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II. Abstract

The effective management of municipal solid waste is a critical challenge, particularly in regions
with inadequate infrastructure and regulatory frameworks. This research focuses on the design
and implementation of a composting plant in Rashaya Al Foukhar, a town in southern Lebanon,
known for its agricultural activities. The town produces significant amounts of organic waste,
primarily from the cultivation of olives, grapes, apricots, and cherries. The proposed composting
facility aims to transform this organic waste into valuable compost, promoting sustainable agri-
cultural practices and minimizing environmental impacts by replacing chemical fertilizers with
compost.

Nonetheless, the study examines the appropriateness of composting as a technology within the
local context, considering economic, social, and environmental dimensions. The research out-
lines the design of the composting plant, detailing the necessary infrastructure, including a steel
structure, concrete base, rainwater harvesting system, green roof, leachate drainage, electricity,
sewage system, and pavement. Key aspects include the use of rainwater harvesting systems to
ensure a reliable water supply for the composting process, given Lebanon's arid climate. Addi-
tionally, the study assesses the economic feasibility, highlighting cost-saving measures such as
the use of natural skylight systems to reduce electricity consumption. Indeed, the facility includes
designated areas for reception, composting cells, drying and packaging, storage, a store, a service
area, and a demonstration garden. Equipment needs are identified, including a Bobcat S70 for
material handling, a small shredder for waste processing, and a small generator for backup
power.

The project emphasizes the importance of integrating sustainable practices in solid waste man-
agement, by utilizing appropriate technologies and considering local environmental conditions,
the composting plant aims to serve as a model for similar initiatives in Lebanon and other regions
with comparable challenges. The social and environmental impacts are thoroughly evaluated,
underscoring the benefits of reduced greenhouse gas emissions, improved soil health, and en-
hanced community engagement in sustainable waste management practices.

In essence, this research contributes to the broader goals of sustainable development by address-
ing the critical issue of organic waste management and promoting practices that align with envi-
ronmental conservation and resource efficiency. The findings and recommendations provided in
this study offer valuable insights for policymakers, engineers, and environmental practitioners
aiming to implement effective waste management solutions in rural and agricultural communi-
ties across Lebanon.
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lll. Introduction

Solid waste management is a critical challenge facing today’s generation, with a scope encompassing the
collection, transportation, processing, recycling and disposal of waste materials, with an increasing
urbanization and population growth exacerbating the issue. In Lebanon, particularly, the management of
municipal solid waste is a pressing concern due to the lack of infrastructure, regulatory frameworks, and
effective waste management strategies. For instance, the design of the composting plant in this paper will
address and consider only the specific characteristics of the town of Rashaya Al Foukhar, a village located
in the district of Hasbaya in the Nabatiye Governate in southern Lebanon.

Rashaya Al Foukhar, a small town with a population heavily reliant on agriculture, generates significant
amounts of organic waste. The town’s economy relies primarily on the production of olives, grapes,
apricots, and cherries, highlighting the critical importance of effective organic waste management. The
proposed composting facility aims to transform organic waste into valuable compost, thereby promoting
sustainable agricultural practices and minimizing the environmental impact of waste disposal.

This composting plant in Rashaya Al Foukhar, will consider various sustainability aspects, including the use
of appropriate technologies tailored to the local context. When we refer to sustainability, we encompass
social, economic, and environmental domains. However, the concept of appropriate technologies extends
beyond environmental considerations to include economic and social aspects, ensuring the project's
feasibility and acceptability. This approach ensures that the chosen technology can be locally maintained
and operated, effectively addressing the unique challenges and opportunities in Rashaya Al Foukhar.

Considering that Lebanon is part of one of the world’s most arid and water scarce regions of the world, it
is critical to implement a rainwater harvesting system to ensure sustainability of the composting plant.
Rainwater harvesting involves the collection and storage of rainwater for various applications, such as
maintaining the necessary moisture levels in compost piles. This moisture is crucial for the organic waste
to decompose properly and reach its final stage of maturity. This system will not only provide a sustainable
water source, but will also reduce the reliance on traditional water supplies, as a way to decrease the
escalated tensions between the different stakeholders in the area. Nevertheless, implementing this
system will provide a reliable water supply for both the workers and the compost piles, thereby improving
the plant's operational efficiency and maximizing its environmental benefits.

This discussion will delve into the multifaceted approach required to design a sustainable composting
plant in Rashaya Al Foukhar. The following sections will delve into the specific sustainability aspects
investigated, the appropriateness of composting as a technology, and the potential social and
environmental impacts of the project. By focusing on this case study of Rashaya Al Foukhar, this paper
aims to provide a model that can be replicated in similar contexts across Lebanon and other regions facing
similar waste management challenges.



IV. Sustainability and appropriate technologies in solid waste
management

Human beings have been aware of the environment and its importance for much of our history, where
ancient civilizations implemented practices that promoted sustainability and harmony with nature despite
their technological limitations. It was until the 18" century, with the advent of the Industrial Revolution,
that a significant turning point was delineated in the trajectory of environmental existence, followed by a
rapid surge in population and urbanization rates. This phenomenon precipitated increased impacts on the
ecosystem and the environment (Hayes, 2022). In response, a series of environmental initiatives have
emerged in the last few decades, as a way of seeking to reconcile the increasing demand for natural
resources and economic expansion while preserving the environment. Termed “decoupling”, “it is a key
component of the European Green Deal with an aim to achieve economic growth while preserving a
healthy environment; to combine a rising gross domestic product (GDP) with a shrinking material footprint

and decreasing carbon emissions” (parliament, 2020).

In 2015, the United Nations has established a set of 17 Sustainable Development Goals (SDGs) which are
designed to address various social, economic and most importantly environmental challenges that are
facing today’s generation. Within the spectrum of SDGs, a particular emphasis should be underscored on
SDG 11, recognized as “Sustainable Cities and communities” within the framework of our study,
encompassing the importance of an effective solid waste management through proper waste collection,
recycling and disposal. For instance, the focus of the initiative will entail managing organic waste as a way
“ to divert the organic waste from landfills, reduce greenhouse gas emissions like methane that are
produced when organic matter decomposes anaerobically in landfills” (Khattak, 2023).

At this point, when dealing with the organic waste, several technologies are available. These can be
grouped into four main categories: (1) Direct use, (2) Biological treatment, (3) Physico-chemical
treatment, (4) Thermochemical treatment” (Christian Riuji Lohri, 2017).
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Figure 1: Overview of bio-waste treatment technologies as presented in this review with the respective products generated from
waste and their end-use (Christian Riuji Lohri, 2017)



These methods convert organic waste into valuable resources for key sectors such as agriculture, animal
husbandry, and bio-energy. In this context, the optimal approach for our analysis involves selecting the
most cost-efficient technology to achieve our objectives. Therefore, when evaluating the four distinct
categories, firstly the “direct use method” involves “using organic waste directly as a resource with
minimal processing, associating it with low costs and simplicity” (Christian Riuji Lohri, 2017). Nonetheless,
when applying organic waste directly into the soil, its degradation may cause a nitrogen competition in
the soil where the microbial population outcompetes the crop in the use of nitrogen for their own
metabolism, while never ensuring pathogen removal. In the case of Lebanon, given the government
regulations, cultural practices regarding organic waste management, and the overall situation, the direct
application of organic waste to land or its use as animal feed are options that should be dismissed.
Secondly, “physico-chemical treatments” like oxidation, precipitation or ion exchange, often involve
higher costs due to the need for chemicals, specialized equipment, and energy. This method allows for
the conversion of renewable resources like animal fats and vegetable oils into biodiesel, as an alternative
to petroleum diesel, leading to the reduction in emissions and dependency on imported petroleum
(Christian Riuji Lohri, 2017). On the other hand, this method requires highly skilled individuals to operate
the facility, a characteristic that Rachaya Al Foukhar does not meet. Additionally, the process is greatly
dependent on the quality of the feedstock where even minor impurities can significantly harm the quality
of the biodiesel produced. Thirdly, the most expensive method for the treatment of organic waste is the
“thermochemical treatment” which includes technologies like pyrolysis, gasification and incineration,
processes of high investment and operational costs. The need for high temperatures, complex machinery
and compliance with the stringent regulatory and safety requirements, renders this solution impractical
for the case of Rachaya Al Foukhar. Lastly, the “biological treatment” is understood as the controlled
conversion of waste by living organisms” (Christian Riuji Lohri, 2017). It encompasses a wide range of
technologies that can be used in low to high income countries. For instance, starting with the “Anaerobic
Digestion”, “a method that produces biogas as a source of renewable energy for cooking, heating or
electricity generation” (Cristian Arenas Sevillano, 2021), also generates digestate, a nutrient rich fertilizer,
and reduces greenhouse gas emissions, is suitable for countries with moderate to high levels of economic
development due to the increased costs allocated to initial investments and the need for skilled operators
with regular maintenance. Secondly comes the fermentation, which presents a sophisticated method for
managing organic waste. Although this method offers numerous benefits, such as generating biogas used
as a renewable energy, and controlling environmental conditions to reduce odors from the system, it
requires intensive continuous monitoring and control of conditions like temperature, pH, and moisture to
ensure optimal functioning and prevent issues like odor and pathogen proliferation. Thirdly, tackling the
“Vermicomposting” technology, a method that uses earthworms “referred as intestine of the earth
according to Aristotle” (V.K. Garg) to accelerate the composting process, producing high-quality vermin-
compost, which is rich in nutrients and beneficial microorganisms, it is suitable for countries at various
levels of development, especially in urban areas due to its reduced need for space when compared with
other traditional composting methods. It unfortunately cannot be applied for medium to large scale waste
management facilities. Similar to the use of worms in the degradation of organic waste, “Black Soldier
Flies” are flying insects that are effective in their larvae’s rapid consumption of organic waste, including
food scraps, animal manure and agricultural by-products” (Noor Ezlin Ahmad Basri, 2022). The advantages
of this process include its low-tech nature and scalability to all levels of operation. However, this promising
new technology faces considerable regulatory barriers concerning the use of insects in waste treatment
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and animal feed. Additionally, it is still perceived as culturally sensitive, which may necessitate public
education and outreach efforts. Finally “aerobic composting”, a method that produces nutrient-rich
compost essential for the improvement of soil fertility and structure. The advantage that this method has
over the remaining technologies, is that it is of low-cost, which allows it to be applied to all levels of
economic development, especially in rural areas with basic levels of experience for operation.
Nonetheless, this method requires space and a proper aeration, with a process considered slow when
compared to other waste treatment methods.

V. Appropriateness aspects investigated

Firstly, the proposed solution for the treatment of the organic waste in Rashaya Al Foukhar, entails the
implementation of an aerobic composting plant. The reason behind choosing this method, is its
comprehensive alignment with the specific needs and conditions of the area. As previously discussed,
aerobic composting facilitates the diversion of organic waste from landfills thereby mitigating methane
emissions as well as fostering soil health and structure by generating nutrient-rich compost. Given the
ecological sensitivity of the region, reducing greenhouse gas emissions is of utmost significance, making
this method a fitting choice. Secondly, knowing that Lebanon suffers from a lacking solid waste
management strategy (Kreidy, 2022), with a deficit in funds allocated to this sector at the moment, aerobic
composting is an adaptable method at various scales, from centralized to decentralized facilities,
providing flexibility in addressing the current condition in Rashaya AL Foukhar from a socio-economic
point of view, as well as allowing for cost-effective and locally tailored solutions. Nonetheless, aerobic
composting allows for community engagement, through the use of the produced compost in landscape,
soil remediation and agriculture by farmers, fostering local sustainability, reducing dependency on
external inputs, and promoting environmental awareness.

1. Unconventional constructions

Secondly, in the process of selecting construction materials that are considered as the most tailored to
the region from a sustainable perspective, there exists a wide range of viable options. For instance,
building the aerobic composting facility using recycled materials is regarded as the optimal choice, not
only due to its circular and environmental benefits, but also from an economic standpoint. For that,
looking at the different construction projects within this context, many are the raw materials that can be
replaced by recycled ones. The use of recycled concrete offers numerous technical and professional
benefits by conserving natural resources. This is achieved through the substitution of traditional natural
aggregates with recycled concrete aggregates (RCA), which derive from the demolition of pre-existing
concrete structures. This approach has demonstrated notable success in the Eco Park project in Hong
Kong. Additionally, incorporating recycled steel beams into construction projects, exemplified by its
application in the “Seattle Public Utilities’ North Transfer Station Composting Facility in the United Stated
of America”, embodies several professional and technical advantages, ranging from reducing the reliance
on virgin materials to decreasing the energy consumption and greenhouse gas emissions compared to the
production of new steel, while preserving the material’s properties and performance characteristics.
Nonetheless, recycled plastic lumber, recycled glass aggregate and recycled plastic panels have
demonstrated their effectiveness in each of the following three projects: the Waste Management
Complex in Vienna, the Crystal building in London, and the Waste House in Brighton.
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2. Water security

“The Middle East and North Africa (MENA) is the most water-scarce region of the world. Home to 6.3
percent of the world’s population, the region contains only 1.4 percent of the world’s renewable fresh
water” (Farzaneh Roudi-Fahimi, 2000). “Nearly two-thirds of the population there are living with
insufficient renewable water resources to sustain current levels of activity and growth” (Baconi, 2018).
With a population growth rate increasing at a rate above the global average, geopolitical tensions are
escalating to secure reliable access to water resources for domestic use, agriculture, industry, and overall
stability, prompting countries to assert their interests aggressively.

Taking the case of Lebanon, despite having around 16 major rivers and numerous smaller streams and
watercourses, equally distributed over the area of this small country in the Middle-East, it is still
considered among the countries with high water scarcity, “ranking quite high in terms of water stress
indices due to its water scarcity challenges” (Samantha Kuzma, 2023). Many are the factors that lead the
country reach this situation, with some of great importance like the uneven distribution of water across
the country, where coastal lands have better access to this renewable resource if compared to inland or
mountainous areas. Also, the population increase and the refugee crisis in the country, has strained
existing water infrastructure and resources, with an ongoing economic crisis at the forefront that had
limited or constrained the power and capability of the government to maintain and upgrade systems to
meet the exponential growing demand.

