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ABSTRACT 

 

The aim of this final report is to show the progress done on the capstone project. The project that 

is discussed has as an overall goal to turn a model building in the selected region into an eco-

friendly one. My part of the project has as principle objective to design and implement a workable 

and economical biogas system to serve as fuel for cooking for a model building in Zaouiat Sidi 

Abdessalam which is located in the region of Ifrane.  

This capstone project is split into three main segments, the first being a bibliographical study on 

biogas, how it is made, its historical uses and its prospects in Morocco. The second segment deals 

with analyzing the biomass that resides in our selected region, calculating its biogas emission, and 

coming up with the most efficient combinations to insure optimal energy production. The third 

and final segment is designing a biodigester, and creating a prototype to simulate our findings. 

From conducting the experiments and calculations, it was found that for the model building a total 

of 75.77 kWh is used every day in cooking, so to substitute the energy source that is used normally 

(LPG tanks or wood) with biogas, a total of 12.61 m3 of biogas is needed, which is produced 

through a combination of animal manure and kitchen waste, in a digester with a volume of 15 m3. 
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1. INTRODUCTION 

 

1.1 General Context 

 

Climate change has been an ongoing concern, especially during the last few years. This erratic 

change in temperature and regional climate patterns have many harmful consequences like rising 

sea levels, loss of the mass of ice in the poles, radical increase in heat, … This climate change is 

mainly attributed to rising levels of greenhouse gas emissions, which cause warming of the 

atmosphere by way of gases that trap the heat within and block it from being released into space. 

One of these gases is methane, which is a main component of biogas.  

Essentially, biogas is a mixture of carbon dioxide and methane, with a smattering of other gases. 

It is produced in the event of anaerobic fermentation of organic materials. In the table below, the 

main components of biogas are being showcased:  

Table 1: Biogas Composition 

Component Molar % 

CH4 45 to 65 

CO2 25 to 45 

H2O 2 to 7 

O2 Traces 

H2O Traces 

Cl Traces 

F Traces 

 

In table 1, we can see that methane, which is the primary component of biogas, represents around 

9% of all domestic greenhouse emissions. Of these emissions, 36% can be attributed to the 

agricultural area. Methane is known to be very efficient in blocking the radiation, so it causes a 
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great deal of harm despite its short lifetime in the atmosphere. For instance, over a 100-year period, 

the effect of methane on climate change is 20 times higher than carbon dioxide. [1] 

Creating biogas systems is crucial then, as it contributes to the lessening of methane levels in the 

atmosphere, while at the same time using it to create energy for various utilities like electricity, 

fuel, heat... it can also be used in other domains, such as fertilizing.  

Biogas has a heating value of 6 kWh/m3 at a temperature of 15°C, which allows us to draw a 

comparison between biogas and other energy sources as seen in table 2. 

Table 2: Comparison of biogas with other fuels 

Fuel Unit Value 

Charcoal Kg/m3 of biogas 0.7 

Firewood Kg/m3 of biogas 1.3 

Gasoline liter/m3 of biogas 0.75 

 

From the above table, we can see that while biogas is less efficient than other fuels, it can be 

redeemed by the fact that it can be obtained easily, and is more economically and environmentally 

suitable.  [1] 

1.2 Project description: 

 

The region of Zaouiat Sidi Abdessalam is a rural region whose citizens rely mostly on livestock 

for livelihood, moreover it is plagued with very cold winters, and the housing are not very well 

built and insulated for such climate. This region has many problems, from less than efficient 

heating, to poorly built houses for such cold climate, moreover, one citizen has even said that three 

metric tons are needed each year for heating the house, which can be quite expensive. As such, 

this project strives to solve a few of these problems. In this part, finding a useful alternative to 

resources such as wood or fuel for heating and energy is the objective, and to reach it, designing a 

biogas system for a model building was chosen as the most profitable and easily implemented 

alternative.  
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1.2.1 Model Building 

After much debate, it was decided that the building we chose to renovate is going to become an 

atelier, with a ground floor (figure 1) and a basement (figure 2). In the ground floor, there is going 

to be a space where local people are going to exhibit their handmade tapestries and carpets; 

moreover, there is going to be a small restaurant which is going to spill over to the decking, and a 

kitchen space to prepare the food. In the basement, the workshop where the crafting of the carpets 

is going to be done, as well as a living room for the workers and a small adjoining traditional bath. 

A plan of the inside of the atelier which was created by my classmate Salma Boujmiraz is shown 

below: 

 

Figure 1: Blueprint of Floor Area 
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Figure 2: Blueprint of Basement Area 

 

1.3 STEEPLE Analysis 

Before beginning with the bulk of the project, we first must do a STEEPLE analysis, which is a 

tool that is designed to assess the environment a company is working in when it is intending to 

begin a new project. The STEEPLE part is an acronym of Social, Technological, Environmental, 

Economic, Political, Legal and Ethical.  

