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1. Executive Summary 

This Replication Roadmap provides practical guidance for humanitarian actors, 
academia, bio-based/circular economy sector, policy makers and communities 
seeking to adopt and scale bio-based solutions for solid waste management (SWM) 
in humanitarian settings. Building on Bio4HUMAN project results on stakeholder 
needs, solution scoping, environmental assessment, socio-economic and 
governance analysis, and community engagement, the roadmap brings these strands 
together into a single operational framework for replication. Its core premise is that 
replication is not simply a matter of replacing one material with another.  

The roadmap presents replication as a structured process that moves from 
assessing relevance, stakeholder engagement, and enabling conditions to design 
adaptation, pilot implementation, evaluation, and possible scaling. Across the 
document, it shows that successful replication depends not only on technical 
performance, but also on governance and procurement alignment, realistic end-of-
life (EoL) pathways, affordability, community acceptance, and sustained operational 
ownership. It also supports knowledge and data transfer, by helping replication 
actors document local evidence, capture implementation lessons, and generate 
information that can inform feasibility assessment, S-LCA, decision-making, and 
social acceptance in future contexts. It further clarifies the roles of key 
stakeholders, identifies broad replication scenarios ranging from low-risk 
substitutions to more complex product-plus-system models, and situates 
implementation within the wider policy and funding landscape of humanitarian 
settings. To support practical uptake, a replication readiness checklist, operational 
templates, stakeholder engagement guidance, monitoring indicators, and an MEL 
framework for cost comparison, readiness assessment, stakeholder engagement, 
and monitoring, evaluation, and learning.   In this way, the roadmap is not only a 
strategic overview, but a practical package to help actors assess feasibility, plan 
implementation steps, monitor results, capture lessons learned, and adapt solutions 
before wider replication or scale-up. 
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2. Introduction and Approach 

The Bio4HUMAN Replication Roadmap is an operational guidance tool to help 
humanitarian actors adopt and scale bio-based solutions for more sustainable and 
circular aid delivery of solutions for SWM. It offers a structured pathway for 
implementation by combining a portfolio of ten validated solutions with practical 
guidance on deployment and on overcoming non-technical barriers. The roadmap is 
intended to be used as a step-by-step reference by organisations and stakeholders 
who wish to assess whether a bio-based solution is relevant to their context, 
understand the conditions required for implementation, identify the stakeholders 
that need to be involved, and plan monitoring, learning, and possible scale-up. 

The roadmap combines results of the project like the environmental, socio-
economic and governance assessment with community feedback and the 
subsequent SWOT analysis, to ensure ten scoped solutions are feasible, accepted, 
and scalable in real humanitarian contexts. It addresses factors of both operational 
supply (standards, procurement, logistics) and demand (community needs, adoption 
conditions), and it highlights enabling requirements such as policy support, funding 
mechanisms, and stakeholder coordination. In this context, SWM refers to the 
systems for solid waste segregation, collection, treatment and disposal, and end-
of-life (EoL) refers to what happens to products and packaging after use. 

The SWOT findings are incorporated into the roadmap in three ways. First, they help 
identify the main strengths, weaknesses, opportunities and threats that influence 
replication across technical, environmental, social, economic, governance, 
investment, regulatory and reputational dimensions. Second, they inform the 
enabling conditions, replication scenarios, barriers and enablers presented later in 
the roadmap. Third, the SWOT analysis supports the practical orientation of the 
roadmap by translating identified strengths and opportunities into supportive 
actions and development drivers, and by translating weaknesses and threats into 
mitigating actions and risk-management considerations. In this way, the roadmap 
does not only summarise project findings but uses the SWOT analysis to structure 
the practical decisions that replication actors need to make. 

Bio4HUMAN’s roadmap stems from analysing various techniques based on evidence, 
stakeholder feedback, and examination of solutions from actual humanitarian cases 
in the Democratic Republic of Congo (DRC) and South Sudan, combining desk 
research and policy analysis with qualitative contributions from humanitarian 
organizations and donors, clusters, local authorities, local market actors, academia, 
and community members. Rather than analysing “techniques” in isolation, the 
roadmap assesses bio-based solutions according to their practical applicability in 
humanitarian settings, including how they can be procured, used, governed, 
accepted by stakeholders, and managed at end of life. These findings are supported 
by analytical tools developed within the project, including the SWOT analysis and 
scenario-based cost assessment. Environmental, social, and economic governance 
dimensions are considered together, so that each solution is assessed not only for 
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technical feasibility, but also for operational fit, regulatory alignment, procurement 
feasibility, end-of-life readiness, and stakeholder acceptance.  

Users of the roadmap should read it as a sequence of practical decision points. 
Chapter 3 explains the portfolio of solutions considered by Bio4HUMAN. Chapters 4 
and 5 define the replication logic and step-by-step pathway. Chapter 6 summarises 
the enabling conditions that should be checked before implementation. Chapter 7 
clarifies stakeholder roles and engagement needs. The following chapters then 
translate these findings into replication scenarios, policy and funding 
considerations, tools, checklists, monitoring indicators and sustainability 
requirements. As a result, the roadmap can be used both as a planning document 
before piloting or scaling a solution, and as a reference tool during implementation 
to check assumptions, document learning and adapt the replication approach. 

3. Overview of Solutions Identified 

3.1 Initial scoping and narrowing of the list of bio-based solutions 

The roadmap builds on the portfolio of bio-based solutions identified in Deliverable 
D4.1 “List of bio-based solutions”. In the open access project materials, each 
solution is presented in a consistent format to support replication decisions, 
covering its purpose and functionality, environmental and social benefits, 
governance and policy relevance, community acceptance and feedback, and its 
scalability potential (including barriers and enabling factors). The portfolio includes 
all the scoped solutions that were identified by the project.  

Initially, under Bio4HUMAN, 81 bio-based solutions with potential application in 
humanitarian interventions and potentially helping to resolve the solid waste 
management issues in the humanitarian contexts were scoped, derived from the 
project’s five Investigation Lines, including the BIC survey, CBE JU projects, 
organisations advocating for bio-based solutions, awarded products/technologies, 
and patents. 

The solutions were then initially analysed by the project partner PRO CIVIS and then 
clustered into seven categories based on applicability and functionality. 

The seven categories were: 

• Multi-purpose packaging products 

• Packaging products for food and drinks 

• Hygiene products 

• Construction related products 

• Other products potentially applicable in the context of humanitarian 
interventions 

https://bio4human.eu/wp-content/uploads/2025/03/D4.1-Bio4HUMAN_List-of-bio-based-solutions_FINAL.pdf
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• Small-scale technologies 

• Big-scale technologies 

This initial list and categorisation was the shortened to a total of 32 solutions, after 
taking into consideration additional criteria like the assumed practical applicability 
to the humanitarian purposes, the innovativeness of the presented solution, the 
willingness of the Solution Owner to provide detailed technical and technological 
data (and especially the one serving the further LCA purposes), the potential 
dependence on climatic conditions, the scale of potential investment – in case of 
technologies, the logistic supply chain application (in the case of products) and of 
course the TRL level. This process also included the deliberate avoidance of any 
obvious catalogue of solutions and technologies, and focused on innovative 
solutions, often at the lower relative technology readiness level (TRL), as well as 
taking into consideration the local implementation aspect. 

The list was then shortened once more, through internal and external consultation. 

For the internal consultation, the main considerations for products included: 

Table 1 Internal consultation of product solutions 

Products Technologies 

• the qualities of the proposed 
products 

• the fulfilment of the standards 
• the actual demand of the 

humanitarian organisations 
• the stage of the humanitarian 

supply chain 
• the possibility of the local 

production 
• the ‘end of life’ scenario 
• price and cost considerations 
• cultural and societal acceptance 

by the local communities 

• the local resources needed for 
the implementation 

• the functional and operational 
elements 

• the maintenance issues 
• the high complexity of the 

proposed solutions 
• the sustainability of the 

technologies in humanitarian 
context 

• the innovativeness issue 

 

All the main topics raised during the internal consultation in the form of questions, 
remarks, comments, observations and concerns were also reflected in the 
consultation process with the external humanitarian stakeholders, including also 
the scope of: 

• Applicability and efficacy 

• Innovativeness 

• Cultural or societal barriers 

• Transferability of the technology to humanitarian destinations 
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• Feasibility of the technological implementation and operation 

• Potential of human capital that could ensure smooth operations 

The internal and external consultation resulted in the list of 27 bio-based solutions 
potentially applicable in humanitarian settings. 

After having identified the bio-based products and the bio-based technologies of 
potential value to the humanitarian interventions, the process of narrowing to the 
final list of 10 solutions was based on a functional-unit-based comparative Life 
Cycle Assessment of reference materials currently used in humanitarian kits and 
innovative bio-based solution items considered in the project.  

Each bio-based solution item was compared to its corresponding reference item 
under a harmonised functional unit, with results assessed at both item-level and 
kit-level performance. The criteria taken into account included Life Cycle 
Assessment methodology, Social impacts, Life Cycle Costing analysis, governance 
aspects, and the applicability of identified solutions in a specific geographical area. 
The assessment also considered environmental impacts across EF3.1 categories, 
single score environmental performance, functional equivalence, actual use 
conditions, typical quantities distributed, operational requirements of the 
humanitarian kits, end-of-life performance, material efficiency, and performance, 
safety, and usability of essential items delivered to crisis-affected populations. 

3.2 Final list of examined solutions 

After assessing the feasibility of the solutions on technical, social and 
environmental aspects of potential implementation (described both in this 
replication roadmap and available for public research) the result was a list of 10 
solutions that were going to be the centre of the more detailed analysis.  