This water scarcity coupled with climate change has impacts on the environmental, social and economic
levels. From an environmental point of view, “reduced water availability affects biodiversity, soil quality
and natural habitats” (Yared, 2023), leading to lower agriculture productivity, exacerbating soil erosion,
forcing farmers and citizens to rely on other unsustainable water sources, like groundwater extraction.
Nonetheless, highlighting the impacts induced by water scarcity on the social level, it limits access to clean
water and poses challenges for personal hygiene, health and sanitation, provoking tensions, and conflicts
over dwindling resources.

One solution to address the scarcity of sufficient water for the operation of the composting plant is
rainwater harvesting. A sustainable water management practice, which has gained attention in the recent
years due to its potential to address water scarcity by collecting water from rain and mitigate storm water
runoff. Indeed, “rainwater harvesting is an ancient practice with a rich history spanning several millennia.
It has been utilized in various forms across different civilizations, from the cisterns of ancient Rome to the
Qanats of Persia” (Lamare, 2022). “From an engineering standpoint, the design of a rainwater collection
system is generally straightforward and uncomplicated to manage” (Blerina Begaj O. M., 2022). It
encompasses various components designed to capture, convey, store, and utilize rainwater efficiently.
Rainwater harvesting systems are designed to efficiently collect and distribute rainwater for various uses.
The system typically includes a roof that acts as the primary catchment area to collect rainwater then the
gutters and downspouts channel this water to a storage tank. Filtration systems are employed to remove
debris and contaminants, ensuring the quality of the stored water in the tanks, which vary in size and
material based on the project's needs, hold the water until it is distributed through a well-designed
delivery system to its intended destination. Each component plays a crucial role in ensuring the system's
effectiveness and reliability. For instance, during the initial phase of rainfall, the first flush of water, tends
to carry larger debris and more pollutants, is diverted away from the storage tanks. This is achieved
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through a first flush diverter which is a device designed to capture the initial runoff, known as the dirtiest
due to accumulated contaminants on the catchment surface. Following this phase, the process progresses
smoothly through each of the steps outlined earlier. “The implementation of a rainwater harvesting
system in regions facing water scarcity is crucial. It enhances water security by offering an alternative
water source, thereby decreasing dependency on traditional sources like rivers and groundwater” (A. M.
Rodrigues, 2023). Nonetheless, the advantages are manifold, beginning with the mitigation of storm water
runoff and the reduction of urban flooding risks. Additionally, it alleviates pressure on freshwater
ecosystems and supports the restoration of natural hydrological cycles.

On the other hand, the adoption of rainwater harvesting may encounter challenges and limitations,
particularly in the realm of initial investment and the requirement for frequent maintenance, especially
in large-scale projects. However, in the case of constructing a small composting plant, both the initial and
operating costs are relatively minimal on a small scale. A potential issue in Rachaya Al Foukhar is the
“unpredictable rainfall patterns, a challenge that is increasingly common in many regions around the
world. The fact that rainfall is being unpredictable can pose challenges in maintaining consistent water
supply” (Lundgvist, 2009).

Several case studies highlight the successful implementation of rainwater harvesting systems around the
world. For instance, “in the rural and urban areas of India, rainwater harvesting has been instrumental in
replenishing groundwater levels and providing water for agriculture” (staff, 2019). Additionally, “in Brazil,
“the One Million Cisterns” program aims to provide sustainable water access in semi-arid regions through
rainwater harvesting, significantly improving local livelihoods” (Vinicius Farjalla, 2021).

Figure 2: Figure showing a general scheme for a rainwater harvesting system in a composting plant
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The figure above represents a general overview of the rainwater harvesting system in a composting plant,
beginning with representing the rain falling on the roof, which will later on, allow water particles to flow
through the gutters and downspouts and pass by the filtratiion system before reaching the storage tank.
Once the water has been stored, the piping and hose systems will facilitate its distribution as required,
ensuring the maintenance of the organic material and promoting a healthy environment.

The filtration system ensures the cleaness and suitability of the water for storage and use, indeed this
process involves several steps starting with the prefiltration at gutters that prevent leaves and larger
debris from entering the rainwater system, then comes the downpipe filters that consist of leaf screens
responsible for catching debris washed off the roof. At this point, we have the “first flush water diverters,
which ensure that the intial flow of rainwater that contain pollutants from the catchment service is
diverted away from the tank using a vertical or horizontal section” (Madusha Harischandra, 2023). The
secondary filtration system incorporates a fine mesh filter, strategically positioned either inline with the
downpipe or immediately preceding the tank inet, to capture small and fine particles. “The final filtration
stage is located at the tank inlet, designed to facilitate a calm and steady entry of water into the tank,
thereby preventing turbulence” (Yang-geun, 2016). Advanced technologies in the filtration system are
also used whenn needed, for instance, sand filters are required if water is to be used for indoor purposes,
whereas carbon filers remove odors and improve taste especially if water is used for cooking or washing
and finally “UV filters ensure water safety by killing bacteria and viruses, particularly if water is to be used
for drinking” (Blerina Beqgaj O. M., 2022). In conclusion, a regulart inspection and cleaning of all the filters
as well as the first flush are essential and of great importance to maintain the efficiency of the rainwater
harvesting system.

VI. Overview on solid waste management in Lebanon

Lebanon, a country of 10,452 km? in the Middle East, experiences four seasons annually with a dynamic
topography characterized by alternating coastal lowlands and lofty mountain ranges. Indeed, despite
being a small country, Lebanon has the highest proportion of arable land in the Arab World, with more
than 200 000 hectares (Mckelvey, 2021), generating a variety of agricultural products from fruits,
vegetables, olives, grains, grapes mainly for wine production, and various herbs and spices.

Despite that, solid waste management represents a significant challenge that contrasts strongly with the
country’s agricultural productivity and natural wealth. This issue is further amplified by inadequate
infrastructure and inefficient strategies, which not only have impact on the environmental health but also
undercut the economic benefits that could result from the country’s capabilities in terms of fertile land
and expertize. Consequently, these significant challenges were reflected in the lack of a comprehensive
strategy, leading to high costs. “The country spends $154.5 to manage every ton of solid waste,
significantly higher than other countries in the area like Algeria, Jordan and Syria which spend $7.22, $22.8
and $21.55, respectively.” (HRW, 2020). Despite the high costs associated to the treatment of waste,
unfortunately, “only about 20% of the waste is recovered, out of which only 6% reaches recycling facilities,
36% is landfilled and 44% is dumped in around 940 open dumps scattered throughout the country” (Khalil,
2022), this has lead the international community to criticize Lebanon’s strategy as expensive, opaque and
poorly regulated. Nonetheless, “the solid waste sector was ranked first in terms of environment-related
government spending in Lebanon, reaching $2.2 billion dollars between 1996 and 2015” (Dhahri, 2023).
Despite the high investments associated to this sector in Lebanon by the Cabinet, the cost associated to
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the environmental degradation was around $66.5 million, almost 0.2 to 0.3% of the national GDP in 2012
and hitting $200 million, almost 0.4% of the GDP in 2018. All these numbers, questions the reasons behind
these high expenditures, knowing that the contracting company in charge from 1994 to 2015 to collect

and treat much of Lebanon’s waste “Sukleen”, “scored over $170 million in profits per year, one of the
highest waste management profits in the world” (Chaaban, 2016).

This mismanagement of waste in Lebanon is leaving significant impacts on the environment in Lebanon.
These environmental issues can be associated to air pollution as a result to the open burning of solid
waste, which releases highly toxic “Unintentional Persistent Organic Pollutants” into the air, as well as
water pollution caused by the leaked residues from waste that seep into different water resources,
contaminating both surface and groundwater. Not to forget also, that solid waste has impacts on the
different other aspects of the environment targeting soil pollution and land degradation both affected by
the uncontrolled open dumping, as well as the emission of greenhouse gases into the atmosphere
exacerbating climate change and damaging the ecosystem.

VII. Waste Generation and composition in Lebanon

Lebanon with a population of 5.6 million in 2024, generates an amount of 1.9 million tons of Municipal
Solid Waste (MSW) per year and is expected to reach a yearly generation of 2.3 million tons by 2030. The
generation of MSW per capita in Lebanon varies from around 0.7 kg/person/day in rural areas to around
0.85 to 1.1 kg/person/day in urban areas, with a weighted national average to be around 0.95
kg/person/day. Moreover, with the current solid waste management system that is struggling with an
absence of sorting at source, it would be very difficult to identify the main source of recyclables from a
certain load of waste than from another. In other words, since Lebanon’s waste management system
adopts “compactor garbage trucks” that mixes all wastes together, it would be hard to assess the exact
share of each of the constituents of the generated waste across the country.

Eco-Friendly
Waste Solution!

Our trucks are powered by Euro 5 enhanced
Eco-Friendly engines to reduce air pollution

Figure 3: Compactor Garbage Truck operating across Lebanon

The composition of the Municipal Solid Waste in a country is influenced by many factors, of which some
are at the national level, whereas others are at the individual level. For instance, the economic situation
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of a country can directly influence the proportion of organic waste. The lower the economic
development, the higher the share of organic waste in the total waste generated. Nonetheless, the
culture of the people in Lebanon significantly impacts waste composition. Factors such as exuberant
hospitality and the rich diversity of Lebanese cuisine contribute to a high organic fraction in the waste,
reflecting variations based on individuals' lifestyles. Also, as cities expand, average per capita waste
generation per day increases with an increased consumption in packaging materials.

Lebanon, indeed is divided into five Governorates: Beirut, Mount-Lebanon, North-Lebanon, Bekaa and
South-Lebanon in which is located Rashaya Al Foukhar. On the national level, the waste generated is
divided into 4 streams: Municipal (88.93%), Medical (1.09%), Industrial (8.23%) and Slaughterhouses
(1.74%). Targeting only the municipal solid waste, “the analysis across the different regions in Lebanon,
indicates that the highest waste fraction is the organic matter (52%), followed by paper and cardboard
(16%), plastics (12%), others (11%), metals (6%) and glass (3%)”. For the case of Lebanon, the organic
content at the national level (52 %) maybe lower than in Beirut (63%) because people feed some of their
organic wastes (vegetable cuts, fruit remains, etc.) to their domestic animals in rural areas.
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Graph 1: Average municipal waste composition across all of Lebanon

1. Regulatory and policy Framework on solid waste management
The history of solid waste management in Lebanon in terms of rules and regulations by the government
is complex and has been influenced by various economic, environmental and political factors. The primary
reason lies on the political instability within the country, which adversely affects not only the field of solid
waste management but also various other environmental sectors that have required attention for
decades. The struggle with effective waste management in Lebanon over the years, can be associated to
the absence of comprehensive national strategies and a lack of commitment from government officials to
address this critical issue which affects every individual residing in the country. To understand more
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deeply the time sequence related to setting the laws in concern of that field, we should go back to 1971,
where law No. 64/67 was the first attempt to regulate waste disposal methods, as a way to emphasize
public health and sanitation. Then in 1997, the Lebanese government contracted Sukleen, as part of a
strategy to privatize the waste management in the country and enhance the efficiency and technology of
management. Over the years, it was until 2018, that the Lebanese government approved a comprehensive
policy aimed at modernizing the country’s waste management practices through a set of legislative actions
that included plans for recycling facilities, waste-to-energy plants, new landfills and the decentralization
of waste management services to local authorities. This policy included the following main three strategic
objectives: firstly complete, upgrade and operate Integrated Solid Waste Management Infrastructure
(ISWM), then secondly enhance community and private sector stewardship towards a circular economy
and finally enable an effective governance framework to implement the ISWM system. According to the
report published by the Ministry of Environment in Lebanon, the current legislation and regulations
pertaining specifically to waste management include:

e “Laws: 80/2018 (sets the framework for Integrated Solid Waste Management); 64/1988
(environmental protection against hazardous waste that could harm air, water, biodiversity, soil,
and people).

e Legislative decrees: 7975/1931 (stipulates that solid waste should not be dumped randomly around
residential areas but be removed and managed by the municipalities).

e Decrees: 5606/2019 (hazardous waste management); 5605/2019 (sorting at source); 13389/2004
(healthcare waste management) Decree 8735/1974 (protects against solid and liquid waste
pollution and assigns waste collection and sweeping to municipalities).

e  MoE Decisions: 998/1 and 999/1 of 2019 and 59/1 of 2020 (specify the procedures and principles
for hazardous waste generators, transporters and temporary storage facilities respectively),
decision 58/2020 (classification of Reuse Derived Fuel “RDF” resulting from non-hazardous waste).

e  MoE Memos: Memo 4/1 of 2022 setting for the municipalities, union of municipalities, gaemagams
and governors, a tender document template for waste collection and sweeping” (MoE, 2024)

“Notwithstanding the importance of this milestone, some legislative reforms are still needed for the
waste sector such as the establishment of the National Solid Waste Management Authority,
Implementation of a Management Information System (MIS) and self-monitoring, and promotion of the
inclusion of informal waste management operators in the formal sector” (MoE, 2024).

2. Composting in Lebanon
The country’s agricultural sector deals with modern innovations in irrigation and cultivation techniques
while mainly gaining advantages from traditional farming practices passed down through generations
involving crop rotation, crop diversity, crop residue management, and notably, composting. “Farmers in
Lebanon do use compost as an organic and sustainable agricultural practice, for its numerous benefits
such as reducing the need for chemical fertilizers, promoting higher crop yields, improving soil structure”
(Mohammad, 2022). Moreover, composting helps reduce food waste as part of a circular approach, and
that is by diverging the food waste from going into landfills and rather take advantage of recovering the
nutrients are present in it, thus creating a sustainable waste management system. In addition, for the case
of Lebanon, which suffers from a 70% water scarcity, adopting the use of compost in agricultural practices
throughout the country, reduces the need for frequent irrigation due to the ability of compost to absorb
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water and hold moisture. This will limit escalating tensions over water between different stakeholders,
thereby fostering cooperation and sustainable water management practices. Composting has also its
advantages at the economic level, where by diverging the food waste from landfill we are saving a large
amount of the cost associated to the landfill, as well as creating new job opportunities with employment
rates in composting plant that can reach 2 to 4 times as those in a landfill or a trash incineration facility.

