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ABSTRACT 

 

During the recent years, the concept of circular economy has been gaining ground within the 

quest for sustainability. When adopting a circular economy, the economic activity rebuilds 

itself over time. In other terms, rather than following the traditional and linear model which 

consists on the « take-make-dispose » process, circular economy focuses on preserving 

resources and providing the already existing economy with additional business and economic 

opportunities in addition to environmental and societal benefits. The model distinguishes 

between two cycles of consumption. The first one is the biological cycle in which food and 

other biologically-based waste are meant to be re-injected into the system through processes 

such as composting and anaerobic digestion. On the other hand, technical cycles recover and 

restore products and components through the reuse, the remanufacture and the recycling of 

such materials.  

 

In 2015, the Moroccan ministry of the environment founded a new community dump for the 

city of Ifrane which is located 15 kilometers away from Azrou. Operating under the name of 

« Kaawana », the project revolving around the site aims to become a model in terms of biogas 

production and waste treatment. During the same year, a subsidiary of ECOMED Group was 

founded in order to manage the « Kaawana » community dump. For this purpose, ECOMED 

Ifrane project aims to reach several goals such as the design, construction, development and 

financing of other units and facilities of the CEV Kaawana of the Province of Ifrane, the 

supply of equipment needed to operate the CEV, funding for the work and equipment of the 

other projects in addition to the creation of the sorting center and controlled landfill (biogas 

management, treatment of leachate, composting and / or energy recovery...). 

 

The purpose of this capstone project is to study the feasibility of implementing a circular 

economy in Ifrane. More precisely, the study will focus on turning waste into profit by seeking 

new techniques in the production of biogas and its by-products which might be used as 

compost. The financial analysis of such project will also be taken into consideration as the 

required investments are meant to bring revenues on the long run. 
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1 INTRODUCTION 

 

1.1 RENEWABLE SOURCES OF ENERGY IN MOROCCO 

 

Nowadays, building a system that is both ecological and profitable is crucial to the socio-

economic development of a country. Within this framework, Morocco has launched its first 

contemporary renewable energy plan starting from the year of 2009 by developing a new set of 

regulations within the renewable energy law 13-09.  Funds coming both from governmental 

and private investors, have thus been injected into large-scale renewable energy projects such 

as windmill farms and solar plants in different parts of the kingdom. The 13-09 law developed 

the legal framework for renewable energy development, and partially opened the electricity 

market to competition for the production and commercialization of power from renewable 

sources. The law allows private entities to develop renewable electricity generation projects, 

and sell power to directly to large consumers, while providing guaranteed access to the power 

grid in order to transport electricity. It also permits renewable energy generators to develop 

transmission lines if existing transmission capacity is insufficient, and established a 

framework for these generators to export electricity [1]. However, it took four more years for 

other sources of energy that are conform to the ecological standards and that are considered to 

be eco-friendly to see the light of day.  

 

Starting from the year 2013, the country has witnessed its first biogas plant which was 

founded within the RADEEMA purification of waste water plant. The project which was the 

first among many that will follow, aimed to produce a daily power rating of 30.000 kW using 

the biogas generated from sewage deposits. Two years later, the landfill of the city of Fez has 

been equipped with an electrical generator that fully depends of biogas as an energy source 

under the management and supervision of ECOMED. Unlike the one in RADEEMA which 

uses sewage deposits as biomass, this generator uses household waste (organic matter in 

particular) which holds an important portion of the waste collected in the city (800 to 1000 

tons per day) [2]. During the first two years of the project, the landfill was able to produce 10 

Million KW of electricity that satisfied 25% of the city’s needs in public lightning. With an 

investment of approximately 100 Million MAD, the project becomes a pioneer and a symbol 
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in the transition from the traditional linear model to a circular economy that is beneficial at all 

scales of society.  

 

In 2015, the Moroccan Ministry of the environment launched a new project within the 

“Kaawana” landfill that is located in the region of Azrou. Under the management of 

ECOMED Ifrane, a subsidiary of ECOMED group, the company thrives to implement 

different eco-innovative processes into the landfill. For this purpose, the ECOMED Ifrane 

project aims to reach several goals such as the design, construction, development and 

financing of other units and facilities of the CEV Kaawana of the Province of Ifrane, the 

supply of equipment needed to operate the CEV, funding for the work and equipment of the 

other projects in addition to the creation of the sorting center and controlled landfill (biogas 

management, treatment of leachate, composting and / or energy recovery...) [3].  

 

 

1.2 TRANSITION TO A CIRCULAR ECONOMY 

Rather than following the traditional and linear model which consists on the « take-make-

dispose » process, circular economy focuses on preserving resources and providing the already 

existing economy with additional business and economic opportunities in addition to 

environmental and societal benefits. However, as tempting as it sounds, the transition to 

circular economy is not an easy task. Through the work of Mendonça, De Jesus, Antunes and 

Santos, we are able to discover a direct correlation between eco-innovation and establishing a 

circular economy. Moreover, we can say that the first one is a great contributing factor to the 

transition while removing any obstacles to sustainability [4].  