First, we will begin with the social part, which answers the question of “what are the social impacts 

that this project will have on the region, or the country in general”. To answer it, this project will 

have a widely positive impact on the society of Zaouiat Sidi Abdessalam as well as Morocco, as it 
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will lessen some of the daily burdens they suffer from every day, like collecting firewood. It will 

also contribute to the development of their society. 

Second, we will discuss the technological part. Here, we will discuss the question of the 

technologies that are implemented in the project. The tool that is mostly used in the biogas 

calculator, which calculates the potential of the materials. SolidWorks will also be used to model 

and simulate the biogas digester.  

Third, we will see the environmental aspect which questions the effect of the project on the region 

and the country. This aspect is especially present in our project, because the biogas system as a 

whole consumes organic matter which is primarily waste. As such it has an impact on the 

environment, because organic waste produces methane, which is very harmful to the atmosphere, 

and using it in a productive manner reduces its dangers to nature. 

Fourth, we have the economic aspect, which discusses the question of the economic implications 

of the project. This one is also very important, as our project will reduce the spending that the 

citizens of the region dedicate to fuels. The money saved can be used to improve the region and 

contribute to its improvement. 

Fifth, we will take a look at the political aspect, which answers the concerns of the political 

implications of the project. Morocco is a politically stable country, and one of the objectives of the 

current political party is to make Morocco become a green country. This project will contribute to 

the success of this plan, as it strives to produce fuel from waste which is otherwise discarded. 

Sixth, we will see the legal implication of the project. Seeing as the supervisor and the university 

have undertaken all the legal procedures, there is no problem from this corner.  

Lastly, we will discover the ethical part. To ensure that the project runs smoothly, all laws of ethics 

must be followed. As such we will strive to do this project in a correct and ethical manner. 
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2. METHODOLOGY 

As was stated beforehand, this Capstone project has as an objective to create a sustainable biogas 

system for the region of Zaouiat Sidi Abdessalam so as to help reduce the burden on the citizens 

and provide an alternative energy source. To reach this aim, a set of steps must be undertaken: 

• The first step is researching and gaining knowledge on the biogas; what it is, how 

it is made, how to safely use it… to gain sufficient knowledge, one has to do a 

literature review on works done previously, and assimilate the knowledge provided 

therein, so as to build a complete picture on the work that must be done. 

• The second step is doing experimentations, so as to be able to calculate various 

outputs from different materials, and figure out the combinations that will give 

optimal results, as there are many parameters one should take into consideration, 

like the carbon nitrogen ratio. 

• The third step is doing the calculations to figure out how much biogas should be 

made by the material provided by the Zaouia, and how much it’s going to contribute 

to the overall energy of the model building. An ideal situation is when the biogas 

output equals the energy input of the model building, at least concerning cooking. 

• The fourth step is finding a biodigester design that suits the region, as then model 

in a modeling software like SolidWorks. This will allow for the flaws in the design 

to become apparent, so as to find ways to repair them; moreover, it will allow for 

finding ways to implement a workable biodigester in the region. 

  



7 

 

 

3. BIOGAS SITUATION IN MOROCCO 

3.1 History 

The journey to using biogas started in 1983, when the CDER (Centre de Développement des 

Energies Renouvellables) and the ORMVA (Office Régionale de Mise en Valeur Agricole) Haouz 

sent expert to China so as to take training courses in biogas technology. Thus 60 Chinese fixed 

dome plants were built in Haouz in order to promote less usage of forest wood and to improve the 

living situation of the farmers residing in the region. This project spread to the rest of Morocco, 

and by 1992, 255 biogas plants were built with the volume of 10 m3, and other with larger volume 

were also built like the community plant in Marrakech which has a total volume of 150 m3. 

However, the results of these plants were far from satisfactory, as 63 of 139 Chinese dome plants 

were at a standstill, while 37 showed substandard results and only 39 were considered as good. 

Moreover, the ORMVA Haouz stated that 40 out of 80 plants didn’t function at all. [1] 

3.2 GIZ 

The GIZ has been carrying out projects in Morocco since 1988 which relate to the distribution of 

biogas in the region of Souss-Massa in the context of the Special Energy Programme Morocco. 

The purpose of this project is to dissiminate renewable energy sources in the rural regions so as to 

improve the energy situation of the area. The organizers of the project were hoping that the 

initiation in the region of Souss-Massa will spur the creation of similar projects in other regions in 

Morocco, leading the country to a road of renewable energy use. Accordingly, a Biogas Committee 

was created in 1992 which was to be charged with the decision making and to create a link between 

the political party and the corporations responsible for the distribution of biogas.  

So, with this new actor, the restoration of 3 fixed dome plants and construction of three 12 m3 

plants, five 20m plants and two 85m plants was a success, showing that qualified planning and 

building gives the desired result. This was done with the goal of providing farmers with biogas 

digesters in the future and integrate it in their lives in the region of Souss-Massa by the ORMVA. 

[1] 
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4. THEORITICAL STUDY 

4.1 About Biogas 

As stated beforehand, biogas is the product of natural fermentation of biomass in an anaerobic 

setting. It is a gas mixture, composed mainly of methane and carbon dioxide, with methane being 

the most important component due to its combustibility. 

