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ABSTRACT 

Water is essential to all living organisms and it is the basics element in all processes such as 

generating energy, food or for environmental management. Demand on water is very high and it 

will keep increasing due to the continuous growing number of population. For the next 30 years, 

the required water in food industry will increase by 50%, while for energy generation the water 

demand will rise to 85%. With the increase in population, environmental issues keeps growing 

too due to harmful human’s acts that drain natural resources and destroying the environment. This 

capstone project aims for the same purpose that is to provide an eco-system solution to treat AIN 

AGHBAL wastewater discharged without any treatment resulting from trout production unit 

situated in the city of Azrou. A hybrid constructed wetland was designed containing one septic 

tank, one pump, HSSF CW and VSSF CW. The removal results were obtained using SubWet 

software and they very satisfying as we got a removal of 99.89% BOD, 92.63% COD, 97.11% 

TSS, 77.103% Organic Nitrogen and 97.7% Phosphorous. A financial study was conducted to 

obtain 208159.59MAD as low cost estimation and 224713MAD as high cost estimation.  Finally, 

we found 12.652 years considering high cost estimate and 13 years considering low cost estimate. 
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Introduction: 

Most wastewater is thrown in seas or rivers without any treatment. This wastewater contains 

many pollutant components that can be harmful to the environment such as nitrogen and 

phosphorus. During the last previous years, Morocco suffered from drought and small rainfall 

quantities which made water even more precious and it is necessary to preserve it. Knowing the 

importance of water and evaluating the risks makes wastewater treatment necessary for avoiding 

future problems. Morocco devoted serious commitment and resources to tackle this issue and 

preserve its natural resources and preserve the environment.  

This project purpose is to highlight the importance of wastewater coming from trout farming that 

is thrown in nature without any prior treatment and propose a solution to improve water quality. It 

will generate benefits for the region of Azrou and trout wastewater treatment in general. The 

wastewater treatment in this project will be slightly different than the one we are used to it 

because it will be dealing with fish wastewater and especially lake trout wastewater.  The project 

will consist first of analyze the AIN AGHBAL water to define the contaminants in the trout 

wastewater. The constructed wetland design will take into consideration the weather of the region 

and the location to define the quantity of wastewater that will enable us know the exact 

dimensions of the wetland. The software that will be used during the project is SubWet 2.0. The 

software aim is to help constructing and modeling the constructed wetlands and was lately 

updated to include designs in cold climate regions. It also provides a support about the size 

needed to deal with the flow and the suitable amount of water for treatment.  

1. STEEPLE Analysis 

Social factors: 
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Constructed wetlands are socially beneficial since they solve a problem that will serve the society 

as a whole. Society is the major beneficial from wastewater treatment since each individual will 

be able to use this treated water in simple daily activities or for work purposes such as in 

industries and agriculture. Also, individuals will be sensitized about the importance of wastewater 

treatment and involved in decreasing diseases resulting from wastewater and preserving water 

resources. The society then will have a good image of preserving the environment among other 

countries which may encourage them to come and conduct researches and invest more money in 

this field.     

Technical factors:   

The project is mainly divided into two parts. The first part is about gathering all the necessary 

data about technics used to be able to choose the methods that suits our project the best. For the 

second part, it is about the technical implementations. The usage of some tools to simulate and 

design our plant will be included in the project in addition to the exact variable and calculations 

of the appropriate design.   

Environmental factors:  

With all the increasing environmental problems the world suffer from nowadays and the expected 

decrease of fresh water over the coming years, wastewater treatment became a necessity to 

preserve water resources and reduce pollution. Wastewater contains different types of pollutants 

that are dangerous for the environment such as organic loads and phosphorous. Throwing these 

wastewaters into rivers and oceans without any prior treatment can led into enormous 

environmental damages. Another advantage of wastewater treatment is using it in different fields 

that do not necessary need fresh water such as irrigation and toilet flushing. Therefore, we have to 

be conscious of wastewater treatment importance and invest more time and effort in building 



3 

treatment systems. Constructed wetlands are a solution among others to wastewater treatment that 

benefits the environment ecologically.  

Ethical factors:  

Wetlands construction is a naturally occurring process and does not include any unethical actions 

unlike throwing wastewater in nature without any prior treatment that is definitely unethical. This 

wastewater contains many toxic pollutants that can be harmful for both nature and humans. 

Knowing the dangers of wastewater, we should be more responsible and devote more time and 

efforts in building these wetlands that are a good ecological solution for preserving the 

environment and avoiding the spread of diseases.  

Political factors:  

Morocco is very involved in preserving the environment and encourages all possible solutions 

that serve this purpose. One of the strategies taken by the government to achieve this goal is 

through the project “Maroc Vert” implemented in 2008 and the organization of COP22 in 2016 

held in Marakkech. Wetlands are one of the solutions that represent the economical conservation 

of the environment and that can expand to be a principal for wastewater treatment.  

Legal factors:  

The project does not break any law as the Moroccan authorities do not prevent any projects 

aiming to preserve the environment. All law institutions encourage the conservation of natural 

resources and working on environment sustainability.   

Economic factors:  

Constructed wetlands can generate big economical profit by producing reeds that can be sold and 

used in many agricultural domains. The wetlands profit is granted because they are not very 

expensive to build since the process is naturally occurring. Also, the maintenance expenses are 
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low and the only materials needed are the ones used at first to construct the wetland so the 

payback period is granted and short.   

2. Literature Review: 

2.1. Historical context: 

Wastewater treatment and its reuse in different domains is not a new concept, but the methods 

used to treat the water and the fields of application were developed over the years. The concept of 

wastewater treatment first emerged in some old Greek civilizations and was applied for irrigation 

for about 5000 years ago [5]. Over the years, the number of sewage farms and the concept of 

wastewater treatment became more common in different countries such us in the United States 

and Europe. Wastewater treatment was very beneficial for the agriculture irrigation.  

The increasing usage of sewage farms caused the demand on larger farms to increase along with 

the failure to respect the hygiene criteria that lead to many inconvenient such us the spread of the 

cholera and other waterborne diseases. Nowadays, the wastewater treatment is still increasing but 

with less inconvenient. The main usages of water treatment today are for aquifers, irrigation, 

toilet flushing water and some industrial implementations. The freshwater represents only 3% of 

the natural resources and only 1/3 of it is available for use [2]. With the shortage and the increase 

of pollution of freshwater resources, it became important to maintain water sustainability. 

Wastewater treatment is then a necessity for preserving these resources. Being aware of water 

reuse importance, many countries launched projects for wastewater treatment aiming many fields 

with respecting all the hygiene criteria. These projects were successful due to continuous 

technologies improvement in this field.  