The 10 solutions examined in detail in the Bio4HUMAN project were: 

1. Mycelium protective material: cardboard and natural shock-absorbing pads 
made from mycelium as an alternative to plastic filling in parcels; 

2. Biogas digester technologies: as an alternative to traditional waste 
management; 

3. Self-adhesive tape: bio-based PLA film that is coated with a natural rubber 
adhesive as an alternative to conventional plastic tape; 

4. Biodegradable laminating film: derived from renewable resources like corn as 
an alternative to conventional plastic laminating film; 

5. PLA Bottles: made entirely from plants (including the cap and label) as an 
alternative to conventional plastic bottles; 

6. Metallised Barrier Layer for food contact applications: made from PLA, 
cellulose metallized and cellophane as an alternative to metallized sachets 
for food; 

https://bio4human.eu/bio-based-solutions-portfolio/
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7. Sanitary pads: made of natural, low-cost materials from locally available 
agriculture as an alternative to traditional non-compostable cotton sanitary 
pads and reusable sanitary pads; 

8. Disposable bags, biodegradable and compostable: made from renewable 
sources as an alternative to conventional plastic bags made from fossil-based 
polymers; 

9. Monofilament mosquito & fishing nets: biobased and biodegradable bioplastic 
formulations as an alternative to conventional monofilament fishing nets 
made from fossil-based plastics (e.g. nylon, polypropylene) / conventional 
mosquito nets made from synthetic materials; 

10. Black Soldier Flies (BSF): as an alternative to traditional waste management 
methods. 

These 10 solutions were identified by the consortium as the most feasible based on 
the criteria and the specific situations in the DRC and SSD. The remaining solutions 
that were mapped remain an interesting and valuable portfolio of bio-based 
solutions that could prove ideal in different settings and TRL requirements. 

4. Replication Framework and Guiding Principles 

In this roadmap, a successful replication is not understood as a direct copy of the 
Bio4HUMAN project activities. Rather, it means applying the project’s methodology, 
evidence, and lessons to new humanitarian contexts in a structured but adaptable 
way.  The roadmap therefore sets out the key steps for replication, from stakeholder 
and solution identification, through feasibility assessment and decision-making, to 
piloting, evaluation, and possible scale-up. Its purpose is to guide replication actors 
while leaving room for context-specific adaptation according to local needs, 
capacities, governance conditions, and end-of-life realities. 

In this roadmap, replication refers to the transfer and implementation of a bio-
based solution, whether a product substitution, a waste-treatment technology, or 
a combination of both, from the humanitarian contexts of SSD and the DRC 
examined in the Bio4HUMAN project to other contexts, while preserving or improving 
operational performance and delivering verifiable environmental and social benefits.  

Evidence across Bio4HUMAN results and deliverables shows that successful 
replication is not just a simple product substitution exercise. However, the solution 
must be feasible within the respective local governance environment, procurable 
through humanitarian systems, accepted by society at all levels and correctly used 
by end users, and supported by a credible EoL pathway. The replication roadmap is 
therefore a sequence of decisions and actions that align compliance, approvals, 
procurement, standards, operational capacity, and cost/logistics realities so that 
the expected benefits of the solutions are delivered in practice. 

While Bio4HUMAN was not designed to include the field testing of the explored 
solutions in SSD and the DRC, the experiences and results of the project provide a 
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unique insight in the decision mechanisms and approach leading up to a potential 
pilot implementation, hence the reference of this step in this replication roadmap. 
In the Bio4HUMAN context, scaling-up was not prioritized since only small-scale 
technologies were selected for assessment. Some of the solutions that were 
assessed within the project have already been implemented in different scales in 
humanitarian settings, providing a unique opportunity for replication scenarios of 
similar characteristics to those explored within the project to forgo parts of the 
costly pilot implementations, with the condition of close collaboration with the local 
stakeholders to be able to accurately assess the replication conditions.  

Piloting constitutes a critical intermediary step between assessment and full-scale 
replication. It allows the selected bio-based solution to be implemented in a 
controlled, limited-scale operational environment, reflecting as closely as possible 
real humanitarian conditions. The objective of piloting is to validate key assumptions 
identified during earlier phases, including technical performance, user acceptance, 
supply chain functionality, compliance with standards, and the effectiveness of the 
end-of-life pathway. Piloting also provides an opportunity to identify unforeseen 
operational constraints, refine procurement and distribution mechanisms, and 
generate context-specific evidence on costs, benefits, and risks. Importantly, it 
supports engagement with local stakeholders and end users, ensuring that feedback 
loops are established and incorporated into final decision-making. As such, piloting 
reduces uncertainty and strengthens the credibility and feasibility of subsequent 
scale-up and replication efforts. 

The replication roadmap is based on project results derived from other Work 
Packages (WPs). More specifically, the results that are utilised in this report are 
derived from WP3 “Mapping the ground + Scoping exercise Phase 1”, WP4 “Scoping 
exercise”, WP5 “LCA of innovative bio-based solutions”, and WP6 “Socio-economic 
and governance aspects evaluation”. Within the scope of Bio4HUMAN, the results 
from all WPs were designed to feed into the work of the following, ensuring a 
uniformity in the knowledge produced and the experience of the partners.  

5. Step-by-Step Replication Pathway 

The Bio4HUMAN replication pathway translates the project’s evidence into a 
practical sequence of steps to help organisations move from a phase of initial 
interest to sustained adoption of the solutions. The pathway is designed as a set of 
decision gates, starting with determining whether a solution is relevant and context-
appropriate, verifying governance and procurement feasibility, confirming EoL 
readiness, and finally providing support in piloting, learning and scale-up. The 
overview below summarises the core steps before providing more details in the key 
feasibility assessment and enabling conditions.  

• Assess relevance and needs – determine whether the solution addresses local 
operational, environmental, and community needs. 
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• Engage stakeholders – transparency on the engagement of local stakeholders, 
involve communities, local experts/academia, authorities, humanitarian actors, 
and market actors early in the process. 

• Evaluate the enabling environment – assess policies, standards, procurement 
systems, funding, logistics, governance conditions, and end-of-life 
infrastructure. 

• Adapt the solution design – tailor technical, operational, and cultural aspects 
to local site conditions and user practices. 

• Pilot implementation – conduct small-scale testing under real operational 
conditions, using defined operational, environmental and social indicators to 
monitor whether the solution functions as intended, is accepted by users, and 
delivers the expected end-of-life and sustainability benefits. 

• Evaluate & learn & refine – assess outcomes, identify lessons learned, and 
adjust the solution or implementation approach where necessary. 

• Scale & sustain – support long-term integration through local ownership, 
financing mechanisms, capacity building, and viable business models. 

 

Figure 1 Step-by-Step replication pathway 

5.1 Assessment of relevance 

Replication begins by defining the replication objective and scope and by 
determining whether an examined solution is relevant and context appropriate, 
including whether it addresses local community needs and the operational needs 
of humanitarian actors, such as replacing conventional solutions in humanitarian 
supply chains with bio-based alternatives. At this stage, interested stakeholders 
and replication actors should identify whether the replication target is a technology, 
a consumable product substitution, or a logistics or procurement input, and then 
confirm the intended context setting and the waste stream to be addressed.  

The solution should be matched to the local context, and it is imperative to clarify 
its intended function, what problem it addresses, and whether it offers equivalent 
functionality under field conditions. Bio4HUMAN findings show that feasibility can 
be distorted when functional limits are not taken into account in planning 
assumptions, so this step should include an initial context assessment that will 
cover durability, handling requirements, suitability for humanitarian distribution, and 
compatibility with local operational realities. 
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The assessment should be done in two levels: by the solution provider, to assess 
the feasibility for the market, including local laws and guidance, and secondly by 
the humanitarian organizations and donors, to assess the feasibility for the aid 
sector itself. Regardless of who initiates the process, the assessment should involve 
relevant stakeholders, including humanitarian practitioners, procurement and 
logistics specialists, technical experts, local authorities, end users, and, where 
appropriate, the solution provider to determine whether the solution addresses a 
genuine operational need and is technically, environmentally, economically and 
socially suitable for the intended humanitarian context. 

5.2 Engagement of stakeholders 

Replication requires continuous engagement with stakeholders from the start, 
including communities and adopters, local experts and academia, local authorities, 
humanitarian actors/ clusters/ donors, bio-based and circular economy actors, local 
producers, suppliers, service providers, and other relevant technical experts. This is 
essential for clarifying expectations, identifying real-life barriers and enablers, and 
understanding stakeholder perspectives and conditions for adoption. Stakeholder 
engagement can also help ensure that implementation choices reflect local 
priorities and explore trusted communication channels and existing coordination 
structures.  

The process typically begins with the review and updating of annual procurement 
plans, alongside the identification of more sustainable alternatives to standard 
procurement options. This is usually supported by regular coordination between 
programme and logistics teams, as well as consultations with HQ-based technical 
advisors, including those responsible for environmental mainstreaming. These 
internal discussions help to determine whether a dedicated assessment is required, 
where stakeholder engagement is initiated through relevant coordination 
mechanisms, such as clusters or technical working groups involving local and 
international humanitarian organisations. Local authorities and relevant ministries 
are generally approached through established regional-level channels, given their 
role in providing the necessary approvals and their regular engagement in new 
project processes. Community consultations are commonly conducted through 
focus group discussions, field visits, and key informant interviews with, for example, 
community or religious leaders. Potential suppliers are typically contacted through 
existing networks or contacts obtained through coordination platforms. 

Based on these inputs, a decision is made on whether to proceed with field-based 
testing. Recent examples include assessments examining the use of innovations in 
selected value chains. Independent assessments may also be commissioned where 
there is a clear strategic rationale. However, these remain relatively uncommon, as 
they generally require internal funding. In development programming, academic 
institutions from both external and the target country may be engaged to provide 
research support where specialist expertise is limited, where there is a strong 
thematic fit, or where high-quality research outputs are required. Desk reviews are 
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also undertaken where appropriate to gather additional contextual or technical 
information. 

Stakeholder engagement should also be used to identify ethical constraints and 
safeguards before implementation. This includes checking whether the proposed 
solution could create additional burdens for vulnerable groups, increase unpaid 
labour, exclude informal workers, raise protection concerns, or generate unrealistic 
expectations among communities. Engagement should therefore include 
transparent communication on the purpose, benefits, limitations, responsibilities, 
and possible risks of the solution, as well as accessible feedback and complaints 
mechanisms. 

