructure or complex user
behaviour changes are unlikely to be viable in humanitarian settings.

Conduct feasibility assessments in partnership with humanitarian actors and local
businesses, local authorities and community representatives to ensure context-
specific design and implementation. These assessments should consider available
waste streams, water, space, climate, transport routes, storage conditions, user
behaviour, local skills, regulatory requirements and realistic end-of-life pathways.
Humanitarian users need certainty before adopting new materials and technologies,
so bio-based actors should validate and clearly communicate technical performance,
including elements such as shock absorption, humidity resistance, stability over time,
resistance to pests and insect damage under storage conditions instability in humid
conditions.

Cost and Transparency

Ensure cost competitiveness and clear value propositions. In price-sensitive
humanitarian markets, even modest price premiums create adoption barriers,
especially for consumer-facing products. Therefore, cost reduction should remain a
priority; and may be achieved through economies of scale, local production, and
alternative (non-food) feedstocks. Where possible, bio-based actors should present
not only the unit cost, but also the full life-cycle cost, including transport, storage,
handling, durability, waste management and end-of-life considerations. Where price
parity cannot be achieved, the value proposition must be clearly articulated in terms
that resonate with humanitarian procurement logic: waste reduction, simplified
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logistics, reduced disposal burden, improved environmental performance, compliance
with donor environmental requirements, and potential alignment with organisational
sustainability targets.

Provide clear technical guidance on storage requirements (e.g. temperature
thresholds, humidity sensitivity, shelf life) to ensure product performance in tropical
and challenging field conditions. Bio-based actors should clearly communicate
product shelf-life and recommended handling practices to procurement actors to
avoid degradation before use. Technical documentation should be shared with
procurement, logistics, programme and technical teams to avoid degradation before
use and to support informed decision-making.

Bio-based actors can increase transparency through standardised labelling and
ensuring verifiable end-of-life pathways. However, the extent to which these
materials can be effectively utilized or disposed of in a country will depend on local
regulatory frameworks, infrastructure, and institutional capacity. Bio-based actors
should conduct feasibility assessments (waste, water, space, climate) in partnership
with humanitarian actors and local business/actors to ensure context-specific design
and implementation to tackle social acceptance.

Present and test the product through relevant humanitarian coordination and
procurement platforms, including Logistics Cluster meetings, WASH coordination
mechanisms, and engage with actors such as World Food Programme (WFP), UN
Humanitarian Air Service (UNHAS), Médecins Sans Frontiéres (MSF), World Health
Organisation (WHO)/(OMS) and large medical or humanitarian suppliers. Where pilots
are implemented, companies should collect and share transparent evidence on cost,
performance, user acceptance, storage behaviour and end-of-life outcomes to
support future scale-up.

9. Recommendations for Donors

A humanitarian donor can be categorised in a number of ways—such as a
government, international organization, private foundation, or individual—that
provides funding, resources, or in-kind support to alleviate human suffering and save
lives during crises, emergencies, and armed conflicts. They are the financial backbone
of global crisis response. They provide the necessary capital for organisations to
supply life-saving food, clean water, medical care, and shelter. They are important
because donors can step in financially when local governments or affected
communities are overwhelmed, impoverished, or are entirely collapsed by a crisis.

Cross-cutting recommendations

Investment
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Donors should look to support alternative financing mechanisms (e.g. cost sharing
schemes, subsidised credit, vouchers, and blended finance) to address upfront
investment barriers and enable scaling beyond pilot projects. There needs to be
emphasis to fund pilot testing and validation under real humanitarian conditions.
Commission cost-benefit and feasibility studies to evaluate the potential for local
manufacturing of selected bio-based solutions in humanitarian contexts.

Enable longer-term funding windows for solutions requiring behaviour change or
system development. Transitioning to multi-year funding allows donors and
implementers to achieve sustainable, scalable impact that accommodates slower
pace of behavioural change and develops deeper trust between multiple
stakeholders.

Support cost-benefit analyses and context-specific evidence generation, including
partnerships with and funding for local academia and research institutions

Partnership

Where feasible, partnerships with local businesses and service providers, including
waste collectors, recyclers, composting facilities, repair enterprises, and social
enterprises, should be prioritised. Such partnerships can strengthen local waste
management systems, create employment, improve the collection and recovery of
materials, and increase the long-term sustainability of humanitarian interventions.
Engaging local actors also helps ensure that products introduced through
humanitarian programmes have realistic end-of-life pathways beyond the duration
of the response.

Use evidence

Use evidence-based tools to support procurement decisions. Decision-making tools,
such as the Bio4HUMAN LCC tool or LCA analysis, can support comparison of
alternative product configurations and help integrate environmental considerations
into procurement processes.

Differentiate approaches by organisational scale and influence

Smaller-to medium-sized humanitarian organisations can realistically initiate
substituting biobased packaging materials (adhesive tape, film, bags) within their
existing supply chain arrangements. Larger international NGOs (INGOs) and UN
agencies that possess greater procurement influence can focus on piloting bio-based
items (RUTF sachets, PLA bottles for institutional use) and incorporating
environmental criteria into tender specifications as more feasible and impactful ways
to reduce waste. This combined approach can accelerate system-wide change.
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10. Risks of inaction

According to a new WHO report?® released in late 2025, globally, the volume of
municipal solid waste is growing at an unprecedented rate. Yet, many countries still
lack the systems and resources to manage this waste safely. The report summarises
that evidence on how solid waste — especially municipal solid waste — affects health
through polluted air, water, soil and food. When waste is not collected or is dumped
and not correctly disposed it can release hazardous chemicals, contaminate drinking-
water sources and create breeding grounds for insects and rodents.