Biogas is produced in a process that is summarized in 4 main stages: 

• Hydrolysis: in this step, the large organic polymers (proteins, fats, carbohydrates) are 

broken down into small particles namely amino acids, fatty acids and simple sugars. 

• Acidogenesis: in this step, the acidogenic microorganisms break down the biomass 

products even more after the hydrolysis. The bacteria that cause the fermentation result in 

an acidic environment and create ammonia, H2, CO2, H2S, shorter volatile fatty acids, 

carbonic acids, alcohols and small amounts of other products. 

• Acetogenesis: while acidogenesis broke down the biomass matter into even smaller 

molecules, it is still not enough, so in this step Acetogens break down the biomass to an 

extent that Methanogens ae able to use the material to generate Methane. 

• Methanogenesis: this is the final stage in which methanogens generate methane from the 

product of the last three steps, the main reactions are:  

CO2 + 4 H2 → CH4 + 2H2O  

CH3COOH → CH4 + CO2 [2] 

A schematic of the process is being shown in figure 3: 
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Figure 3: Process of anaerobic digestion 

4.2 Biodigester designs 

A biodigester, or a biogas plant is a physical structure. Its main job is to provide a suitable 

atmosphere for the anaerobic digestion. The main conditions of a biodigester is water and air 

tightness. There are many designs of biodigesters made from various materials. 

Construction of a biodigester is the hardest part of making a biogas system, as the manner and 

material of construction are considered the major part of the investment cost. Below, the most 

known designs are going to be shown. [2] 

4.2.1 Floating drum digester: 

In India, people began experimenting with biodigester as early as the 1937s. the design discussed 

here was introduced in 1956, when it was known as Gobar Gas plant, and soon after became widely 

used in India.  

For the floating drum digester, the digester chamber is constructed of brick masonry in cement 

mortar, and to collect the biogas, a steel drum is situated on top of the digester. The two structures 

are separate. This design became obsolete with the introduction of other more affordable and stable 
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designs, as it had a high maintenance cost, and to build it was expensive. Its design is shown in 

figure 4.[2] 

 

Figure 4: Floating Drum Digester 

 

 

4.2.2 Fixed Dome digester 

This model was developed and built in China since the 1936s. It consists of an underground 

chamber which is built with brick masonry, and in which the fermentation process will be 

undergone. A smaller dome which is connected to the chamber is used to collect the biogas. This 

design has a long lifetime that can last up to 20 years, and is considered the most stable. Many 

countries have adopted this design and made their own versions of it. A rough sketch of this model 

is seen in figure 5. [2] 
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Figure 5: Fixed Dome Digester 

4.2.3 Deenbandhu Digester 

This model was created in an incentive to reduce the cost of biogas plants. It was first suggested 

in 1984 in India by the Action for Food Production, and it was proven to be relatively less costly 

than the Chinese fixed dome model and 45% cheaper than the floating drum model. This design is 
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made entirely of brick masonry, and has a spherical shaped gas container at the top, while the 

bottom is concave and is used for the anaerobic digestion as shown in figure 6.[2] 

Figure 6: Deenbandhu Digester 

4.2.4 Plastic Bag Digester 

This design is a low cost one, and is one of the most commonly used. It consists of a trench layered 

with a plastic tube. This design is very cheap, so it is popular in south-east Asia. It has a glaring 

weakness, which is its durability. It’s very fragile, and can be easily damaged by children or 

livestock, moreover, the UV rays renders the plastic brittle. Moreover, it takes up a lot of space 

which can’t be used otherwise. Figure 7 summarizes its appearance and schema. [2] 
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Figure 7: Plastic Bag Digester 

4.3 Types of Biogas Digesters 

There are two main types of biogas digesters: continuous and batch: 

• The continuous digester: this type of digester is fed with the input material and then 

emptied in a continuous manner. This fill and empty process happens in an automatic 

manner as the new material pushes the old one out as it is added in. therefore, it is required 

for the input to be homogeneous and fluid. This type of digester is suitable for domestic 

digesters, especially in rural areas, as the work needed for the digester fits in with the daily 

chores. As for the gas production, it is constant, and much higher than when using the batch 

method. 

