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Abstract 

The objective of this capstone is to design an engineering project in community service in 

the village of Adghagh in IFRANE to improve environmental performance index.  

The EPICS project consists of two parts; environmental health and ecosystem vitality. In this 

capstone, I collaborated with my teammate Khalihanna Malainine, who dealt with environmental 

health.   

As for myself, I handled the ecosystem vitality part which includes many vital aspects 

such as water resources, agriculture, forests, climate and energy. Our tasks involve some field 

work to the site where we conducted surveys and interviews to identify the needs of inhabitants 

in these rural areas. Other EPI issues are energy and climate change. Adghagh as a small village 

in a developing country like Morocco is lacking a lot of vital needs related to water treatment, 

agriculture, and energy generating resources.   

This capstone is to address the needs of the population within their local community and 

help them to benefit from a healthy and ecological environment. Our proposed designed project 

will be proven ethical and sustainable for the community. Therefore, we will get to prove 

ourselves as future professionals and citizens in our community and our civic responsibility and 

contribute to the development of our local community.  
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1. Introduction 

The environmental performance index EPI is assembled by calculating and gathering data 

out of 20 indicators that reflect national level environmental data. These indicators are joined into 

9 issue categories, each of which fit under two objectives, environmental health and ecosystem 

vitality.  

The two objectives that give the overall structure of the environmental performance index are 

environmental health and ecosystem vitality. This latter is my focus of study that measures 

ecosystem protection and resource management. This objective is divided into six issues 

categories. I will be focusing on three issues that are applicable to the village of Adghagh which 

are water resources, agriculture, and climate & energy.  

1.1.History and background of our zone of study (Adghagh) 

Adghagh is located in a portion of Morocco known as the Middle Atlas Mountain 

Range—a large region which varies greatly in climate and covers 23,000 square kilometers. 

While more mountainous areas contain in deciduous forests, the foothills are notable for their 

arid land. During winter months, regional temperatures plummet to sub-zero levels, while in the 

summer temperatures climb nearly as high as those of the Sahara desert in southern Morocco. Up 

until a little more than a century ago, the area around the village was used for grazing in the 

summer months, with people descending to lower elevations in the winter to find a better supply 

of grass. Since the days of transhumance goat and sheep farming, permanent settlements have 

been established in the area and its people make a living using the land to cultivate crops. 

Adghagh main crops are wheat and barley; fruits and vegetables can also be grown, but only 
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when planted in relative close proximity to a water source, such as a well or spring. Due to the 

lack of water and the rocky nature of the land, crops that ultimately earn more money, such as 

fruits, are difficult to grow.[4]. 

2. Motivation 

For morocco, the overall environmental performance index put Morocco in the 81th rank. 

Still, the ranking of Morocco differs from one indicator to another. The country is ranked 41th in 

the water resources indicator with a score of 39.3 % in wastewater treatment which is far away 

from the standards. In agriculture Morocco is ranked 161  which is a very poor ranking with a 

score of 8.71% related to agricultural subsidies, which indicates that a lot of work has to be done 

to raise the EPI of Morocco on that side. For climate and energy, the index puts morocco in the 

67 rank, index on this part is measured by gathering trend in carbon intensity, change of trend in 

carbon intensity, access to electricity, and trend in CO2 emissions which is the most important 

aspect and morocco is ranked 45relative to this indicator. Therefore, the general aim of my 

capstone is to suggest alternative solution in the village of Adghagh to assess problems related to 

these indicators to contribute in raising the ranking of Morocco relative to EPI [1]. The figure 

shows the Moroccan EPI ranking. 
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Figure 1: The EPI ranking of Morocco. 

3. Literature review 

3.1.  Water resources  

Water resources as EPI performance indicator control how efficient countries are in treating 

waste water from households and industrial waste before sending it back within the environment.  

• Waste water treatment.  

  When it comes to water resources, the main indicator under this classification is Waste 

water treatment. In fact, untreated dirt in pipes can lead to an important disruption in the 

functioning of downstream ecosystems. Waste water is composed of two kind of unclean water, 

grey water (including water from sinks, bathrooms, washing machines, and kitchen equipment) 

and black water (comprising water from toilets in addition to industrial wastewater that can be 

composed of additional chemical impurities. Normally, it is has pollutants, chemicals, and 

microorganisms contaminating natural water systems, which causes many impacts such as algal 

blossoms and biological endocrine interruption. In rural areas, where there is a noticeable 
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existence of bottom latrines and infected systems, chemical impurities and pollutants are more 

likely to diffuse in the environment. Also, there is a lack of proper sanitation and canalization 

systems which tend to lead to deterioration of water resources. Water treatment impose itself as 

the most vital practice in the benefit of the health of aquatic systems for its contribution in 

providing health benefits for local residents, and making clean water re-usable[1].  