Although composting is a key component in the integrated sustainable waste management approach, its
effectiveness is regrettably closely tied to the status of solid waste management within a country

In light of the government’s lack of investment in the design and construction of composting plants
throughout Lebanon, numerous private companies and non-governmental organizations have taken
proactive steps within this domain. They have pioneered innovative techniques aimed at addressing the
challenges inherent in the Lebanese market, despite the prevailing disadvantages. Of which we can name
“Compost Baladi”, a leading company in the field of composting in Lebanon, who are adopting small sized
decentralized composting plants in different regions of Lebanon, and example of them would be the
composting plant in Hbaline. At this point, the challenge remains in designing the right composting plant,
addressing deficiencies in suitable technologies and overcoming constraints in capital investment for both
establishment and operation. Additionally, issues persist regarding the absence of robust regulatory
frameworks, further complicating organic waste management efforts. For that, to overcome most of the
barriers, many efforts should be put firstly on enhancing the awareness and education by stating to
different citizens and farmers the different advantages and disadvantages of composting. Secondly, it is
crucial to enact supportive policies and regulations that incentivize composting, allowing public-private
partnerships as a way to leverage the strengths of both sectors to overcome financial barriers and scale
up composting initiatives across the country

VIIl. Presentation of the case study

1. The project “Waste or Resource?”
In this project, we explore the transformation of organic waste into valuable compost through the lens of
sustainability and local innovation. This initiative in Rashaya Al Foukhar exemplifies an integrated
approach to waste management, addressing the critical need of preserving the environment, as well as
engaging the community in the rural area of Lebanon. For instance, by diverting organic waste from
landfills, this initiative does not only mitigate methane emissions, but also enhances soil fertility due to
the application of the compost as a substitute to chemical fertilizers, thereby supporting local agriculture.
Nonetheless, this project underpins the principles of circular economy that stands for recovering
resources and maximizing their value. Indeed, in this circular economy model, organic waste is not viewed
as trash to be discarded, but as a valuable resource that can be transformed back into the soil as nutrient-
rich compost. This case study thus reflects a confluence of environmental stewardship, community
empowerment, and innovation, positioning waste as a pivotal resource for ecological and social resilience.

2. Rashaya Al Foukhar

This town in inhabited on average by around 470 individuals throughout the winter and summer seasons
with an economy that highly relies on agriculture that consists mainly of olives, grapes, apricots and
cherries. For instance, “the town has two olive oil presses and three grape molasses factories” (Engineers,
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2005) with many small business owners such as “Ghassan Maalouf and Rayan Kassis, owners of a small
estate in the town of Rashaya Al Foukhar, who are labeling the bottles of olive oil to then be shipped to
the United Kingdom in order to compete with Spanish, Italian and Greek olive oil” (Zeynalova, 2021).

3. Selected site for the composting plant
Citizens of Rashaya Al Foukhar reside within an elevation range spanning from 650 to 800 meters in a
terrain that comprises typical Lebanese mountainous landscapes. Therefore, the site selection process for
the construction of the composting plant must be approached with utmost sensitivity and diligence,
ensuring comprehensive consideration of all relevant factors and implementation of necessary
precautions. To adhere to these standards, the site should ideally be small in size with a flat level terrain
to mitigate the expenses linked to civil earthworks. Also, it is crucial to identify a location secluded and
distant from residential areas within the town to avoid potential grievances and objections pertaining to
the odor and noise emanating from the composting facility.

Indeed, the municipality of Rashaya Al Foukhar has proposed a land owned by them, which aligns with all
the requirements sought after by our design team. Its size is 2300 m2 with an already existing sorting
center of 180 m2 in size.

Rashaya Al Foukar

"Waste or Resources” Project’s sites
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Figure 4: Satellite image showing the site proposed by the Municipality

To further ensure thoroughness, and for being part of a larger project that encompasses two other
separation and treatment plants in Hasbaya and Chebaa, an analysis was conducted to assess the
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potential impact on groundwater in the event of a leakage from each of the three sites. It has shown that
Hasbaya’s dumpsite is located between two water basins, the Litani and Hasbani rivers basins, while both
Chebaa and Rashaya Al Foukhar insist over Hasbani’s river. In terms of aquifer vulnerability, levels of
vulnerability are respectively medium for Hasbaya, medium-high for Chebaa and low for the case of
Rashaya Al Foukhar.
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Figure 5: Satellite image showing the groundwater vulnerability with respect to each site

4. Introduction over the project

In the design of the composting plant in Rashaya Al Foukhar, we have meticulously ensured that all factors
influencing the construction and operation of the project are thoroughly considered. Our process began
with an assessment of the organic waste stream, utilizing data collected from the field during both the
winter and summer seasons to determine the appropriate size of the plant. Subsequently, a detailed
process description was developed and agreed upon following consultations with municipality officials
and local actors and stakeholders that are impacted or care about the impacts that this composting plant
will offer to this village. Additionally, after considering all local environmental and economic conditions
that often hinder project development in the area, we established a sustainability strategy to mitigate
these risks. This strategy began with the design of a rainwater collection system to ensure a sufficient
year-round water supply for the plant, with proposing a new location for the position of the water storage
tanks within the piles, which will allow for better and easier wetting operations. Furthermore, the
dimensioning of the water storage tank was determined using real data from local weather stations. We
employed both "CropWat" and "ClimWat" software to obtain precise precipitation data, thereby
determining the catchment area required to meet the plant’s needs. The results from CropWat and
ClimWat also underscored the importance of planning for a dry period lasting up to four months.

The design and layout of the plant were carefully structured to include all essential operational areas.
Starting with the reception area, the layout progresses through the composting piles, then to the drying
and packaging area, and finally to the storage area. Additionally, a service area was incorporated to ensure
worker well-being and a store as well as a demonstration garden to enhance overall professionalism.
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Nonetheless, the incorporation of the green roof above both the store and the service area, not only
enhances the project’s visual and sustainable appeal but also serves as a thermal insulation layer during
both winter and summer. Moreover, in the plant design, the leachate tanks serve a dual purpose.
Primarily, they store leachate and recirculate it to the composting piles. Secondly, they store rainwater
for use during periods when leachate production is minimal or negligible. This hybrid system helps reduce
costs and minimizes the number of water tanks required for the project. Incorporating a skylight system
on the roof of the composting plant will significantly reduce electricity consumption, thereby decreasing
our energy dependency and minimizing negative environmental impacts. It is important to note that the
AutoCAD drawings presented in this paper are the culmination of multiple layout proposals for the
composting plant. Each proposal underwent iterative adjustments, refining and incorporating positive
elements to achieve the final layout. Subsequently, this final layout was transformed from a 2D AutoCAD
representation into a 3D model using "Rhinoceros 3D" software and rendered with "Lumion 12".

Finally, and most importantly, a dedicated section of the paper addressed the costs associated with
constructing the composting plant. Following consultations with experts and local contractors in Lebanon,
we successfully negotiated competitive pricing without compromising on quality.

5. Waste Generation and composition in Rashaya Al Foukhar
Waste composition differs not only between rural and urban areas, but also across income levels,
reflecting varied patterns of consumption. Indeed, high-income countries generate relatively a lower
share of green and food waste when compared with low income countries. The proportion of the organic
waste can be at around 32% of the total waste in developed countries, which would not be the case in
medium-low to low income countries, “reaching levels of 53 to 56%” (Slipa Kaza, 2024).

Since Rashaya Al Foukhar is considered as a rural village in a low-to-medium income level country, we
should expect to have a high share of organic waste in the total waste generated, but also a lower share
for the organic fraction than that at the national level (52%). For that, our team of engineers has
conducted an analysis during both the winter season (15 days) and the summer season (8 days), in order
to account for the amount and the composition of the waste in the town of Rashaya Al Fukhar. Indeed,
numbers were distinct for both period of times, where during the winter season, the organic fraction of
the total daily generated waste was about 41%, whereas during the summer season it was around 72%.
The significant variance in the numbers can be attributed to the population surge from 368 to 900 during
the winter and summer seasons. This demographic shift brings changes in lifestyle and habits, particularly
evident in those who relocate to Rashaya for seasonal vacations. Unlike permanent residents, these
individuals dispose of their organic waste in designated bins rather than feeding it to animals, as they lack
such provisions due to their temporary stay in this town. “Throughout the years, a growth in the amount
of solid waste generated every year will be around 1.65%” (Ismail Abbas, 2019):

Table 1:The table here below represents the data of Rachaya Al Foukhar compared with data from Lebanon and from low-
middle income countries, in relation to the organic share of waste.

Rashaya AL Lebanon Middle East and Lower-Middle
Foukhar (own North Africa Income
(What a waste .
(What a waste Countries (What

calculation) 2.0)
; 2.0) a Waste 2.0)

21



Total MSW generated 0.78* 0.997** 0.81 0.55
per capita per day (kg)
Rural Collection Rate (%) 100 99 74 33
Share of organic waste 48.4 52.5 58 56
(%)
Share of organic waste 0 15 4 10-40
getting composted
e Total amount of waste generated daily in Rashaya Al Foukhar = 0.36 tons
= Population of Rashaya Al Foukhar = 457
= Amount of waste generated per capita daily in Rashaya Al Foukhar =
w = 0.78 kg per capita per day*
e Total Amount of waste generated per year in Lebanon = 2 040 000 tons
= Total population of Lebanon =5 603 279
) 20400001000 kg
= Amount of waste generated per capita per day = Ses5e03279 = 0.997 capita/

day**
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Graph 2: Graph showing the Municipal Solid Waste composition on average in Rashaya Al Fukhar (What is waste 2.0 report)
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IX. Design of the Organic Composting Plant

The design of an organic composting plant is crucial and essential for its overall effectiveness and
sustainability due to many reasons. These factors span environmental, social and economic
considerations, extending beyond operational efficiency. The aim of the design is to facilitate the
decomposition of the organic waste into high-quality compost, efficiently by setting an optimal aeration,
a good temperature control and a carefully integrated moisture management throughout the process line.
While the land selected for the composting plant’s design is perceived as secluded from the residents of
Rashaya Al Foukhar, we should still account for measures that minimize the emission of odors associated
with composting operations, in order to ensure compliance with environmental regulations and mitigating
potential health hazards. Nonetheless, reducing environmental impacts should be a key focus when
designing the composting plant, and that occurs through the adoption of strategies that minimize
emissions of greenhouse gases such as nitrous oxide N,O and methane CH,. Furthermore,
notwithstanding the absence of proximity to surface water or groundwater sources, based on the analysis
presented earlier from QGIS, it is imperative to integrate preventive measures into our design to mitigate
the risk of soil contamination by leachate and that is by mainly “replacing harmful substances with safer
alternatives to reduce the risk of contamination, as well as using engineering solutions to contain or
prevent the release of harmful substances” (Pomelo, 2023). All in all, from an innovative standpoint, the
primary design challenge lies in incorporating sustainability considerations, which encompass optimizing
resources by efficiently utilizing space, energy, and water.

The plant of Rashaya Al Foukhar will not follow the design and innovation of the remaining composting
plants across the country, but rather will be inspired by a plant designed by “Nukela” in the city of
Quelimane in Mozambique. The composting plant will consist mainly of a place to unload the organic
waste, then a crushing zone using a Bio-shredder, to then reach the composting cells. Additionally, a
drying and packaging area will be dedicated to the compost that has already been cured, with a warehouse
to store them before selling them back to agricultural farmers in the area. Certainly, the design will
additionally incorporate service rooms, such as offices and water tanks, which are indispensable for
facilitating the operations of the composting plant.

1. Assessment of the organic waste stream:
Based on the dataset compiled by our team, notable disparities emerge between the summer season and
the winter season in Rashaya Al Foukhar. Beginning with the demographic data, the summer population
of 900 individuals, exceeds twice the size of the winter population of 368 individuals. Consequently, this
population surge results in increased waste generation, thereby disrupting the regular flow of daily waste
management processes. Moreover, as mentioned earlier, this demographic shift also brings with it
changes in lifestyle and habits, causing a relative increase in the share of organic waste between these 2
seasons, where in winter it accounted for 40.6%, to then reach 71.8% in summer. All these numbers, in
addition to the projected population of Rashaya Al Foukhar in 2035, should be taken into consideration
when designing the composting plant. For instance, calculating the yearly averages of these datasets in
addition to accounting for a 10% increase in losses of MSW, with a projection to the year 2035, will leave
us with an average of 0.4 ton of MSW generated every day all over the year. Also, since our study is tackling
only the design of a composting plant, then the analysis will focus only on the organic fraction of the daily
generated MSW. Balancing the averages between both seasons, a particular emphasis was placed on the
data corresponding to the winter season, which represents 41%. This emphasis is justified as the duration
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of the 72% data in question, is notably shorter compared to the other especially that during the winter
season which extends over 9 months, a fine fraction share of 38.2% was recorded, in comparison to a
share of 0% during the summer season which extends over a period of 3 months. The large difference
between the data recorded during the winter and summer seasons might be a result of the absence of
fine fraction in summer that might be an error conducted by the individuals responsible in the field. This
will result in an average organic waste fraction of 48.4% throughout the year.

Additionally, the organic waste routinely deposited in bins will primarily comprise kitchen and canteen
waste, with a minimal share of garden or park waste, commonly referred to as green waste. Considering
the distinctive culinary traditions of a mountainous village situated away from the coast in Lebanon, the
kitchen and canteen waste will predominantly consist of vegetables, meat, and leftovers.

