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ABSTRACT

With the global population expected to reach 9 billion by 2050, the corresponding demand for food is projected to
increase, leading to a parallel rise in food waste (Al-Rumaihi et al., 2020). Food waste accounts for a significant
portion of municipal solid waste globally, often representing up to 50% of total waste (Manea et al., 2024). In the
MENA region, food waste is often disposed of in landfills, and this mismanagement of food waste contributes to
environmental pollution, impacting air, water, and soil quality. This research addresses the pressing issue of food
waste management in the MENA region, where resource efficiency and environmental sustainability are priorities.
By examining the European policy lessons, specifically France’s mandatory composting laws, this research
explores the feasibility of implementing similar legislative measures in the MENA region, introducing a novel
approach to food waste management that mandates composting at the household and business level

The study proposes a compulsory household composting law, inspired by France's mandatory composting
regulations, and assesses its feasibility and implementation within the MENA region. To support this approach,
the study introduces a portable drum composter for household and community use, specifically designed to
function effectively in the region's dry, arid climate. The drum composter was designed to facilitate intensive
aerobic decomposition in an enclosed space, capturing exhaust air and preventing the challenges associated with
traditional open composting. The composting process was divided into three critical stages: (1) Intensive
Decomposition: during the initial two to three weeks, characterized by rapid degradation and requiring optimal
moisture, aeration, and temperature control; (2) Aeration to maintain aerobic conditions and ensure the system is
properly oxygenated through periodic drum rotation; and (3) Maturation, a stage lasting six to twelve weeks where
compost stability and nutrient profile are enhanced. Water was added as necessary to maintain the ideal 2:1 wet-
to-dry material ratio, especially during the maturation phase, to optimize microbial activity.

To evaluate compost quality, a series of tests will be performed. These include the Compost Humidity Test
(ensuring moisture levels remain conducive to microbial activity), the Empirical Test (assessing smell, color, and
texture of compost), and the Rottegrad Test (confirming temperature stability to indicate compost maturity). Upon
reaching maturity, the compost will be tested in a laboratory for agronomic and environmental parameters, such
as nutrient content (N and C), pH, trace metals, organic contaminants, microbiology, and impurities, aligning with
standards set by the United States Environmental Protection Agency (USEPA). If the produced compost met the
quality standards, it will be deemed suitable for use as an agricultural fertilizer, supporting soil enrichment and
reducing the need for synthetic inputs.

This research contributes to advancing circular economy principles within the MENA region, reducing landfill
dependency, and promoting sustainable resource utilization through composting. By leveraging insights from
international practices and adapting them to the MENA context, the study provides a scalable framework for
organic waste diversion that can significantly reduce greenhouse gas emissions, support soil health, and mitigate
environmental pollution. The results will unlock the potential of regulatory policies, combined with accessible
composting technologies, to transform food waste management practices across the MENA region, fostering both
environmental and community resilience.
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INTRODUCTION

The rapid increase in global population, expected to surpass 9 billion by 2050, is driving an unprecedented demand
for food, necessitating a significant increase in food production. However, this surge in production also results in
higher volumes of food waste, a major contributor to environmental degradation. Food waste comprises a
substantial proportion of municipal solid waste in many regions, and improper disposal leads to increased
greenhouse gas emissions, soil degradation, and groundwater contamination (Al-Maaded et al., 2012). In
particular, the MENA region faces critical challenges in managing food waste due to its arid climate and limited
waste management infrastructure, which constrains options for sustainable organic waste treatment.

This research addresses the food waste management challenges in the MENA region, emphasizing the potential of
composting as a viable solution. Inspired by the success of France’s mandatory composting legislation, which has
proven effective in diverting organic waste from landfills and reducing greenhouse gas emissions (Saiphet &
Kunta, 2023), the study explores the feasibility of implementing similar policies in the MENA region. Additionally,
the study develops and tests a portable drum composter designed specifically for use in arid climates, where
traditional open composting is not feasible. By evaluating both policy approaches and technology solutions, this
research aims to propose a comprehensive framework for sustainable food waste management in the MENA
region.

AIM AND APPROACH

The primary aim of this study is twofold: to investigate the applicability of mandatory composting legislation in
the MENA region, as inspired by successful European models, and to develop a climate-appropriate, scalable
composting technology for household and community use. The study utilizes a mixed-method approach combining
policy analysis, design, and experimental testing.

1. Policy Analysis: An in-depth review of France’s composting legislation was conducted to identify key
components that could be adapted to the MENA context. This analysis considers the regulatory,
economic, and social implications of enforcing mandatory composting, assessing potential challenges and
opportunities within the region’s unique environmental and infrastructural context.

2. Technology Development and Testing: A portable drum composter was designed and built to address
the limitations of traditional composting methods in the arid MENA climate. This drum composter allows
for intensive aerobic decomposition within a controlled, enclosed environment, optimizing moisture
retention and air circulation essential for microbial breakdown. For the pilot project, four (4) compost
drums were used. The composting process was divided into three main phases—intensive decomposition,
aeration, and maturation—each closely monitored for temperature, moisture content, and microbial
activity. Weekly empirical assessments were conducted to ensure consistent compost quality. Below
figures presents the compost drum design.

3. Quality and Feasibility Assessments: Upon reaching maturity, the compost was analyzed using
empirical tests, the Rottegrad test for stability, and laboratory tests to verify compliance with agronomic
and environmental standards, focusing on nutrient content, trace metal levels, and organic compound
concentrations. These assessments ensured that the compost produced was suitable for agricultural
application, providing a nutrient-rich, environmentally safe alternative to chemical fertilizers.