In the case of this study, eco-innovation comes in handy when looking for new ways and 

systems that will replace the already existing linear ones. As the concept of circular economy 

is becoming more popular in our days, innovative processes and methods concerning anything 

raging from basic recycling to the generation of renewable energy keep on emerging and 

becoming more efficient. According to Matani [5], the tangible environmental benefits of such 

eco-innovative systems include: reducing  greenhouse gas emissions and toxic air emissions; 

promoting green technology development and diffusion; improving energy, materials and 
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water use efficiency and conservation; promoting pollution prevention on a system or 

community basis; promoting  the  redevelopment of brown field industrial sites.  

In the landfill of “Kaawana”, the system that is currently in use is purely linear and consists 

mainly on getting rid of the waste produced rather than making use of it. Through the 

innovative processes and concepts mentioned earlier, the transition to a circular economy 

becomes feasible. However, many characteristics should be taken into consideration while 

thriving for the transition. The new form of economy should therefore be beneficial at the 

different levels mentioned in the STEEPLE analysis that follows. 
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1.3 STEEPLE ANALYSIS 

 

Table 1: STEEPLE analysis 

 

Socio-cultural Technological 

- Eco-friendly culture becoming more 

popular in the Moroccan society. 

- Poor and cold region that expects 

energy alternatives for heating 

during the cold seasons. 

- Replacing the technologies previously 

used to reduce waste volume by eco-

innovative processes. 

Economic Environmental 

- Rise in employment opportunities  

- Providing cheaper alternatives to 

current energy sources (electricity, 

butane gas, wood…) for corporate 

and public use. 

- Less emissions into the atmosphere 

from landfills 

- Ecological products which can be 

used as alternatives to the traditional 

energy sources. 

Political Legal 

- The government is supportive of 

eco-innovative processes such as the 

production of biogas which can be 

seen through the budget of MAD 

42.5 Million allocated to the 

“Kaawana” project for example. 

- The project is also conforming to 

the international legislations and 

goals in terms of ecology and 

emitting less pollution. 

- Starting from the year 2009, a series 

of laws have been passed which 

deliberated the renewable energies 

sector thus promoting investments and 

innovation in the field. 

- Delegated the management of the 

project of the provincial center for 

disposal and recycling of household 

waste “Kaawana” of Ifrane province 

on behalf of Al Baye-Ae Commons 

Group for a 15 year period.  

Ethical 

- Preservation of the environment. 
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1.4 SWOT ANALYSIS 

 

Table 2: SWOT analysis 

Strengths Weaknesses 

The company supervising the project has a lot 

of expertise in the field. 

 

The lack of waste sorting makes it hard to 

reach a full return. 

Opportunities Threats 

- Large vacant space available on-site for 

future constructions and expansions of the 

project. 

- The products offered by the project will be 

appealing to the market due to their relatively 

low prices and availability.  

Competition from large national 

corporations.  
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2 LITERATURE REVIEW 

 

The several findings and scholarly articles related to the subject of circular economy discuss 

anything ranging from production methods to the financial analysis of investing in such 

projects. 

 

2.1 CIRCULAR ECONOMY 

The initial milestone in the project would be to define the concept of “circular economy” 

which is lacking popularity in the Moroccan context. This definition can be considered as a 

first step to determine the purpose, goals and expectations of such projects. As defined by 

Felix Preston [6], “A ‘circular economy’ (CE) is an approach that would transform the 

function of resources in the economy. Waste from factories would become a valuable input to 

another process – and products could be repaired, reused or upgraded instead of thrown 

away”. At the same time, it has been accepted by circular economy scholars that resource 

efficiency and security are critical to future economic competitiveness and flexibility both at 

the micro and macro levels. This new economic prosperity that is proposed by the circular 

economy model de-links economic growth and the rates of resource consumption. Therefore, 

open production systems – in which resources are extracted, used to make products and 

become waste after the product is consumed – should be replaced by systems that reuse 

resources and conserve energy [6].  

The concept of circular economy has originally emerged in literature from another concept 

known as the 3R’s principle: Reduction, reuse and recycle. Within this framework, economic 

resources become connected and tightly dependent of each other. Switching to this form of 

economy sounds very appealing at the theoretical level, however, it is faced with a different 

set of obstacles such as the high investment costs and the need to change societal norms and 

consumption habits beforehand.  

In a study conducted by Cudecka-Purina and Atstaja [7], the waste landfills of the country of 

Latvia and the whole waste management system are faced with an urgent necessity to shift 

from the linear to the circular economic model. According to this study, the purpose of 

consumption is to increase consumer’s utility and to enhance social welfare. However, at each 
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stage of the consumption, waste is produced. Therefore, the economy becomes circular when 

waste starts to be recycled and reconverted into resources, thus reducing the need to mine 

virgin resources. However, not all waste can be recycled or converted to a more profitable 

asset due to missed opportunities or basic thermo-dynamical laws. “The amount of waste that 

can be recycled depends crucially on the capacity of the environment to assimilate residuals 

from the economic system. Once the assimilative capacity is exceeded, environmental damage 

occurs” [7]. In the case of Latvia, an industrial symbiosis was established as a solution during 

the switch to circular economy. The principle behind industrial symbiosis is quite simple; 

instead of throwing resources away or destroying them, the surplus generated by an industrial 

process is redirected for use as a ‘new’ input into another process by one or more other 

companies, thus providing a mutual benefit [8]. The new model had a direct impact on 

effective resource management and tightened the cooperation links between several industries. 