• Waste water Characteristics  

  Wastewater is the water used by individuals and households and industries that is no 

longer useful unless it has been treated. Gray-water is generated from household sinks, in 

addition to kitchen supplies containing chemicals and pollutants. On the other hand, toilets are 

responsible for generating black-water. Consequently, left untreated chemical components flow 

into natural water structures which results in unbalancing the environment and causing harm to 

human health[1].  

 Normally, wastewater treatment needs a system for collection via manure pipes and 

treatment at different stages, which introduces us to primary and secondary types of wastewater 

treatment.  

The treatment of wastewater is usually performed gradually in a sequence of steps with 

increasing efficiency and difficulty based on the existing resources, which goes from primary, 

secondary, to tertiary treatment.  

 Primary treatment comprises fundamental processes to eliminate solid waste and 

diminish its biochemical oxygen demand. The quantity of oxygen microorganisms must 

contribute to the cessation of organic materials in the waste water which lead to increasing the 

amount of dissolved oxygen, and it is beneficial for aquatic organisms and food chains.  
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On the other hand, secondary treatment involves using biological methods to get back the 

dissolved organic matter lost in primary treatment. The organic matter is consumed by microbes 

as food before converting it to carbon dioxide, water and energy.  

However, tertiary treatment is the most adapted level of wastewater treatment, which is 

simply any process going beyond the previous methods and may involve the implication of 

sophisticated technology to remove contaminants or specific pollutants.  

On an ideal basis, the wastewater treatment indicator can encounter more radical and 

advanced levels of treatment, but unfortunately most of the countries don’t have the sufficient 

data for that. Besides, the EPI’s indicator is based at least on primary treatment, because it’s the 

first step in the sequence of the overall treatment performance.  

Despite the existence of wastewater treatment plants, they cannot handle treating all the 

water collected. We often face this situation when the population of a city is too dense compared 

to the development of treatment facilities. Consequently, many wastewater treatment services can 

discharge their wastewater directly into waterways[1].  

3.2.  Agriculture 

Agriculture is responsible for evaluating regulations related to the effects of exhaustive 

agriculture, pesticide procedures and farm subsidies in particular.  

• Agriculture measurement  

Agricultural subsidies are an alternative measure for the degree of environmental pressure 

applied by supporting agricultural inputs. However, pesticide regulation evaluates how well 

countries are doing in terms of the use of chemicals classified under the Stockholm convention 
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on persistent organic pollutants. Pesticide regulations assess as well the extent to which the 

countries have made effort on limiting these chemicals.  

• Agriculture and EPI.  

Based on a report by the organization for Economic Co-operation and Development, public 

agricultural subsidies for agricultural protection and agrochemical inputs intensify environmental 

pressures due to the growth of chemical use, the enlargement of farmlands in some sensitive 

areas, and the excess in the exploitation of resources such as water and soil nutrients. Pesticides 

are definitely a remarkable pollutant of the environment. They eradicate useful insects, fauna, 

and pollinators. Besides, a lot of neurological disorders and diseases were linked to human 

exposure to pesticides[1].  

  

• Description 

Our environment can be directly impacted by industrial agricultural activity. At both local and 

universal scales, the influence of agricultural activity interferes with many prior environmental 

issues such as: soil quality, air quality, water quality, carbon pollution and climate change, 

deforestation, and even a sharp decrease in bio-diversity. Fisheries as well can be affected.  

In fact, the EPI of 2014 showed the implication of the agriculture category in two indicators. 

These indicators assess countries based on efforts done to reduce the damaging effect of the 

inputs that are related to intensive agriculture. Still, these indicators are not by any sense a 

measurement scale of agricultural environmental performance[1].  
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 Agricultural Subsidies  

 

Agricultural subsidies are normally used by affluent countries who also promote the 

utilization of pesticides and fertilizers. Due to agricultural subsidies, agriculture becomes more 

intensive which results in results in heavier environmental trails.  

Actually, the relationship between subsidies and ecosystems is getting more significant, 

that agricultural subsidies began promoting industrial-scale commodity crop production. The 

significant input of pesticides and fertilizers raised the amount of the ecologically unsustainable 

practices of industrial agriculture. These practices have consequently many harmful effects such 

as soil erosion and runoff of animal waste.  