Figure 1: A) Compost Drums. B) Pores at the bottom of the drum to collect leachate (liquid fertilizer) C) Baffles
inside the drum for efficient agitation on drum rotation. D) Openings at both sides of the drum for air flow



SCIENTIFIC INNOVATION AND RELEVANCE

Innovation: This study aims to introduce the concept of mandatory composting laws, inspired by regulatory
models in France and Europe, into the MENA region, an innovative legislative approach for a region with limited
waste management policies. By adapting these European laws to the socio-economic and environmental context
of MENA, the study pioneers a framework that promotes sustainable waste practices in an area where organic
waste is predominantly sent to landfills. Additionally, this research introduces a novel, portable drum-based
composting technology that overcomes the environmental limitations typically associated with composting in arid
regions. The drum composter operates with minimal intervention, leveraging forced aeration and enclosed
decomposition to manage moisture efficiently—a critical factor in dry climates. This method marks a significant
advancement over traditional open composting methods, which are highly susceptible to moisture loss and
inefficient in arid conditions.

Relevance: The study addresses a critical gap in sustainable waste management for the MENA region, which faces
rising volumes of food waste with limited landfill capacity and growing environmental concerns. By exploring
policy and technology solutions tailored for the region, the research offers a pathway for the MENA region to
transition toward a more sustainable, resource-efficient waste management model. The findings are highly relevant
to current global efforts to reduce landfill dependency, promote resource recovery, and mitigate greenhouse gas
emissions from waste.

Impact: The implications of this research extend beyond the MENA region, offering a scalable, adaptable
composting solution for arid and semi-arid regions worldwide. By integrating policy recommendations with
innovative composting technology, this study provides a practical, cost-effective framework for managing organic
waste that can benefit urban and rural communities alike. The research contributes to advancing circular economy
practices, reducing the environmental footprint of food waste, and fostering soil health through natural nutrient
recycling. These outcomes hold the potential to influence future studies on composting technology, inspire
legislative actions, and guide the development of sustainable waste management policies across diverse geographic
regions.

RESULTS

France's approach to mandatory composting is supported by a robust legislative framework that mandates organic
waste separation for both households and businesses. This model can be tailored to fit the socio-economic contexts
of MENA countries, where legislation could require similar separation practices at a national or municipal level.
The legal framework should include incentives for municipalities to develop composting infrastructure, ensuring
compliance, and encouraging community participation. For the MENA region, this could involve establishing
community composting sites and providing portable composting solutions, such as the portable drum composter
introduced in this research. The research is currently in progress, building upon the initial pilot study that
established the feasibility and effectiveness of the portable drum composter in generating high-quality compost
under arid conditions. The pilot phase involved designing and testing the drum composter on a small scale, where
initial results indicated that the composter produced nutrient-rich, odor-free compost suitable for agricultural
applications. These preliminary findings validated the design's potential and informed adjustments for the ongoing
full-scale research phase.

In the current phase, the research involves periodic monitoring of various critical parameters, including
temperature, moisture content, pH, and oxygen levels, to ensure optimal composting conditions. Data collection is
ongoing, with samples taken at regular intervals to observe trends in compost maturation and stability.
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Figure 2: A) Feed added to the compost drum. Consists of 2/3 ratio of wet matter (organic waste) and 1/3 ratio of dry
waste matter (wooden chips). B) Compost ready to be removed for testing



Key assessments being conducted include:

1. Compost Quality Monitoring: Regular evaluations using empirical tests and the Rottegrad test assess the
compost's color, texture, odor, and temperature stability. These tests aim to confirm that the compost
remains nutrient-rich and environmentally safe across different batches.

2. Moisture and Aeration Control: To adapt to the MENA region's dry climate, the drum composter is
frequently monitored for moisture retention, with water added as needed. Aeration practices, such as
weekly drum rotation, help maintain aerobic conditions, preventing anaerobic decomposition and
ensuring a uniform breakdown process.

3. Chemical and Biological Analysis: Samples from different maturation phases undergo laboratory testing
to analyze agronomic indicators, trace metal elements, organic compound concentrations, and
microbiological profiles.

Upon completion of this monitoring phase, the data collected will be analyzed to establish trends, optimize
composting parameters, and verify the scalability of the drum composter for widespread application across
households and communities in the MENA region.

CONCLUSION

The comprehensive analysis of France's mandatory composting law illustrates its potential as a model for the
MENA region, particularly in addressing the challenges of organic waste management. By adapting the legislative
framework, enhancing infrastructure, engaging the public, and conducting pilot studies, MENA countries can
implement effective composting laws tailored to their unique socio-economic and environmental contexts.

The initial results from the pilot study demonstrate the drum composter's ability to produce high-quality compost
in arid conditions, suggesting a promising solution for food waste management in the MENA region. The current
research phase, involving rigorous periodic monitoring and comprehensive data collection, aims to further validate
and refine the composting process. This study will provide in-depth insights into the composter's performance over
time and its potential scalability.

Ultimately, this research contributes to advancing sustainable organic waste management by offering a practical,
climate-resilient composting solution. Once the research is fully completed, the findings are expected to provide a
reliable framework for implementing composting as a key component in circular economy practices, supporting
waste diversion, soil health, and resource efficiency in arid regions. Future work may explore the economic and
operational feasibility of large-scale deployment, integration with municipal waste systems, and community
engagement to promote widespread adoption of composting practices tailored to the environmental context of the
MENA region.
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