Moreover, the consumption rate of primary resources and the waste generation volumes were 

considerably reduced. 

2.2 ECO-INNOVATION 

According to the definition made by the European Commission [9], “Eco-innovation refers to 

all forms of innovation – technological and non-technological – that create business 

opportunities and benefit the environment by preventing or reducing their impact, or by 

optimizing the use of resources. Eco-innovation is closely linked to the way we use our natural 

resources, to how we produce and consume and also to the concepts of eco-efficiency and eco-

industries. It encourages a shift among manufacturing firms from “end-of-pipe” solutions to 

“closed-loop” approaches that minimize material and energy flows by changing products and 

production methods – bringing a competitive advantage across many businesses and sectors”. 

Recognized as a key element in carrying out the transition from a linear to a circular system of 

production, eco-innovation therefore represents the different techniques and processes that 

contribute to sustainable development. Within the scope of this capstone project, the 

implementation of eco-innovative processes will be discussed according to the needs of the 

city of Ifrane and the context we find ourselves in.  
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2.2.1 Composting, Bio-piles and the Use of Leachate  

As defined by Stanley and Turner, composting is the action of breaking down complex 

organic matter into simpler substances that can be used as nutrients for plants [10]. The 

process is purely natural and happens automatically in nature. However, in a compost system, 

the goal is to speed up the process.  

According to Handreck [11], choosing the right composting method depends of several 

factors: 

 The time period in which the compost should be ready. 

 The level of physical effort put into the process. 

 The availability and quantity of the material injected into the system. 

 The space available for the construction of the composting system. 

Therefore, one should always take these factors into consideration prior to building the 

composting system.   

 

The following are the most common types of composting methods:  

- In-ground compost bins: These are useful where there is little space, small amounts of 

organic waste and the compost does not need to be produced quickly [12]. The time span of 

such a system takes up to a year to produce the compost because of the difficulty to constantly 

turn the heap and permitting the oxygen to flow in. Consequently, the lack of oxygen makes 

the process anaerobic, causing the emission of foul odors. As the heap does not generate a 

large amount of heat, earthworms will play an important role in the composting process in this 

case.  

- Rotating compost bins: Just like their standard counterparts, the rotating compost bins also 

require very little space. However, the time required for compost production is much shorter 

as the regular turning of the heap allows the oxygen to flow in which is essential for the 

micro-organisms responsible of the composting.  

- Bio-piles: When dealing with large amounts of material, bio-piles are the best method to be 

used. This method is more efficient and necessitates less time to produce compost. However, 
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it requires an important physical effort as the material has to be turned every seven days 

approximately. 

2.2.2 Biogas 

The second eco-innovation to be discussed is the production of biogas which can be used in 

many ways within the community of Ifrane. Biogas is a mixture of different gases produced by 

the anaerobic decomposition of organic matter, such as manure and organic wastes [13]. The 

fact that such gas can be easily produced and its relatively low price compared to butane gas 

for example, make of it a great add-on to the energy sources that are currently in use. As 

mentioned earlier, methane gas can be a subsidiary to the popular butane gas. In a mini-

documentary published by Associated Press [14], engineering students from the University of 

Cape Town established collaboration with local farmers in order to produce methane gas at a 

small scale. Through the use of bio-digesters which can be defined as an apparatus or structure 

in which the digestion of organic waste takes place within an anaerobic environment, “PhD 

student Rethabile Melamu says up to 70 percent of organic municipal waste could be used to 

create methane gas” [14]. Moreover, the process also produces a by-product of biogas called 

“slurry” which can be used a bio fertilizer. Even though the installations might be considered 

as a small-scale operation in this case, the bio-digesters can be adapted according to the supply 

and demand by increasing their size accordingly following an exponential pattern. 

According to a research by the name of “Production of biogas and bio-fertilizers from bio-

digester effluents”, there exists three types of industrial bio-digesters that are currently in use 

[13]. The first model is the Chinese bio-digester which is also referred to as the “fixed dome”. 

Bricks, cement and steel are the main materials used to construct such a bio-digester. 

According to Hilbert, “these digesters are semi-continuously charged: they are first charged 

with cellulosic material and manure, in addition to the corresponding inoculum, up to 70% of 

their capacity; then they continue to be charged as a continuous digester; after 120-180 days 

they are completely discharged and the cycle is started again” [15]. The second type is called 

the “plastic tubular” bio-digester and is made with an elongated polyethylene bag that is 

generally placed in a trench. This form of bio-digesters is less costly compared to the Chinese 

model but has a short lifespan. Less than 25% of the fixed-dome model’s useful life according 

to Frederiks [16]. Last but not least, a new form of bio-digesters has been developed within 
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the Biogas Technology Center of Hanoi [13]. The anaerobic lagoon covered with high-density 

polyethylene is used for large residue volumes and has a solid quantity of 3%. It is also 

characterized by its low construction and operation costs. Unlike the uncovered anaerobic 

lagoons, such bio-digesters prevent the emission of bad odors and the dissipation of methane 

into the atmosphere. 