Bio4HUMAN evidence from the humanitarian needs assessment, socio-economic 
and governance analysis, community engagement work, and SWOT analysis shows 
that community acceptance, interaction with local authorities, and engagement with 
humanitarian coordination mechanisms are critical enabling conditions for 
replication. This was particularly evident for solutions requiring new practices, such 
as waste segregation, composting, biogas, BSF treatment, or the use of unfamiliar 
bio-based materials. These findings indicate that replication should not be planned 
as a purely technical exercise, but as a coordinated process involving communities, 
authorities, humanitarian actors, and market actors from the beginning. 

5.3 Evaluation of the enabling environment 

Replication also requires a context-specific verification of the enabling environment 
to confirm that the solution can operate effectively in the intended setting. 
Bio4HUMAN feasibility and governance assessments conducted in SSD and the DRC 
can serve as reference models for this process. Interested parties are encouraged 
to adapt the project’s feasibility assessment templates, governance analysis 
methodology to their own operational context, rather than repeating full 
assessments from scratch. Depending on the type of solution, this may include 
verifying procurement feasibility, standards alignment, supply-chain availability, 
end-of-life conditions, and any relevant regulatory requirements. 

Also important is the mapping of the current established practices and EoL 
pathways, including what the solution would replace, complement, or add to the 
existing system, and which elements would need to be adapted to fit the specific 
setting. This includes identifying where potential environmental and social benefits 
depend on missing systems, such as segregation, collection, treatment 
infrastructure, user training, or maintenance capacity. This assessment helps 
determine whether the solution can be implemented responsibly, aligned with 
relevant governance and procurement requirements, and, where necessary, 
validated, endorsed, or formally authorised by the appropriate authorities, clusters, 
donors, or procurement bodies. It should also confirm whether the solution can be 
supported by a credible and realistic EoL system. 
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5.4 Solution Integration and Operational Adaptation 

The proposed solution and its delivery model should be adapted to the specific 
context that is being examined, taking into account the social, economic, and 
environmental aspects that are identified through the relevant assessments. Such 
models could be household, institutional, cooperative, or community cost-sharing, 
or enterprise and service models, as well as defining who owns, operates, and 
maintains the solution.  

Adaptation may also include adjusting technical specifications, packaging 
configurations, training and communication materials, and other elements needed 
to fit local realities. Bio4HUMAN results indicate that replication is most effective 
when both technical and social dimensions are considered, including but not limited 
to product functionality, climate and storage conditions, waste-handling practices, 
user familiarity, and the institutional arrangements needed for operation and 
maintenance. 

5.5 Implementation 

In the case of implementing a solution, it should begin with a structured pilot to 
tests the solution under real operational conditions, especially if the solution has 
not yet been piloted in any way in the specific setting. Piloting serves as a critical 
step to validate assumptions made during earlier assessments and to reduce 
uncertainty prior to scale-up. It should include hands-on demonstration and 
sensitisation for the communities, especially for unfamiliar solutions, as well as 
operational testing under real conditions such as transport durability, storage 
temperatures, humidity, wash resistance, and continuity of site-level management.  

The aim is not only to verify technical performance, but to also confirm that the 
solution can be integrated into humanitarian workflows without creating problems. 
Feedback loops with communities and operational teams should be established so 
that constraints and unintended effects can be identified early. 

5.6 Evaluation and learning 

It is imperative to include a monitoring, evaluation and learning framework to assess 
operational performance, adoption, governance bottlenecks, and the quality of EoL 
management. Interested parties should be able to monitor functionality, user 
uptake, treatment performance, procurement and approval barriers, as well as any 
deviations between expected and realised costs or outcomes. Monitoring should 
also capture operational, environmental and social indicators, including product 
durability, correct use, user satisfaction, segregation compliance, waste volumes 
collected or treated, maintenance needs, protection concerns, and any unintended 
effects on communities or implementing teams. 

For pilots, feedback should be collected through established humanitarian 
accountability and learning practices, such as post-distribution monitoring, 
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community feedback and complaints mechanisms, focus group discussions, key 
informant interviews, field observations, partner debriefs, and regular check-ins 
with local authorities, service providers and relevant clusters. These feedback loops 
should be planned from the beginning of the pilot, so that issues can be identified 
early and corrective actions can be taken before decisions on continuation or 
expansion are made. 

This stage will produce lessons learned that feed directly into adaptation actions 
and clarify the specific conditions for adoption, including whether the intervention 
should be adjusted, expanded, or discontinued. Where scale-up is considered, the 
evaluation should define what needs to be in place before expansion, including 
confirmed procurement specifications, a reliable supply chain, clear ownership and 
O&M responsibilities, training materials, community sensitisation arrangements, a 
functioning EoL pathway, financing or cost-recovery arrangements, risk-
management measures, and a handover or institutionalisation plan.  

Bio4HUMAN results show that outcomes are not guaranteed simply by selecting a 
bio-based option, but depend on implementation quality, transparency, the required 
capacity and the enabling conditions that support the solution in practice. 

5.7 Possible scaling and sustainability 

After the adoption conditions identified by stakeholders have been addressed, and 
feasibility, acceptance, and operational performance have been explored, the 
possibility of scaling can be explored- in the case of a completed piloting phase. 
The solutions can move from pilots towards adaptation, scale, and 
institutionalisation, through exploring integration into government systems or 
humanitarian programmes and commercial viability or handover arrangements.  

The Bio4HUMAN experience shows that environmental, social, and economic 
sustainability depends on the integration of procurement processes, clear 
ownership and maintenance arrangements, appropriate end-of-life management 
options, and, where feasible, locally embedded business models. It is also 
influenced by the level of social acceptance and engagement among stakeholders. 
The successful implementation of solutions requires their integration within broader 
governance, operational, and economic systems capable of sustaining them over 
time. 

Based on the above methodology, Annex 1 contains a checklist that can assist 
interested parties in scheduling, organising, and documenting their activities in a 
form of a simpler sequence. 

6. Enabling Conditions for Replication 

Replication depends on enabling conditions that shape whether a solution can be 
approved, procured, implemented, adopted, and managed responsibly all through 
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until EoL. Bio4HUMAN’s D6.1 “Socio-economic and governance aspects analysis 
report” highlights that these conditions are not limited to technical feasibility, but 
also include governance permissibility and institutional willingness, operational 
alignment with humanitarian standards, procurement, supply-chain constraints, and 
minimum infrastructure. 

A more detailed presentation of the enabling conditions in all aspects is described 
in the SWOT analysis performed by the Bio4HUMAN consortium, a result that is to 
be publicly available. The multi-factor SWOT analysis report utilises 10 areas 
(factors) to determine the successful and long-term development of the bio-
sector outcomes in supporting humanitarian actions to accelerate the transition 
towards a sustainable, regenerative, inclusive, just, and clean circular economy. 

6.1 Governance enabling conditions 

As a general replication principle, bio-based solutions need a clear and supportive 
governance pathway before they can be responsibly piloted, adopted, or scaled. This 
does not always require a dedicated legal framework for bio-based materials or 
waste technologies, but it does require clarity on which authorities, humanitarian 
coordination bodies, procurement actors, and technical institutions need to be 
consulted, endorse the activity, or provide formal authorisation where relevant. 
Governance enabling conditions therefore include legal permissibility, institutional 
willingness, coordination with relevant public authorities, alignment with 
humanitarian standards, and clear responsibilities for oversight, land or site access, 
environmental safeguards, and end-of-life management. 

The Bio4HUMAN case studies in the DRC and SSD illustrate how these general 
governance principles play out in practice. In both the DRC and South Sudan, 
regulatory frameworks for composting and bio-based waste management 
technologies remain limited, fragmented, or non-specific, which creates a 
significant uncertainty. However, it can also create space for innovation where 
authorities adopt a pragmatic, needs-driven approach. Adoption of such solutions 
is enabled when local authorities (municipal, provincial, state, and relevant 
ministries) are willing to endorse pilots, clarify approval pathways, and support 
access to land or sites for treatment infrastructure.  

In the DRC, the presence of a general legal framework (including the environmental 
law and the plastic bag/sachet ban) provides a policy background, though 
enforcement is weak. In South Sudan, the presence of framework legislation and 
ongoing policy development signals political intent but limited institutional capacity 
and enforcement mechanisms require solutions that are simple, robust, and aligned 
with humanitarian governance and donor compliance requirements. 

Across both contexts, institutional and procurement alignment is also essential, as 
replication is enabled when clusters, UN agencies, and government authorities can 
validate, endorse, authorise, or otherwise support the solution through the 

https://bio4human.eu/wp-content/uploads/2026/05/D6.1-Socio-economic-and-governance-aspects-analysis-report.pdf
https://bio4human.eu/wp-content/uploads/2026/05/D6.1-Socio-economic-and-governance-aspects-analysis-report.pdf
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appropriate pathway, and when procurement rules and global standards support 
adoption. 

6.2 Operational enabling conditions 

Humanitarian and donor standards often function as the primary operational 
baseline for waste management in crisis settings. Replication of solutions is enabled 
when the solution can be embedded in existing operational systems, like in cluster 
coordination (e.g. WASH, Health, Shelter/Non-food items (NFI)), with established 
accountability practices (PDM and feedback mechanisms) and site management 
arrangements (including UNHCR oversight in camps).  

A core operational enabling condition, which was repeatedly highlighted in SSD 
stakeholder interviews, is the establishment of waste segregation as a prerequisite 
for SWM. Without source separation, most circular solutions (composting, biogas, 
BSF) are difficult to implement effectively, and compostable materials are not likely 
to be managed in a way that delivers environmental benefits. These benefits depend 
greatly on end-of-life pathways that are often limited or absent. In the case of DRC, 
the existence of a functioning end-of-life system for bio-based solutions is a key 
enabler. While the DRC has a basic environmental and sanitation framework, they 
remain weakly enforced and do not establish operational requirements for 
compostable-material certification, recycling, or bio-waste treatment. As a result, 
bio-based and compostable products can be introduced legally, but their 
environmental benefits depend on whether they are accompanied by controlled 
collection, segregation, and treatment pathways. As such, replication requires a 
realistic segregation and treatment pathway, such as household or community 
composting with education, local authority-endorsed composting pilots, controlled 
waste segregation collection and processing, or partnerships with informal and 
semi-formal waste actors.  