• Batch digester: this model is better used for slow digestion, as it is filled and then emptied 

completely after a certain retention time passes, which depends on the material used. This 

design needs a high labor input, moreover, its biogas output is not significant nor is it 

steady, so it is not recommended. [3] 
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4.4 Uses of Biogas 

4.4.1 Cooking and heating 

When using a household digester, the main application of biogas is cooking as it only needs 

between 30 and 45 m3 per month. When comparing this number to other substances like kerosene 

which uses up an amount that varies between 15 and 20 L, or Liquified Petroleum Gas (LPG) 

which uses up 11 to 15 kg per month, which translates to 300 kWh for biogas, 200 kWh for 

kerosene and 150 kWh for LPG, it can be seen clearly that biogas is the better alternative, as the 

excess can be used towards other functions, like heating water or heating the house. [3] 

4.4.2 Fertilizer 

The output of the biogas digester contains nitrogen, phosphorus and potassium, which makes it 

ideal for use as fertilizer. Moreover, during its stay in the digester its quality was enhanced, making 

it a better alternative than using the biomass directly as fertilizer, which is done frequently. [3] 

4.5 Input Materials 

 In this part, the materials used and their characteristics are going to be discussed. All 

biodegradable organic materials can be used in anaerobic digestion; however, some materials are 

preferable to other, due to various parameters be them economic, technological…[4] 

The most common used material to produce biogas is animal dung, as it has a lot of potential as 

expressed below: 

Table 3: Biogas Potential of Various Types of Dung 

Livestock Biogas potential (liter of biogas/kg of fresh dung) 

Cattle 35 

Pig 51 

Goat 35 

Poultry  110 

Human 45 
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4.6 C/N Ratio 

C/N ratio refers to the relationship between the quantity of carbon and nitrogen that is contained 

in the organic material. An optimal C/N ratio is considered to be from 20 to 30; keeping track of 

this ratio is important for biogas production because in the case of a high C/N ratio, the 

methanogens will consume the nitrogen very fast, thus they will no longer react with the carbon 

left over, so the rate of gas production will be low. Similarly, if the C/N ratio is very low, the 

nitrogen will accumulate to form ammonia NH4, which will lead to an increase in the pH value of 

the digester content, this will lead to a low gas production, as a pH of more than 8.5 has toxic effect 

on the methanogens. Table 4 shows common materials and their C/N ratios. [5] 

Table 4: C/N ratios of commonly used materials 

Raw Material C/N Ratio 

Duck dung 8 

Human excreta 8 

Chicken droppings 10 

Goat dung 12 

Sheep dung 19 

Cow dung 24 

Straw (maize) 60 

Straw (rice) 70 

Straw (wheat) 90 

Saw dust >200 

 

4.7 Dilution and consistency of inputs 

Before inputting material into the digester, it must first be prepared. Water should be mixed with 

the material at a rate of 1:1 on a unit volume basis. This dilution has as objective to stay the solid 

content of the slurry in a range of 7 to 10 percent. This is because the majority of biodigesters are 

designed to handle around 8 percent of sold content, and more than that will harm the functions of 

the plant. [5] 
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4.8 pH level 

to achieve the best rate of biogas production, the biodigester must have a pH value of 6 to 7, this 

is due to the fact that methanogens are sensitive to changes in their environment, especially the pH 

level which should not fall below 6.5. [6] 

4.9 Temperature 

As stated before, methanogens are sensitive to their environment and the changes that happen in 

it, and temperature is a key factor in these changes. Methanogens become inactive in temperatures 

which are considered extreme, thus the temperature in the digester should ideally stay at 35°C to 

produce the maximum amount of gas possible. Hence, proper insulation should be done to the 

digester, like placing hay on it, to help produce gas in low temperatures. [6] 

4.10 Retention Time 

Also referred to as Hydraulic retention time, it is the time that the input must remain within the 

digester so as to be acted upon by the digester, it is generally calculated by the following formula: 

𝑅𝑇 =
𝑉𝑠

𝑉𝑑
 

With: 

RT: Retention time 

Vs: Average slurry holding volume 

Vd: volume of daily added substrate 

This value varies according to many factors such as the geometry of the digester, how the biomass 

was mixed, the type of biomass used… however, it is generally agreed that the retention time 

varies between 30 and 100 days. [7] 

4.11 Maintenance Problems 

4.11.1 Water 

As mentioned earlier, the substance contained within the digester needs to be mixed with more or 

less an amount of water that is equal to the amount of substance. So, this can pose a problem in 

dry areas, as attaining such a quantity of water may be difficult or impossible. [8] 
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4.11.2 Dung 

In rural places, animals are usually left to roam as they please all day rather than being kept in a 

stable, so collecting their dung can be problematic as it is scattered everywhere. It is especially 

more difficult in the case of sheep and poultry, so constant monitoring or keeping all animals 

confined is a necessity. [9] 

4.11.3 Scum Formation 

This refers to the forming of a floating layer on the biomass inside the digester, which can be 

problematic for maintaining the working of the digester. This is apparent mostly in biogas plants 

that operate on straw like material, chicken droppings or protein rich material. This scum forms 

inside the reactor and can stop the flow of biogas and substance by clogging the pipes.  