Therefore, to design a composting plant that suits the area of Rashaya Al Foukhar, many parameters
should be taken into account. Hence, based on the different projections and results that we got earlier in
our calculation, the daily amount of organic waste that is generated is equal to:

Daily weight of organic waste = Organic fraction x Daily Amount of MSW = 0.484 = 0.4
= 0.2 ton

Furthermore, organic waste collection in the village will occur twice to once a week, resulting in two to
one load of organic waste delivered to the composting plant every week, whether during the winter or
summer seasons. To accurately calculate the weight of each load delivered to the composting plant, and
in adherence to precautionary standards, it is established that two loads will arrive at the plant weekly
when operating in normal conditions. Consequently, we will sum the total amount of organic waste
accumulated over the week and then divide this figure by two to determine the weight per load:

Total weight of organic waste generated per week (0.2) 7

Weight load =
eignt per loa Frequeny of collection per week 2

= 0.7 ton/load

In case some disruptions in the collection schedule occur, the collection frequency will become once every
week, then the weight per load is:

Total weight of organic waste generated per week (0.2) 7

Frequeny of collection per week 1
= 1.4 tons/load

Weight per load =

2. Process description
At this stage, we are aware of the quantity of organic waste arriving to the composting plant.
Consequently, it is essential to determine the required treatment duration for the conversion of this
organic waste into compost. If employing a conventional design, the treatment process typically spans
approximately 90 days. This process starts with the initial stage known as the "Active Composting Time"
(ACT), characterized by a thermophilic phase through which the organic waste decomposes rapidly with
high oxygen consumption levels extending between 2 and 4 weeks. Subsequently, the process transitions
into the "Maturing or Curing" stage, involving a mesophilic process characterized by slower decomposition
rates of the organic load and reduced oxygen consumption, lasting between 8 and 10 weeks. Upon
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reaching the composting facility, the organic fraction undergoes a closely monitored process lasting 90
days, resulting in the production of compost that meets stringent and suitable standards.

3. Dimensioning

In our design, the composting plant will feature a series of individual cells, each intended to accommodate
the organic waste load based on its maturity level, until finally reaching its final phase after 12 weeks. To
determine the necessary number of cells, calculate the expected number of loads over a 12-week period,
based on a designed collection frequency of twice weekly. If the collection frequency decrease to once a
week, each load will be allocated to two separate cells to adequately accommodate them. Multiply the
anticipated loads by a factor of 1.1 to include a 10% risk margin, thereby ensuring continuity and efficiency
in the plant’s operations.

Number of cells needed = {(Number of loads per week) = (Number of weeks)} * (Risk Factor)
=(2%12)*(1.1) = (24) * (1.1) = 26.4 cells

Since it wouldn’t be feasible to adopt a portion of a cell or even to have an uneven number of cells, the
best solution would be to take the even number that is larger than 26.4, and that is 28. Finally and most
importantly, to know the amount of organic waste that we can fit in this composting plant in a period of
3 months is:

Total Waste that we can fit = Weight per load * number of loads * 3 months = 0.7 * 12 x 2
= 16.8 tons

In order to find the dimensions of each cell, contingent upon the weight of the waste involved, it is crucial
to possess an estimate of its density. The organic waste density integrated into our analysis is set to be
450 kg/m3, symbolizing the average value derived from a spectrum encompassing the lowest and highest
densities encountered in organic waste samples worldwide, 300 and 600 kg/m?3. To gain deeper insights
into the rationale behind selecting this figure, it is crucial to acquaint oneself with the primary factors
contributing to the high density of organic waste. For example, while our sample includes only a small
share of green waste, the elevated moisture content in food scraps, along with the presence of dense
materials like bones and fruit pits, will account for the reason behind the increased overall weight.

For instance, since the weight of each load of organic waste reaching the composting plant is 0.7 ton (700
kg) with a density equal to 450 kg/m?3, the estimated volume needed for each cell is:

Weight 700

Volume for each cell = ————— = ——=1.55m3

Density 450
To accurately estimate the dimensions of the disposal cell for organic waste, we should use the volume of
the cell, which is 1.55 m3. Given that the waste is to be arranged in a shape similar to a cube, in order to
ensure high temperatures area reached within the pile. For enhanced operational efficiency and improved
aeration, the most suitable size for the cell is to go with a base area of 1.2 meters by 1.5 meters and a
height of 1 meter. This configuration will provide a pyramid pile with a total volume of 1.8 m3 that is larger
than 1.55 m*:

Area of each cell = Base Area of the cell = 1.2 m x 1.5m = 1.8 m?
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Based on previous calculations, the number of cells required to host all the organic waste of Rashaya Al
Foukhar in a period of 3 months is 28 cells, then:

Total Area of all the cells = Area of each cell * number of cells = 1.8 m? * 28 = 50.4 m?

For instance, these cells will be strategically arranged into two main processing lines, each comprising 14
cells. This layout facilitates the sequential progression of organic waste through all the curing stages,
culminating in the transformation of the material into compost upon exiting the final cell. As previously
outlined, each load of organic waste is designated to a single cell within one of the two processing lines,
each consisting of 14 cells. The facility receives two loads per week, with one load directed to the first
processing line and the subsequent load to the second, initiating at cell number 1 in each respective line.
The operational frequency for each process line is thus set at one load per week. Specifically, upon
receiving a load, it is allocated to cell number 1 of the designated process line. After a week, this load is
advanced to cell number 2 to make room for the next incoming load, which is then placed in cell number
1. This systematic approach ensures that each new load begins in the first cell, while existing loads are
methodically advanced to subsequent cells, maintaining a consistent and orderly progression through the
composting stages.

When the organic load arrives at the composting facility, the decomposition process begins encompassing
two primary phases. The initial phase, known as the Active Composting Time or the thermophilic phase,
is characterized by high temperatures, which can range from 40°C to 70°C. During this phase,
microorganisms, primarily bacteria, break down the organic matter in a quick manner, “resulting in the
generation of heat, which raises the temperature of the compost pile” (Hoffman, 2021). This increase in
temperature will sanitize the compost by killing pathogenic organisms and weed seeds, making the final
compost safer for use. This phase requires large amounts of oxygen to prevent the compost from turning
anaerobic and the generation of undesirable odors. This phase can last up to 4 weeks, with 2 organic
waste loads reaching the composting plant weekly, than we need to consider the first 8 cells of the
composting plant as part of the ACT phase:

Number of ACT cells = 4 weeks * 2 loads per week = 8 ACT cells

The cells are sequentially numbered from “1 to 4” in each of the two processing lines, amounting to a
total of 8 Active Composting Time (ACT) cells.
The second phase, referred to as the curing stage, is crucial for the production of a high quality compost.
During this phase, despite lower temperatures, microbial activity persists, with fungi and slower-acting
bacteria breaking down the remaining resistant organic matter. “The curing stage allows for the
breakdown of any remaining phytotoxic compounds, which can be harmful to plants” (Kawsar Hossen,
2021). This mesophilic phase requires more time than the thermophilic stage in order to develop the
properties needed for a high-quality soil amendment. Such a phase will generally extend 8 weeks,
spanning at a number of 16 cells:

Number of curing cells = 8 weeks * 2 loads per week = 16 curing cells
These cells are sequentially numbered “5 to 12” in each of the two process lines, amounting to a total of
16 curing cells.
In summary, of the 14 cells that will be designed in each of the 2 process lines in the composting plant,
the first 4 cells will belong to the ACT phase, and the next 10 cells will represent the curing stage, with 2
additional service cells to account for maintenance and risks of increased number of loads.
For optimal operation of the composting plant, it is essential to maintain two critical factors that
significantly impact both the quality of the compost and the efficiency of the process. The first major
factor concerns the aeration of the organic waste samples present in each cell of the composting plant.
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During periods of “intense microbial activity, the compost must be turned every four to five days to
prevent anaerobic reactions and to ensure adequate oxygen supply” (Mansi Rastogi, 2020). As the organic
material matures and microbial activity decreases, the temperature will also decline, reducing the oxygen
demand. Consequently, “the frequency of turning the compost can be decreased accordingly. For
instance, towards the end of the thermophilic stage, typically from the end of the 3™ week and throughout
the fourth week, the organic waste should be turned every 1 to 1.5 weeks” (EI-Gizawy, 2010). During the
mesophilic stage, however, the frequency of turning can be reduced to once every 2 weeks. Based on this
information, it is understood that at each loading interval in each process line (every 1 week), the organic
waste must be transferred to the next cell. This transfer indirectly facilitates turning of the compost,
ensuring it is exposed to the necessary amount of oxygen for optimal processing. For instance, starting
from the first day in which the organic material reaches the composting plant, it will be subjected to a
weekly rotation. This process continues until the material completes its fifth week at the facility,
correlating to its placement in cell number 5, as specified in the design.

Following the fifth cell, the samples will progress to the curing stage, which lasts for two months. During
this phase, the samples will require aeration through rotation once every two weeks, enabling the organic
waste to remain stationary in the same cell for a two-week period. Contrary to the Active Composting
Treatment (ACT) phase, where the waste passed through all cells, in the curing stage, the organic material
will only transition through four cells.

The second major factor to consider and monitor regularly to achieve high-quality compost is moisture
content. The level of moisture in the compost must be optimally managed to support microbial activity,
where “too much moisture in composting can create anaerobic conditions, hindering the process, while
too little can stop microbial decomposition” (Abdelhadi Makan, 2013). Indeed, the level of moisture
content in the organic waste sample under processing, depends on the phase at which the compost has
reached. For instance, during periods of high microbial activity, also known as Active Composting Time
(ACT) phase, the optimal moisture content is 60%. In contrast, as the compost progresses to the curing
stage, the required moisture level for effective process flow drops to a range of 40 to 60%, considering it
to be 50% in the design of the composting plant of Rashaya Al Foukhar.

4. Evaluation of water needs
The water supply assessment for the composting plant in Rashaya Al Foukhar will consider two main
factors: the amount of water required to maintain the appropriate moisture content in the compost, and
the water needs for facility operations, including the needs of workers and office spaces.

The assessment of water requirements for each batch or organic waste begins upon its arrival at
the composting plant and continues through to the final day of maturation, spanning a three-
month period. This includes the Active Composting Time (ACT) phase, which lasts four weeks,
followed by the eight-week curing phase. In the first phase, the target moisture of the sample is
60%, while the actual water content in the sample when disposed in its first day is only 50%,
resulting in a 10% moisture deficit. Conversely, the optimal moisture content for the compost
during the curing stage is 50%. To determine the appropriate amount and frequency of water
application to the compost, it is crucial to consider the seasonal differences. The evaporation
rates vary significantly between the winter and summer seasons, impacting the moisture
management requirements. “Mediterranean climates typically experience hot, dry summers
with high evaporation rates, often reaching up to 2% daily. In contrast, the winter season, which
is colder and more humid, generally sees a lower daily evaporation rate of approximately 1%” (F.
Giadrossich, 2015). To dig deeper in our analysis and ensure the optimization of our design, we
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have gathered comprehensive climate data for the area of Rachaya Al Foukhar. This data,

collected from available stations using ClimWat, is presented in the table below:

Table 2: Table showing the climate in Rachaya Al Foukhar with the wind in units of km traversed per day

Month Min Temp | Max Temp | Humidity Wind Sun Rad ETo
‘C ‘C % km/day hours M /e /day mm/day
January 11.2 75 320 4.0 8.6 1.56
February E1 1.8 74 328 44 109 1.65
March 7.9 144 £9 346 5.0 139 259
April 10.7 164 E7 3 57 17.1 3.39
May 14.1 226 B4 328 7.6 21.1 459
June 16.6 255 E6 380 97 246 5.48
July 18.2 268 75 415 95 239 5.12
August 19.1 27.8 75 406 89 21.9 499
September 17.8 26.0 73 484 81 18.7 4.54
DOctober 16.1 239 E0 311 7.0 145 397
November 12.3 18.8 £2 302 5.0 100 2.82
December 79 134 B9 302 4.1 8.2 1.88
Average 12.7 201 69 353 6.6 161 3.57

Considering that the composting plant operates year-round, we will divide the year into two six-month
periods for operational considerations: one period encompassing the winter season and the other
encompassing the summer season. To begin, a calculation on the amount of water required for a single
batch of organic waste during the winter season will be done hereafter. Initially, the moisture content of
the sample is at 50%, with a target of 60% for the first four weeks, followed by an adjustment back to 50%
thereafter. Then the amount of water to be provided for the organic sample of 700 kg is:

e Moisture deficit (ACT) = 0.60 (target moisture) - 0.50 (actual moisture) = 0.10
e Water needed (liters) =0.10 * 700 kg * 1 liter/kg = 70 liters

Nonetheless, this is mainly recurrent during the first 10 days of the organic material in the composting
plant, where when reaching the 10" day, generally the compost pile (700 kg) will lose 1/3™ of its weight
as a result to the evapotranspiration and to the degradation of the organic matter (Dulac, 2001), this will
lead to a decrease in the amount of water needed to water the new weight of the compost pile:

Weight of compost pile in day 10 = Original weight of the compost pile * 70% = 700 Kg = 0.7
=490 kg

At this point in time, the new amount of water that will be needed to ensure a good operation and high
efficiency for the compost piles (490 kg) is:

e  Moisture deficit (ACT) = 0.60 (target moisture) - 0.50 (actual moisture) = 0.10
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e Water needed (liters) =0.10 * 490 kg * 1 liter/kg = 49 liters = 50 liters
e  Moisture Deficit (Curing) = 0.5 (target moisture) - 0.4 (actual moisture) = 0.10
e Water needed (liters) =0.10 * 490 kg * 1 liter/kg = 49 liters = 50 liters

Thus, for a 700 kg sample, it is necessary to regularly add 70 liters of water whenever the moisture content
falls 10% below the targeted level, and 50 liters whenever the compost pile reaches its new weight of 490
kg after day 10. In the table above, the evapotranspiration is the combination of both the transpiration
from the plants and the evaporation from the soil and other surfaces. To optimize our approach, it is
crucial to acknowledge that high temperatures during the degradation phase lead to increased
evaporation levels compared to those in the soil. Therefore, it is advisable to consider the evaporation
rate at the compost sample level to be half of the evapotranspiration rates indicated in the table above.
Given the winter season extends from the months of November to April, the average evaporation rate
during this period will be:

282+188+156+185+259+339 234

= 1.159
6 2 5%

Average evaporation rate in winter =
=1%

Given the daily evaporation rate on average of 1% in winter, the moisture content of the compost will

decrease by 1% every day. Simultaneously, every 10 days the water content will reach the maximum

allowable depletion level at 10% below the target level, for that to estimate the amount of water needed
for each batch of compost, calculations have been done in the table below:

Table 3: Table detailing the schedule for water application to the compost sample during the winter period

Day Actual Moisture Content Target Moisture Water (Liters)
Content

0 50% 60% 70
10 50% 60% 50
20 50% 60% 50
30 50% 50% 0

40 40% 50% 50
50 40% 50% 50
60 40% 50% 50
70 40% 50% 50
80 40% 50% 50
90 40% 40% 0

The total amount of water needed to be supplied to each compost pile during its lifetime in winter at the
composting plant is:
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Total amount of water per compost pile in winter (A1) =70L+50L *7 =420L

During the summer period, while the volume of water supplied to the compost remains at 70 liters per
application, the frequency of watering will be higher than during the winter season and this will be
estimated thanks to the calculation here below which will extend from May to October:

459 + 548 +5.12+4.99 + 4.54 +3.97 478
6 % 2 )

Average evaporation rate in summer = =2.5%

Conversely, this value is relatively high for the estimated daily evaporation from the compost piles (700
kg). The piles will be covered by a steel structure, which will minimize sun exposure, and they will have a
3D volumetric shape that is open to the air on one side and covered on all other sides, leading to a
reduction in evaporation rates. A rough estimate would consider to take the evaporation rate equal to
1.66% per day.