Feasibility also depends heavily on reliable inputs and stable operating conditions, 
like livestock or manure availability for biogas, reliable segregated organic waste 
streams and water access for BSF, storage constraints such as keeping laminating 
film below approximately 30°C, and local climate and humidity conditions such as 
mycelium stability in high humidity.  

Finally, long-term sustainability depends on clear exit strategies, and defined 
operation and maintenance arrangements including biogas maintenance planning, 
trained local technicians, and resilient ownership models are essential to the 
successful and sustainable replication and adoption of solutions. 

6.3 Economic and logistics enabling conditions 

Economic and logistics enabling conditions determine whether a bio-based solution 
can be adopted without creating disproportionate costs, delays, or operational 
burdens for humanitarian actors. From an LCC perspective, replication planning 
should not treat cost estimates as fixed predictions, but as comparative scenarios 
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that help decision-makers understand the main cost drivers, trade-offs, and 
assumptions behind each option. These assumptions include material prices, 
transport routes, storage duration, procurement volumes, packaging configuration, 
local availability, and the costs linked to collection, treatment, maintenance, or end-
of-life management. 

Packaging appears as an important entry point because several Bio4HUMAN 
solutions relate to products or materials used in humanitarian supply chains, and 
because packaging often represents only a small share of the total cost of aid kits. 
This means that selected packaging substitutions may be relatively feasible “first-
mover” options where they meet functional requirements, show environmental 
benefit, and can be linked to a credible end-of-life pathway. However, packaging 
should not be presented as automatically easy or beneficial: each substitution still 
needs to be checked against performance, storage conditions, transport durability, 
procurement rules, and local EoL capacity. For the contexts with no proper recycling 
infrastructure low-hanging fruit solutions are those that are fully biodegradable or 
compostable, can be integrated into existing humanitarian procurement and 
logistics systems with limited operational changes, require little or no additional 
supporting infrastructure or behaviour change, and offer clear environmental 
benefits under realistic end-of-life conditions. 

At the same time, the overall economic case for replication is shaped by logistics 
and by the dominant cost drivers within each kit or intervention. For example, where 
the main cost lies in large items, transport, storage, or food commodities, a bio-
based packaging change may have a limited effect on the overall budget. By 
contrast, for service-based or system solutions such as biogas, BSF, composting, 
waste collection, or local production, the relevant costs go beyond the unit price of 
a product and include equipment, land or site preparation, training, labour, 
maintenance, feedstock management, quality control, monitoring, and long-term 
ownership or cost-recovery arrangements. 

The relevance of economic considerations also depends on the implementation 
model. In many humanitarian interventions, bio-based products (or packaging of 
hum. products) are procured and distributed by humanitarian organisations, 
meaning that procurement costs primarily affect donors and implementing agencies 
rather than the affected communities. In these cases, the key economic question is 
whether additional costs are justified by improved environmental or social 
outcomes and can be accommodated within programme budgets. By contrast, 
where solutions rely on household purchase, community cost-sharing, local 
enterprises, or revenue generation (e.g. biogas, BSF, local production), affordability 
for end users and long-term financial sustainability become critical determinants 
of successful adoption and replication. 

The LCC tool should therefore be used as a decision-support tool for comparing 
realistic implementation scenarios, rather than as a single calculation proving that 
a solution is affordable. It can help procurement, logistics, programme, 
sustainability, and donor-facing teams test how costs change under different 
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assumptions and identify where additional funding, subsidies, blended finance, 
cost-sharing, or local enterprise models may be needed. Economic viability and 
affordability remain central enabling conditions, because cost increases are one of 
the most frequently cited barriers to adoption. Replication is more likely where bio-
based options are cost-neutral or close to conventional alternatives, where 
additional costs can be justified by environmental or social benefits, or where a 
financing model is in place to cover the extra costs of responsible implementation 
and EoL management. 

6.4 Social and transparency enabling conditions 

The Social Life Cycle Assessment (S-LCA) results support that HOs tend to show 
consistent performance across core social themes due to established humanitarian 
standards. On the other hand, solution providers often provide limited public 
information on working conditions and broader social contributions. For replication, 
this means that transparency and due diligence requirements should be clarified 
early in the process, before procurement, piloting, or scale-up decisions are made. 
These requirements may include documented quality management, product safety 
information, supplier disclosure on relevant social themes, and evidence that the 
solution does not transfer social or environmental risks to vulnerable groups.  

Many solutions may require awareness-building through trusted local channels and 
practical demonstrations, especially where communities have limited direct 
experience with bio-based products, waste segregation, composting, biogas, BSF, or 
other unfamiliar practices. Social acceptance should therefore be treated as an 
enabling condition for replication, not as an assumption. Replication actors should 
identify likely concerns, misconceptions, gendered impacts, labour implications, and 
potential protection risks before implementation. 

Gender-sensitive design is also important. Women are often primary users, 
handlers, or beneficiaries of several solutions, but they may also carry additional 
responsibilities linked to sorting, washing, disposal, maintenance, or community 
sensitisation. Programmes are more likely to succeed when they work through 
women’s networks and reflect gendered roles, needs, and risks. At the same time, 
engagement should also include men, community leaders, service providers, and 
other household or institutional decision-makers, so that responsibility for adoption 
and correct use is not placed only on women. 

7. Stakeholder Engagement and Roles 

Effective replication and solution adoption require coordinated engagement with 
stakeholders who influence feasibility, approvals, procurement, implementation 
quality, and EoL outcomes. As presented in D3.1 “Stakeholder analysis” and D3.3 
“Humanitarian Sector Needs Assessment Report”, and advanced later in WP6 of 
Bio4HUMAN, key actor groups were identified and prioritised, outlining the practical 
roles different stakeholders play across the replication pathway, from community 

https://bio4human.eu/wp-content/uploads/2024/07/Stakeholder-analysis-report_Bio4HUMAN-31.03.2024-with-disclaimer.pdf
https://bio4human.eu/wp-content/uploads/2024/08/D3.3-Bio4HUMAN-3.8.2024-Final-with-disclaimer.pdf
https://bio4human.eu/wp-content/uploads/2024/08/D3.3-Bio4HUMAN-3.8.2024-Final-with-disclaimer.pdf
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adoption and behaviour change to regulatory endorsements, cluster validation, 
supplier due diligence, and donor requirements. 

Bio4HUMAN’s stakeholder analysis provided the engagement backbone for the 
project’s needs assessment, feasibility work and SWOT analysis. Led by People in 
Need (PIN) with partners across the humanitarian sector, bioeconomy and academia, 
the work combined structured stakeholder mapping and database development 
with a common categorisation framework and prioritisation to adjust engagement 
by influence and relevance. 

7.1 Stakeholder identification and database development 

Stakeholder groups were decided among partners and were described in a shared 
database template (English and French) to support mapping in Europe, the DRC and 
South Sudan. A public (GDPR-compliant) version without contact details was also 
prepared. The database was treated as a living tool that expanded through ongoing 
engagement and referrals, with almost 300 stakeholders mapped. 

Desk research complemented stakeholder mapping by grounding it in existing 
humanitarian standards and environmental requirements as well as relevant EU 
bioeconomy and circular economy frameworks, to define which actor types, 
competencies, and policy drivers were most relevant for Bio4HUMAN and for 
replication in humanitarian SWM contexts. 

7.2 Stakeholder categorisation 

To ensure comprehensive coverage of relevant actors, the mapping applied the 
Quadruple Helix (QH) model, grouping stakeholders into: 

• Industry (bio-based producers, technology providers and bioeconomy actors 
in Europe, and potential producers/SWM-related businesses in DRC and 
South Sudan); 

• Academia (researchers/labs and research consortia working on bio-based 
solutions, circular economy and/or SWM in humanitarian contexts); 

• Community (affected community members/leaders and humanitarian actors 
such as INGOs/LNGOs, UN agencies, clusters and donors);  

• Government/Policy makers (regulators and public authorities responsible for 
SWM, humanitarian aid deployment, environment, bio-oriented and circular 
economy at the EU, national, provincial and municipal levels).  

After mapping, a power–interest grid was used to prioritise stakeholders within each 
group by assessing their relative power (ability to influence decisions, 
implementation or uptake) and interest (willingness to engage and relevance) to 
Bio4HUMAN objectives. Group-specific criteria were defined for power and interest, 
like organisational scale, track record in SWM, role in clusters or regulation, research 
track record, or expressed willingness to participate.  

https://bio4human.eu/resources/
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Based on whether at least one of the criteria for high power and/or high interest 
was met, each stakeholder was classified as key (high power/high interest), 
important (high power/low interest or low power/high interest), or other (low 
power/low interest) This classification is reported in the stakeholder database. 

7.3 From analysis to engagement planning 

Two engagement purposes have been distinguished: the engagement to participate 
in Bio4HUMAN qualitative data collection activities and share information/materials 
(e.g. needs assessment outputs and other grey literature), and the ongoing 
engagement via project dissemination and communication (WP7/WP8). Engagement 
planning relied strongly on the partners’ established networks and relationships (e.g. 
humanitarian coordination mechanisms such as WASH/Logistics clusters and other 
sectoral platforms) and on social media visibility to reach and motivate stakeholders 
and to convert “high power/low interest” stakeholders into more active participants. 

In the DRC and South Sudan, the humanitarian partners drew on established field 
presence and trusted relationships to collect qualitative evidence through Key 
Informant Interviews (KIIs) and Focus Group Discussions (FGDs), complemented by 
observations and relevant grey literature (SWM reports, evaluations and regulatory 
documents). To reflect operational diversity, the planned engagement covered 
urban, semi-urban, rural and camp/settlement settings (including Bukavu, Goma 
and Bulengo IDP camps in the DRC, and Juba, Yei and Way Station IDP camp in 
South Sudan). Tools were translated and discussions were conducted in 
participants’ preferred languages with community-based translators to support and 
encourage inclusive participation. 