To stop this scum from forming, one should pay attention to the symptoms which include a gradual 

decrease of biogas yield followed by biogas leak from the outlet. If it is a recent development, 

poking the digester may be enough to dislodge the scum layer, but if left for long to dry it will 

develop into a solid floating cake, which is more problematic as the only solution to remove it is 

to open the digester and manually take it out. So, the ones operating the biogas plant must be 

diligent in checking it to make sure no scum layer is to be formed. [9] 

4.11.4 Sediment Formation 

When collecting dung from the stable grounds, it may be contaminated with soil and gravel from 

the ground, which will in turn be deposited in the bottom of the digester as sediment. This sediment 

must be removed as it takes too much space in the digester, which leads to less substance and less 

biogas. [10] 

  



18 

 

 

5. EXPERIMENTAL STUDY 

5.1 Building a Biodigester: 

For the sake of the project, a prototype of a Biodigester is built. This prototype was made using a 

plastic tank digester as a basis, as it is not costly and can be made using spare parts found anywhere, 

even in the junk, so it suits our project because the region being studied is very poor, so building 

something out of cement or underground is going to be more than the villagers can afford. In this 

part, a brief description of the parts used in putting this Biodigester together is shown: 

• A container as shown in figure 8, which here specifically holds a volume of 30 L and made 

of hard plastic, which prevents the sunlight from breaching its surface. this container is 

going to act the part of the digestion chamber. Here, the biomass is going to be subjected 

to anaerobic fermentation and emit biogas, so the container needs to be airtight, as well as 

prevent the passage of sun light to the material inside.  

 

• PVC pipes: these pipes are going to go into the container from two sides: the first is going 

to penetrate the container from the top and used as an inlet for the biomass and water into 

Figure 8: Prototype Container 
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the container, it should be let down the container until it traverses three quarters the distance 

so as to allow for easier passage of the material, as if it was down all the way it would cause 

blockage, while the second shorter one is going to be attached to the side of the container, 

where it’s going to act as an outlet of the used material which is going to be used as fertilizer 

afterward. Figure 9 shown the PVC pipes as attached to the container. 

 

 

Figure 9: Inlet and Outlet PVC Pipes 

 

• T valve: this valve is used to connect two different pipes, so as to allow for continued 

passage of gas as seen in figure 10. 

 

Figure 10: T valve 

• Heavy-Duty Brass Shut-Off Valve: this valve is going to be put on one end of the pipe, 

which allows for immediate use of the gas stored into the container. It has a switch which 

can open and close the pipe, so it is safe to use. A picture of it is shown in figure 11. 



20 

 

 

Figure 11: Shut-Off Valve 

• Tyre tube: this tube is used for the storage of the biogas, as it cannot stay trapped inside 

the container as it’s dangerous, so a different receptacle is needed to contain the excess gas 

and figure 12 shows it deflated.  

Figure 12: Tyre Tube 

• LPG gas pipes: these pipes are used to allow passage of biogas. The first pipe is going to 

be attached to the container, and its other end is going to be linked to the T valve, the 

second pipe is going to lead directly from the T valve to the tyre tube, where excess gas is 

lead to its storage, and the final pipe is also linked to the T pipe, and its other end is going 

to be attached to the shut-off valve. Figure 12 shows its point of contact with the container. 
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Figure 13: LPG Gas Pipe 

5.2 Collection of Material 

To conduct the experiment, materials, namely biomass, needed to be brought. For the cow manure, 

which was part of the materials used, I asked Mr. Ezzaki from building 12 if any of the people 

working there were able to procure this material for me from the region of Ifrane. As for the kitchen 

waste, I used some orange and banana peelings from my own garbage, as they are some of the 

biomass that contain considerable yield. I stored the material in a corner in the space behind 

building 12, in which I conducted my experiment. As for the apparatus used, I was able to buy it 

cheaply from the market, or procure it from the university. 

5.3 Experiment: 

In this experimental part, we are going to show an overview on how anaerobic fermentation 

produces biogas, as well as try to calculate the difference between three samples of my choosing, 

and then measure the biogas output of the samples, and conclude on which presents the best 

outcome.  
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5.3.1 Sample n#1:  

The first sample as shown in figure 14 consists of 250 g of cow manure, which was mixed 

approximately 250 ml of water of produce a slurry. This mixture is placed in a plastic bottle, which 

is sealed up with a balloon and put in a place devoid of sunlight and medium temperature. This 

sample is let to rest for 15 days so as to allow for biogas production. 

 

5.3.2 Sample n#2: 

The second sample as seen in figure 15 consists of 250 g of kitchen waste consisting mainly of 

vegetable and fruit peelings. This sample is cut to small pieces and mixed with water of volume 

Figure 14: Sample n#1 
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of 250 ml and then poured in a bottle, on which a balloon is put. We let this mixture sit for 15 days 

so as to observe results.  

Figure 15: Sample n#2 

5.3.3 Sample n#3: 

The third sample as shown in figure 16 consists of a fusion of the first two: 125 g of cow manure 

is mixed with 125 g of kitchen waste, and then 250 ml of water is added to them. Similarly, to the 

first two, a balloon is put on top of the bottle, and it is let to rest for 15 days. 
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Figure 16: Sample n#3 

5.4 Results: 

After letting the samples rest for 15 days, I went to check on them. As can be seen in the pictures 

below, while there is a little biogas production, the amount is negligible, which indicated that there 

were some problems either in the preparation of the sample or in the conditions where the sample 

were left. From readings, I was able to conclude that these are the possible reasons why there was 

not sufficient result: 

• The quantity I chose of the material was not enough to show significant result,  

• The material to water ratio was skewed, so it created a problem, 

• The temperature was too low for biogas production to occur, as it was snowing at the time,  

• There was a problem either in the pH of the sample or the C/N ratio, which created 

problems in biogas production, 

• The samples chosen don’t have sufficient yield to show on such small scale. 