Inaction can be environmentally damaging when managed inadequately. It can release
a wide range of pollutants into the environment, contaminating air, water, soil and
vegetation.* From a public health perspective, untreated solid waste can expose
workers and communities to a wide range of biological, chemical, physical and
psychological hazards, at various steps of the SWM value chain. The hidden costs of
ineffectively managed waste causes massive productivity losses, cleanup costs, and
healthcare burdens, whereas investment in recycling creates jobs and secondary
markets.®

The opportunities exist for stakeholders to positively tackle SWM issues. Projects like
Bio4AHUMAN can be further used to explore innovations where more research and
development is needed. Community programmes that help employ displaced
individuals and local innovators can potentially benefit economically under the right
capacity building frameworks.

There are many SWM challenges and gaps that have to be addressed including
funding, lack of infrastructure, lack of waste data, weak policy and lack of
coordination. This problem requires expert insight from multiple stakeholders to help
formalise the SWM sector, finance the required infrastructure, encourage further
research and create economic business models that support local economies and
bio-based innovation providers.

“A pessimist sees the difficulty in every opportunity; an optimist sees the opportunity
in every difficulty.” To borrow this phrase, combining the strengths and technical
knowledge of the European and local based bio-based innovators, policymakers, local
actors and humanitarian practitioners, more and more bio-based solutions can be

3 World Health Organisation. (2025). Throwing away our health: the impact of solid waste on
human health — evidence, knowledge gaps, and health sector responses. Retrieved from:
https://www.who.int/publications/i/item/9789240118287

4 World Health Organisation. (2025). Throwing away our health: the impact of solid waste on
human health - evidence, knowledge gaps, and health sector responses. Retrieved from:
https://www.who.int/publications/i/item/9789240118287

5 World Bank Group (2026) What a Waste 3.0 Global Snapshot of Solid Waste Management
toward Circularity until 2050. Retrieved from:
https://openknowledge.worldbank.org/bitstreams/ab9bce34-0921-4887-8c0d-
65ed7b303aaf/download
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successfully integrated in present and future SWM settings. Therefore, partners in
this ecosystem should focus on the following concrete actions:

Launch cross sector platforms: Humanitarian organisations are best placed at the
heart of humanitarian settings where they best understand crucial problems should
develop a cross-sector working group (comprised of representatives from
humanitarian logistics, bio-based industries, academia and others) that maintains
communication regularly among its members and coordinates planning for pilots.

Conduct more field trials: Conduct local field trials of bio-based alternatives that
represent direct product swaps within existing procurement systems, prioritizing
institutional and logistics applications where adoption barriers are lowest.

Fund integrated field pilots: Donors, humanitarian organisations and bio-based actors
should support field trials that test bio-based alternatives together with the waste
systems needed to manage them. Pilots should prioritise low-risk applications, such
as institutional and logistics uses, where procurement barriers and behaviour-change
requirements are lower.

Update procurement frameworks: Develop sustainable humanitarian
procurement/supply chains policies to prioritize eco-friendly products, reduce single-
use plastics, and incorporate recycled and biodegradable materials which suppliers
can adhere to.

Evaluate solutions transparently: Identify key environmental trade-offs, highlighting
the conditions under which bio-based solutions outperform or underperform
reference items (e.g., under different EoL scenarios or raw material selections).
Provide science-based recommendations to HOs and donors on the environmental
implications of material substitution choices, supporting more sustainable
procurement strategies.

Understand the humanitarian market: The adoption of these solutions is not
straightforward. Their performance depends heavily on local conditions, including
waste management infrastructure, market availability, regulatory frameworks, cost
comparisons and community acceptance. Bio-based actors should design for real
humanitarian conditions, including limited infrastructure, challenging transport and
storage conditions, cost constraints, regulatory uncertainty and community
acceptance. Meaningful engagement with humanitarian actors, local authorities and
communities is essential before wider scale-up.
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11. Future Directions and Opportunities

The Bio4HUMAN project was designed to address the evidence gap on the feasibility
of bio-based solutions in humanitarian settings. It assessed the environmental,
economic, social and governance dimensions of selected bio-based solutions in the
Democratic Republic of the Congo and South Sudan, with the aim of informing future
policy, practice and innovation.

Bio4AHUMAN was not designed to enable immediate solutions to SWM issues in these
regions and beyond. Rather the project provides evidence, direction, and decision
tools and methodologies that can support policymakers, donors, humanitarian
practitioners, local actors and bio-based actors in assessing where bio-based
solutions may be feasible, sustainable and appropriate.

There is no ‘one size fits all approach’ when it comes to solving SWM challenges in
humanitarian settings. What this deliverable and other Bio4HUMAN outputs can assist
with, is providing a comprehensive decision framework that critically evaluates the
sustainability merits of current and future bio-based solutions that may, in time, help
alleviate hazardous issues. The public deliverables published by this project will help
determine the feasibility of prospective innovations in humanitarian settings.

Looking ahead, the strongest opportunities are to translate Bio4HUMAN evidence into
practical next steps:

Immediate actions should focus on sharing the project’s findings, engaging
humanitarian and bio-based stakeholders, identifying low-risk use cases, and using
the decision framework to assess where bio-based alternatives may be suitable.

Medium-term actions should include targeted pilots, field testing, updates to
procurement specifications, integration of life-cycle evidence into decision-making,
and feasibility assessments for local production and end-of-life systems.

Long-term opportunities include building cross-sector partnerships, creating
enabling funding and policy conditions, strengthening local waste-management
infrastructure, and supporting the development of bio-based solutions designed
specifically for humanitarian realities.

The momentum created by Bio4HUMAN should therefore continue beyond the
project. Its value lies in providing a shared evidence base and a common language for
stakeholders who need to work together to reduce waste impacts, test responsible
innovation and build more sustainable humanitarian supply chains.
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