Unfortunately, in most of the cases, the social benefits of agricultural subsidies can 

compensate for the ecological impacts. Nevertheless, the careful use of these inputs can still keep 

producing the greater yields and protecting ecosystems at the same time.  

However, this indicator of agricultural subsidies is not complete. It cannot distinguish 

between subsidies that promote sustainable practices; as a result the agricultural subsidies 

indicator is not that crucial so it has not a significant impact on the overall EPI score[1].  

• Pesticide Regulation  

Concerns over pesticides were raised because of their mobility, toxic composition and their 

capability to stagnate in soil and water for long periods. There is a concept that is often called the 

“dirty dozen” which include the first harmful 12 chemicals that flow through waterways from 

farms resulting in affecting ecosystems and populations. This indicator is a scale of measurement 

of the performance of countries related to the usage of POPs.  
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3.3.  Climate and energy 

Climate and energy evaluates mitigation actions and use of energy relative to a country’s 

level of economic development. While other indicators show to which degree a country can meet 

a target, and there are no universal targets for CO2 reduction. As a result, the EPI indicators for 

climate and energy should be presented as a relative position universally. Still, the capability of 

reducing the intensity of carbon dioxide emission over time of these countries is measured by 

those indicators.  

In our era, the intensive burning of carbon-based fuels for energy has significantly raise 

concentrations of atmospheric carbon dioxide and other greenhouse gases. The fact that these 

gases were accumulated in the atmosphere is altering the earth’s climate and riskily affecting 

human health and ecosystems. Accordingly, three indicators in the EPI assess countries abilities 

to lower carbon intensity [1].  

• What generates CO2 

Carbon dioxide is the major greenhouse gas. Emissions of CO2 can have many natural 

sources, but the steep rises because the industrial revolution is an outcome of human activity.  

Carbon dioxide emission is mainly causes by many human and industrial practices but mainly 

fossil fuel use with a percentage of 57 %, in addition to the use of biomass and deforestation.  

• Earth’s carbon cycle  

CO2 is present by nature in the atmosphere, which contributes to the circulation of carbon 

between organism, the atmosphere, soils, and oceans. Still, adding carbon is not the only way can 

human beings impacts the carbon cycle by their activities. The destruction of natural carbon sinks 

such as forests and wetlands lowered the capability of natural systems to eradicate carbon from 

the atmosphere.  
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4. Methodology 

*Ecosystem vitality issues in Adghagh.  

Based on several interviews I have done during my visit to the village, I concluded that 

Adghagh village doesn’t have implemented wastewater treatment techniques, the waste water 

flows directly into the “oued” which affects the ecosystem vitality of the village. The problem is 

that such a small community cannot afford highly effective wastewater treatment systems, 

therefore my role was to suggest alternative that are cost-effective and sustainable to the 

population of the village. Besides, one of the biggest challenges facing the population of 

Adghagh is the separation of gray and black water, being able to realize that in the most effective 

way would have a lot of benefits not only regarding sanitation, but also providing some resources 

that were just wasted. In addition, I tried to adopt some approaches regarding climate and energy 

and I could assess that the most profitable solutions are reforestation and composting. 

4.1. Drinking water filtration 

The issue of drinking water filtration is an urgent need for the village of Adghagh, a lot of 

people drink water full of contaminants from wells which put their health into jeopardy. 

Therefore, water filtration using granular activated carbon can be a good solution. 

Preparation of granular activated carbon: 

Tests were conducted to determine physical, chemical and surface properties of selected 

agricultural by-products and modify them to efficiently remove target organic and inorganic 

water contaminants. Representative water contaminants were used for this purpose. For example, 

efforts were concentrated on improving carbon characteristics that directly affect adsorption of 

target water contaminants. 
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Based on the screening conducted, four by-product based carbons were selected for their 

high efficiency in removing major drinking water contaminants. The best by-product-based 

activated carbons were:  

 Steam-activated pecan shells. 

 Steam-activated English walnut shells. 

 Acid-activated pecan shells. 

 Acid-activated almond shells. 

For physical activation, milled pecan shells were pyrolyzed at 700 degrees c under Nitrogen gas 

for one hour, then steam activated under nitrogen gas at 850 degrees C for two hours with a 

water flow rate of 3 ml/min to produce steam. Carbons were acid washed with 0.1 N HCL for 

one hour, then washed and dried.  Milled almond shells were soaked for two hours in an equal 

weight of 30 % w/w phosphoric acid, while pecan shells were soaked overnight in an equal 

weight of acid. After soaking, the shells were activated in air for three hours at 450 degrees C. 

activated carbons were washed with boiling water until no precipitate formed upon addition of 

0.08 M Pb(No3)2 to the wash water. Washed granular activated carbons were dried and stored in 

sealed containers until use. Average carbon particle size was approximately 1 mm[16]. 