2.2. Wastewater Treatment in Morocco: 
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The latest wastewater volume discharge recorded was in 2012 with about 750 million m³ and it is 

expected to increase to 900 million m³ in 2020 [3]. The main reason behind this augmentation is 

the increase of urban citizens by a 10% rate from 2003 to 1011 that increased the demand on 

potable water and its usage from 53% to 79% between 1993 and 2000 [3]. The rise of urban 

citizens and the consumption of water led also to an increase in wastewater. It became then a 

necessity to treat this wastewater in order to avoid environmental problems and be able to replace 

fresh water by the treated one in some activities that do not need fresh water.  

48% of the discharged water is sent to rivers and lands and the other 52% is rejected in seas with 

no treatment. This wastewater comes mainly from agricultural and industrial activities that 

contain about 131 715 tons of organic load 6 230 tons of phosphorus and 42 131 tons of nitrogen 

in addition to ammonia [3].  

Knowing the importance of wastewater treatment and the fresh water shortage, Moroccan 

government launched the first law for preserving water resources and having the authority to treat 

wastewater in 1995 called “The Water Code” [4]. This law was implemented as a solution of 

increasing water needs and ensures water quality. Following this law a study defining the 

percentages of COD and BOD along with other parameters in the wastewaters was conducted by 

ONEP in 1998 for cities with less than 20 000 inhabitant, between 20 000 and 100 000 

inhabitants and more than 100 000 inhabitant [4]. This study shows that the more the inhabitants, 

the more the value of COD and BOD because people consume more water and then produce 

more wastewater. 

Morocco took considerable measurements to treat wastewater by building treatment plants in 

different cities around Morocco. Today, we can compute about 70 treatment plants based mainly 

on Lagoons, algal channels, percolating filters and settling basins. The most efficient plants are
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 the lagoons in Ouarzazate and Benslimane and percolating filters in Ben sergao and Dragra. We 

can differentiate between two main flow sectors of wastewater in Morocco that are rural and 

urban areas. The main wastewater treatment performed in rural areas are using septic tanks and 

other treatment while for urban areas, they use activated sludge, activated sludge, constructed 

wetlands and many other treatment technologies.  

2.2.1. AIN AGHBAL Trout Farming: 

AIN AGHBAL is a private sector specialized in harvesting and farming trout. It is situated in the 

city of Azrou and takes its sources from Oeud Oum-Er-Rbia. The site produces mainly rainbow 

trout and golden trout [6]. It produces each year hundred tons of biomass. They are known for 

their fresh and smoked fillets trout. It provides the consumer with a high product in a natural 

environment, in waters of high purity [7].  

 

Figure 1: Trout Basin of Magnification
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Figure 2: Trout Species  

2.2.2. Wastewaters Pollution Parameters: 

Fisheries Wastewaters pollution parameters can be divided into two main categories that are 

physicochemical and organic parameters. The physicochemical are composed of pH, solids 

content, odor and temperature. The purpose of wastewater treatment is to respect the following 

measurements:  

• 7 < pH < 8.5 

• 30°C < Temperature < 35°C 

• 25 mg/l < Hardness < 100 mg/l [9] 

The organic contents can be represented in different parameters that are mainly the BOD 

(Biological Oxygen Demand), COD (Chemical Oxygen Demand), TOC (Total Organic Carbon), 

nitrogen and phosphorous. The ratio of COD/BOD describes organic toxicity because COD is a 

measure of total (toxic and nontoxic) organics and BOD is a measure of nontoxic organic load.  
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• BOD < 10 mg/L  

• COD < 50 mg/L 

• Free Ammonia ( NH3) 0.2 mg/l or less (NH3 is a gas and sometimes called toxic or 

free ammonia that come from the gills of fish, their urine, and rotting food or 

decaying plant) [8] 

2.2.3. Trout Waste Valorization: 

Trout is carnivorous and appreciates small fish, big worms and insects. It is only after 2 or 3 years 

that trout can reproduce. The reproduction period occurs between November and January, in 

water from 5 to 12 ° C. The trout wastewater is composed of CO2, Phosphor and solids NH4+. 

The discharges from fish farms are direct and the impacts easily identified [10]. This 

characteristic explains in part the attention paid to them. To improve the environmental 

integration of the fish farming activity, it is necessary to describe, evaluate and understand the 

impacts, and then find ways to reduce them. The challenge of fish farming is being able to 

produce more consumable products by using fewer resources (water, energy, fish and agricultural 

raw materials) and by rejecting fewer pollutants (nutrients and xenobiotics) in the natural 

environment. RAS (Recirculating Aquaculture System) enables us to fully benefit from trout 

farming by reducing the water requirements and to control more easily the parameters of the 

farming water [11]. Waste valorization is one of the methods to be used in order to improve the 

system. RAS in trout farming is mainly used to manage gases such as O2 and CO2, filtrate solids 

and dissolved filtration such as NH4+ [11].
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The waste valorization can produce biofuel, calorific energy, and natural fertilizers [13]. The 

biodiesel is generated after the trout is emptied and its waste is stored in a cold place that allows 

the oil in it to go up then it is converted into bio-diesel that can be used for production process. 

The installation of filters at the bottom of the basins allows the recovery of the suspended solids 

that are made up of fish feed. Those solids are placed in a centrifuge that separates the water from 

the mud then this mud is the methane inside it is extracted to be used as heating energy. In 

addition to the use of mud as a source of energy it can also be used as natural fertilizers to supply 

plants growth [12]. The sludge valorization consists of conveying sludge from the fish with a 

pump to a filter to concentrate dehydration and then compost them with green waste before 

spreading, in order to limit leaching of N & P especially. This necessitates condemnation of a 

basin for the storage of sludge. In conventional cases, the sludge is directly spread on agricultural 

land as an organic amendment. Solid discharge treatments can be done in two ways either 

mechanic filtration or decantation. The mechanic filtration consists of two types that are granular 

bed filtration and sieving. For the granular bed filtration, the water loaded with solids passes 

through a substrate and for the sieving, it passes through a grid and the filtration will depend on 

the grid diameter. The decantation treatment method makes it possible to separate a two-phase 

water / solid mixture into two distinct phases, by decreasing the flow velocity of the water. 

Dissolved discharges are harder to treat due to their concentration and most of the time they are 

treated after the mechanical filtration [12]. The dissolved discharges are biologically treated by 

using nitrogenous autotrophic bacteria to transform toxic forms of nitrogen into less toxic 

compounds and that is called is nitrification. Constructed wetlands are also a form of treating fish 

wastewater by using plants, bacteria to purify waters by physical and biological processes before 

rejection.
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2.3. Conventional Wastewater Treatment Methods: 

Aquaculture knew major improvements over the past years; the FAO (Food and Agriculture 

Organization of the United Nations) declares that about 47% of fish consumed globally is 

provided from aquaculture that will rise up to 60% during the twenty coming years [14]. To be 

able to handle the increasing demand on fish, it is necessary to boost the production by 

developing new technologies like water recirculation systems. 