As previously mentioned, to prevent the moisture content from falling more than 10% below the target
level, water will be applied every 6 days. Accordingly, the table below details the total amount of water
required for each batch of compost during the summer season:

Table 4: Table detailing the schedule for water application to the compost sample during the summer period

Day Actual Moisture Content Target Moisture Water (Liters)
Content

0 50% 60% 70
6 50% 60% 70
12 50% 60% 50
18 50% 60% 50
24 50% 60% 50
30 50% 50% 0
36 40% 50% 50
42 40% 50% 50
48 40% 50% 50
54 40% 50% 50
60 40% 50% 50
66 40% 50% 50
72 40% 50% 50
78 40% 50% 50
84 40% 50% 50
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90 40% 40% 0

The total amount of water needed in summer to be supplied to each compost pile during its lifetime at
the composting plant facility is:

Total amount of water per compost pile in summer (A2) =70L*2+50L 12 =740L

Additionally, assuming that the composting plant will need 1 individual to operate full time on site, the
amount of service water needed over the year is:

120 L
person

Servi t ded ly=1
ervice water needed yearly * day

* 336 days = 40,320 Liters/year

The total number of loads reaching the composting plant yearly is:

Total number of loads = Number of loads per week * number of weeks per year = 2 * 52
= 104 loads per year

At this point in time, the amount of water needed by the composting plant all over the year is:

Total amount of water needed yearly by the composting plant
= Service water needed yearly + Al x number of loads per winter + A2
* number of loads per summer = 40,320 L + 420 L * 52 + 740 L * 52

= 100,640

year
5. Design of the rainwater collection system

a) Dimensioning of the rainwater collection system

The design of the rainwater collection system must comprehensively consider both the input and output
flows throughout the year influenced by the frequency of rainfall and the variable daily water
consumption, which depends mainly on the season. It is crucial to account for the characteristics of the
catchment area, the local climate conditions considered to be Mediterranean, the storage capacity
appropriate for dry periods, and adherence to local regulations. Nevertheless, considerable attention
must be directed toward the technical aspects of the system, including the implementation of efficient
water filtration to guarantee high-quality and safe water. Additionally, the design should facilitate
accessible maintenance to ensure long-term functionality and effectiveness.

Initially, an estimation of the annual rainfall in Rashaya Al Foukhar was conducted using ClimWat and
CropWat. Indeed, CropWat is a software tool developed by the Food and Agriculture Organization (FAO)
for planning irrigation needs and scheduling water requirements of crops based on climate data, crop
type, and soil conditions, nonetheless ClimWat is a complementary tool for CropWat that provides
climatic data for different locations and stations around the world. It is true that in our design, nothing
has to do with agriculture, but we are taking advantage of these software to account for the precipitation
that falls on Rashaya Al Foukhar. This analysis yielded rainfall data based on readings from local weather
stations, as presented in the table below:

Table 5: Table showing the annual rainfall in Rashaya Al Foukhar
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Rain Eff rain
mm mm
January 1334
February 1681.0 1286
March 129.0 102.4
April 730 E45
May 26.0 249
June 1.0 1.0
July 1.0 1.0
August 1.0 1.0
September a0 3.0
October 24.0 231
November 91.0 77.8
December 162.0 120.0
Total 885.0 680.6

When examining the data in the table above, figures for both total and effective rainfall are provided. The
amount of rainfall to be considered for our composting plant should fall between the values presented in
these two columns. Specifically, the first column labeled “rain” represents the total volume of water that
falls on the specified area per square meter. The “effective rain” column, on the other hand, indicates the
volume of water available after accounting for losses due to evaporation and runoff. Nevertheless, these
losses are characteristic of the soil, occurring when the amount of water surpasses the field capacity and
reaches saturation level, as illustrated in the figure below:
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Figure 6: Figure showing the different levels of water content in the soil (Tiffany Maughan, 2015)
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For instance, “in a rainwater collection system where the catchment area is a metallic roof, evaporation
losses of the rainfall are generally minimal and often negligible. Metallic roofs, being impermeable and
smooth, allow most rainwater to be quickly directed into the collection system without significant
absorption or retention on the surface” (Husnna Aishah Zabidi, 2020). However, a few factors might
influence minor evaporation losses such as the residual small amounts of water that may remain on the
roof after rainfall and the waiting time of the water on the roof that can be mitigated through an efficient
guttering and downspouts system. As a result, for an increased accuracy, we will estimate that the water
losses from the rainwater collection system in the composting plant does not exceed 20% of the total
losses that occur in the soil:

Total losses from the rainwater collection system
= (Total Rain — Total Ef fective Rain) * 20% = (885 — 680) * 20% = 205 * 20%
=41mm

At this point in time, it is possible to calculate the total amount of precipitation available for storage,
irrespective of whether it will be fully utilized. This estimate omits the rainfall from June to September
due to its minimal significance:

Total Available Water = Total Rain — Total Losses from Rainwater Collection system
=885—-41-1-1-1-3=838mm

Once the amount of precipitation of water available for storage is determined, it is essential to calculate
the capacity of the water tanks required to meet the demand during the dry period. Given that the months
from June to September are assumed not to contribute any water to our system, then we must assess the
capacity of the water tanks based on the water needs for the period at which the water balance will
become negative, in order to maintain uninterrupted operations. For instance, considering that the
composting plant is fully operational and all its cells are functioning as intended, the quantity of water
required during this period while considering 28 working days per month is as follows:
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Graph 3: Graph representing the water balance for the composting plant, with the red curve showcasing the consumption and
the blue curve the captured water
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By analyzing the graph, it is clear that water consumption exceeds water capture from May to October.
This insight will help on determining the total amount of water for storage required for the composting
plant to achieve full sufficiency and autonomy:

Amount of water needed for storage
= Total water consumed during this period
— Total water captured during this period = 58.64 m3 — 6.731 m3 = 51.909 m3

These values were retrieved from a detailed calculation conducted using excel:

Table 6: Table showing the data for the water consumed and collected by the composting plant

Effective  Actual pre- Potential water

Rain cipitation captured (roof) Service water Compost Total
mm/month mm/month  mm/month m”3/month m”~3/month  m”3/month  m”3/month
Jan 193 133.4 181.08 26.862 3.36 3.64 7
Feb 181 128.6 170.52 25.278 3.36 3.64 7
Mar 129 102.4 123.68 18.252 3.36 3.64 7
Apr 73 64.5 71.3 10.395 3.36 3.64 7
May 26 24.6 25.72 3.658 3.36 6.41 9.77
Jun 1 1 0 0 3.36 6.41 9.77
Jul 1 1 0 0 3.36 6.41 9.77
Aug 1 1 0 0 3.36 6.41 9.77
Sep 3 3 0 0 3.36 6.41 9.77
Oct 24 23.1 23.82 3.273 3.36 6.41 9.77
Nov 91 77.8 88.36 12.954 3.36 3.64 7
Dec 162 120 153.6 22.74 3.36 3.64 7
885 680.4 838.08 123.412 40.32 60.32 100.64

Consequently, since the area allocated to the water tanks in the design of the composting plant is:
Total Area =4 *3m*3m = 36 m?

Then, with a height of 1.5 meters for the water tanks, we can achieve a volume of 54,000 liters, which is
sufficient to meet the needs of the composting plant during the dry period.

Given the capacity of the water tanks in our design, it is now necessary to calculate the monthly volume
of water that can be captured in the catchment area, and by doing so, we should also account for the
water lost from the first flush diversion of each rain event. Certainly, the volume of water diverted during
the initial flush is significantly affected by several factors. These include the catchment area, which in this
instance measures 150 m? meters; the duration of the dry period, typically minimal throughout the year
extending from the months of June to September; and the specific design of the first flush diverter system.
“A common rule of thumb for the first flush diverter is to divert about 0.5 to 2 liters of water per square
meter of roof area per event” (D. B. Martinson, 2010). In our case, we will consider that the amount of
water diverted during a rain event is 1 Liter/m? of roof area:
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= 150 liters

1L
Total first flush divertion = Area * 1L = 150 sqm * sqm

In Lebanon, the average annual count of rainy days typically ranges from 60 to 80. Among these,
approximately 20 significant rain events are interspersed with dry periods. This pattern underscores the
importance of implementing first flush diverters in rainwater harvesting systems to ensure the cleanliness
and usability of the collected water. However, considering the absence of rainfall events from June to
September, our calculations should include only 16 significant rain events. This translates to planning for
16 first flush diverter activations to ensure the cleanliness of the rainwater collected:

Total amount of water diverted from first flush = 16 *» 150 Liters = 2,400 Liters

Considering the total amount of water that will be captured in the catchment area, after accounting for
the losses based on the area of the roof:

Total volume of water that can be captured after diversion of first flush
= Total Available Water * Area — 4,800 L = 838 mm * 150 m? — 2,400 L
= 125,700 Liters — 2,400 L = 123,412 Liters

This figure indicates the total volume of water potentially collectable, after accounting for losses and initial
diversion. However, considering that the maximum capacity of the designed water tanks is 54,000 liters,
and based on estimates of the maximum water consumption over a month, the captured volume will still
exceed monthly usage. Therefore, it can be concluded that the tanks will consistently reach at least 80%
of their capacity during the winter season, with a lot of water diverted as runoff from the composting
plant when the reservoirs reach full capacity starting from February until reaching May, where during this
period over 20.481 m3 were lost as runoff. Whereas at the end of the summer season, the water level in
the reservoirs will at least reach less than 5% of the tank's capacity. To prevent water shortages during
the dry period, it is advisable to utilize the leachate collected beneath the water storage tanks. This
leachate will conserve significant water resources for the composting plant, optimizing the process and
enhancing biodegradation levels. Typically, leachate constitutes 20% of the water applied to the compost
pile (700 kg). Therefore, when 70 liters of water are applied, 14 liters will be collected as leachate and can
be recirculated in a circular system. Adopting this method can effectively save up to 20% of the total water
applied to the composting piles.

6. Design and plant layout
Provided by the municipality of Rashaya Al Foukhar, the site encompasses an area of 2,100 m?, which
includes an existing building covering 200 m2. The topography of the land, its surroundings, and
particularly the access road that facilitates entry and exit, have informed our design conclusions, which
you can find in the figure here below:
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Figure 7: Figure showcasing the final layout of the composting plant in Rashaya Al Foukhar

Figure 8: Figure representing the composting plant in a 3D form




Figure 9: Figure representing the composting plant from the other side

Figure 10: Figure representing the entrance of the composting plant
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This composting plant, as illustrated in the figure above, encompasses different areas which are carefully
designed to ensure efficient waste management operations. The detailed development of these areas is
outlined in the following section:

a) Reception Area

The reception area, measuring 12 m?, is strategically positioned at the entrance of the composting plant,
designated on the plan as the drop-off area. This zone facilitates the unloading of organic materials from
trucks, which are then transferred for their intended processing.

b) Composting Cells

Upon disposal in the reception area, the organic waste is sequentially transferred to various composting
cells, beginning with the first cell. Each cell, with a volume of 1.8 m? (1.2 meters width x 1.5 meters in
depth and 1 meter in height), is designed to ensure optimal aeration and moisture levels for the
composting of the organic material. The facility includes 28 composting cells, with 4 cells specifically
designed to address potential risks associated with maintenance or mismanagement in preparation for
any unforeseen events. The total area, which includes both the cells and the service corridors serving
them, measures 150 square meters.

c) Drying and Packaging area

Once the organic waste has been fully stabilized after a residence time of 3 months in the facility, it will
be shifted to the drying and packaging area, which is of the size of 30 m2. In this area, the compost will
undergo a process of drying where the moisture content levels will be reduced to make the compost
stable and easier to handle, store and transport, to avoid any further decomposition and generation of
undesirable odors. Once the compost is dried to the appropriate moisture level, it will be sifted to remove
any oversized items or impurities, ensuring a uniform product. It is then packaged based on the intended
market or use.

d) Storage

After the compost has been bagged, it is stored in an area measuring 40 m2. This storage serves as a
temporary holding stage, ensuring the compost remains in optimal condition until getting distributed. By
looking at the plan, you could find that the location of this storage is designed in a way to facilitate easy
access for loading without disrupting any other operation at the plant.

e) Store

The facility will feature a 25 m? store that includes an office, a client restroom, and a display area. The
office will accommodate visiting clients and host business meetings. The display area will feature different
bag sizes of compost, as a way to ensure the selling of the organic product to different end users, whether
agricultural farmers, or local citizens interested in substituting the use of chemical fertilizers with
compost.
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f) Service Area

The designated space will encompass a compact studio, meticulously designed to include a bedroom with
an integrated kitchen and a separate bathroom, spanning a total area of 40 m2. This layout is optimized
for functionality and comfort, providing a practical and welcoming environment while maintaining cost
efficiency.

g) Demonstration gardens

The demonstration gardens have been incorporated in our design as a strategic marketing and
educational platform. They offer an opportunity to educate visitors and clients about the practical uses of
compost and its benefits. These gardens not only highlight the end product from the composting facility
but also actively promote its use. Additionally, this place consisting of 55 m?, fosters community
engagement by encouraging local residents to participate in composting efforts, thereby strengthening
community ties through shared sustainable practices.

