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ABSTRACT

Due to limited infrastructure and resources, humanitarian operations often rely on unsustainable solid waste dis-
posal practices, such as open dumping and open burning. This study, developed within the Horizon Europe project
Bio4HUMAN, evaluates circular Waste-to-Energy solutions for humanitarian settings using an integrated environ-
mental and social life-cycle-based approach. Six biowaste management scenarios are compared using eight envi-

ronmental and socio-economic indicators, which are normalised on a common scale and analysed through a stake-
holder-informed multi-criteria framework. Results show that management by anaerobic digestion technologies
outperform conventional disposal practices, reducing environmental impacts while providing additional social

benefits. Decentralised biodigestion systems are suitable for low-resource contexts, while advanced dry anaerobic
digestion achieves the best overall performance. The study highlights the value of integrated environmental and
socio-economic frameworks to support sustainable solid waste management strategies in humanitarian opera-

tions.

Keywords: Life Cycle Analysis, Environment, Food & Agricultural Processes, Biosystems, Social assessment

INTRODUCTION

Humanitarian aid settings must often rely on unsustainable waste
management practices
resources, leading to significant environmental and social impacts.
Organic waste represents a major waste fraction with potential for
resource recovery. In this sense, Waste-to-Energy solutions such
as anaerobic digestion, offer opportunities to convert biowaste
into energy (biogas) and valuable by-products (e.g. fertilizer) [1-2].
The BioAHUMAN project has identified a set of bio-based solutions
to address solid waste management challenges in humanitarian
settings. The objective of this study is to evaluate the
environmental and performance of four types of
biodigesters selected within the project [3]. This study addresses
existing gaps by applying an integrated environmental and socio-

due to limited infrastructure and

social

This study applies an integrated environmental and social Life
Cycle Assessment (LCA) to compare alternative biowaste
management scenarios in humanitarian settings using openLCA
v2.5. Environmental impacts are assessed using the Environmental
Footprint 3.1 methodology and the ecoinvent 3.11 database,
focusing on climate change, acidification, energy resources, and
land use. Social performance is evaluated through a qualitative
assessment using SOCA v4, considering forced labour, informal
labour productivity, and occupational fatal
accidents. Results are normalised to enable comparison across

employment,

indicators, where negative values represent avoided impacts and
positive values indicate the worst performance. The functional
unit is defined as one tonne of generic organic waste as input.
Biogas and fertiliser produced are modelled as avoided products.

economic assessment to compare alternative biowaste

management scenarios in humanitarian operations.

METHODOLOGY
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Figure 1. Normalised environmental and social performance of biowaste management scenarios in

humanitarian settings

Foreground data and technology descriptions are derived from the
Bio4HUMAN project [3].

RESULTS

The results (Figure 1) highlight clear differences between the as-
sessed waste management scenarios across the eight environmen-
tal and social indicators. The baseline scenarios, Open Dump and
Burning, show the worst overall performance, with consistently
high environmental burdens and social risks. All anaerobic diges-
tion-based alternatives outperform these conventional practices,
demonstrating avoided environmental and socio-economic pro-
files. Among decentralised options, Domestic, Micro-, and Single
Biodigesters exhibit a similar intermediate performance, indicating
their suitability for on-site biowaste treatment under low-resource
conditions. The Dry Qube scenario achieves the best overall per-
formance, showing lower environmental and social impacts due to
its higher process efficiency, improved energy recovery, reduced
land requirements, and more controlled operating conditions
compared to both baseline disposal practices and decentralised
bio digestion systems.
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