To prevent such a problem from happening again, I suggest redoing the experiment with more 

accurate material, so as to reach the desired result, however, one of the objectives of this 
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experiment was reached, which is showing the process by which biogas is formed. A picture of 

the samples after the 15 days pass is shown in figure 17. 

 

Figure 17: Sample Results 
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6. ENERGY CALCULATIONS 

6.1 Energy Needed 

The biogas system is going to focus on covering the energy spending of the kitchen, as it represents 

most of the total energy expenditures of whole building. But first, the amount of energy expended 

in the kitchen needs to be found, which was done by interviewing various small restaurants in the 

regions and coming to a consensus of 3 PLG canisters per week. The calculations of the energy 

needed daily is stated in table 5. 

Table 5: Energy needed per day 

Number of Canisters/day 0,43 

Weight of Canister (kg) 13,00 

Volume of gas (m3) 7,02 

Energy per Canister (kWh) 176,80 

Energy per day (kWh) 75,77 

 

6.2 Energy Produced 

Then, an estimate of the biogas that is going to be produced by the kitchen and atelier needs to be 

discovered, for this it was decided that the atelier is going to include an open space where its 

residents are going to take care of a few animals, both to boost the income of the atelier, to reduce 

the expenses of the kitchen, and to increase the amount of material used in the production of biogas. 

For this sake, a number of small restaurants were observed, to come to the conclusion that a small 

restaurant contains an average of ten tables, which translates to a total of forty seats. Using this 

formula: 2.5 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑎𝑡𝑠 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠/𝑚𝑒𝑎𝑙𝑠 

So, 2.5 ∗ 40 = 100 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠/𝑚𝑒𝑎𝑙𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 

Afterward, the amount of waste that is produced from this specific number of customers was 

investigated, and the following formula was used:  

0.23 𝑘𝑔 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑒𝑎𝑙𝑠 = 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 
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𝑠𝑜 0.23 ∗ 100 = 23 𝑘𝑔 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 𝑝𝑒𝑟 𝑑𝑎𝑦𝑠 

Then the number of animals that are needed is to be found, as well as the quantity of feces produced 

per day, and the biogas yield of each type of manure, as seen in the following tables: 

Table 6: Biogas Yield of Fresh Dung from Various Livestock 

Livestock Biogas potential (liter of biogas/kg of fresh dung) 

Cattle 35 

Pig 51 

Goat 35 

Poultry  110 

Sheep 36 

Table 6 shows the biogas yield of various livestock, which will be used to determine how much 

biogas the animals we have would yield for each kilogram of dung. 

Table 7: Energy Produced Per Day 

material 

biogas yield 

(m3/kg) Production/day number of animals 

biogas yield 

(m3/day) 

kitchen waste 0,3 23 NA 6,9 

cow manure  0,035 30 1 1,05 

sheep manure 0,036 5 6 1,08 

poultry 

droppings 0,11 0,18 15 0,297 

goat feces 0,035 1,36 6 0,2856 

total 
   

9,6126 

 

In table 7, a specific and reasonable number of animals was taken , according to the pricing in the 

Moroccan market and availability in the region. As cows are rare in Zaouiat Sidi Abdessalam, only 

one was included, while the other such as sheep, goats and poultry are abundant in the Zaouia, so 

their numbers are more significant. The number of animals and the quantity of their feces ended 

up with giving a total biogas yield of 9.6 m3
 per day, and knowing that 1m3 of biogas equates to 6 
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kWh, it results in a total of 57.68 kWh per day, which is not enough to fulfill the energetic needs 

of the kitchen. Therefore, a solution which is doable was suggested, and it is acquiring kitchen 

waste from other villagers, as it is the material with the highest yield. In order to reach the energetic 

needs of the kitchen, an additional amount of 13 kg of kitchen waste is needed.  

Furthermore, the amount of waste going in the digester is almost equal the quantity coming out of 

it, and due to the anaerobic fermentation, its quality is enhanced, in which it produced less pungent 

odor, better fertilizer and less pollution. This waste can be separated into two parts, solid and 

liquid, and then the liquid part can be used as liquid fertilizer while the solid part can go into 

composting. This shows that nothing is wasted, moreover, this can be used as a means to gain more 

income as it can be sold to the farming community, or even used by the restaurant if it is inclined 

to make a create planting plot.  

6.3 Biodigester Volume 

The final step now is to calculate the volume of the Biodigester that is going to be installed in this 

atelier. This is one of the most significant parts of the biogas system, as many things should be 

taken into account before determining the size. 