STEEL STRUCTURE 227 m?
Reception Area 7 m?
Composting Area 150 m?
Drying and Packaging Area 30 m?
Storage Area 40 m?
CONCRETE STRUCTURE 73 m?
Private Generator 8 m?
Store Area 25 m?
Service Area 40 m?
DEMONSTRATION GARDENS 55 m?

Table 7: Table showing the different sections' dimensions of the composting plant

7. Construction Costs and Details
Itis crucial to emphasize that all detailed information pertaining to material and labor costs, as presented
in the following sections, has been meticulously verified. This verification process involved comprehensive
interviews and meetings with a wide range of experts, engineers, and contractors, all of whom are actively
engaged in the fields essential for the construction of this composting plant. By consulting these
professionals, we have ensured the accuracy and reliability of our cost estimates, thereby reflecting a high
level of diligence and professionalism in our approach.

a) Steel Structure

The composting plant, along with the drying and packaging area, and the storage space, will be
constructed using a steel framework, featuring steel columns and steel roofing to safeguard against rain.
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The facility will incorporate concrete walls not exceeding 1 meter in height, designed to facilitate effective
natural ventilation while simultaneously protecting the workers from potential intrusion by wildlife from
nearby forested areas.

In designing the steel structure for Rashaya Al Foukhar, particular attention has been paid to its resilience
against the region’s climatic challenges, including potential winds and storms. The steel framework will
be constructed according to stringent specifications tailored to enhance its strength and durability,
ensuring it withstands the specific environmental conditions encountered at this site in Rashaya Al
Foukhar, especially that “Lebanon is exposed to natural disasters due to its Mediterranean coastline, like
heavy rainfall, snowfall and extreme events that can occur frequently and at an elevated scale” (A. Hayek,
2020). This approach guarantees both the longevity and safety of the structure, aligning with best
practices in architectural resilience. The additional important information to add, is that the steel roofing
will be of 4 meters all along the middle of the composting plant, and a maximum of 3.5 meters at the
periphery of the steel hangar.

Figure 11: Figure showing the location of the steel columns in the plan in red dotted circles

The financial breakdown for constructing this steel structure requires a detailed analysis of the varying
costs, ranging from minimal to significant expenses. The predominant cost factor in this project stems
from the steel's weight utilized in the design, which fluctuates based on several variables such as the
height of the columns, the thickness of the roofing sheets, and labor costs. This detailed cost assessment

40



ensures a thorough understanding of the investment required for each component of the construction.
For instance, after consulting a group of companies in Lebanon, that specialize in the field of building steel
structures, we gained valuable insights and estimated how the costs allocated to the steel structure are
divided in this design. For instance, for such a hangar, we need 5 rows of columns on the long size, whereas
2 column rows on the short side, eventually leading to 10 columns of 3.5 meters in height. Additionally,
the drying and packaging area, as well as the storage area, are also made of steel, leading it to use another
3 columns of 3.5 meters in height, and three other columns of 4 meters in height.

Based on the information provided by the companies that we have consulted in that matter, they advised
us to use heavy duty columns with a simple I-beam or H-beam section of 60 kg/m in weight. Typically, for
the roofing, lighter sections can be used in addition to the sheeting, reaching an approximate end weight
of 25 kg/m2. At the moment, and based on the world stock market, the average price of metric ton of
steel is $ 860/ton, or S 0.86/kg:

Kg Kg kg 5
Costofsteel:(13*3.5m*6O—+3*4m*60—+2*4m*20m*25—2+70m
m m m
0.86$

* 25 kg/mz)* =7912%

= We reached the number of “4 meters” in the calculation above from the Pythagorean Theorem
and it represents the width of the roof from the middle to the periphery from each side.

These costs are allocated to the price of the resources only and not considering the labor costs, for
instance, the labor costs in Lebanon are approximately 255/m?2.

cost
Labor cost for steel construction = Area of the hangar * laborF =227 m? = 25 7
=5,675%
Total Cost of the steel structure = 7,912$ + 5,675 $ = 13,587 $

b) Concrete base, columns, walls and slabs

The composting facility will be constructed on a concrete base, designed to isolate the organic materials
from the soil and enhance operational flow and accessibility throughout the various transition phases.
The concrete foundation will extend seamlessly from the reception area through the maturing and curing
phases, and continue past the storage and drying sections, until reaching the store and the service area,
accounting as well for the exterior bobcat runway. Considering that the composting plant will not support
heavy weights, and that it will be built on a rocky soil, a detailed evaluation by a civil engineer recommends
that the base thickness should be set at 30 cm:

Volume of concrete for base = Area * Thickness of the base = 400 m? *x 0.3 m = 120 m3
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Figure 12: Figure illustrating the footprint of the concrete base in the plan in black

Transitioning to the structural components of the composting facility, it is important to emphasize that
only the store, service areas and the private generator will feature a concrete structure, comprising
concrete columns and a concrete roof. Given that the dimensions of each of these spaces do not exceed
40 m?2, and with a maximum column spacing of 6 meters, the configuration of the 20 cm by 50 cm columns
will be arranged as illustrated in the figure below:
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Figure 13: Figure showing the concrete columns in the plan in red dotted circles

For column with a cross-sectional area of 20 cm x 50 cm, and based on the loads that they will be holding,
the steel reinforcement in them should consist of 10 steep bars with a 16 mm diameter placed in a
symmetrical pattern.

Having 12 columns on sight, with a cross-sectional area of 20 cm by 50 cm, and a height reaching 3.5
meters then:

Volume of concrete in the columns = Area of the columns x Height
=02m=05m=*12*3.5m =42m3

Given the specified dimensions of the columns and the anticipated load-bearing requirements of the
roofs, the steel bars selected for incorporation into the columns will have a diameter of 16 mm and a steel
density of 7,850 kg/m3. The design calls for ten such bars to be symmetrically positioned within each
column to ensure optimal structural integrity and load distribution.

Volume of steel in the columns
= Number of bars per column * number of columns * area of the steel bar
* length of steel bars = 10 * 12« w12 % L = 10 = 12 *  * 0.0082 % 3.5
= 0.0844 m3

At this stage, we are constructing a slab that will cover both the store, the service area and the private
generator, encompassing 73 m? with a thickness of 30 cm. The selection of a 30 cm thickness is to
adequately support both the dead and live loads. The dead load includes the weight of the equipment
and the structural layers required for the green roof in the case of the service area and the store only,
enhancing the sustainability of the building. This design ensures the slab can withstand these loads
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effectively. Nonetheless, the live load calculations account for the weight of snow during the winter
season, as Rashaya Al Foukhar is situated at an elevation ranging from 650 to 800 meters. This altitude in
Lebanon enhances the probability of snowfall in the region, albeit at minimal rates typically not exceeding
tens of centimeters in height. Moreover, the parapet that will envelop on the periphery the green
equipment of the roof will extend to a height of 20 cm all around the concrete slab with a 10 cm thickness.

Volume of concrete in the slab and the parapet
= Area of the slab * Thickness of the slab + Area of the parapet
* height of the parapet = 73 m? x 0.3 m + (65 m? — 60 m?) x0.2m = 22.9 m3

Figure 14: Figure showing the location of the green roof in our design in green

In this specific concrete slab, the steel reinforcement will use a mesh of steel bars, typically with a
diameter of 16 mm spaced at 20 cm and extending all along the concrete slab.

Volume of steel in the concrete slab
= volume of steel in the private generator area
+ volume of steel in the service area + volume of steel in the store area
={(19 bars *2m + 9 bars * 4 m) + (25 bars * 8 m + 35 bars * 6 m)
+ (38 bars *3.5m+ 16 bars * 7.5m)} * w12 = 737 m * w * 0.008% = 0.148 m3

At this point, we are able to calculate the costs allocated to the steel reinforcement bars present in the
concrete columns and slabs, with a density of steel equal to 7850 kg/m?:
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steel
Cost of steel bars = Volume of steel * cost of T

0.86$
Pl 1,600 $

= (0.0844 m3 + 0.1481 m3) = 7,850 kg *
In the design of the composting cell partitions, the structure will utilize both concrete and concrete
masonry units (CMU blocks). Specifically, the rear wall of each cell will be constructed entirely of concrete,
while the dividing walls between adjacent cells will be made from CMU blocks. The rear walls will have a
thickness of 20 cm and a height of 1 meter. Same applies for the height of the partitions between the
cells, where they will be made of CMU blocks of 10 cm in thickness, 1 meter in height and 1.5 meters in
length for each portioning wall.

Volume of concrete in the walls = Area of concrete walls * Height of the concrete walls
=60m=+02m*1m=12m3

In Lebanon, CMU blocks have standardized dimensions across various manufacturing facilities, typically
measuring 10 cm in width, 20 cm in height, and 40 cm in length. The price for these CMU blocks is
approximately $0.35 per block.

Number of CMU blocks needed for the partioning walls
= Number of Partioning walls
* number of CMU Blocks needed for these partioning walls = 14 x (5 x 3)
=14 %15 =210 CMU block

Number of CMU blocks needed for the rest of the project
= number of CMU blocks needed in walls reaching 3.5 meters in height
+ number of CMU blocks needed in walls reaching 1 meter in height
= 1800 CMU block + 340 CMU block = 2,140 CMU blocks

Total Cost of CMU blocks = Total number of CMU blocks needed * Price of 1 CMU block
=2,350%0.35$=2823%

Total Cost of Concrete with labor
= Volume of Concrete * Price of concrete per m3 + Area of concrete
* Labor cost per m?

10$
+ 400 m? * 5
m

70%
=(120m3+42m3+229m3 +12m3) —
=11,137 $+ 4,000 $ = 15,137%

Total volume of concrete needed 160 m?

Total amount of CMU blocks needed 2,140

Table 8: Table showing the total amount of resources needed under study
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¢) Rainwater Harvesting system

The design of the rainwater harvesting system for the composting plant in Rashaya Al Foukhar involves
several key components, from the moment rainfall reaches the catchment area, until it passes by all these
components to finally reach the water tanks. For example, when rainfall reaches the catchment area, a
conveyance system is required to direct the water to storage tanks. For this composting plant, a thorough
design analysis determined that the conveyance system, comprising gutters and downspouts, will be
constructed from PVC. The gutters will have a width of 150 mm, and the downspouts will have a diameter
of 100 mm. The estimated cost is $10 per meter for the gutters and $12 per meter for the downspouts.

rice price

Cost of the conveyance system = Length of gutters * P + Length of downspouts *

=Q0m=*2+8m=*2)*10$+ (4*0.5m) *x12$=$560+ $24 = $584

Figure 15: Figure of the gutters that will allow water to flow into the storage tanks
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Figure 16: Figure representing the downspouts as well as the first flush diverter

Following the conveyance system, a first flush diverter will be installed to divert debris and contaminants
away from the composting plant. Given that there are four downspouts from the roof, each with a capacity
of 75 liters, the estimated cost for each first flush diverter is $200.

Cost of first flush diverters = 4+ $200 = $ 800

Proceeding to the filtration system, it includes two leaf screens, each priced at $100, and a pre-tank filter
priced at $150. Given that there are four outlets from the catchment area, four filtration systems will be

required.
Cost of filtration systems = 4 x $ 250 = $ 1000

The design of this composting plant necessitates 36,000 liters of water storage to ensure sufficient
availability during the dry season. To achieve this, we will require 18 water storage tanks, each with a
capacity of 2,000 liters. The estimated cost for each 2,000-liter tank in Lebanon is $200.

Cost of storage tanks = 18 « $200 = $ 3,600

These storage tanks alone will not be sufficient for the composting plant's needs. However, to remain
cost-effective, we can supplement the leachate with rainwater to fill the leachate tank during periods of
low leachate production:

Total water stored = 36 m3® + 18 m3 = 54 m3
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The 36 m3 represents the water storage tanks and the 18 m3represent the volume of the leachate tanks,
which as mentioned earlier can be used to store water to recirculate back in to the compost piles in case
of absence of production of leachate.