Many factors should be taken into consideration when studying the treatment of organic 

matter using anaerobic digestion among which we find temperature. Anaerobic digestion can 

happen at three different temperature ranges: psychrophilic (10-25°C), mesophilic (25-45°C), 

and thermophilic (45-65°C). Studies show that the temperature is proportional to the digestion 

rate. In other terms, the higher the temperature, the faster the digestion happens. The following 

figure explains further the temperature ranges of anaerobic digestion:  

 

Figure 1: Growth rates and temperature ranges [17] 

 

2.2.3 Combining Biogas and Compost 

The production of biogas is therefore not a hard task, however optimizing the outcome of such 

a process is very beneficial. In general, only 50 to 75 percent of the biogas generated consists 

of the methane gas required to produce energy. The study conducted by the German Ministry 

for Economic Affairs and Energy proposes a new approach that combines the production of 
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compost and biogas from organic waste within the same process. Within the usual composting 

process, huge amounts of energy are required in order to provide the system with a proper 

mechanical ventilation. However, this new approach makes use of the liquid organic 

components which are separated in advance in order to be used in the production of biogas 

within parallel system. The biogas produced is eventually used locally to generate the energy 

required by the composting process [18]. The following diagram depicts the process: 

 

 

Figure 2: Combining composting and biogas production [18] 

 

Within this system, dry and solid waste materials are used for composting. With enough 

oxygen (aerobic environment) supplied into the process, the carbon-containing compounds are 

converted into CO2 and heat. The processed heat sanitizes the compost, enabling it to be used 

without further treatment for agricultural and horticultural purposes.    

On the other hand, moist or liquid waste materials are most suitable for digestion and biogas 

production. Unlike the composting process, the conversion to bio-methane happens within an 

anaerobic process in which oxygen is absent. Following the purification of the gas obtained, it 

can be used in CHP plants or fed into the natural gas network [18].  
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CASE STUDY: “KAAWANA” LANDFILL 

3.1 OVERVIEW OF THE SITE 

The “Kaawana” landfill is located in the county of Tigrigra, 15 kilometers south-west from the 

city of Azrou. It is built between two hills which serve different purposes that will be 

explained in the following sub-section. While conducting a search on Google Maps, the site’s 

coordinates are found to be 33°27'29.9"N 5°20'21.0"W.  

The site’s surface area is measured to be 1000x450 m² (approximated through Satellite data). 

The site serves as a landfill for 11 counties in the region of Ifrane, which are ordered below 

according to the amount of waste they produce: 

Azrou (60% of the landfill’s input); Ifrane (30% of the landfill’s input); Ain Louh; Sidi Addi; 

Dait Aoua; Souk Elhad – Zaouiat Sidi Abdeslam; Timhdite; Bensmime; Tigrigra and Tizguit. 

 

Concerning the main actors in the operations of the “Kaawana” landfill, we can find three 

companies that take care of collecting the waste and transporting it: 

 

 

  

 

 

 

 

 

-  

 

 

 

 

 

 

 

Kaawana  

Landfill 

Derichebourg 

The company 

is the major 

supplier of the 

landfill with 

more than 

90% of the 

supply. 

Covnord 

Palais 

Royal 
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 Derichebourg: The French company which provides recycling and waste collection 

services in 31 countries on 4 continents is one of the main actors of our study. 

“Derichebourg” trucks are responsible of bringing the absolute majority of the waste 

deposited at the “Kaawana landfill. 

 Covnord: The Company specializes in the collection of agricultural waste on demand. 

However, due to the low amount of contracts the company has established in the 

region, the input into the “Kaawana” landfill is very small compared to 

Derichebourg’s. 

 Palais Royal: The royal palace of the city of Ifrane has a self-sufficient waste 

collection system in which we also find “Kaawana” at the end of its process. Just like 

Covnord’s input into the landfill, the quantity of waste coming from the “Palais Royal” 

is much smaller and therefore negligible in this study.   

  

3.2 DESCRIPTION OF THE SITE  

As mentioned earlier, the “Kaawana” landfill consists of two main distinct parts. The first 

part, the compacting area, is located on top of a hill while the second one, consisting of 

leachate pools is located in the steeper part of the site.  

 

Figure 3: Satellite Image of "Kaawana" Landfill (Google Maps) 
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3.2.1 Compacting Area 

 

 

Figure 4: ECOMED vehicles taking care of compacting solid waste 

 

The first part of the site is what we will call the compacting area within the framework of this 

study. A team consisting of two bulldozers, one excavator and a truck constantly works on 

organizing the solid waste brought by the “Derichebourg” trucks following a certain pattern. 

The solid waste is then compacted before being covered with soil. Finally, a tarpaulin is used 

to cover the structure to avoid the emission of odors and plastic residues into the air. 

Moreover, the compacting area is equipped with two types of drains with different paths. The 

first type of drains is used to transport the leachate resulting from the compacting to the 

second area of the site that will be described in the following section. The other type of drains 

is used to evacuate rain water to a nearby water source in order to prevent it from mixing with 

the liquid waste. 
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3.2.2 Leachate Pools 

 

 

Figure 5: Pools used to store and evaporate the leachate 

 

The second part of the site consists of two pools with different sizes that are built into the 

landscape. The first pool is 62 meters long while the length of the second one is approximately 

38 meters. Both pools serve the same function of  storing the leachate coming either from the 

drains or the “Derichebourg” trucks. The leachate is left in the open air in order to evaporate 

the liquid part while the solid particles are left at the bottom of the pools. 