2.3.1. Primary treatment: 

This first stage is about removing floating materials, organic and inorganic solids using 

sedimentation and skimming. Removing these materials will enable the good functioning of other 

treatment units. The main operations included in this primary treatment are grit removal and 

coarse screening. The grit removal operation is done in specific chambers containing high water 

velocity or air to block organic solids sedimentation. The grit removal operation is omitted in 

most wastewater treatments. Primary treatment removes a rate between 50% and 70% of 

suspended solids, 25% to 50% biochemical oxygen demand and about 65% of oil and grease [15]. 

2.3.2. Secondary treatment: 

This stage has for objective the removal of the remaining organic solids and dissolved materials 

left from the primary treatment by an aerobic biological treatment. The secondary treatment 

focuses mainly on biological treatment procedures implemented using oxygen and some aerobic 

microorganisms such as bacteria that help generating more microorganisms and organic products 

like NH3, H2O and CO2. The difference between the primary and secondary treatment is the usage 

of aerobic biological treatment that uses oxygen and microorganisms to treat the remaining 

organic solids [15].   

2.3.3. Tertiary treatment: 



11 

Tertiary treatment comes after the primary and secondary treatments and in case they still 

components from these two stages that are not removed. This stage can be added to the primary 

and secondary treatments or replace the secondary stage. Tertiary treatment is performed to 

remove phosphorus, organics, dissolved solids, nitrogen, heavy metals and additional solids [15]. 

2.3.4. Quaternary Treatment: 

This stage is optional and can be added to the three previous stages, but most of the time it is not 

used in the wastewater treatment process. The quaternary stage is about the disinfection of 

wastewater through a successive chemical processes. These chemical reactions are mainly 

chemical precipitation, carbon adsorption, reverse osmosis and ozonation. 

2.3.5. Disinfection: 

This method consists of injecting chlorine in a chlorine contact basin. The most common chlorine 

dosage is between 5 and 15mg/l, but in general it depends on wastewater strength and some other 

factors. The chlorine should be in contact with wastewater for about 120 minutes to achieve 

satisfactory treatment results to be used for irrigation. The chlorine effects depend on contact 

time, pH, temperature and organic content [15]. 

 

2.3.6. Separation of Oil and Grease:  

Most fisheries wastewater includes a certain amount of oil and grease that differs from specie to 

another and the process applied. The oil and grease separation can be done through two methods 

either using gravity or heat. For gravity method, we have first to adjust the pH of the mixture and 

 

 



12 

 then let the oil that has larger particles float to the top. For the heat method to be successful, we 

need excess steam [15]. 

2.4. Non-Conventional Wastewater Treatment Methods: 

2.4.1. Waste stabilization ponds: 

Ponds are composed of three types that can be used individually or combined together. They need 

to be organized in series with a flow from anaerobic to facultative and then to aerobic pond to 

obtain satisfactory treatment results. Ponds types are aerobic, anaerobic and facultative. The 

anaerobic pond is the first step and has the same process as the primary treatment in the 

conventional wastewater treatment where organic loads are reduced. Anaerobic bacteria 

transform carbon into methane that remove about 60% of BOD in addition to solids through 

sedimentation and anaerobic digestion within the mud. Additional BOD is removed through the 

process of moving from anaerobic to facultative pond connected in series [15]. Aerobic 

and anaerobic organisms contribute together to decrease about 70% of BOD [15]. The anaerobic 

and facultative ponds are responsible for removing BOD and aerobic for removing pathogens. 

Aerobic pond is generally the last stage of treatment and can be also called polishing, finishing or 

maturation pond. The pond consists of two main layers the lower and upper one. The lower layer 

does not contain oxygen so it considered as anaerobic. The upper layer contains oxygen from 

wind, algae photosynthesis and natural diffusion. Solids are gathered at the upper layer where 

they are digested.  

2.4.1.1.Pond System types: 

1) Anaerobic Treatment Ponds: 

The main objective of this treatment stage is to break and dissolve organic solids by letting the 

non-degradable solids form the deposited mud; it can also reduce the BOD from 40 to 85% [16]. 
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The method used for removing the BOD is almost the same for all anaerobic ponds that does not 

depend on the presence of algae and uses sedimentation of solids and anaerobic digestion of the 

remaining mud. The main resultant from the anaerobic treatment is biogas that is collected after 

coating the pond with plastic membrane during digestion. This gas is very beneficial and can be 

used in different domains and for different purposes such as heating or lightning.  

2) Facultative Treatment Ponds: 

The facultative treatment ponds have the same purpose as the anaerobic ponds as they both work 

on removing the BOD. For FPs, the removal range of BOD is between 80 to 95% [16]. They are 

the easiest one to design compared to other treatment ponds and contain two main zones, one 

anaerobic and the other one aerobic. This difference is due to the usage of algae in aerobic zone 

that perform the photosynthesis using the exterior oxygen and sun lights unlike the anaerobic 

zone. The ponds can use algae bur only in the aerobic zone with the existence of oxygen at the 

surface. Very deep pond, dark color that prevent light from entering and high amounts of BOD 

and COD compared to the one delivered are reasons behind the lack of oxygen at low pond zone. 

In addition to BOD removal, facultative ponds have also other purposes that are decreasing odor 

and diseases caused by some microorganisms, using solids sedimentation and depositing the 

remaining sludge at the bottom as phosphorous and nitrogen (80% removed) with ammonia 

released to the air (about 95%) [16].  

3) Aerobic Treatment Pond: 

The purpose of aerobic ponds is different from FPs and anaerobic ponds as they are mainly 

removing pathogens ad block solids. This purpose can be also extended into nitrogen and 

phosphorus removal when combined with fish harvesting or algae. The amount of aerobic ponds 
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required and their size rely on the desired final quality that depends on high pH, temperature and 

high light. 

 

 Figure 3: Ponds Treatment types  

 

2.4.1.2.Design Considerations: 

Each of the three ponds has specific design measurements that need to be respected in order to 

obtain the successful results.  