7.4 Identification of stakeholder needs  

Across actor groups, the engagement highlighted a consistent set of needs that 
replication guidance must address: 

• Evidence-based, practical guidance on bio-based solutions for humanitarian 
use: 
Stakeholders need accessible, science-based information on the basic 
features, application potential, sustainable performance and circularity of 
bio-based products and systems, that could replace harmful materials and 
reduce waste in humanitarian responses. 

• Clear understanding of SWM) needs, constraints and current practices in 
humanitarian settings 
Humanitarian actors, communities and local authorities require structured 
assessment and synthesis of SWM challenges (including disposal, 
health/environmental risks, and reverse logistics) across different location 
types (urban/rural/camp) to inform feasible utilization and /or 
improvements. 

• Context-appropriate options that work within local regulatory and 
operational frameworks 
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Government and municipal actors, as well as HOs operating under 
government permissions, need solutions and recommendations that align 
with applicable regulations and institutional responsibilities for SWM, 
environment and public health. 

• Access to and sharing of relevant data and grey literature 
Stakeholders need mechanisms to share existing reports, policies, 
evaluations and operational learning on SWM and environmental practices, to 
avoid duplicating work and to strengthen the evidence base for Bio4HUMAN 
outputs. 

• Meaningful, culturally and linguistically accessible engagement processes 
Community members and local stakeholders need engagement formats that 
respect local languages and socio-cultural context and enable inclusive 
participation (including women and marginalised groups), improving both 
data quality and ownership. 

• Pathways for adoption, replication and amplification 
High-power actors (donors, cluster leads, regulators, large organisations and 
industry networks) need clear engagement routes and usable outputs (e.g. 
guidelines, recommendations, replication roadmaps and dissemination 
materials) that enable integration into existing standards, programmes and 
procurement/operational practices. 

• Opportunities for industry and innovators to understand demand and 
feasibility 
Bio-based companies and local enterprises need clarity on the specific SWM-
related problems to be solved in the target settings, the constraints of 
humanitarian supply chains, and the feasibility and acceptability conditions 
for introducing or scaling bio-based alternative solutions. 

The needs results informed both the prioritisation of stakeholders for qualitative 
engagement (KIIs/FGDs and information sharing) and the intended form of 
Bio4HUMAN outputs (evidence-based recommendations and guidelines for 
humanitarian practitioners, policymakers and bio-based industry actors, supported 
by tailored dissemination and engagement activities). 

8. Replication Scenarios and Case Studies 

Replication scenarios and case studies in both research countries translate project 
findings into concrete pathways that organisations can adapt to their operational 
realities. Drawing on the humanitarian sector needs assessment (D3.3) and 
community engagement insights (D6.2), Bio4HUMAN can provide an initial typology 
of scenarios where replication is likely.  

Across humanitarian supply chains and field operations, SWM (including packaging 
waste) remains insufficiently supported and systematised. Infrastructure and 
services are limited, markets for recycling or valorisation are weak, and aid-related 
waste quickly mixes with municipal waste streams. As a result, replication scenarios 
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should be designed for mixed-waste realities and implemented with local public 
and private actors and not based and relied only on the humanitarian aid systems. 

Replication is most feasible when SWM responsibilities and decision rights are 
explicit (who sets procurement specifications, who manages site practices, and how 
coordination with clusters and authorities is organised) and when a minimum data 
set is available to guide investment and learning. Due to uneven monitoring and 
waste composition and quantities with no consistent documentation, case studies 
focus on a minimum number of factors (simple characterisation, segregation 
feasibility, service mapping and cost tracking) alongside partnership arrangements, 
market readiness, and financing and procurement mechanisms that make adoption 
realistic in protracted-crisis contexts, such as the DRC and South Sudan. 

Table 2 Replication scenarios 

Scenario Typical Bio4HUMAN solutions 
A Low-cost substitution Tape, laminating film, bags, bottles 
B Redesign required Food packaging solutions 
C Product + system BSF, biogas, compostable packaging 
D Local value chain Pads, BSF, local manufacturing 

opportunities 
 

Based on Bio4HUMAN findings, low-cost packaging substitutions (Scenario A) 
represent the most immediately replicable pathway, while integrated product-and-
system approaches (Scenario C) offer the highest sustainability potential but require 
greater institutional commitment and investment. 

The case studies upon which the replication scenarios were based can be found in 
Annex 2. 

Table 3 Indicative Example case studies (detailed in Annex 2) 

Example case study Characteristics 
BSF cooperative model (DRC) Existing women's cooperative 

Reliable organic waste stream 

Local market for larvae and fertiliser 

Training support available 

Suitable for Scenario C and D 

Yei Hospital biogas system (South 
Sudan) 

Institutional ownership 

Stable feedstock supply 

Clear maintenance responsibility 
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Suitable for Scenario C 

 

8.1 Scenario A: Low cost and risk substitutions 

The LCC results indicate that replacing conventional packaging with bio-based 
packaging generally results in only small changes in total kit cost because packaging 
is often a small share of overall costs. This supports “quick wins” replication 
scenarios that prioritise early packaging substitutions especially when a clear 
environmental benefit has been demonstrated, procurement pathways are clear, or 
EoL can be managed through controlled arrangements like within a camp, facility, 
or supported market setting. However, even without a cost difference the 
functionality of the substitution in the specific setting needs to be checked and 
thus an environmental assessment is necessary, as the substitutions of 
conventional packaging are not always feasible. 

8.2 Scenario B: Functionality constrained substitutions- redesign 

Cost and feasibility outcomes can be distorted when bio-based alternatives are 
assumed to deliver the same function but in practice require non-standard 
configurations. In the Bio4HUMAN Food kit example, where there was a major cost 
increase due to unrealistic assumptions about replacing packaging units, shows that 
if a replacement requires impractical packaging configurations or undermines 
usability to functional, replication should be delayed until the design and 
specification are adapted or explore a different replacement route. 

8.3 Scenario C: Integrated product and system replication 

Imported bio-based products are not effectively regulated after arrival and waste 
systems usually rely on open dumping/burning. In this scope, replication that 
focuses only on substituting products risks to not deliver meaningful benefits. In 
this case, it is beneficial to explore the combination of product substitution with 
investments in segregation, community education, and local treatment capacity 
(composting, anaerobic digestion, BSF), creating a controlled pathway for EoL 
management. It is also important to highlight that governance analysis suggests that 
such pilots are often legally feasible under general law when local authorities 
endorse them, but their sustainability depends on operational ownership and site 
arrangements. 

8.4 Scenario D: Local production and local value chain development  

Local production is most realistic where replication does not require complex 
industrial manufacturing, but can build on modular equipment, existing skills, local 
organic waste streams, or service-based business models. Based on Bio4HUMAN 
assessments, this is most relevant for biodegradable sanitary pads, BSF enterprises, 
compost production, and waste collection or transformation services, rather than 
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for sophisticated packaging products that require advanced material processing and 
strict quality certification. In terms of local production of bio-based solutions, the 
important points to take into consideration are indicatively and not restricted to: 

• The local value chain characteristics (local raw materials, local production, 
local EoL management systems). 

• The energy mix of the country (if the production process is energy 
consuming- a process counting on fossil energy would not be a good solution 
from an environmental point of view). 

• The local knowledge for manufacturing. 
• The food competition. 

Replication in this scenario may take several forms: local assembly or small-scale 
production, such as sanitary pad production using appropriate agricultural fibres; 
local service provision, such as waste collection, segregation and composting; or 
enterprise models that transform organic waste into marketable outputs, such as 
BSF larvae, frass, compost, digestate or biogas-related services. These models 
require minimum capacities, including reliable feedstock supply, basic equipment, 
trained operators, quality and hygiene controls, safe working conditions, market 
access for outputs, and clear ownership and maintenance arrangements. 

The strongest replication potential is therefore in protracted-crisis or early-recovery 
contexts where humanitarian actors can create predictable demand, support 
training and quality assurance, and link local enterprises to procurement or service 
contracts. However, structural barriers must be addressed. In South Sudan, for 
example, the tax framework can favour tax-exempt humanitarian imports over local 
procurement, making locally produced materials less competitive. Replication aimed 
at local value chain development should therefore include early engagement with 
donors and authorities on procurement flexibility, tax treatment, product standards, 
and certification, while ensuring that local production does not compromise safety, 
affordability, or environmental performance. 

9. Policy and Funding Landscape 

Replication operates within a policy and funding landscape that spans host-country 
governance, humanitarian supply chains and donor requirements, and the wider 
bioeconomy sector. This section summarises key policy drivers, regulatory gaps and 
procurement constraints identified in Bio4HUMAN’s governance works and policy 
briefs, and it outlines how funding mechanisms and fiscal incentives can enable or 
undermine replication. The objective is to support realistic planning that aligns 
replication initiatives with approval pathways, standards, and available financing 
instruments. In practice, this means distinguishing between product substitution 
pathways, such as selected bio-based packaging or sanitary products, and service-
based pathways, such as segregation, composting, BSF processing, and other waste 
valorisation models. 
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Bio4HUMAN’s policy work describes a policy-and-financing environment according 
to which replication schemes for bio-based SWM solutions in humanitarian settings 
must operate across three interlinked spheres: national and sub-national 
governance in crisis-affected countries (Bio4HUMAN case studies being the DRC and 
South Sudan), HOs and their supply chains (including donor expectations and 
procurement rules), and bioeconomy actors supplying bio-based products and 
technologies. Replication depends on aligning legal frameworks, enforcement and 
monitoring, procurement and funding rules, and local market and enterprise 
development (including public–private partnerships), rather than on technical 
choice alone. 

9.1 Policy landscape in humanitarian settings (host-country 
governance) 

This subsection focuses on the host-country governance environment in which 
replication shall operate. The emphasis is therefore on national, sub-national, 
regional and municipal policy and regulatory conditions in crisis-affected countries, 
rather than on humanitarian agency procedures or donor requirements. In this 
sense, the objective is to clarify how public governance frameworks in the host 
country can enable, constrain, or otherwise shape the adoption of bio-based SWM 
solutions. 