 

Figure: The process of activated carbon. 
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Constructions of carbon filter prototypes and determination of their effectiveness: 

There are two major types of home water treatment systems: point-of-entry (POE) and 

point-of-use (POU) treatment systems. POE water treatment systems ensure the treatment of all 

water entering and being used at home. On the other hand, POU water treatment systems, treats a 

part of the water in the home water distribution system, at one faucet. However, in this case only 

the POU system was taken into consideration, basically a pour through system since it can be 

used with no complications in a laboratory setting. The pour-through system is a process similar 

in its design to a drip coffee maker, and it is the simplest type of water filtration models. 

In fact, tests were conducted to select the most optimal column depth and amount of 

carbon in a prototype filter. The amount of carbon found in the filter is one of the indices 

affecting filter efficient. It affects the amount and rate of contaminant removal. A carbon filter 

has to be deep enough in order that contaminants will absorb to the carbon in the time it takes the 

water to move through the filter. The filter depth required depends on the flow rate of water 

through the filter. 

Preparation of simulated, contaminated drinking water: 

Ultra clean water was obtained by passing tap water through a Millipore ElIX III water 

purification system. This system removes all water pollutants ( organic and inorganic) through 

multiple filtration steps including ion exchange, activated carbon and reverse osmosis[16]. 

Filtration procedure: 

 Test filters were thoroughly cleaned using contaminant-free water, rinsed with 20 % 

nitric acid to remove trace metal ions, and then rinsed with contaminant-free water to remove the 
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nitric acid before use. A test water (PH 5-6) containing known concentration of metals was 

passed through filters in 2 steps. In the first step, 500 ml of test water were filtered through the 

cartridges in a pour through pitcher and the filtrate was discarded to minimize contamination. In 

the final step, 500 ml of test water was passed through the same filter and the filtrate was 

collected then tested for metals. The ph of the water was not controlled during passage the filter 

cartridge [16]. 

4.2. The burning process (pyrolysis) 

Using this technique involves a systematic process that begins with feeding pits into 

burners that ensure their combustion. Energy generated from the burner does the heating of a 

heat transfer fluid made from cooking oil that goes into pipes to a brine boiler. The boiler then 

treats the waste water via a distillation process, and pressurized steam generated from waste 

water powers a steam engine to finally produce electricity, which used to feed the power 

distribution network. Finally, dry solids are separated from the waste water stream using exhaust 

heat[11]. 

 

Figure 3: Olive pits. 
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Figure 4: Olive pits pyrolysis equipment. 

Many firms that were able to install this system were capable of treating their wastewater 

and generating around 500kwh/hr for many of their main operators and machines. 

Storing and delivering pits for combustion: 

In fact, olive pits can generate energy up to 8800 Btu per pound, which is even higher 

than the energy rate of hard wood, and with a similar moisture level. Using a Bio-Reactor burner, 

pits can be burned straight out of the place where olive pits are used, and with an easy screw feed 

system; they can be put into the combustion unit at a constant rate. Before being Fed into a 

burner, pits are fed first into a storage tower, and they can be used even slightly wet. 

Accordingly, a system was developed to catch 50-60 gallons per day of water that drained out of 

the storage tower so it can be treated along with wastewater [10]. 

Pits are fed into a relatively low-temperature combustion chamber where air is twisted in 

a specific way. Residue can remain in the burner for longer periods at temperatures lower 

compared to other typical systems, which leads to the creation of a carbon sink that holds in heat, 
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sulfur, and nitrogen oxide. The olive pits don’t generate smoke, they burn without smoldering at 

1800-2000 degrees F. 

The ash remaining after the combustions of tons of pits is cleaned out of the burner. 

Nearly half of that residue is mainly heavy rock-like chunks looking like volcanic lava, the other 

half is a sort of powdery residue containing potassium, nitrates, magnesium, and other minerals. 

Both halves can be used to offset nearly quarter of the facility’s fertilizer needs [10]. 

4.3. Ponds  

The wastewater treatment in the natural pond system can accommodate 300 PE. 

Domestic wastewater together with rainwater from a joined sewerage network is the influent to 

the treatment plant. The system involves three ponds.  

The treatment plant is composed of a first pond with a settling zone of 1200 m² and a 

second one which the area is 1500 m², and finally, a third pond is installed that is used as 

maturation pond and it gives more space to the storage of rain water at the same time, its area is 

1200 m²[3]. That’s an example of water ponds in the figure below. 