The pools are continuously filled with more leachate as the content evaporates until the solid 

deposits at the bottom have to be evacuated. 

 

3.3 PROCESS CURRENTLY IN-USE 

3.3.1 Collection Process 

The process starts by the collection of waste from the 11 counties associated to the Kaawana 

landfill. Three companies take care of the duty of waste collection (“Derichebourg”, Covnord 

and “Palais Royal”). However, the “Derichebourg” Company brings the absolute majority of 

the waste and thus, we can consider the supply of the other companies as insignificant. 

The company’s trucks consist of two chambers, one in which the waste is thrown and 

compressed and another one in which the leachate produced by the compression is stored. 
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Once the trucks have reached the site, the first step is to dump the solid waste in the first area 

of the landfill. The solid waste is then covered by soil in order to prevent odors from reaching 

the neighboring villages and plastic elements to escape into the air. Next, the trucks dump the 

leachate produced by the compressor in the second area of the site, where two pools were built 

for this purpose. 

 

3.3.2 Leachate 

The compacting area of the site where the solid waste is thrown initially and covered with soil 

is equipped with several drains. Of course, even after compression the solid waste still 

contains some leachate that must be evacuated into the pools located in the second zone of the 

site. Additionally, special drains were built for the purpose of draining rain water and 

evacuating it separately in order to prevent it from mixing with the leachate. 

As mentioned earlier, the second zone of the site consists of two pools used for the collection 

of leachate. The pools are supplied by drains coming from the first site and the leachate 

produced within the trucks. For now, since the project of leachate treatment has not been 

started yet, the pools are equipped with evaporators that separate the water from the solid part 

of the leachate. The liquid escapes into the atmosphere after evaporation and the solid part is 

stored at the bottom of the pool. 

3.4 CONCLUSIONS 

 The current system of waste management at the “Kaawana” landfill is purely linear. 

 The way leachate is disposed of (through evaporation) can be considered as a wasted 

potential given the numerous functions it might serve. 

 The site has a lot of vacant space where new installations can be made. 

 There exists no on-site sorting (except for the separation of liquids and solids) and the 

waste is compacted all together underground. 
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4 SOLUTIONS 
 

4.1 SORTING  

The first step into the project would be to implement a sorting system to optimize the output 

of the new system and make the transition to the following steps easier. As mentioned earlier, 

there exists no sorting process at the “Kaawana” site. Besides the leachate that is initially 

separated from the solid waste within the trucks and then within the compacting area, all other 

kinds of solid wastes are stored underground. These include plastic, paper, metals and solid 

organic waste.   

The idea would be to implement a sorting process that would produce different sets of waste 

that could be re-used independently either through the different implementations explained 

below or through basic recycling. 

The most adequate sorting process is the implementation of sorting chains. The idea would be 

to build a sorting center in which the solid waste is processed. In the initial step of the process, 

the waste is dropped on conveyor belts and then a collector is used to pick up the materials of 

interest. The materials that are adequate for recycling will be sold to an external company 

while the organic household waste will be treated within the upcoming systems that are 

proposed as solutions. 

 

4.2 ECO-INNOVATION 

4.2.1 Implementation of a bio-digester 

Concerning the second solution proposed by this study which concerns the use of integrated 

biogas and bio-fertilizer production, a procedure was proposed by Cepero, Savran, Blanco, 

Suarez and Palacios within the Cuban context [13]. The steps for such a procedure are the 

following: 

1. Selection of the most appropriate technology for each productive scenario. 

2. Design and construction of the bio-digesters. 

3. Development and construction of filters to absorb the hydrogen sulfur present in the biogas. 
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4. Test of different applications of the biogas. Use of the bio-fertilizers produced from the bio-

digester effluents. 

5. Training. 

 

Implementing a circular economic model in the “Kaawana” landfill would therefore rely on 

designing and constructing bio-digesters according to the costs, needs and amount of organic 

waste present. On the other hand, following the construction of these bio-digesters and as 

stipulated by the steps mentioned before, new staff specializing in the field should be recruited 

for this purpose. All of these investments will be explained further in the feasibility and 

financial studies’ sections. In our case, we will have to choose between the Chinese fixed-

dome introduced earlier (Chapter 2, section 2.2.2) or the far more costly German model that 

combines both the composting and biogas production in a singular process. Such bio-digesters 

have many advantages:  

 Production of biogas, a renewable source of energy that can be used for heating and 

electricity. 

 Reduction of methane emissions from landfills since organic wastes in landfills 

decompose to generate methane, a greenhouse gas with a global warming potential that 

is 21 times greater than carbon dioxide.  

 Development of a sustainable management method for waste that improves the quality 

of water and air, decreases methane emissions and reduces odors. 