At host-country level, replication depends first on the existence of a basic policy 
framework for managing waste across the full chain, from collection to treatment 
and disposal. The project’s final policy brief stresses that humanitarian waste 
cannot be reliably separated from general municipal waste once it enters the local 
waste stream unless it is specifically marked. As a result, replication efforts require 
country-wide and/or region specific SWM regulations that define schemes, 
procedures, and institutional roles for collection, treatment, and disposal. A 
decentralised approach is flagged as particularly important, with national and/or 
regional governments expected not only to adopt legislation, but also to pair it with 
enforcement measures, promotion, capacity building mechanisms and public 
strategic and operational plans co-developed with private sector participation. 

Beyond general SWM regulation, replication also depends on whether host-country 
governance provides clear pathways for the introduction of bio-based products and 
technologies. The policy brief anticipates that forthcoming governance work will 
help identify which administrative levels, national, regional, or municipal, are most 
appropriate for introducing SWM policies, recycling and packaging regulations, and 
linked environmental rules such as water quality or climate-related regulation. For 
replication schemes, the implication is that authorities may need to regulate, certify, 
or incentivise specific bio-based technologies and products through new or adapted 
legislation, while also clarifying the authorisation and legitimisation of actors 
introducing circular or bio-based products and / or technologies into humanitarian 
supply chains. In Bio4HUMAN, this is particularly relevant for waste-to-value 
solutions such as Black Soldier Fly (BSF) processing, composting systems, and 
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locally produced sanitary products, which may require clear authorisation pathways, 
quality standards, environmental oversight, and market recognition before they can 
be scaled beyond pilot applications. 

Even where policy intent exists, replication remains difficult without basic systems 
for monitoring and measurement. The policy brief identifies a systemic lack of 
standardised waste measurement reporting, with weak or absent monitoring 
systems in both DRC and South Sudan, characterised by no centralised municipal 
waste data collection, fragmented reporting structures, and donor driven monitoring 
tied to project indicators rather than embedded public systems. This data scarcity 
undermines planning, resource allocation, and the ability to introduce innovative 
solutions with confidence. For replication, the brief points to enabling resources 
such as recent guidance and tools from the United Nations Environment Programme 
(UNEP) and WREC, and frames HOs as potential advocates and facilitators for more 
functional monitoring systems, including through audits, surveys, observations, and 
waste weighing exercises. 

A final governance consideration is the limited capacity of public institutions to 
assess, permit, and oversee environmentally sensitive waste-related innovations. 
The brief notes that, while overarching environmental laws exist in the DRC and 
South Sudan, sector-specific regulation for the environmental impacts of bio-based 
production, such as biomass sourcing, emissions, or soil degradation is 
underdeveloped or absent, and enforcement and assessment capacity remains 
limited at municipal and provincial levels. South Sudan is described as lacking 
specific regulation to guide environmental assessment of novel waste-to-product 
systems, with agencies often short of technical tools or personnel. For replication, 
this creates a dual requirement: first, to design solutions and implementation 
models that remain feasible under low regulatory capacity and second, to 
incorporate basic environmental risk screening and evidence, such as LCA, LCC, and 
S-LCA, to support permitting, acceptance, and donor compliance. 

9.2 Funding landscape relevant to replication 

Funding for replication needs to be understood in relation to the different layers of 
the system it must support and directly be part of. At host-country level, the brief 
calls for expanding and cataloguing funding mechanisms for SWM, including public–
private partnerships (PPPs), fee-based systems, and regulatory incentives, such as 
temporary tax exemptions or reductions in order to stimulate the emergence and 
functioning of private waste-management businesses. These mechanisms are 
positioned as practical ways to address persistent constraints in infrastructure 
investment and service provision, particularly where public budgets are limited. 
These mechanisms may be particularly relevant for service-based replication 
models identified by Bio4HUMAN, including waste collection and segregation 
services, compost production, and BSF enterprises, where long-term financial 
sustainability depends on both operational revenue streams and supportive public 
policies. 
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Beyond domestic financing levers, the brief highlights a set of international financing 
channels that are particularly relevant for contexts similar to the DRC and South 
Sudan. These include Official Development Assistance (ODA), Multilateral 
Development Banks (MDBs) such as the World Bank, African Development Bank, and 
African Finance Corporation, and major humanitarian donors, including the 
European Commission’s Directorate-General for European Civil Protection and 
Humanitarian Aid Operations, the Bureau for Humanitarian Assistance, the UK 
Foreign, Commonwealth & Development Office, Humanitarian Fund mechanisms, 
and UNICEF. The brief also notes infrastructure-related financing opportunities via 
the EU–Africa Infrastructure Trust Fund and the Africa–EU Green Energy Initiative. 
For replication schemes, these channels point to a blended funding logic in which 
humanitarian funds may support pilots, operations, and end-of-life management, 
while development and infrastructure instruments are more suitable for durable 
collection, treatment, and energy-recovery assets. 

At the same time, the brief underlines that dedicated funding for greening 
humanitarian operations remains limited, even though it is pivotal for replication. 
Sustainable and integrated SWM systems, as well as greener supply chains, require 
additional operational capacity for supplier assessment, procurement adjustments, 
waste tracking, community sensitisation, end-of-life coordination, and monitoring. 
The brief therefore calls for extending the currently minimal donor funding that 
supports greening actions, such as footprint measurement, environmental advisors, 
and solar transitions, so that it also covers systematic waste reduction and the 
adoption of bio-based solutions with biodegradable characteristics, including proper 
EoL management and local reuse, repurposing, and recycling initiatives. 

Taken together, these funding conditions suggest that replication schemes are most 
likely to succeed when technical deployment is matched with a broader enabling 
package. This includes a policy engagement pathway that addresses regulation, 
enforcement, institutional roles, and environmental screening and evidence; a 
measurement-and-learning system that produces comparable waste and 
performance data; and a financing plan that matches the type of asset to the most 
appropriate source of funding, whether humanitarian operational funds or 
development and infrastructure finance. At the same time, replication must 
navigate procurement and standards gatekeeping, as HOs are required to comply 
with procurement rules and global standards such as those of the World Health 
Organisation (WHO), UNICEF Supply Division, and Codex Alimentarius, with some 
adoption decisions for health-related items made at global rather than country 
level. Early engagement with cluster technical working groups, including Nutrition, 
WASH, Logistics, Health, and Shelter/NFI, is therefore critical for validation and 
adoption into programming, while national approvals and regulators may remain a 
formal requirement for certain products, as illustrated by mosquito nets that 
require Ministry of Health testing and approval before distribution.  

The broader policy context also matters as the report cites the plastic bag ban in 
the DRC as an example of a potentially supportive regulatory signal, but notes weak 
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enforcement, which limits its ability to drive market shift on its own. Donor 
influence and cost sensitivity are equally central, with stakeholders repeatedly 
stressing that donor decisions shape what is feasible and that even small cost 
increases can reduce programme coverage, as in ready-to-use therapeutic food 
(RUTF) programming. This makes explicit financing strategies essential for managing 
early cost premiums or infrastructure investments. Finally, the report highlights the 
importance of ethics and safeguards, both in the narrower sense of consent, data 
protection, and research ethics, and in the broader operational sense that spending 
on environmental packaging may be challenged during acute crises unless the 
benefits are clear and the costs remain proportionate. 

The key enablers and barriers that have been identified by the Bio4HUMAN project 
and its activities are fully described in the WP6 deliverables and the SWOT analysis 
performed during the project. A shortened version of those derived by the socio-
economic and governance assessment is presented in Annex 3. 

10. Replication Tools and Templates 

To support consistent and scalable implementation, Bio4HUMAN’s evidence base 
can be operationalised into a practical replication toolkit that can be reused across 
countries and programmes. These resources draw on the governance and feasibility 
findings (including the SWOT analysis), the project’s solution assessment work, and 
the cost and environmental assessment approaches developed under relevant work 
packages. Together, the toolkit comprises: 

• A scenario-based cost comparison tool (Excel LCC tool);  
• A replication readiness checklist;  
• Country- and solution-specific approvals and endorsements checklist;  
• Standards and evidence checklist for bio-based products and technologies;  
• Supplier transparency and social due diligence checklist;  
• End-of-life (EoL) readiness template;  
• Stakeholder engagement plan and mapping template. 

 
These tools are intended to help interested parties document assumptions, assess 
readiness, engage relevant stakeholders, identify evidence gaps, and provide 
transparent justification for donors, clusters, authorities, and implementing 
partners. They should be applied flexibly depending on the replication pathway: 
product substitution scenarios require stronger attention to procurement, 
standards and supplier evidence, while service-based or local value-chain models 
require greater focus on ownership, O&M, market readiness, end-of-life 
arrangements and local authority engagement. 
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10.1 Scenario-based cost comparison tool (Excel LCC tool) 

The D6.1’s Excel-based life-cycle costing (LCC) tool supports replication planning 
by comparing alternative kit configurations and testing sensitivity to key parameters 
(materials, packaging options, transport modes, storage duration and country 
context). In this roadmap it is used to document assumptions transparently and to 
support donor-facing decisions about cost trade-offs and affordability. 

D6.1 and the referenced tools can be found in the Bio4HUMAN website, along with 
supporting materials of WP5 that fed into the work described in WP6. 

10.2 Operational templates for replication 

Bio4HUMAN’s feasibility and governance analysis is translated into practical 
templates that interested parties can reuse across contexts like country and 
solution specific approvals and endorsements checklist (authorities, clusters and 
donors), a standards and evidence checklist for products making biodegradability 
and composability claims (and other safety and quality requirements), a supplier 
transparency and social due diligence checklist based on the S-LCA information 
gaps, and an EoL readiness template that captures waste streams, segregation, 
collection responsibilities, treatment options, contamination controls, community 
education and residual waste pathways. 

10.3 Replication Readiness Checklist  

Building on D6.2 “Community engagement report” t, the Replication Readiness 
Checklist helps interested parties organise the minimum information needed before 
piloting or scaling a solution. 