Figure 17: Figure of the water storage tanks

An overflow system is necessary to manage excess water once the tanks are full. Its components will only
involve 100 mm diameter PVC pipes that will channel the water to nearby soil to be considered as drainage
field. The cost of such a pipe is around $5/m and this system will cost:

® —26m=$5=$130

Cost of the overflow management system = Length of the pipes *

d) Green Roof

The installation cost of a green roof varies significantly based on numerous factors including the type of
project, size, geographical location, and the materials used. For example, the Rashaya Al Foukhar project
involves an intensive planting approach and robust infrastructure for its green roof. Typically, costs range
from $50 to S60 per square meter in developed countries where labor expenses are comparatively higher
than in Lebanon. The high costs associated with green roof installations can be attributed to various
factors, including initial investments, labor and material expenses which constitute the largest load, as
well as the specialized requirements for drainage systems and roof insulation. For that, we can assume
that the average cost of constructing a green roof in Rashaya Al Foukhar is in the range of 405:

Cost of building a greenroof = cost per m?  Area to be covered = 40$ * 65 m? = 2,600 $
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Figure 18: Picture showing the green roof area of the composting plant

e) Leachate Drainage and Storage

In the process of dealing with the leachate composed of water that has percolated through the
composting material, picking up dissolved organic matter, nutrients, and possibly other chemical
constituents along the way, a proper management should be considered. Accordingly, in the architectural
design of the composting cells, meticulous attention was paid to incorporating a slope to facilitate the
unimpeded flow of leachate into the perforated pipes positioned along the rear wall of each cell. Upon
reaching this juncture, the leachate generated from the organic waste is directed into a partially enclosed
storage tank, just under the water tanks of the system. This specific tank with an area of 3 meters by 3
meters and a height of 0.5 meters, holding a volume up to 4.5 m3? of leachate per tank, features a
protective roof to avoid any rainfall infiltration, thereby mitigating the risk of sample leakage and its
associated environmental hazards. Furthermore, this tank is constructed with half of its sides open to
enhance the aeration process, essential for the treatment of the leachate.
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Figure 19: Figure showcasing the slope at the level of the composting cells to ensure a good drainage of the leachate
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Figure 20: Figure showcasing the leachate tank placed below the water tanks
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Figure 21: Figure showcasing the leachate pipes that lead to the discharge tanks in red

f) Electricity

The composting facility in Rashaya Al Foukhar has been designed with energy efficiency as a core element
of our sustainability commitment. The plant's architecture incorporates open side walls, which maximizes
natural light and minimizes the need for artificial lighting. Consequently, only a minimal number of LED
lights are installed to ensure sufficient illumination during overcast days when natural light might be
insufficient for operational needs. For instance, in need of lighting during early mornings and late
evenings, high bay LED lights might be a solution to consider. These lamps are used in industrial spaces
and located at heights that can exceed that of the composting plant. In conditions where detailed work is
not of our concern, a lux level of 200 would be enough, for that:

Light Output required = Area of the composting plant * Desired Lux Level
=310 m? * 200 Lux = 62,000 lumens

Assuming that each 150 watt LED high bay lamp provides around 15,000 lumens, then the required
amount of lamps to be distributed properly across the composting facility is:

Light Output Required 62,000

= =4.13
Lumens per lamp installed 15,000

Number of lights required =

= Then, 4 LED high bay will be placed at the center of the composting plant at a height of 4 meters.

On the other hand, the concrete structures of the storage and service areas require a different type of
LED lighting. This adjustment is necessitated by the shift in function from industrial to commercial and
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residential purposes, demanding lighting solutions that cater to these new uses. For a desired illumination
level between 150 and 200 lux:

Total Lumens needed = Area of both rooms * Lux Level = 49m? 150 = 7,350 lumens

For instance, a typical LED bulb generates 80 to 100 lumens per watt, therefore to achieve 7,350 lumens,
we will have to consider then several bulbs, assuming that each LED bulb provides 1,500 lumens, then we
need:

Lumens required 7,350

LED bulbs needed = =49 LED Bulbs

Lumens provided by each bulb ~ 1,500

We will then proceed to install five LED bulbs, which will be strategically distributed in the following
manner:

= 1 LED bulb will be installed in each of the two restrooms, totaling two bulbs
= 1 LED bulb in the store
= 2 LED bulbs in the bedroom of the operators

Additionally, the roof of the composting plant will be equipped with skylight lighting technology, a
sustainable feature that requires no electricity. However, due to the location of the plant, which is far
from the municipality’s infrastructure, it is not feasible to connect to the municipal electricity supply.
Consequently, a designated area within the facility will host a small, high-end electric generator. This
generator will feature an advanced filtering technology to reduce its carbon footprint and ensure
compliance with environmental standards, as well as providing the essential electricity for both the
storage and service area, thereby ensuring that the plant’s operators have access to a conducive and
habitable workspace.

g) Sewage System

In line with our commitment to environmental stewardship and the well-being of our employees, the
composting facility is equipped with two fully functional restrooms of which one is designated for
employees and the other for visitors and clients. These facilities are connected to an external soak pit,
measuring 4 square meters in area and 2 meters in height, serving as an efficient location for effluent
disposal. This configuration guarantees regular and controlled effluent removal as needed, and is
conveniently located near an area accessible to sewage trucks for efficient wastewater extraction.
However, it is worth considering that the soak pit can alternatively be substituted with a septic tank
integrated with a drainage system. This alternative solution offers advantages such as reduced space
requirements, lower costs, and decreased maintenance needs.
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Figure 22: Location of the sewage pit in the design

h) Pavement

For a composting facility of this size, it is expected that vehicles typically weigh no more than 6 to 7 tons.
However, it is imperative to also consider the waste management and sorting system, which shares the
same infrastructure and access routes. This system is positioned on the outskirts of the composting plant,
and proper planning is necessary to ensure that the infrastructure supports all operational components
effectively. For instance, following a consultation with a highly regarded contractor in the region, we were
advised to proceed with a 70 mm thick asphalt pavement. This thickness is structured in layers to optimize
durability and load-bearing capacity, consisting of:

e Native soil which must be properly compacted and graded to provide a stable foundation for the
pavement

e A 20 cm sub base layer of large aggregate particles that will be covering the native soil
e A 10 cm base layer of small particle aggregates covering the sub-base layer
e A7 cm thick surface layer made of asphalt after compaction

This configuration is crucial for ensuring long-term viability of the pavement with each layer’s role to
distribute the loads and maintain the integrity of the pavement under varying environmental conditions.
Nonetheless, the cost of constructing this asphalt road in Lebanon, adhering to the previously mentioned
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specifications and considering the resources, transportation costs of equipment, and labor expenses, is
estimated to be $12 per square meter:

Cost of pavement in the project = Area to be paved * cost of pavement per m? = 300 m? + 12$
= 3,600$

Figure 23: Figure showing the location of the paved road in red

8. Equipment used
a) Bobcat S70

The bobcat S70 Skid-Steer Loader is a compact and versatile piece or equipment ideal for tight spaces and
varied terrains found in Rashaya Al Foukhar. With a 23.5 horsepower Tier 4 diesel engine, this loader
provides robust power while maintaining compliance with stringent emission standards. Its rated
operating capacity of 345 kg makes it suitable for handling both the organic waste and the compost. The
main reason behind choosing this Bobcat is its compact dimensions standing at 1.83 meters tall and 0.92
m wide, which will allow it to navigate through the narrow passages and operate in confined areas where
larger machinery cannot fit. Additionally, the optional cab enclosures also offer protection and comfort
for the operator in varying weather conditions, whether in winter or summer during high temperature
conditions. This adaptability and efficiency make the Bobcat S70 an essential asset in the composting plant
of Rashaya Al Foukhar, supporting sustainable waste management practices in the region. This small
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machinery if purchased new, will be priced at $30,000. However, if acquired from a retailer in a good pre-
owned condition, it typically ranges from $12,000 to $15,000. For estimation purposes, we will consider
its value to be 15,000S to maintain a conservative approach.

70

Length 75.6in
Length without Attachment 75.6in
Length with Standard Bucket 97.3in
Width 35.5in
Width (with bucket) 36 in

Height with Operator Cab 71.4in
Height to Bucket Hinge Pin 94.5in
Reach @ Maximum Height 15.8in
Turning Radius 58.7 in

Table 9: Table showing the different dimensions of the S70 bobcat as provided by the manufacturer
https.//www.bobcat.com/na/en/equipment/loaders/skid-steer-loaders/s70

b) Small Shredder

To enhance the efficiency of the composting process, the use of a shredder is essential and has a critical
role in preparing the organic waste for composting by reducing the particle size, which accelerates the
decomposition process. The “Power smart Wood Chipper/shredder 3-in-1”, is selected for this task due
to its robust capabilities and suitability for the plant’s needs. Indeed, this shredder is equipped with a
powerful engine of 212cc that is gas powered and delivering 7 Hp. Additionally, it provides chipping,
shredding, and mulching functionalities, making it versatile for processing various types of organic
materials, including wood branches up to 3 inches in diameter. Once shredded, the organic material
facilitates improved aeration within compost piles, ensuring the maintenance of aerobic conditions and
optimal moisture levels. Purchasing this shredder will cost $1,500.

Figure 24: Figure illustrating the Powersmart shredder machine
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c) Skylight lighting

The composting plant will incorporate skylights into the design, as a sort of strategic and environmentally
conscious decision that extends beyond mere lighting benefits, and decreases the reliance on artificial
lighting as sort of a commitment to sustainability and resource efficiency. “From an operational
standpoint, skylights enhance the functionality and safety of the facility by increasing natural light
penetration” (K., 2023). Utilizing abundant natural light, which is both free and renewable, allow
composting plant operators to cut down on electric lighting usage. This reduction in energy demand not
only results in immediate cost savings but also contributes to substantial decrease in the facility’s carbon
footprint.
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Figure 25: Figure illustrating the skylight systems incorporated in a hangar

The cost of installing a skylight system in a steel structure hangar can vary based on several factors, of
which we can state the labor costs, the type of material being used and the location of operation.
However, a rough estimate for the average cost per m?, considering labor, materials and other associated
expenses like the transportation of the materials is:

e $220/m? for materials considered to be of low end
e $600/m? for materials considered as high end

Considering that the material to be incorporated in our design will be in the lower range between these
2 values, somewhere near $300/m? then:

Cost of installing skylights in our steel structure = Area of the skylight = Cost per m?

300%
=18 m? x — =5,400%
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d) Small Generator

To ensure a reliable power supply for the workers and uninterrupted operations at the composting plant
in Rashaya Al Foukhar, especially during periods of low light due to time of day or weather conditions, a
small private generator has been incorporated into the facility's design. The chosen model, the IN012540
generator from "Takla Trading," a well-known retailer in Lebanon, offers several features that align well
with the plant's operational needs. This generator provides a continuous power output of 2.0 kW,
sufficient to power essential equipment and systems within the facility. It operates on gasoline, ensuring
easy fuel availability and straightforward refueling processes. This generator is listed at $1,900.

While the use of a gasoline-powered generator does have some environmental impact, its role in ensuring
the smooth operation of the composting plant, which significantly benefits the environment by reducing
organic waste and producing valuable compost, justifies its inclusion. Additionally, the facility is exploring
potential future upgrades to more sustainable energy sources, such as solar power, which could further
minimize its environmental footprint.
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Figure 26: Picture illustrating the private generator chosen for our design

e) Other small equipment

Image Cost

e S$200/LED lamp

e Considering that we will

LED Lamps - have to install 2, then:

2*200= $400
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Shovels

S17/shovel

Considering that we will
need at least 4 shovels,

then:

4*17= 568

Wheelbarrow

S60/wheelbarrow

Considering that we
will need 3
wheelbarrows, then:

3*$60 = $180

Figure 27: Table showcasing the small equipment needed during the operation in the composting plant

9. Economic Assessment

The economic assessment of the composting plant in Rashaya Al Foukhar provides a detailed analysis of
the costs associated with its implementation and operation. This section outlines the projected expenses
for materials, labor, and equipment required during the construction and operational phases. The
following table represents a comprehensive cost estimation, offering a clear financial blueprint for
stakeholders and decision-makers. This assessment ensures that all financial aspects are thoroughly
considered, highlighting the project's economic feasibility and supporting informed decision-making.

Table 10 Table showcasing all the costs that will be endured in the implementation of the composting plant in Rashaya Al

Foukhar
Materials and Resources Unit (items, kg, m, m?, m?) Unit cost Cost
Composting hangar $ 21,650

Concrete Base 45 m? $70 $3,150

Concrete Walls 12m? $70 $ 840
Concrete Labor Cost 400 m? $10 S 4,000
Steel Columns and Roof 9,200 kg $0.86 $7,912
Labor cost of steel 227 m? $25 $ 5,675

CMU Blocks 210 pieces $0.35 $73
Composting Hangar - Lighting $ 5,800

LED Lamps 2 pieces $ 200 $ 400
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Skylight 18 m? $ 300 $ 5,400
Drying and packaging & Storage Area $2,719
Concrete Base 21m3 S 70 $1,470
Concrete Walls 16.15 m3 $70 $1,130
CMU Blocks 340 pieces $0.35 $119
Store $1,589
Concrete base 7.5m3 $70 $525
Concrete Columns and 11 m?3 S 70 S 770
Ceiling
CMU Blocks 840 pieces $0.35 $294
Service Area $6,333
Concrete base 12 m? $70 $ 840
Concrete Columns and ceiling 14.1m?3 $70 $987
CMU Blocks 960 pieces $0.35 $336
Steel Bars 1,824.3 kg $0.86 $1,570
Green Roof 65 m? S 40 $ 2,600
Rainwater Harvesting System $6,114
Gutters 56 m $10 $ 560
Downspouts 2m S12 S24
First Flush Diverters 4 pieces S 200 S 800
Filtration systems 4 pieces S 250 S 1000
Storage Tanks 18 pieces $ 200 $ 3,600
Overflow management 26 m S5 $130
system
Common Areas $4,325
Pavement 300 m? $12 $ 3,600
Bobcat Runway 10.35 m3 $70 $725
Equipment $ 18,648
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Small Shredder 1 piece $ 1,500 $ 1,500
Private Generator 1 piece $ 1,900 $1,900
Shovels 4 pieces $17 $68
Wheelbarrows 3 pieces $ 60 $ 180
Bobcat S70 1 piece $ 15,000 $ 15,000
Total Cost $67,178

10.

Strategy for implementation:

Upon completion of a comprehensive design and analysis concerning the construction expenses for the
composting plant in Rashaya Al Foukhar, it has been determined that the estimated cost is nearly $70,000,
which is presently beyond our financial capacity. Consequently, we have opted to establish an
implementation program aimed at ensuring the smooth operation of the composting plant while
maintaining the quality of the final compost product.

Based on that, the first implementation phase will consider the following:

The composting hangar will encompass all composting cells, water tanks, and leachate tanks,
ensuring protection from rainfall and facilitating a smooth, efficient transformation of organic
matter into compost.

The rainwater harvesting system will be strategically designed and installed on the roof of the
composting hangar, utilizing the roof as the catchment area. This will enable the collected
rainwater to flow into the water and leachate tanks, ensuring a supplemental water source in the
event of insufficient leachate production from the compost piles.