Table 1: Ponds design measurements 

 Aerobic Anaerobic Facultative 

Depth 0.5 to 1.5m 2 to 5m 1 to 2.5m 

Detention days 15 to 20 days 1 to 7 days 5 to 30 days 
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Table 2: Advantages and Disadvantages of Waste stabilization ponds 

Advantages Disadvantages/limitations 

- Resistant to organic and hydraulic shock 

loads  

- High reduction of solids, BOD and 

pathogens  

- High nutrient removal if combined with 

aquaculture  

- Low operating costs  

- No electrical energy is required  

- No real problems with insects or odors if 

designed and maintained correctly 

- Requires a large land area  

- High capital costs depending on the price of land  

- Requires expert design and construction  

- Sludge requires proper removal and treatment 

 

Table 3: Treatment Ponds Specifications
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2.4.2. Macrophytes treatment: 

Macrophytes treatment is a recent developed method to valorize wastes mainly from stabilization 

ponds. They use consume important quantities of inorganics such as nitrogen and phosphorus in 

addition to metals like zinc, copper and mercury to decrease algal concentration cells. The 

macrophytes treatment is less expensive and do not require much maintenance but it needs big 

lands to implement these technologies [20].  

2.4.3. Artificially floating macrophytes filters: 

The School of Agricultural Engineering of Madrid developed the artificially floating macrophyte 

filters that are an extended version of macrophytes treatment that are grows naturally in the soil 

but these ones  will be transformed into floating macrophytes [20]. There floating capability 

enables them to create a dense carpet of roots and rhizomes that fill the whole collector volume 

and circulate water all over the dead plants and help microorganism’s decomposition. This new 

technology has been used for wastewater treatment in different airports. This technology has 

many advantages that are there ability to produce major quantities of biomass, emit less noise and 

visual effect. The Artificially floating macrophyte filters are easy to install and demand low 

energy. They are very effective as the whole wastewater volume goes through it for treatment and 

the harvesting is not bad for the process.  

2.4.4. Bead Filters: 

Bad filters can be considered both mechanical and biological treatment method and they are used 

in recycling systems [19]. Removing organic waste from aquaculture can be successfully 

achieved in compositing, reed drying beds and agriculture lands. Sludge resulting from 

aquaculture contains high quantities of nitrogen, organics and phosphorus that are considered as 

good fertilizers.  
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Figure 4: Bead Filters Working Process 

 

2.4.5. Constructed wetlands: 

Constructed wetlands are designed systems to treat wastewater and enhance water quality to be 

used in many domains. Building constructed wetlands have mainly one purpose which is treating 

wastewater coming from different resources such as agricultural, domestic, petroleum, 

aquaculture and seafood processing wastewater. The CWs use microorganisms, plants and soil to 

treat wastewater. There are many types of wetlands existing for several years and others that are 

recent or still developing. They can bear growing plants such as sedges, bulrush, reeds and cattail 
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because they can have up to 0.6m depth filled with water. They mainly serve four functions that 

are enhancing landscape, wastewater treatment, fish farming and enhancing aesthetics of lands. 

For some cases constructed wetlands are the main and only wastewater treatment, for others they 

are only a step within a bigger treatment process. Plants usage in constructed wetlands helps 

filtrating wastewater and absorbing solids in addition to transferring oxygen. CWs have many 

advantages such as their god ability to remove pollutants (suspended solids and organic matter). 

In addition, CWs do not need much energy or maintenance cost and they can be adapted to 

climate change. 

Wetland Area Estimation: 

An estimation of CW pollutant elimination is calculated using the first-order plug flow kinetic 

model given by the following equation after canceling background pollutant concentration [22]:  

 

Ci = influent polluant concentration (mg/L),  

Ce = effluent polluant concentration (mg L−1), 

t = nominal hydraulic retention time (day) 

k = first-order removal rate constant (day−1), 

HLR = hydraulic loading rate (m day−1) 

ε = porosity of wetland 

hw = water depth of wetland (m) 

The estimated surface of wetlands area needed for wastewater treatment is then [22]: 
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r = ratio of daily flow to total water in tank (day−1) 

At = surface area of tank (m2) 

ht = water depth of tank (m). 

Aw/At ratio is: 

 

2.4.5.1. Surface flow constructed wetlands: 

Surface flow CW is composed of plants in series inside basins to reproduce the same water 

flowing through natural wetlands. The wetland work is mainly done as the water goes through it 

where pathogens are eliminated, big particles stabilize down and the rest is consumed by plants as 

food. This process is very advanced and can be used after the second and third wastewater 

treatment of the conventional methods when we cannot estimate the high flow rates and the 

aerobic treatment is not required because of the bad smell it will produce. Their design depends 

on many factors such as the surrounding temperature, land areas and hydraulic and organic 

capacity [23].  

2.4.5.2.Subsurface Flow Constructed Wetland:  

SSFCW contain underground basin having some media mostly gravel and sand and plants above. 

These systems are more tolerant to both cold and warm climates unlike SFCW that are on the 

ground which may lead to water freeze or plants damage in case of low temperatures. Pollutants 

in those wetlands are removed through many steps that are filtration, sedimentation, absorption, 

chemical reaction, volatilization and biological reactions. Many pollutants are removed during 
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the treatment process such as organics, metals, nitrogen, suspended solids and pathogenic 

microorganisms [27].  

1) Horizontal subsurface flow constructed wetlands: 

Horizontal subsurface flow CWs are similar to Surface flow CWs in using plants for treatment 

but they differ in the usage of sand and gravel for blocking the bad odor and organic solids that 

are later dissolved during an anaerobic treatment [23]. They also differ in the amount of hydraulic 

load they can take as for Horizontal subsurface flow CWs, this capacity is very high. The aeration 

is done in the surface of the CW while the wastewater goes through the wetland to be in contact 

with the bacteria which allows the whole wastewater to be treated with no exception.  

2) Vertical subsurface flow constructed wetlands: 

Vertical subsurface flow CWs are reduced constructed wetlands size and installed filters for 

second and third treatment. Wastewater treatment in this system is both biological and physical to 

be used later for irrigation or simply ejected in seas. The water goes through the surface with the 

help of mechanical system and moves vertically in the filter to reach the bottom then gathered in 

an evacuating pipe. CWs withstand low temperature conditions but they are expensive to build 

and need expertise is needed when building [27].  

3) French vertical flow constructed wetland:  

This type of CW was created 20 years ago and it is mainly used for small household wastewater 

treatment normally below 2000 PE [27]. The system design consists of two consecutive vertical 

flow constructed wetland but with specific dimensions and guidelines. What differentiate French 

VFCW is that it does not need any septic tank because raw sewage goes directly to the first step 

for treatment. This wetland works with the concept of loading/resting period which means that 

providing the system with wastewater should be done in specific periods.
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4) Hybrid Constructed Wetland: 

Hybrid constructed wetland are a combination of two systems mainly horizontal and vertical 

subsurface flow CW. This system takes mainly advantages of both wetlands to increase the 

performance and enhance pollutant removal efficiency. The hybrid wetland takes advantage of 

organics, suspended solids removal by horizontal wetland and add to it the contaminants 

nitrification performed by vertical wetland. The system can contain vertical CW followed by 

horizontal CW or the other way around; it can also sustain successive CW of the same type to 

obtain better wastewater quality [27].     