• Context & prior practice: What problem is the solution intended to solve? 
What product/practice is being replaced? What is the current EoL pathway 
(littering, burning, incineration, reuse)? 

• Barriers: What are the main anticipated barriers (market demand, 
procurement requirements, cost, infrastructure, cultural acceptance, 
logistics, regulation, standards, security, regional and local capacity, etc.)? 

• Enablers: What existing assets can be leveraged (trusted community 
channels, existing pilots, local production capacity, reference institutions, 
supportive authorities, public-private partnerships, existing waste 
management infrastructure and organic waste streams)? 

• Stakeholder positions: Where do community, humanitarian, government, 
business, and academia perspectives converge/diverge? Where do 
stakeholder priorities align or conflict? 

• Conditions for adoption: What must be true before scale (approvals, 
standards compliance, O&M model, financing, EoL system, training, ownership 
arrangements and responsibilities)? 

• Evidence gaps: What must be tested before scale-up (e.g. product durability, 
transport performance, temperature and humidity resistance, user 

https://bio4human.eu/wp-content/uploads/2026/05/LCC-tool-B4H-FV.xlsx
https://bio4human.eu/resources/
https://bio4human.eu/wp-content/uploads/2026/05/Bio4HUMAN-D6.2-Community-engagement-summary-report_v2.pdf
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acceptance, waste segregation compliance, treatment efficiency, market 
demand for outputs, operational costs, and long-term maintenance 
requirements)? Are there existing pilots in the country or similar areas? 

10.4 Stakeholder engagement plan 

Based on the experience gathered by the Bio4HUMAN consortium and as 
described in D6.1, the following table presents a suggestion on the engagement 
approach of the different stakeholder groups, in a humanitarian aid context. 

Table 4 Stakeholder engagement: suggested plan 

Stakeholder 
group 

Role and 
influence in 
replication 

Engagement channel(s) Expected outputs 

Community 
(women/men/you
th, leaders, 
CHWs/RECOs, 
VSLAs) 

Adoption, 
correct use, 
EoL 
practices, 
social 
acceptance 

Village chiefs, community 
health workers, religious 
leaders, women’s networks, 
FGDs/demos 

Community 
feedback, user 
requirements, 
acceptance 
criteria, 
sensitization 
plan, 
composting/dispo
sal practices 

Humanitarian 
actors + clusters 

Programmin
g design, 
procuremen
t, 
operational 
requiremen
ts, 
coordinatio
n 

Cluster meetings 
(WASH/Logistics/Nutrition/Heal
th/S-NFI), technical working 
groups, pilots 

Operational 
specs, pilot 
protocols, scale-
up 
recommendations
, validation 
statements, 
procurement 
requirements 

Donors and 
financing 
institutions 

Funding 
eligibility, 
procuremen
t flexibility, 
scale-up 
support 

Donor consultations, proposal 
development, evidence briefs 

Funding 
commitments, 
investment plans, 
approval for pilot 
or scale-up 
financing 

Government / 
regulators 

Approvals, 
enabling 
policies, 

Line ministries (e.g., Ministries 
of Health), provincial/county 
offices, PPP platforms 

Approvals, letters 
of support, policy 
alignment, 
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enforcemen
t, public 
facilities 

institutional 
integration 
pathway, 
licensing or 
permitting 
requirements 

Business / 
market actors 

Supply, 
service 
delivery, 
after-sales, 
local 
production 

Supplier onboarding, 
Memorandum of 
Understandings, service 
contracts, chamber of 
commerce 

Commercial 
model, O&M plan, 
price offers, 
quality assurance 
and warranties, 
supply reliability 
assessment 

Academia / 
research 
institutes 

Validation 
evidence, 
training, 
local 
adaptation 
research 

Research partnerships, Training 
of Trainers, reference sites 
(e.g., BSF strain/training) 

Testing results, 
training 
materials, locally 
relevant evidence 
for advocacy, 
monitoring and 
evaluation 
support 

 

11. Monitoring, Evaluation, and Learning Framework 

Monitoring, Evaluation and Learning (MEL) is essential to replication because it 
verifies whether a solution delivers intended outcomes under field conditions and 
identifies which enabling factors contributed to success or failure. The framework 
below combines outcome monitoring (performance, adoption and EoL results) with 
tracking of approvals, procurement constraints and implementation choices, so that 
lessons are transferable across contexts and accountability to communities, 
authorities and donors is strengthened. 

Replication should document the approvals and endorsements obtained (local 
authority permissions, import/conformity steps where applicable, cluster validation, 
and donor clearances). These steps are often relationship-driven and can be a 
bottleneck, tracking them supports realistic replication planning and more accurate 
implementation timelines. 

Replication should verify that the substituted product, deployed technology or 
service model performs as intended under field conditions. For service-based 
solutions, monitoring may include treatment efficiency, feedstock quality, 
operational continuity, output quality, and market uptake of recovered products. 
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Given D6.1’s findings about functionality-driven cost distortions, monitoring should 
capture usability, failure or defect rates, where data are available, and operational 
burdens introduced by the solution (additional handling steps, training 
requirements, maintenance intensity). 

Because D6.1 finds that end-of-life practices determine whether benefits are 
realised, MEL should track indicators such as segregation uptake, contamination 
rates, waste volumes collected, and volumes successfully treated 
(composted/digested/processed). Where industrial treatment is not available, MEL 
should capture whether a controlled pathway (institutional or camp-based) was 
achieved and sustained over time. 

S-LCA indicates that social performance assessments are constrained by limited 
supplier information. Replication should therefore include a simple disclosure 
tracker (what was requested vs received) and should monitor the functioning of 
feedback and grievance channels relevant to the replicated intervention, ensuring 
that complaints and operational issues lead to corrective action. 

The LCC tool in D6.1 is designed for comparative scenario analysis rather than 
precise forecasting. Replication should therefore use it to compare expected vs 
realised costs and to document the drivers of variance (transport, storage time, 
procurement terms, packaging configuration). Over time, these data can strengthen 
future LCC assumptions and improve replication accuracy. 

Table 5 Core indicators for monitoring replication performance 

Area Example indicators 
Adoption and performance User satisfaction, failure rates, product 

durability 
End-of-life performance Segregation rates, contamination rates, 

waste treated 
Governance and approvals Approvals obtained, validation steps 

completed 
Social performance Grievances received and resolved, 

supplier disclosures drivers 
Economic performance Planned vs actual costs, cost variance 

drivers 
 

Learning should be treated as a structured part of replication, not only as a final 
reporting activity. Pilot teams should hold periodic learning reviews with 
implementing organisations, communities, local authorities, service providers and, 
where relevant, donors or clusters. These reviews should examine what worked, 
what failed, which assumptions changed, which enabling conditions were actually 
necessary for adoption, and also make sure to take into perspective accountability 
in accordance with the humanitarian sector priorities. The results should be 
documented and used to adjust implementation, update procurement or technical 
specifications, refine cost assumptions, and inform future replication decisions. 
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11.1 Indicators and monitoring 

Replication monitoring should capture the full pathway from enabling conditions 
and implementation activities to operational outcomes and longer-term impacts. 
This includes documenting the resources, partnerships, approvals, and capacities 
required for implementation, as well as the resulting adoption, operational 
performance, end-of-life (EoL) management outcomes, and wider environmental, 
social, and economic effects. The indicator examples below translate this results 
chain into a practical set of monitoring dimensions that can be adapted to the 
specific solution and context. 

For adoption and correct use, indicators can track the percentage of target users 
consistently using the solution as intended, reported satisfaction and acceptance, 
and the extent to which key misconceptions are addressed through sensitization. 
For EoL outcomes, monitoring can focus on the proportion of the waste stream that 
is composted or otherwise processed rather than littered, burned, or incinerated, 
together with evidence of segregation practices where these are required, for 
example for BSF feedstock. 

System performance indicators can assess functionality, reliability, and operational 
continuity. Depending on the solution, these may include product failure rates, 
biogas operational days, BSF production continuity, treatment efficiency, availability 
of key inputs such as water and feedstock, and the quality and acceptance of 
outputs such as larvae, compost, digestate or fertiliser. Gender and protection 
indicators can capture women’s participation in decision-making and training, 
reported time savings, and proxy measures related to reduced firewood collection 
in biogas systems and perceived safety improvements. 

Economic indicators can monitor planned versus realised costs, key cost drivers, 
cost recovery where relevant, local income generation, and the affordability of the 
replicated solution relative to available alternatives. Where the LCC tool is used, 
monitoring should document the reasons for cost deviations and update 
assumptions for future replication efforts. 

Sustainability and exit readiness indicators can include the existence and 
implementation of an operation and maintenance plan, local capacity to repair and 
maintain the solution, revenue generation or cost recovery where relevant, and 
progress against handover milestones. Procurement and policy indicators can track 
progress on approvals and standards alignment, the number of organisations 
adopting green procurement for the relevant item, and whether policy or cluster 
guidance has been updated where this is relevant. 

Learning reviews should be conducted periodically to analyse monitoring results, 
identify barriers and enabling factors, and document lessons for future replication. 
Findings should be shared with implementing partners, authorities, donors, and 
relevant technical networks where appropriate. 
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12. Communication and Dissemination Plan 

The communication and dissemination plan translates the Replication Roadmap into 
a coherent set of messages, materials, and engagement activities tailored to the 
audiences most relevant for uptake and future replication. Its purpose is to 
communicate the value proposition of Bio4HUMAN’s replication framework and 
toolkit, support adoption through practical guidance and examples, and build a 
network that can sustain replication beyond the project lifetime through training, 
policy engagement, and follow-on initiatives. Communication will therefore focus 
not only on visibility, but on helping the roadmap reach the actors who can use it, 
adapt it, and support replication after the project ends. 

12.1 Objectives, core messages, and value proposition 

The plan is designed to explain the value proposition of Bio4HUMAN’s replication 
framework and toolkit, communicate why the roadmap is needed, and support 
uptake through clear messages and practical guidance.  