The initial phase will include the construction of the drying and packaging area, along with the
storage area, to ensure that the compost is securely stored and protected from sun and rain
exposure.

In the first phase, essential equipment will be required to streamline the work process for the
staff. This includes a small shredder to reduce the size of bulk wood components and ensure a
homogeneous mixture of organic matter, a private generator for supplying electricity as needed,
as well as shovels and wheelbarrows.

The pavement will facilitate unobstructed vehicle access to the composting plant.

Table 11: Table showing the first implementation phase for building the composting plant

Materials and Resources Unit (items, kg, m, m?, m3) Unit cost Cost
Composting hangar $ 21,650
Concrete Base 45 m? $70 $ 3,150
Concrete Walls 12 m3 $70 $ 840
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Concrete Labor Cost 400 m? $10 S 4,000
Steel Columns and Roof 9,200 kg $0.86 $7,912
Labor cost of steel 227 m? $25 $5,675
CMU Blocks 210 pieces $0.35 S73
Composting Hangar - Lighting $ 5,800
LED Lamps 2 pieces $200 $ 400
Skylight 18 m? $300 $ 5,400
Drying and packaging & Storage Areas $2,719
Concrete Base 21 m?3 S 70 $1,470
Concrete Walls 16.15 m3 $70 $1,130
CMU Blocks 340 pieces $0.35 $119
Store $525
Concrete base 7.5m3 $70 $525
Service Area $840
Concrete base 12 m3 $70 $ 840
Rainwater Harvesting System $6,114
Gutters 56 m $10 $ 560
Downspouts 2m S12 S$24
First Flush Diverters 4 pieces S 200 S 800
Filtration systems 4 pieces $ 250 $ 1000
Storage Tanks 18 pieces S 200 S 3,600
Overflow management 26m S5 $130
system
Common Areas $4,325
Pavement 300 m? $12 S 3,600
Bobcat Runway 10.35 m3 $70 $725
Equipment $3,648
Small Shredder 1 piece $ 1,500 $ 1,500
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Private Generator 1 piece $ 1,900 $ 1,900
Shovels 4 pieces S17 S 68
Wheelbarrows 3 pieces S 60 $ 180
Total Cost $ 45,621

Figure 28: Figure representing the part of the project that will be constructed in the first implementation phase

The first implementation phase did not include provisions for the service area and the store, except for
their base for practicality and civil engineering reasons, it neither did account for the acquisition of a
Bobcat. It is noteworthy that while the Bobcat may not be deemed essential for the seamless operation
of the composting plant in Rashaya al Foukhar, its inclusion enhances the facility and contributes to
improved working conditions for employees, aligning with international standards.

Upon commencement of operations at the composting plant and subsequent identification of a lucrative
market for the compost, the responsible authorities, including municipal officials, may proceed with
further investment. This may involve utilizing internal funds or securing additional grants, contingent upon
the plant demonstrating operational viability and effectiveness.

The second phase will entail a budget totaling $21,557, primarily allocated towards acquiring the Bobcat
S$70 and completing the remaining concrete structure. This includes procurement of essential components
such as steel bars, concrete materials, and installation of the green roof.

62



Materials and Resources

Unit (items, kg, m, m?, m3) Unit cost Cost
Store $1,064
Concrete Columns and Ceiling 11m3 S 70 S 770
CMU Blocks 840 pieces $0.35 $ 294
Service Area $5,493
Concrete Columns and ceiling 14.1m3 $70 $987
CMU Blocks 960 pieces $0.35 $ 336
Steel Bars 1,824.3 kg $0.86 $1,570
Green Roof 65 m? S 40 $ 2,600
Equipment $ 15,000
Bobcat S70 1 piece $ 15,000 $ 15,000
Total Cost $ 21,557

Table 12: Table showcasing the elements that constitute the second implementation phase.

Figure 29: Figure representing the building that will be constructed in the second implementation phase

X. Social and Environmental Impacts

The establishment of the composting plant in Rashaya Al Foukhar is set to bring significant social and
environmental benefits, strengthening its role as a model for sustainable development. Socially, the plant
will foster community engagement and awareness by promoting sustainable waste management
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practices. Educational initiatives targeting local schools, NGOs, and community groups will enhance
understanding of composting benefits and waste segregation, nurturing a culture of environmental
stewardship. The plant will also create numerous job opportunities, ranging from waste collection and
processing to plant operation and management. These employment opportunities are crucial for local
economic development, providing stable income sources for residents and reducing unemployment rates.
Furthermore, the production and sale of compost will stimulate local entrepreneurship, offering farmers
and cooperatives the resources needed to improve soil fertility and crop yields while reducing dependency
on chemical fertilizers. This, in return, supports the health and well-being of the community by promoting
the use of organic agricultural inputs, rather than chemical processed fertilizers.

Environmentally, the composting plant will play a pivotal role in addressing waste mismanagement in
Lebanon, a significant contributor to air and water pollution. By diverting organic waste from landfills and
processing it into compost, the facility will reduce the volume of waste requiring disposal and mitigate the
adverse effects of illegal dumping. The plant will also significantly lower greenhouse gas emissions by
preventing the anaerobic decomposition of organic waste, which produces methane. This reduction in
methane emissions will contribute to global climate change mitigation efforts, aligning with Lebanon's
international environmental commitments. Additionally, as mentioned earlier, the use of compost will
enhance soil health, improving its structure, water retention capacity, and nutrient content. Healthier
soils will be more resilient to erosion and drought, which is crucial given Lebanon's semi-arid climate. The
compost will also help filter pollutants and reduce runoff, protecting local water bodies from contamina-
tion and supporting biodiversity.

The comprehensive approach to waste management embodied by the composting plant aligns with
broader sustainability goals, including the United Nations Sustainable Development Goals (SDGs) related
to responsible consumption and production, climate action, and life on land. The integration of social,
economic, and environmental benefits underscores the plant's role in fostering a sustainable and resilient
future for the Rashaya Al Foukhar’s community and the surrounding environment.

Xl. Conclusion

In summary, this research highlights the strategic design and implementation of a composting plant in
Rashaya Al Foukhar, Lebanon, emphasizing sustainable practices, innovative construction techniques, and
effective resource management. The project addresses the pressing issue of solid waste management in
Lebanon, proposing a practical solution through composting to convert organic waste into valuable
compost, thereby reducing environmental pollution and enhancing agricultural productivity. The
integration of a rainwater harvesting system and skylight lighting underscores the plant's commitment to
sustainability and resource efficiency. By utilizing local materials and labor, the project not only minimizes
costs but also supports the local economy. Furthermore, the anticipated social and environmental
benefits, such as improved waste management practices, reduced dependency on artificial lighting, and
enhanced community engagement, highlight the project's potential to serve as a model for sustainable
development in similar contexts. Overall, this research demonstrates a comprehensive approach to
addressing environmental challenges through innovative and sustainable solutions, contributing to the
broader goals of resource conservation and environmental protection.
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XIll.  Appendix

Strategic Objective 1: Complets, Upgrade & Operate ISWM Infrastructure
Measures
Sub-Objective 1.1: Establish an Effective Waste Collection and

1.1.1. Design and implement a waste collection system including street-cleaning, waste collection
[3-bins system for curbside collection of dry recyclables (paper/carboard, plastic, metals,
glass), biowaste, and residual municipal waste] and transportation equipment (ST/MT/LT)

1.1.2. Design, construct, O&M Transfer Stations (ST/MT/LT)
1.1.3. Design and implement a HW collection system (MT/LT)
Sub-0b iz Reuse, and

1.2.1. Design, construct, 0&M Drop Off, Reuse and Repair centers (paper/cardboard, plastic,
metals, glass, bulky, textiles/clothes, toys, bulky waste, etc.) (ST/MT)

1.2.2. Design, construct/upgrade, O&M Material Recovery Facilities (ST/MT)

1.2.3. Design, construct/upgrade, 0&M Composting and/or Anaerobic Digestion Facilities with
climate smart investmentsto (ST/MT)

1.2.4. Design, construct/upgrade, 0&M HW Recovery Facilities - HWRF (MT/LT)

Sub-Objective 1.3: Establish Climate-Smart Waste and Energy y Facllities

1.3.1. Design, construct/upgrade, 0&M Commingled Municipal Waste Treatmenti and Energy

Recovery Facilities - MWTF (ST/MT/LT) 19
1.3.2. Design, construct/upgrade, 0&M Sludge Treatment Facilities-STF (ST/MT/LT) {10)
1.3.3. Design, construct/upgrade, 0&M Agricultural Waste Treatment Facilities - AWTF (MT/LT) (11)

Targets / Indicators

(1) MW Collection System Coverage

(2) MW Collection System Optimization
{3) HW Collection System Coverage
y Facllities for Separately Collected Waste
(4) Drop-off, reuse and repair centers
(5) Reuse / recycling rate of municipal
waste:
(&) Reuse / recycling rate of paper,
metal, plastic & glass
{7) HWRF coverage

(8) MW treatment prior disposal (%)

MWTF coverage
STF coverage

AWTF coverage

Sub-Objective 1.4: Establish Climate-Smart Final Disposal Facliities and Close/Rehabliitate Open Dumps

1.4.1. Design, construct/ upgrade, O&M Municipal Sanitary Landfills (MWSL), including landfill gas 12
utilization where financially viable (ST/MT) (13)

(14)

1.4.2. Design, construct/upgrade, 0&M CDW Sanitary Landfills (ST/MT/LT) (15)
1.4.3. Close and rehabilitate uncontrolled dumpsites (ST/MT) ﬁ?;
1.4.4. Design, construct/upgrade, 0&M HW Disposal Sites (MT/LT) {18)
1.4.5. Close and rehabilitate areas contaminated with HW and existing/historical HW disposal (19)

sites (ST/MT/LT) after conducting any needed inventory

MWSL coverage

MW landfilled (LF) (% of generated)
Biodegradable LF (% of generated)

CDW SL coverage

Open dumping & burning phase out

Gradual rehabilitation
HW safe disposal (%)

Contaminated sites remediation (%)

ST (1-5 years) & MT (6-10 years)

Maintenance of the current
100% coverage within 10 years
Gradual Optimization within 10
years

50% within 10 years

One (1) per municipality within

10 years.

At least 20 % by weight within 10

years.

At least 20 % by weight within 10
ars

40 % within 10 years

100%.
At least 40 % within 10 years
40 % within 10 years.

At least 20 % within 10 years.

100% within 7 years.

Max 75% within 10 years
Max 75% within 10 years

At least 25 % within 10 years.
100% within 7 years

50% within 10 years.
50% within 10 years.

Table 13: Strategic Objective 1. Complete, Upgrade & Operate ISWM Infrastructure

Strategic Objective 2: Enhance Community and Private Sector Stewardship Towards a Circular Economy

Measures:
Sub-Objective 2.1: Engage Community in Waste Reduction and Sorting at Source

2.1.1. Develop a plan for waste reduction - including marine litter prevention (ST) and
implement measures such as reducing packaging materials, reducing single-use
plastic use, promoting reusable products (ST/MT)

2.1.2. Promote home composting (ST/MT/LT)

Sub-Objective 2.2: Integrate the Informal Sector In the ISWM System

2.2.1. Develop a study to identify the modalities for the integration of the informal sector
(options/recommendations) (ST)

2.2.2. Implement recommendations for the integration of the informal sector (MT)

Sub-Objective 2.3: Promote Private Sector Participation and Investment in Waste Management

2.3.1. Prepare guidelines for PPP tender documents and contract conditions (e.g. Service
Contracts, Management Contracts, Leases, Facility Concessions) (ST)

2.3.2. Provide increased Return of Equity in order to make the PPP approach attractive to
the private sector for the investment in Collection Systems, Transfer Stations,
Material Recovery Facilities, Composting and/or Anaerobic Digestion Facilities,
Commingled Municipal Waste Treatment Facilities (including RDF production)
(ST/MT/LT)

2.3.3. Provide incentives for the design, construction, 0&M of Recycling Infrastructure
(collection and recycling for Waste Electrical and Electronic Equipment (WEEE),
batteries and accumulators, used tires, used oils, end-of-life vehicles (ELVs), etc.)
(ST/MT)

Sub-Objective 2.4: Enhance Public Awareness and Education

2.4.1. Develop an ISWM Public Awareness and Education Program covering reduction;
reuse; sorting at source; separate collection of various waste streams;
recycling/recovery; waste treatment and safe disposal vs. littering, opening
dumping & burning (ST)

2.4.2. Implement the ISWM Public Awareness & Education Program (ST/MT)

2.4.3. Conduct national and local dialogues on specific issues related to ISWM, such as
sanitary landfilling, paying for ISWM services, energy recovery, etc. (ST)

2.4.4. Implement education and awareness campaigns for hazardous waste producers
with emphasis on their responsibilities and technological evolutions in waste
management and hazardous waste prevention (ST/MT)

20,

21)

22

23)

24

25)

Targets / Indicators

Reduction of waste generation (%
per capita)

Home composting (% coverage)

Incorporation of the informal
sector within waste management
schemes

PPPs guidelines & incentives
adoption

Private investments in Waste
Recycling Industry - incentives

Community coverage (%)

ST (1-5 years) & MT (6-10
years)

3% within 10 years

5% within 10 years

Gradual within 10 years

Gradual within 10 years

Gradual within 10 years

100% within 10 years

LT (11-20 years)

Maintenance of the
current 100 % coverage

Completion and
maintenance
100% within 20 years

At least 50 % by weight
within 20 years.
At least 50 % by weight
within 20 years
100 % within 20 years

100%
100 % within 20 years
100 % within 20 years
At least 40 % within 20
years.

Maintenance of 100 %
coverage

Max 45% within 20 years
Max 50% within 20 years
At least 50% within 20
years.

Gradual within 20 years.
100% within 20 years.

100% within 20 years.

LT (11-20 years)

10 % within 20 years.

100% within 20 years.

Adoption within 20 years

Table 14: Strategic Objective 2. Enhance Community and Private Sector Stewardship towards a Circular Economy

68