 

4.2.2 Implementation of a composting system 

Compost is also another by-product that might be turned into a profitable asset throughout this 

project. In the case of the two alternatives proposed for the bio-digester implementation, the 

german Gescher model will give us the ability to produce compost along with biogas. The 

production rate in the case of this model will be 45 kg of compost produced for each ton of 

organic waste.  
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5 FEASIBILITY STUDY 

 

The feasibility study of our project starts with the collection of data regarding the waste 

deposited in the “Kaawana” site. By knowing the different types and amounts dealt with 

within the landfill, we will be able to conduct the different computations required before 

choosing the right options to invest into. 

 

Table 3: Annual data of waste in the "Kaawana" landfill 

 

 

As we can notice and according to the national statistics published by the Moroccan High 

Commissioner for Planning [19], organic matter constitutes on average 65.2% of the domestic 

waste deposited into the landfill. Paper and card box constitutes 12.3% of the total amount, 

while the remaining types of waste hold the remaining 22.5% and are not isolated prior to the 

compacting.        

 

Organic

Paper

Others

 

Figure 6: Pie-chart of the portions of the different types of waste 

 

In our case, we are dealing with an average of 31453 tons of organic matter per year. The 

amount is judged as investment-worthy. However, given the low quantities regarding the other 

types of waste, it would be better to sub-contract the recycling and treatment to other 
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companies rather than making an investment in the construction of a recycling system which 

would have a very large payback period.  

 

Two systems are looked into in order to satisfy the goals of this study: 

1- Implementing several fixed-dome Chinese bio-digesters and directing the operations 

towards biogas production only. 

2- Implementing the Gescher German biogas and compost dual system.    

 

6 FINANCIAL STUDY 

6.1 INVESTMENT COSTS 

6.1.1 Choosing the Right System 

i- PUXIN 260 M3 Biogas System: 

The first option we have is the Chinese model proposed by the Shenzhen PUXIN Company 

from China. The following diagram shows the process used for this type of bio-digesters: 

 

 

Figure 7: Shenzhen PUXIN bio-digester [20] 
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The following table sums up the different units that form the bio-digester, their prices and the 

total amount in USD. 

 

Table 4: PUXIN 260 M3 ASSEMBLY BIOGAS SYSTEM 

PUXIN 260 M3 ASSEMBLY BIOGAS SYSTEM  

NO. ITEM Description and Specification   
UNIT 

PRICE(USD) 
Q'TY/PCS AMOUNT(USD) 

Pretreatment system  

1 

Waste 

shredder 

2.2KW 

Size: D 

=0.6m，H=0.8+0.55m=1.35m, 

V(bucket)=226L, D (valve)=80mm 

Capacity: 1-2 tons/hour 

Power: 2.2KW voltage: 220V 

(110V), current: 18.8A (37.6A) 

Frequency: 50Hz speed: 2940 

r/min 

Noise limit: 81 dB (A) insulation 

grade: B 

 
US$1,510 2 US$3,020 

2 

STEEL 

MOULD 

WITH 

OUTER 10M3       

(¢2.8*1.2 m) (for building concrete 

pretreatment tank & storage tank)  
US$4,468 0 US$0 

3 
FIBREGLASS 

COVER 

Cover for pretreatment and storage 

tank  
US$222 0 US$0 

4 
HEAT 

EXCHANGER 

FOR HEATING 

FERMENTATION MATERIAL 

IN DIGESTER 
 

US$237 4 US$948 

5 HEAT PUMP  

380V, 50HZ, Main engine 

dimensions: 780*780*975mm, Net 

weight: 165kgs, Heating capacity: 

17kw 

Power: 4.8kw  

Control method: micro computer  

Max. capacity: 5000L 

Water tank dimensions: 1*1*1m 

 
US$2,061 0 US$0 

6 
SEWAGE 

PUMP 5.5KW 

For feeding material, Flow: 

60M3/h, head: 10meters, 

Power:5.5KW 
 

US$1,111 2 US$2,222 



22 

 

Assembly Biogas Digester 

7 

Assembly 

Membrane 

Digester 260 

CBM 

It is designed for medium and large 

farm, medium and large amount of 

waste water 

or medium and large size of MSW 

treatment. Greenhouse 

volume: 260 m3, Dia. of 

digester: 7.88 m, Height 

: 5.5 m, Water level: 4 m, 

Fermentation capacity: 200 m3, Gas 

storage: 39.8 m3 

 
US$26,998 1 US$26,998 

8 

CIRCULATING 

PUMP with pipe 

fittings 

1.1KW 220V 50HZ, FLOW RATE: 

48L/MIN  
US$329 2 US$658 

Biogas purifying system 

9 

PX-250L Biogas 

desulfurizer and 

dehydrator with 

biogas pump 

and base  ( 

Stainless steel 

material) 

Suitable flow rate: less than 400m3 

per day 

Interface caliber: ø50 (PVC flange)  

Application scope: Dehydration for 

medium and large size biogas plant  

Suitable to install indoor and 

outdoor 

 
US$5,136 1 US$5,136 

10 
Biogas pump 

DFL-30 

380V, 0.55--1.1KW, 15-30M3/H, 

10KPA  
US$1,045 1 US$1,045 

11 

Fe2O3 

desulfurizer 

pellets 

Appearance: brown cylindrical bar 

Dimensions：Φ5-6×5-30mm 

Ferric Oxide content：25%-33%  

Density：0.85kg/L 

Porosity：50-60% 

Intensity： ≥50.0N/cm(Lateral 

pressure) 