5) Forced Bed Aeration:  

Forced Bed Aeration (FBA) is a new constructed wetland system that is still under development. 

The purpose of FBAs is to combine advantages of both vertical and horizontal flow constructed 

wetlands in order to improve the performance of previous existing wetlands. They remove higher 

contaminants percentages due to the air going through the wetland that multiply the performance 

by 15. The FBAs can treat high rates of SS, N, BOD, NH4 and other pollutants present in 

wastewater [25].  

 

Figure 5: Forced Bed Aerated wetland  

This type of wetland has several advantages that are: 

• Complete water nitrification. 
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• Sustain both anoxic zones and aerobic for nitrification and denitrification.  

• Improve life time of the system due to the minimized clogging rates within the wetland. 

• Suitable for changing occupancy and fluctuating load systems.  

• Take 50% less space due to their larger depth.  

• Plants can grow due to the oxygen present in the system.  

 

Figure 6: ORT for different wetlands 

3. Methodology: 

3.1. The Choice of the Wetland:  

The choice of the right constructed wetland is a major step in the project that needs to be defined 

carefully and by taking into consideration different factors:  

❖ The climate:  

The project is in city of Azrou located in the Atlas region of Morocco with an altitude of 1200m. 

The city is characterized by cold winters and hot and dry summers. During the year, the 

temperature varies between 1°C and 30°C and is rarely below -3 °C or above 35 °C [26].
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❖ The location:  

The project will be implemented in AIN AGHBAL fish farming situated in the city of Azrou. The 

constructed wetland site location needs to be situated near the wastewater exit and preferably 

down gradient to enable water to move by gravity. The best location for a constructed wetland 

needs to be as close as possible to the wastewater source. It also needs to be sloping, provides 

enough space and does not contain any threatened species.    

Taking all these factors into consideration and the purpose of our project that is treating trout 

farming wastewater by removing the COD, the suitable type constructed wetlands is the hybrid 

CW. Hybrid CW combine between both horizontal and vertical SSF CW by taking the 

advantages of each one and achieving higher wastewater treatment results [32]. This specific CW 

matches the climate changes of the city of Azrou that is characterized by its cold weather in 

winter and hot and dry climate in summer. Since hybrid CW is a combination of both types of 

SSF, then the whole wastewater treatment process is underground that will prevent the affection 

of the system by seasonal changes and not slowing the treatment. Hybrid CWs reduce odor and 

insects problems that can result from untreated wastewater and causes no human contact with the 

influent. The hybrid CW requires large land space to be built in but since there is no restriction in 

the land area specified for this project, the CW can be implemented. 
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Figure 7: Hybrid CW Design 

3.2. The treatment process in hybrid constructed wetlands: 

The treatment process consists of removing organic matters (COD, BOD) in addition to Nitrogen 

and Phosphorous by mixing both aerobic and anaerobic properties of both horizontal and vertical 

SSF CW. Many processes interfere in treating the wastewater through the constructed wetland 

that can influence directly or indirectly the treatment process. The wastewater will first go 

through the septic tank for primary treatment then the exiting water will directly go through the 

VSSF CW to get rid of most COD using nitrification then it will move to the HSSF CW that will 

remove the remaining COD by denitrification.   

3.2.1. Biological Processes: 

1) Photosynthesis: 

Since some of the main parts of the constructed wetland consist of plants, then it obvious to have 

photosynthesis as one the biological reactions within the constructed wetlands. Photosynthesis 

converts carbon dioxide in the air to oxygen by means of sunlight and water. Carbon dioxide and 
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oxygen contribute to the nitrification process within the constructed wetland. During 

photosynthesis, the constructed wetland transferred oxygen through the roots of the plants [23].  

H2O + sunlight → 1/2O2 + 2H+ + 2e- 

2) Respiration: 

It is the formation of CO2 and water through the respiration of CO2 and O2 by living organisms. 

Constructed wetlands living organisms are composed of algae, fungi, protozoa and bacteria all 

contributing in the formation of water and CO2. Regular maintenance of the system is necessary 

to maintain the good functioning of living organisms within the constructed wetland [23] 

C2H12O6 + 6O2 + enzymes →6CO2 + 6H2O + new cells 

3) Fermentation: 

It is the process of producing high-energy elements such as acids, methane and alcohol from 

organic carbon, which decomposes including no oxygen [24].  

4) Nitrogen removal : 

Nitrogen can be present in the constructed wetland under different forms such as Nitrogen gas 

(N4), Nitrous oxide gas (N2O), Nitrite (NO2
-), ammonia (NH4

+) and Nitrate (NO3
-). These 

nitrogen types contribute to the reactions between organic and inorganic compounds achieved by 

nitrosomonas and nitrobacterium. After all the previous reactions, nitrogen can be either absorbed 

by plants, constructed wetland, or released to the atmosphere. The most important steps of 

nitrogen removal are volatilization, nitrification and denitrification 

• Volatilization: 

Volatilization is a major step of nitrogen removal process where some dissolved contaminants in 

water are absorbed by plants to produce biomass. The volatilization process purpose consists of 
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storing accretion and litter in the storage organs of plants after the absorption of dissolved 

nutrients and pollutants by these plants.  

• Nitrification: 

It is an aerobic process done by microorganisms consisting of two main steps: 

1- The ammonia (NH4
+) oxidation to nitrite (NO2

-) using the nitrosomonas catalyzer: 

 

The hydroxonium ions that resulted from the reaction will help with decreasing the alkalinity when 

reacting with the natural carbonate. 

2- The nitrate (NO2
-) oxidation to nitrate (NO3

-) using the nitrobacteria catalyzer:  

 

The overall reaction is: 

 

• Denitrification: 

It is an anaerobic transforming process from nitrate (NO2
-) to gaseous state using pseudomonas 

catalyzer:  

 

5) Organic matter removal by the means of microorganisms: 

Specific microorganisms within the constructed wetland permit the removal of coagulated 

colloidal material and organic components. These microorganisms include fungi and bacteria that 

participate in the transformation of the organic components into gases and form new tissues [24]. 

6) Phosphorous removal:
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Phosphorous removal is a major step in biological reactions because an access of phosphorous 

can cause algal blooms and water difficulties. During this process, cycles are involved in the 

wetland. Filtration, absorption and sedimentation are part of the primary removal followed by 

precipitation and assimilation as secondary phosphorous removal [24].  

3.2.2. Chemical Processes: 

1) Precipitation: 

The formation of a solid in a certain solution that is represented in constructed wetland 

wastewater treatment as minerals such as precipitated salts in the water [24].  