First, we need to find out the volume of the waste that is used. From the previous calculations, it 

is surmised that there is a total of 103.86 kg of waste , and an equal amount of water is going to be 

added. The mathematical equation to calculate the digester size in order to achieve high efficiency 

is: 

𝐷𝑖𝑔𝑒𝑠𝑡𝑒𝑟 𝑠𝑖𝑧𝑒 (𝑚3) = 𝐷𝑎𝑖𝑙𝑦 𝑓𝑒𝑒𝑑 𝑖𝑛 (𝑚3 𝑑𝑎𝑦 − 1) ∗ 𝑅𝑒𝑛𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 (𝑑𝑎𝑦)  

Knowing that: 

the digester size includes the size of the gas collector as well as the size of the stomach tank. 

Daily feed-in is the size of the biomass that is going into the production of biogas as well as water. 

In table 8, a list of digester sizes is shown according to the feedstock used. 

 

Table 8: Plant Size and Average Daily Feedstock 

Plant Size (m3) Daily Feedstock (Kg) Daily Water (L) 
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4 24 24 

6 36 36 

8 48 48 

10 60 60 

15 90 90 

20 120 120 

 

From the table, the ideal biodigester size would be between 15 and 20 m3. However, this size is 

too big for it to be feasible with the biodigester model that was chosen, so viable solutions is either 

switching the model of the biodigester (either to a fixed dome or a Deenbandhu digester, as they 

are ideal for big quantities as they are built underground), or multiple plastic tank digesters, which 

is less costly as it can be made from scrap parts and in accord to this project, moreover, the size 

includes the digester tank as well as the gas holder tank, so it should definitely be taken into 

consideration. 

6.4 CO2 Saving 

 As was mentioned earlier, using biogas as a substitute for more conventional means of energy is 

helpful to the environment, as it reduces CO2 emissions, and used waste that would have been 

otherwise thrown into a dumpster to pollute the environment. As such I am now going to compute 

how much CO2 emission was prevented when using biogas. Using an official Carbon footprint 

calculator, the results were as such: 

Carbon footprint when using LPG: 76 kWh= 30 kilograms of CO2 

Carbon footprint when using biogas: 76 kWh= 10 kilograms of CO2 

So, it can be concluded that by using biogas, 20kg of carbon is saved, which means that only one 

third of what was emitted previously is being emitted when using biogas, which can go a long way 

in protecting our environment if biogas is used more widely. 

6.5 Duration 

If looked after well, a plastic tank digester can last up to 5, 6 years, some even last up to ten years 

if kept away from factors that can destroy them like roaming animals and children. After this time 

period, it needs to be replace as it will constitute a safety hazard, as the plastic starts to break down.  
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7. FINANCIAL ANALYSIS 

In this part of the project, the cost and finances needed to install a biogas system in the model 

building and how much it is going to save in the long run. As stated earlier, this project is supposed 

to be a low-cost operation, so the prices are going to be on the low side.  

The parts that a homemade biodigester are made of were elaborated on earlier, so now on to the 

cost: 

Table 9: financial analysis 

Material Cost 

Plastic container of 8 m3 volume 0 to 1000 dh 

PVC pipes max 100 dh 

LPG Pipes max 200 dh 

T Valve 12 dh 

Brass on-off valve 190 dh 

 As can be seen from table 9, the prices are in range. The reason for this is that some of these 

materials can be found in a junk yard, or even in a corner of a home. For example, in the case of 

the plastic container, they can be found in second hand sale, or in your own backyard, so the 

fluctuation of price is such that 0 is if it is already available, to 1000 dh if bough brand new. As 

for the pipes, only the max price is shown because it depends on the amount and length of the 

material needed. Concerning the T valve and the brass valve, the prices shown are the ones which 

I paid when buying the parts for my prototype; So, if this is all added together, the total price 

should be in a range of 502 dh to 2502 dh. 

Now, the payback period for reimbursing the cost of building the digester is going to be calculated. 

The payback period is the amount of time needed to recover an investment, and it is going to be 

calculated based on how many LPG tanks are going to be saved per year. As was stated in the 
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previous section, the average number of gas tanks used per week is 3, and as is known, there are 

approximately 52 weeks, so in a year 156 gas tanks are used. Buying an LPG tank for the first time 

cost around 150 dh per tank, while refilling them cost 42 dh per tank, so the cost of LPG tanks in 

a year is: 150 ∗ 3 + 42 ∗ 153 = 6876 𝑑ℎ. 

This means that a total amount of 4874 dh is saved in the first year, while in the following years 

the total amount of LPG tanks is saved until the biodigester needs to be replaced.  