 
US$2 200 US$300 

12 

Red mud 

reinforced 

plastic gas 

storage bag 

100m3 

Size: ∮4*8m, 1.2mm, 230kg 
 

US$2,317 1 US$2,317 
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13 

PRESSURE 

RELEASE 

VALVE 

for gas storage bag 
 

US$267 1 US$267 

14 

Ultrasonic 

biogas flow 

meter BF-3000A 

Flow measurement range: 0.3-

65m3/h (DN32) 

Flow measurement accuracy: 1.5 

grade 

CH4 measurement range: 30-100% 

CH4measurement error: <5% 

Temperature measurement range: -

20- 60°C 

Temperature measurement error: +-

1°C 

Pressure measurement range: 0-

100Kpa 

Pressure measurement error: 50pa 

Working pressure: less than 

100KPA 

Power supply: external solar power 

supply and 

inner 4 AA batteries 

Explosion-proof grade: Ex ibIIAT4 

Gb 

Mounting interface: DN32 pipe 

flange 

 
US$1,733 1 US$1,733 

 

Biogas slurry treating system 

15 
WATER PUMP 

3KW 

For irrigation of biogas liquid 

fertilizer after digester, Flow: 

40M3/h,  Head: 13meters,  Power: 

3KW    

 
US$708 2 US$1,416 

16 
Solid liquid 

separator 

For making solid organic fertilizer, 

Handling capacity: 5-7m3/h, Main 

engine power: 4kw/380V/50hz, 

Delivery pump: 3kw/380V/50hz, 

Main material: Stainless steel, 

Weight: 480kgs 

 
US$4,444 1 US$4,444 

Biogas generator 

17 

Hot water 

circulation 

pump with 

sensor 

Circulating hot water from CHP 

system of biogas generator to heat 

exchanger  
US$705 2 US$1,410 
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18 

Sound proof 

Biogas 

generator set 

20KW with 

CHP system  

Rated/Standby Power: 20/22 KW, 

Rated speed: 1500 RPM, Rated 

frequency: 50 Hz, Rated voltage: 

400V, Phase: 3 phase, 4 wire, 

Voltage Stability: ≤±1%, Voltage 

transient: ≤±20%, Voltage Stable 

time: ≤1.5 s, Voltage fluctuation 

ratio: ≤±0.5%, Current Stability: 

≤5%, Current transient: ≤±10%, 

Current Stable time: ≤5 s, Voltage 

fluctuation ratio: ≤0.5%, 

Dimensions: 220*105*165cm, 

weight: 1150kgs  

 
US$9,848 1 US$9,848 

 

Others 

19 Console  

Control biogas digester heating, 

circulating pump,  PH monitoring, 

electrical equipment operation  
US$3,358 1 US$3,358 

 

For a 260 m3 bio-digester and its components, a total initial investment of 65,120 USD is 

required per unit. In Moroccan currency, the investment would be of 598 110,28 MAD per 

bio-digester.  

Given the amount of organic waste / digester capacity ratio, the quantity of organic matter 

dealt with at the landfill will require 5 digesters of this type. 

The biogas output would be 1,138,800 m3 per year. And the electric energy generated by this 

gas volume: 2,5 Million kWh. 
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ii- EGW Company’s Gescher Plant Model: 

The second option we have is the German model proposed by the EGW Company from 

Germany. The following diagram shows the process used for this type of bio-digesters: 

 

 

 

Figure 8: Gescher Bio-digester and Composter Model 

 

 

The second model we are going to look into is the German model from the Gescher plant in 

Germany. Even though the initial cost is much higher than its Chinese counterpart, the system 

combines composting and biogas generation within one process. The following table, sums up 

the characteristics and costs of the system (estimated) for the 30,000 tons of organic matter per 

annum treated at the “Kaawana” landfill [18]:  



26 

Table 5: General Information and Costs of the EGW System 

 Volume Costs 

Investment costs  14 168 689,92 MAD 

Initial operating 

costs 

498 737,5 MAD 

Energy 

consumption 

75,000 kWh per annum  

Generated biogas 1.2 Million m3 per annum 

Electricity 

generated by this 

gas volume 

 

3.34 Million kWh per annum 

 

With an annual input of 30,000 tons and a methane content of 65%, the system will be able to 

produce approximately 4.5 Million m3 of natural gas per year. 

On the other hand, the system will also produce 45 Kg of compost from each ton of organic 

waste [18]. The annual outcome is therefore 45 * 30,000 = 1350 tons.  

6.1.2 Construction and Importing Fees 

The construction of the new system will require the payment of different fees that should also 

be taken into consideration in our financial study. These fees include anything ranging from 

the paperwork required for the construction of the system chosen and the sorting center in 

addition to the importing fees of the digesters. 

 Building permit: 50,000 MAD 

 Authorization: 150,000 MAD 

 Importing fees [20]: The bio-digesters will be imported under the code 84.59. The 

importing fees for the bio-digesters are 22.5% of the initial price.  