2) The Effect of light: 

Atmosphere gases in addition to light can be very effective in destroying unwanted diseases and 

harmful pathogens [24].  

3) The effect of pH: 

The water pH in the wetland have a direct impact on the direction of different within the wetland 

wastewater treatment processes such as cation exchange, biological transformation and solubility 

[24].                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

3.2.3. Physical Processes:  

1) Sedimentation: 

It is the process where components existing in the wastewater should settle at the bottom of the 

wetland [24].   

2) Filtration: 

Filtration has mainly the same purpose as sedimentation. In addition to settling at the bottom, 

filtration will separate components of wastewater based on their physical phase [24].  

3.2.4. The Removal of Heavy Metals: 
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Heavy metals are all elements having a density greater than 5g/cm3 such as Copper, Mercury, 

Lead, Chromium and Zinc. These heavy metals present in the wastewater and removed by 

precipitation as insoluble salts, sedimentation and binding to soils [24].  

3.2.5. The Removal of Suspended Solids: 

Suspended solids settle at the bottom because of the right solids composition and low water 

velocity within the constructed wetland. The removal of suspended solids goes through filtration, 

absorption and sedimentation [24].  

3.2.6. Factors affecting the functioning of the wetlands treatment of wastewater: 

To ensure the good wastewater treatment process within a constructed wetland, we should verify 

the certain factors that Oxygen, pH and Temperature. Oxygen is an essential factor during 

different processes such as growth, nitrification, organics decomposition and biological 

processes. The pH level is major for all living organisms within the constructed wetland and most 

of the time associated with the calcium of water. The temperature has a direct impact on 

biological and chemical processes such as influencing the nitrification, Bod decomposition and 

denitrification [24].  

3.3.Design: 

3.3.1. Design Specifications: 

Microorganisms, water, plants and soil all need to be considered while designing a hybrid CW. 

The treatment system design will consist mainly of a septic tank, pump, HSSF CW and VSSF. 

The wastewater will undergo three main treatment processes, the primary treatment of the 

wastewater through the septic tank, the second treatment through VSSF CW and last treatment 

through HSSF CW. 

3.3.1.1. The Septic Tank: 
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The septic tank is an underground closed container containing two chambers for primary 

wastewater treatment that results in the settlement of solids at the bottom [28]. The use of two 

chambers in the septic tank purpose is to remove all heavy solids completely where the second 

chamber removes all remaining solid components left from the first chamber [28]. While 

designing the two chambers, the flow rate of wastewater going through them is respected to 

enable the good separation of solids from wastewater. 

Hydraulic residence time (HRT) is the time that wastewater will stay in the septic tank. Since we 

have a large system that is containing two separate chambers, then our HRT will be [29]: 

 Hydraulic residence time= 4 days 

The volume of the septic tank will be calculated according to the volume flow rate exiting on a 

daily basis that is exactly 480m3/day of wastewater.  

 Considering the following equations, we have:  

V= t * Q = 1*480 = 480m3 

V: Volume (m3) 

T: time (days) 

Q: Volume flow rate (m3/day) 

Knowing the exiting wastewater volume that is 480m3 during one day, we can calculate the 

dimensions of the septic tank:  

A (width) = 10m 

B (Length) = 30m  the length should be 2 o 3 time the width  

C (depth) = 1.6m  

The Volume is:  V= l*w*d = 10*30*1.6 = 480 m3 
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Figure 8: Septic Tank Design 

 

 

Figure 9: Septic Tank Construction
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Table 4: Septic Tank Performances 

Characteristic Efficiency Removal % 

Suspended Solids  20-70% 

BOD 30-50% 

Nitrogen 10% 

Phosphorous  10% 

Oil + Fat 70% 

3.3.1.2.The Constructed Wetland: 

1) The Location: 

The wetland will be constructed in the empty space near the wastewater exit to be as close as 

possible and to have results that are more efficient. The area chosen is not very flat and contains 

some trees and plants which represent a problem that needs to be solved. To solve this problem a 

sequence of earthworks excavation and preparations of the site need to be done before starting the 

installations. 

 

Figure 10: CW Location
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2) Design Parameters of the Constructed Wetlands: 

The Total Area: 

We have the flow rate = 480m3/day, then the volume exiting for one day is 480m3.  

From previous calculation of the volume, we can obtain a total area: 

A= l*w= 
Q(ln C0−lnCe)

KT∗D∗ƞ
=

480(ln 51.29−ln0.25)

16.4∗1.6∗0.25
= 𝟐𝟗𝟎. 𝟎𝟔𝟏 m2 =~ 300 m2 

 D = depth of water column (m) 

 η = porosity of the medium 

 Q = average flow rate (m3/day) 

 Co = average influent concentration (mg/L) 

 Ce = average design effluent (mg/L) 

 kT = temperature 

The Volume of the effluent: 

According to the data gathered during our visit to AIN AGHBAL, the flow rate of wastewater 

going out the fish farming process each day is exactly 480m3/day. From this flow rate, we can 

find the volume to be 480m3.  

Hydraulics: 

The main difference between SF CW and SSF CW is that these ones keep the level of wastewater 

under the media surface that should be maintained between 2.54 and 5.08cm. Obtaining the right 

hydraulic level in the constructed wetland can be difficult but ensures the good functioning of the 

wetland. To obtain a good hydraulic design, we will use Darcy’s law since its main assumptions 

are maintained which are having a laminar and constant flow.  

The Type of media: 
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The choice of the right media is an important step during the wetland construction. Different 

factors interfere during the selection of the right medium. The first selection should be based on 

the availability of the medium and its price. Hydraulic conductivity describes the ease of a fluid 

to go through a certain medium and that can be affected by the shape, size and distribution of the 

particle. Choosing the right medium can have a direct impact on the wetland. It is preferable to 

choose larger media in the inlet and outlet of the wetland to avoid clogging. To increase hydraulic 

conductivity at the inlet and outlet, coarse stones media are used for HF CW and sand for VFCW. 

To obtain higher hydraulic conductivity within the system, the media chosen should be small and 

uniformed to maintain Darcy’s law assumptions. The most used medium for such systems are 

gravel, small rocks, coarse and sand.  In addition to hydraulic conductivity, porosity is also an 

important parameter to take into consideration while choosing the medium.  

1- HSSF CW: The most suitable medium for this type of constructed wetland is gravel of 

diameter sizes between 0.286 and 0.33 mm to obtain good hydraulic conductivity. For 

inlet and outlet, we will use coarse gravel of diameter size 0.25 mm or graded rocks of 

0.667mm diameter or more [29].  

2- VSSF CW: The medium chosen is coarse sand with a diameter between 0.25 and 0.5mm 

since our VFFS is the first step in the hybrid system [29].  