Its core proposition is that the roadmap helps humanitarian organisations (HOs), 
donors, policymakers, local authorities and solution providers identify, assess and 
scale suitable bio-based solutions in real operations by combining a validated 
portfolio of solutions with step-by-step implementation guidance, demand-side 
insights, and strategies to address non-technical barriers. 

12.2 Target audiences and stakeholder mapping 

Audience segmentation and stakeholder mapping build on D3.1 and provide the 
starting point for dissemination and engagement activities. The overall target market 
includes the humanitarian aid and disaster response sector as well as circular 
economy and bioeconomy ecosystems.  

Within this landscape, the primary audiences are humanitarian organisations (HOs), 
including NGOs and UN agencies such as WFP, UNHCR, and UNICEF; donors, 
including EU institutions, governments, and foundations; local authorities and 
implementing partners involved in SWM and humanitarian programming; and cluster 
or technical working group actors in areas such as WASH, Logistics, Health, 
Nutrition, and Shelter/NFI. Secondary audiences include policymakers at EU and 
national level, bio-based industry actors and solution providers, SMEs, academia, 
humanitarian innovation networks, and circular economy intermediaries. Crisis-
affected communities remain indirect beneficiaries of the system and of the wider 
replication process, while also being key participants in locally adapted engagement 
and feedback activities. 

12.3 Dissemination and engagement 

The roadmap will be supported by a set of dissemination products tailored to 
different audiences and use cases. These include an executive summary of the 
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roadmap, an infographic or one-pager, a slide deck for presentations, case studies 
from pilot locations, a video, dedicated web content for the Bio4HUMAN website, a 
newsletter focused on the roadmap, social media posts, and webinar formats for 
both Europe and Africa. 

Dissemination will be combined with local-level engagement and with policy and 
institutional outreach so that the roadmap is not only shared but also discussed 
and translated into operational practice. Priority channels should include 
humanitarian clusters and technical working groups, donor networks, humanitarian 
innovation platforms, SWM and WASH practitioner communities, bioeconomy 
networks, and partner-led events or advisory activities. This includes outreach to 
humanitarian actors, donors, policymakers, and local intermediaries through the 
materials mentioned above and through direct interaction in relevant networks and 
institutional settings. 

Capacity-building activities should accompany dissemination efforts to support 
practical application of the roadmap and its tools. These may include webinars, 
workshops, training materials, practical demonstrations, and Training-of-Trainers 
approaches for humanitarian organisations, local partners, authorities, and service 
providers. Particular attention should be given to identifying and supporting 
replication champions within humanitarian organisations, donor agencies, local 
authorities, clusters and implementing partners. These actors can promote 
adoption, share lessons learned, facilitate approvals, and mobilise resources for 
future implementation. 

12.4 Monitoring and Sustainability 

 Communication and dissemination activities should monitor downloads, webinar 
participation, training uptake, requests for support, references in policy or guidance 
documents, and evidence of adoption in programmes or pilot initiatives. Possible 
uptake indicators include downloads of roadmap materials, webinar or training 
participation, requests for technical support, references to Bio4HUMAN tools in 
guidance or proposals, engagement from clusters or donor networks, and evidence 
of adoption in programmes, pilots or procurement discussions. 

Replication and scaling are expected to continue beyond the project lifetime through 
a combination of continued dissemination, integration into existing humanitarian 
processes, and potential follow-up funding. The Bio4HUMAN replication framework 
and toolkit are designed as a practical, reusable resources that can be adopted by 
HOs, donors, and policymakers for programme design, procurement, policy 
development and pilot planning. To support continued use and relevance, the 
consortium plans to integrate the replication framework and toolkit into training, 
advisory, and capacity-building activities with humanitarian actors and networks, 
promote uptake through humanitarian clusters, donor frameworks, and policy 
engagement, and maintain visibility through open-access publications and 
dissemination via partner platforms and networks. 
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Particular attention should be given to identifying and supporting replication 
champions within humanitarian organisations, donor agencies, local authorities and 
implementing partners. These actors can promote adoption, share lessons learned, 
facilitate approvals and mobilise resources for future implementation. 

Further scaling and active maintenance, including updates to the solution portfolio, 
incorporation of new data, and expansion to additional contexts, will require 
additional funding. This may be pursued through follow-up EU projects, donor-
funded pilot programmes, or consultancy and advisory services that build on the 
Bio4HUMAN methodology. 

13. Sustainability and Long-Term Impact 

This roadmap frames sustainability as the ability to maintain environmental, social 
and operational benefits over time, including after pilots end and funding conditions 
evolve. In practice, this means that sustainability depends not only on the initial 
feasibility of a solution, but also on whether it can be institutionalised through clear 
roles, approvals, and procurement pathways, supported by long-term operations 
and maintenance capacity, and linked to credible EoL management that prevents 
bio-based products from becoming additional unmanaged waste. Long-term 
sustainability also depends on procurement systems and donor requirements 
recognising environmental and social value alongside short-term cost 
considerations. The section below therefore brings together the main sustainability 
conditions and long-term impacts highlighted across Bio4HUMAN’s governance and 
feasibility work. 

A central finding from the governance analysis is that replication may be technically 
and legally feasible without being actively supported by the wider enabling 
environment. The DRC case illustrates this challenge, where pilots may be feasible, 
but scaling remains constrained by certification gaps, weak enforcement, and 
limited treatment infrastructure. From a sustainability perspective, this means that 
replication should include a pathway for institutionalisation from the outset. In 
practical terms, this involves formalising operational arrangements with authorities, 
documenting evidence for donors and clusters, and developing pragmatic standards 
for product claims and waste treatment practices that can be applied even in the 
absence of dedicated national regulations. 

The evidence also points to the need for parallel investment in waste management 
infrastructure and community education when introducing bio-based products. 
Sustainability is therefore closely linked to building and maintaining segregation 
practices, developing locally appropriate treatment options even at small scale, and 
ensuring clear ownership for operation and maintenance. This is particularly 
important for technologies such as composting, anaerobic digestion, and BSF, which 
can deliver benefits only when stable waste streams, trained operators, and safe 
site conditions are in place. Sustainability also depends on the ability to adapt 
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solutions over time in response to operational experience, changing market 
conditions, and evolving community needs. 

At the same time, long-term impact is strengthened when replication contributes 
to local value chains and livelihoods, for example through decentralised collection, 
composting, BSF-related enterprises, and maintenance services. However, the 
analysis also highlights structural constraints, including fiscal disincentives for local 
suppliers in South Sudan. Sustainability planning should therefore include an 
explicit strategy for how replication interacts with local markets, where local 
procurement is possible, how quality and safety requirements will be met, and how 
donor and procurement systems can evolve to support rather than unintentionally 
undermine local production and circular-economy pathways. 

One of the most important sustainability requirements is that exit strategies are 
built in from the beginning. This means defining how a solution will continue after 
donor funding ends, whether through commercial viability, revenue generation, 
integration into government systems, or a formal handover arrangement Ownership 
models also matter: the available evidence suggests that household-level and 
institution-level ownership can be more sustainable than purely community-based 
systems unless governance arrangements are clear, although community models 
can still work when they are well designed, for example through cost-sharing via 
VSLAs. Long-term operation and maintenance planning is equally important, 
including realistic budgeting for training, spare parts, and replacement cycles, 
together with clear responsibility for multi-year upkeep.  

Sustainability is further strengthened where replication supports local capacity and 
markets, especially when solutions generate saleable outputs such as biogas 
digestate, BSF larvae, and fertiliser, or where there is local production potential for 
items such as pads and packaging. In these cases, market linkages and business 
skills become as important as technical training, particularly given the business and 
financial management gaps highlighted in the report. Sustainability is further 
strengthened where replication creates value beyond waste management alone, 
generating environmental, social, and economic benefits that provide incentives for 
continued use and investment. Finally, sustaining stakeholder support depends on 
tracking and communicating co-benefits that matter locally, including reduced 
gender-based violence risks through less firewood collection in biogas systems, 
health gains from reduced indoor smoke, livelihood opportunities through 
cooperatives and local production, and reduced environmental harm from 
unmanaged waste. 

13.1 Ethics as a condition of sustainability  

Bio4HUMAN’s ethics work shows that long-term sustainability depends not only on 
technical performance and environmental gains, but also on whether interventions 
are implemented in ways that protect dignity, build trust, and avoid transferring 
risks or burdens to already vulnerable populations. Experience from fieldwork in 
fragile and conflict-affected settings confirms that ethics must be treated as a 



 
 

42 
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. 

practical implementation requirement, covering stakeholder engagement, informed 
consent, confidentiality, expectation management, safe data handling, and 
adaptation of methods to local realities.  

 For replication, this means that ethical safeguards should be built into 
implementation from the outset. Organisations applying Bio4HUMAN results should 
ensure inclusive participation, transparent communication, realistic explanation of 
benefits and limitations, accessible feedback and complaints channels, and specific 
attention to groups who may face higher risks or barriers to participation. These 
conditions are essential to legitimacy, community acceptance, and sustained uptake 
over time. 

The project further demonstrates that ethical sustainability depends on robust data 
governance and continuous accountability. Voluntary participation, anonymity, 
confidentiality, and secure data handling in line with GDPR and FAIR principles 
should be understood not only as procedural obligations, but as safeguards against 
harm and misuse. For future replication, this points to several practical priorities 
such as clearer ethics protocols for work in conflict-affected settings, practical 
safeguards against misuse of data and findings, and clearer guidance on data 
protection in multi-partner, cross-border projects, where responsibilities for data 
access, transfer, storage, and oversight can easily become fragmented.  

The Bio4HUMAN experience suggests that early and continuous ethical review, 
supported by appropriate oversight structures, should be embedded alongside 
governance, financing, and operational planning. In this sense, ethics is not an 
adjunct to sustainability, but one of its core conditions, because durable impact 
depends on interventions that are not only effective and environmentally sound, but 
also fair, safe, and accountable. Ethics should therefore be treated as part of 
implementation quality, because durable impact depends on interventions that are 
not only effective and environmentally sound, but also fair, safe, transparent, and 
accountable. 

Annexes 