 Sorting center:  
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- Building: The building that will host the sorting operations will have 

dimensions of 1000 m² and a construction cost of 2000 MAD/m2  which 

amounts to 2,000,000 MAD 

- Baling press: The baling press will be used to compress the respective waste 

type into cubes which makes storing and transportation more practical. The 

cost of this equipment is 20,000 MAD  

- Conveyor belts: A conveyor belt is required to displace the waste within the 

center upon arrival. The price of this equipment will be 32,000 MAD  

 

6.2 OPERATING COSTS 

In both scenarios, the “Kaawana” landfill will require an additional workforce to operate the 

new implementations. Given the scale of the operations, the following table introduces the 

team required for operating the Gescher system:  

Table 6: Operating Costs Required for the Gescher System 

Workforce Quantity Monthly Salary / 

Unit 

Yearly Salary * Units 

Engineer 1 13,700  164,400 

Technician(s) 2 7000   168,000 

Laborer(s) 5 3000 180,000 

 Yearly Expenses** 512,400 

 

1 Engineer is required to manage the system 

2 Technicians to supervise the operations 

5 Laborers to perform the day to day tasks 

** These total yearly expenses do not take the details related to employee’s salaries such as 

the 13th month, employees’ benefits, transportation and other costs into consideration. 
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Workforce Quantity Monthly Salary / 

Unit 

Yearly Salary * Units 

Engineer 1 13,700  164,400 

Technician(s) 10 7000   840,000 

Laborer(s) 20 3000 720,000 

 Yearly Expenses** 1,724,400 

 

 

 

6.3 TOTAL COSTS 

 

Table 7: Total Costs of the Two Alternatives 

 PUXIN Chinese Model 

(5 Units)  

Gescher German Model  

(1 Unit) 

Initial Investment 2,990,550 MAD 14,667,427.42 MAD 

Operating Costs 1,724,400 MAD 512,400 MAD 

Construction Fees 200,000 MAD 200,000 MAD 

Importation Fees 672,873.75 MAD 3,300,171.1695 MAD 

Sorting Center 2,052,000 MAD 2,052,000 MAD 

Transportation Fees Of 

Waste 

9,648,220 MAD 9,648,220 MAD 

Total Costs  17,288,043.75 MAD 30,380,218.5895 MAD 
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6.4 REVENUES 

 

Table 8: Yearly Revenues from Product Sales 

 Unit Price  PUXIN Chinese 

Model 

(5 Units) 

Gescher German Model 

(1 Unit) 

Electricity Sales 0.7 MAD / kWh 1,750,000 MAD 2,338,000 MAD 

Compost Sales 200 MAD / ton  270,000 MAD 

Total Revenues  1,750,000 MAD 2,608,000 MAD 

 

Concerning the paper and card box, it will be sold to another company, MACARPA which 

specializes in the recycling of this type of waste at 0.5 MAD / Kg.  

The profit generated amounts to approximately 3,000,000 MAD to be added to the overall 

revenues of each alternative.  

 

6.5 PAYBACK PERIOD 

The payback period for each alternative is to be computed using the following formula: 

 

Table 9: Payback Periods for Both Alternatives 

 PUXIN Chinese Model Gescher German Model 

Total Initial Investment 17,288,043.75 MAD 30,380,218.5895 MAD 

Total Cash Inflow per 

annum 

5,000,000 MAD  5,942,000 MAD 

Payback Period 3.46 5.11 
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7 CONCLUSION 

 

This capstone project studied the feasibility of implementing a circular economy in the city of 

Ifrane. This new form of economy that is proposed by the study focused on the different 

business opportunities that organic waste management had to offer. Since the city of Ifrane is 

currently using a linear model of waste management, this study comes into play by proposing 

new methods based on the circular model.  

Throughout the project, data was collected through the ECOMED Company that manages the 

“Kaawana” landfill. The data analysis led us to conclude that organic waste holds the biggest 

portion of the waste collected in the region of Ifrane and its 11 counties. 

Since the organic waste portion was very important relative to the total amount, it was 

necessary to invest into a process that would generate profit from it. For this purpose, the 

study looked into two alternatives for the implementation of bio-digesters in the landfill. The 

first alternative, the Chinese fixed dome was the first to be looked into due to its relatively low 

costs and easy construction methods. The second option, the German Gescher model, which is 

way more costly was also looked into due to its capacity of combining compost and biogas in 

one single process.  

The financial analysis was conducted in order to choose the right alternative that would satisfy 

both our needs in terms of dealing with organic waste and the financial returns it would bring. 

Following this methodology, the payback period which is an important f actor in choosing a 

project within capital budgeting, was computed. The outcome was finding a payback period of 

3.46 years for the Chinese model, while it will take 5.11 years to payback the German model 

investment. However, many factors such as the low operational costs on the long run of the 

German model and its lifespan of 20 years made it our candidate for implementation in the 

Kaawana landfill.  

Moreover, switching to a circular economy will also bring other socio-economic benefits such 

as job opportunities and causing less pollution in the region. Through the use of biogas as a 

renewable source of energy we will be able to put limitations to the methane emissions into 



31 

the atmosphere. Moreover, the new system will produce new job positions within the landfill 

in terms of workers, technicians and engineers which is a great add-on to the region that is 

lacking job opportunities and industries. Last but not least, the sales of compost will provide 

the neighboring farmers with an ecological and less expensive alternative to the chemical 

fertilizers that are commonly used.  
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