The Type of Lining:  

The choice of the right liner is a major step during the design of the constructed wetland. The 

main purpose of lining is to prevent the mixture of wastewater with groundwater and pollute it. 

The liner usage is not is not necessary for small constructed wetlands or the soil is not of clayey 

nature. For this system, we will use liner for both VSSF and HSSF since all factors are present. 
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There are three main types of linear used that are Polypropylene (PPE), Polypropylene (PPE) and 

HDPE (High density Polyethylene).  

HSSF CW and VSSF CW:  

The liners used for these constructed wetlands are mainly plastic ones because they have to be 

frost resistance and that are LLDPE (Linear Low-density Polyethylene), HDPE (High density 

Polyethylene) and PVC (Polyvinylchloride). The liners thickness should be between 0.5 and 

2mm. In addition to the plastic liner, a geotextile liner will be used to protect the plastic from 

frost. For the liner design dimensions, the original calculations will be kept of the wetland and we 

will add 10cm in height to every side [29]. 

Type of vegetation: 

Vegetation usage in wetlands has great importance in providing the underground zone with 

oxygen and improving denitrification and nitrification reactions. Different types of plants are 

used during wastewater treatment through constructed wetlands that are Reeds, Communis, 

Bulrush, Grasses, Sedges and Cattails. The right plant is chosen based on the climate and 

environment.  

HSSF CW and VSSF CW:  

The wetland will contain macrophytes planted in a density between 6 and 8plants/m2. Cattail and 

Reed are the most used plants for these systems. Taking in consideration the climate and 

environment conditions, we will use Reeds. Cattails are eliminated in case nutria animals that eat 

those plants are present in our environment [29]. Reeds are the most suitable plants because they 

can sustain low and high temperatures and they require low maintenance [33]. 

3) Operational Parameters: 

Hydraulic Loading Rate (HLR): 
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It represents the flow of wastewater over time and most used in specifying the efficiency of the 

system; usually expressed in either cm/day or m/day. The HLR is different from one wetland to 

another depending on its site and configuration [27].  

Organic Loading Rate (OLR):  

It is written in terms of grams of BOD5 and COD over area * time and changes depending on the 

inlet and Hydraulic Loading Rate. Writing the OLR in terms of COD can give precise efficiency 

performance of the wetland. Vertical subsurface CWs have usually more Organic Loading Rate 

than horizontal subsurface CWs [27].  

Dosing and Feeding Regime: 

Feeding the constructed wetlands during separate periods of the day can help increase the 

performance of the system. The feeding/resting operations help increasing the oxygenation, 

biomass and reduce clogging within the wetland [27].  

4) Other Design Criteria: 

Pumps: 

The system will contain one main pump that will be inserted between vertical and horizontal 

wetlands. First, the wastewater exiting from the septic tank will move to the vertical wetland by 

gravity because of the height difference between them, and then the water from vertical wetland 

will be pumped to horizontal wetland. The most suitable pump for the system is the timed water 

pump because it will depend on hydraulic retention time and can help regulate the water flow 

within the wetland, thus obtain better results [29]. 

The inlets:   

1- VSSF CW: The inlets are used to spread wastewater over the wetland where it is pumped 

in cycles between 5 and 10min that is about 2 to 4 times/day. The pipes contain small 
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2- openings of diameter from 6 to 10mm and usually enveloped with coarse gravel. The 

pipes diameters of the inlets are between 25 and 40mm changing regarding the wetland 

capacity [29].  

3- HSSF CW: For this system inlet, there is no big difference from horizontal wetland inlet. 

Pipes of this wetland are also enveloped by coarse gravel; they contain openings with 

diameters between 10 and 25mm [29].   

The Outlets: 

VSSF CW and HSSF CW:  

Outlet pipes are the same for both wetlands. They are both enveloped with rock or coarse gravel 

and the water exiting is stored at the bottom of the system. The outlets help controlling the 

hydraulics and effluent level to avoid water outflow. For vertical wetland, we will use a simple 

drainage pipe and for horizontal wetland, we will use water level control pipe.  

Wetlands Construction: 

 

Figure 11: VSSF CW Design 
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Figure 12: HSSF CW Design 

 

3.3.1.3. Operations and maintenance:  

Constructed wetlands are simple in construction but may require some maintenance due to the 

usage of pumps, thus to ensure the good functioning of the system. Even if there is different 

operation maintenance to be taken into consideration, the occurrences of problems within the 

plant are very low. The following table gives the maintenance operations to be performed and 

their frequency [30]: 



38 

Table 5: Maintenance Operations Frequency 

Task Daily Weekly Yearly 

Observe the overall functioning 

of the plant 

1   

Check Pipes   1 

Visual control of discharge  1  

Control pumps   12 

Analyze a sample of effluent   1 

Empty the septic tank   2 

Visual control of plants  1  

   

3.4.SubWet Software: 

3.4.1. Introduction: 

SubWet software was developed by the United Nations Environment program to improve the 

design of constructed wetlands for wastewater treatment to obtain efficient results of the system. 

SubWet 2.0 is the newest version of the software where the possibility of building constructed 

wetlands in cold climates was added to the warm climates conditions, which will be the case of 

this project [31]. The software helps improving and modeling different scenarios of systems with 

low performance and the ones containing different contaminants and volumes. The software can 

be used by professionals as well as individuals who are interested in building constructing 

wetlands and water sustainability in general. The software demonstrates the proportion of 

nitrogen, organic matters, phosphorous and other contaminants existing in the wastewater in mg/l 

and their removal efficiency rates.  
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3.4.2. Design: 

After getting the newest version of the software that SubWet 2.0 and choosing the suitable 

climate of the constructed wetland, which is cold climate for this project. Multiple inputs needs to 

be inserted first that are selected flow, length, width, slope, depth, hydraulic conductivity, average 

particular matter percentage and precipitation factor (PE). (See appendix) 

1) Width, Length, and depth: From previous calculations, we have the width= 10m, 

length= 30m and depth= 1.6m. 

2) Precipitation Factor (PF): It considers both evapotranspiration and precipitation that are 

30mm/day for this project. It is calculated using the following equations:  

 

Average precipitation – Average evapotranspiration = 30-30= 0 

Our Volume is 480 m3 

 

PF= 
(Average precipitation – Average evapotranspiration )+Volume

Volume
 

=
480+1

480
 

= 1.002 

3) Selected flow (SF): It represents the flow rate going through the system during the day. 

Our flow rate is 480m3/day that is equivalent to 4.8liters/day. 

4) The average particulate matter percentage (AP):  

It is calculated using the following equation: 

Percentage average AP= 
25−SF

8
 = 

25−4.8

8
 = 2.52
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5) Slope: To obtain good results, the slope within the wetland should be less than 1%. For 

this project, we will take the slope to 0.5%.  