Thus, the payback period, which is expressed as  
𝐶𝑜𝑠𝑡 𝑜𝑓 𝑝𝑟𝑜𝑗𝑒𝑐𝑡

𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑎𝑠ℎ 𝑖𝑛𝑓𝑙𝑜𝑤𝑠
 =

2502

4874
 

= 𝟎. 𝟓𝟕 𝒚𝒆𝒂𝒓 

This leads to the conclusion that the cost of implementing a biogas plant is going to be recovered 

in little more than half a year, which is a very insignificant amount of time. And while the 

biodigester may need to be replaced once in a few years, its cost is significantly lower than using 

LPG gas tanks. 
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8. MODELING 

In this part of the project, a 3D model is going to be created so as to be able to visualize the 

biodigester, as well as adjust the dimensions and calculate the theoretical value of the volume 

inside the digester, and then simulate the pressure inside the digester. 

3D modeling refers to the process of creating a mathematical depiction of a three-dimensional 

surface of an item, and it can be done using specialized software. The finished product is called a 

3D model, and it can be used to run simulations of physical phenomena. These models can be 

recreated in real life using 3D printers 

In order to do this modeling, the software called SolidWorks, which is a solid modeling computer-

aided design computer program.  

8.1 Design 

First, a realistic 3D model of the digester is going to be built as seen in figure 18. To start with, a 

container with a radius of 1.1 m and a height of 1.9 m. when calculated, it gives a rough volume 

of 7.2 m3. Which is sufficient for carrying the biomass and water that is going to be digested. As 

can be seen from the figure, this tank contains various holes, one of which the inlet pipe is going 

to be inserted in, the other the outlet pipe is going to be inserted in, and finally the one in the cover 

will connect the digester to the gas collection chamber, so as to facilitate the passage of biogas 

from the digester to the biogas reservoir. 
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Figure 18: Modeling of Digester Tank 

Then the PVC pipes, which are going to be put at the inlet and outlet are going to be designed/ As 

said previously, these PVC pipes serve as the gateway to the digester tank, because it cannot be 

opened usually, so at the inlet, the biomass is going to be poured in, while at the outlet, the spent 

biomass is going to be poured out. The model of the PVC pipes is shown in figure 19. 

 

Figure 19: PVC Pipe Model 
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Then a model of the biogas reservoir is going to be constructed. It has a similar shape to the 

biodigester tank; however, it only has a single hole in the cover, which connects it to the digester 

via a pipe. This pipe is what allows the biogas to come through. The reservoir is shown in figure 

20: 

 

Figure 20: Biogas Collection Tank 

And lastly, the design of the pipe that is connecting the reservoir and the digester tank is going to 

be made. This pipe needs to be made from a material that is not easily corroded, as if so it can 

constitute a health hazard. In the design, it is going to resemble an LPG pipe. 

In the whole, the digester should end up looking approximately like the following figure 21: 
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Figure 21: Complete model of biodigester 

  

8.2 Simulation 

In this part, a simulation on the pressure inside the biogas reservoir tank is going to be made. This 

will allow to see if the material we used in the construction is suitable or not, as well as determine 

the pressure of the gas inside. 

The simulation is going to be done on the reservoir tank, as it is the one containing the gas. First, 

the simulation is started and static option is chosen. Then, the material with which the tank is 

constructed is selected. In this example, high density polyethylene was chosen and its properties 

are seen in figure 22. 
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Figure 22: Properties of High Density PolyPropylene 

  

Then the object studied should be fixed. Then the simulator is used to apply internal pressure on 

the container and do a mesh to simulate the results as shown in figure 23. Two simulation results 

are displayed: 
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Figure 23: Simulation of Internal Pressure 

• First, the stress results are shown which display the values and placements of von Mises 

stress in N/m². In figure 24 we can see that the maximum strain is concentrated around the 

bottom of the container, which is of a value of approximately 1.755*10-3, while the top of 

the container is almost free of stress.  

 

Figure 24: Stress Simulation 
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Last, there are the strain results in figure 25, which show similar results as the stress 

simulation and are expressed in ESTRN, with the top being almost strain free and the 

maximum strain being concentrated around the bottom of the tank with a value of 

1.607*10-6. These simulations show that the material chosen is able to withstand the 

biogas without undergoing any deformation. 

 

Figure 25: Strain Simulation 
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9. CONCLUSION 

In this document, all the work that was done since the beginning of the semester is summarized. 

In the beginning, a general context is given on the project, starting with the issue that is being 

explored which is the installation of a biogas system in Zaouiat Sidi Abdessalam, or in a model 

building which is going to be made into an atelier specifically. And its impacts be them social, 

technological, environmental, economic, political, legal and ethical are discovered; then the 

methodology that is being followed was described as containing four main point: doing a 

bibliographical study, experimentation, calculations and analysis of the results and then 

modeling in SolidWorks. Afterward, a theoretical review was done on the subject, which 

elaborated on the subject and its facets, and an experimental study as well as calculation of 

energy, financial analysis, and modeling was made to show how the biogas system is going to be 

done and simulating the internal pressure on the biodigester. In the end, the results show that to 

substitute LPG for biogas, a digester of volume of 15 m3 is needed, as the quantity of biomass is 

around 100 kg, which will produce an amount of energy equal to 76 kWh. The container is going 

to be constructed of high density polypropylene, which is able to withstand the pressure of the 

biogas; 
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