6) Hydraulic Conductivity: It is the possibility of water going through the system. The 

hydraulic conductivity will be equal to the one of the medium used. As we are using 

gravel for this constructed wetland, then the hydraulic conductivity is equal to 2592 

m/day.  

Once all the mentioned parameters are inserted as inputs in the software, the value of flow width 

and flow length, Recommended Hydraulic Flow, volume, the recommended flow, area, Hydraulic 

loading, and the number of paths are calculated by the software.  

7) Temperature: We generally take the temperature as the average temperature of the city 

all over the four seasons and that is equal to 16.4°C for the city of Azrou.   

8) Porosity: As we used gravel and coarse sand as media for HSSF and VSSF wetlands, thus 

the sand will be equal to 0.25 for sand and 0.2 for gravel as a fraction of percentage.  

 

3.4.3. Results and Simulation: 

This last part is about simulating all the data gathered and observing the pollutants removal 

efficiency with their amounts and mg/l. The graphs represent the efficiency percentage vs. 

number of days of the simulation that is 30 days for our case.   

The table below shows inflow and outflow concentrations of pollutants in the wastewater: 
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Table 6: Inflow/ Outflow Contaminants Concentrations  

Contaminants (mg/L) 

Inflow Concentration 

(mg/l) 

outflow Concentration 

(mg/l) 

Removal % 

BOD5 180 0.2 99.89 

COD 145.6 10.73 92.63 

TSS 14.15 0.41 97.11 

Nitrate 3.07 1.37 55.38 

Ammonium 2.84 0.14 95.07 

Total P 5.65 0.13 97.7 

Organic nitrogen 7.73 1.77 77.103 

 

The following graphs represent a simulation of contaminants removal efficiency within the 

system. They show the achievement of our targeted goals which is approximately removing all 

pollutants from the wastewater.   

 

Figure 13: BOD5 Removal Efficienc
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According to studies, the BOD removal is dependent on wastewater flow rate. We can obtain 

higher BOD removal percentages with big wastewater flow rate which is the case for our project, 

this is why we obtained very satisfactory results. 

 

 

Figure 14: Nitrate Removal Efficiency 
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Figure 15: Ammonium Removal Efficiency 

 

Figure 16: Phosphorous Removal Efficiency
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Figure 17: Organic Nitrogen Removal Efficiency 

3.5.Results Summary and Discussion: 

The results obtained from the efficiency removal graphs indicate that all the calculations made 

and parameters entered are correct for our constructed wetland. Most of the graphs show a 

contaminants removal efficiency of almost 100% which make our project successful since we 

achieved our goal. We can notice that at the beginning of each removal graph, the shape is 

inconsistent with the rest and that can be explained by the fact that constructed wetland do not 

start working fast from first days. The constructed wetland need some few days until it starts 

working smoothly. We can see that our chosen hydraulic retention time which is 4 days is shown 

on the graph and that is value between 0 and 100%, this is why we have that particular graph 

shape.   
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4. Financial Analysis: 

The aim of this part is to provide a financial analyze of the project and define the budget needed 

before starting the project. This step is very important before any project because it will define its 

possibility. In addition to the budget definition, it will also specify an approximation of the return 

on investment over time. The table below specifies the cost of all wetland parts and item included 

in the design.  

Table 7: Components Cost Estimation 

Components Low Cost Estimate (MAD) High Cost Estimate (MAD) 

Land - - 

Site Cleaning 8 500 9000 

Liner (Geotextile, PE) 78 113.80 80 113 

Media (Gravel, Sand) 15 255.29 15 500 

Distribution pipes, drainage 

pipes and fittings 

50 575.90 51 000 

Plants for both wetlands 

(Reeds) 

10 000 15 000 

Pumps, controllers and cables 20 670.93 22 000 

Excavation and piping 30 243.87 35 000 

Total Capital Cost 213 359.59 227 613 

 

The additional maintenance low costs estimation for both wetlands will be 6000 MAD/year. 

About 48 000MAD revenue costs gained per year from the selling of reeds will be generated 
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from both wetlands. Knowing the selling price of reeds in Morocco that is 3MAD and the number 

of reeds sold that 8000/wetland, we generate about 24 000 MAD/wetland. For the high cost 

estimation the reeds sold are estimated to 9000/wetland then the price gained for both wetland 

will be 54000MAD.   

Table 8: Additional Costs Consideration 

Component Low Cost Estimate (MAD) High Cost Estimate 

(MAD) 

Capital Cost 213 359.59 227 613 

maintenance costs per year 2 000 2 500 

Reeds sale revenue 5 400 5 400 

Total new capital cost 208 159.59 224 713 

 

Payback Period of the Project:  

The payback period is the period to get back the initial capital and see whether the investment 

will be profitable or not. Using the following equation, we can calculate the payback period:  

PP= 
Investment Cost

Annual cash inflows
 

We obtained 12.652 years for the low cost estimation and 13 years for the high estimate cost. We 

can notice that the payback period is slightly long. These results are normal since the main 

purpose of the project is not to make profit, but the main goal is to preserve the environment from 

dangerous contaminants contained in the wastewater.  
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- Considering low cost estimate: 

The Table below shows the cash flows using for the period of 13 years. 

Table 9: Cash flows and discounted cash flows for the low cost estimation 
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- Considering high cost estimate: 

Table 10: Cash flows and discounted cash flows for the high cost estimation 

 

 

We can notice that the payback maybe slightly long, but this is normal for a big system using two 

consecutive wetlands like ours. This payback period will not represent a problem and will not 

cause any losses since the probability of a problem occurring within the plant is very small.  

5. Conclusion: 

After studying different wastewater treatment methods and taking into consideration our targeted 

goals and conditions of all treatment systems, we decided to choose constructed wetlands and 

especially hybrid systems as a solution for our wastewater treatment project. The project was 
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based on real data and we used SubWet software to check our parameters and calculations. The 

software gave as the results expected where almost all contaminants were removed by 100%. 

These results obtained were granted due to the different removal used by the wetlands that are 

chemical, physical and biological. In addition to that, the system use a combination of both 

aerated and non-aerated wetlands that gives more space for pollutants removal. Constructed 

wetlands can have some drawbacks such as the use of large areas and the attraction of mosquitos. 

Both limitations were taken into consideration while choosing and designing the wetland. The 

land used for the project is already available and the choice of subsurface flow CWs is due to 

their underground design, this they will not attract any insects. After finishing all design criteria 

and getting the targeted results, a financial study was conducted in order to calculate the initial 

investment needed and the payback period of the project. 
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7. Appendix:  

 SubWet Design window 
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SubWet Forcing Functions window 
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SubWet Initial Values window 
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SubWet Parameters window 

 

 

 

 

 