 

Figure 5: water ponds 

Performance Advantages: 
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This alternative has many advantages. In terms of cost, it is a low cost technology 

suitable for a rural area, and it doesn’t require a significant amount of energy. Besides, its 

maintenance is simple and it does not require any electromechanical machinery, in addition to 

partly removal of nutrients and the absence of noise pollution.  

     Use of pesticides:  

In a small village like Adghagh, the use of pesticides in agriculture is not economically 

and environmentally profitable, as I mentioned before, pesticides have a harmful impact on the 

soil and water, therefore, sustainable and environmental friendly alternative can be the substitute 

[2].  

 

4.4. Biological control  

Biological control is definitely a good alternative that can replace the use of pesticides. 

The technique involves releasing a natural predator in the crop growing zone.  

As a result, the number of pests can be reduced [3].  

4.5. Weeding  

Weeding replaces herbicides, it can involve the use of vinegar which is the same as the 

one used in culinary activities. Indeed, household vinegar comprises about 5% acetic acid 

knowing that minimum risk products’ acetic acid is allowed to reach 8%. It is both 

environmentally friendly and with a very low risk on the human health. The only disadvantage is 

that it involves an important labor work [5].  
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4.6. Ground source heat pumps 

Ground source heat pumps involves the usage of pipes submerged  in the local garden to 

that lead to the extraction of heat from the ground , most farmers in Adghagh have gardens in 

their houses, so it is profitable. This is often used to warm water for radiators or under-ground 

heating systems. It can be exploited as well to pre-heat water before it flows into a more 

conventional boiler. This can be a very good alternative for the usage of wood or natural gas that 

involves economic burden in terms of cost, in addition to an intensive labor work and 

environmental effects [6].  

The Benefits of this technique include reducing CO2 emission. Actually, it is proven that 

the use of a ground source heat pump could contribute in saving almost 540 kg of carbon dioxide 

when using it instead of an oil boiler. Moreover, ground source heat pumps rely on electricity; 

therefore it will save families from using costly gas, or solid fuels for heating. Besides, heating 

the house with a ground source heat pump is less costly and more effective than using electric 

radiators [6].  

 

 

 

 

4.7. Solar hot water panels 

Solar water heating systems exploit free heat from the sun to warm domestic hot water. 

These solar panels extract solar energy from the sun during sunny days to heat water which is 

stored afterwards in hot water containers.  
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Figure 6 : Solar hot water system 

This system has many benefits. First it works all seasons. Still, it is required to heat the 

water afterwards with a boiler or immersion heater during winter months.  

Additionally, using solar thermal energy has been proven able to reduce around 400 kg of 

CO2 each year which is can contribute in preventing the intensive emission of carbon dioxide in 

the atmosphere [6].  

5. Results 

5.1. Valorization of olive pits. 

        Olive pits were viewed by many industries previously as waste material. Accordingly, 

billion of olive pits per year are thrown in landfills. However, being aware of the use of olive 

pits, olive processors use burned olive pits for water treatment and to general electricity for 

domestic use. The idea of using olive pits for wastewater system came after many firms were 

penalized with important fines for water discharge violations [10]. 

5.2. Gray water and black water 

Gray water is the water resulted from sinks, showers and bathtubs, in addition to washing 

machines. In fact, dishwasher and kitchen sink water are usually loaded with potential 



24  

  

contaminants that have to be conducted through the main wastewater treatment system. Actually, 

any water used at home excluding water generated f toilets can be considered as gray water. 

When it comes to dealing with gray water, the main challenge is to detach it from black water 

which is toilet water in the process of collecting different wastewater [12]. 

5.3. Grey water recycling  

Grey water vs black water: 

Waste water from all sources other than toilets is known as grey water. Black water is 

heavily impure water having feces and urine. Grey water is generated from a variety of sources 

such as kitchens, baths, hand basins, washing machines and dishwashers. The quality of grey 

water has certain quality indices such as cleanliness, level of organic matter and temperature. In 

most of domiciles, the wastewater goes to the sewer and it is merged with the black water from 

toilets resulting in the water sewage.  Still, if grey water is kept disconnected to the black water, 

it can serve as a fertilizer because it contains nutrients applicable for that matter. Most grey 

waters are easier to treat and recycle than black waters, because compared to black water, their 

level of contamination is less important [15]. 

 

Figure 7 : Grey water recycling 
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5.4. Composting toilets 

Composting toilets which are often called biological toilets are mechanisms responsible 

for treating human excrement via biological processes, by turning this matter waste to organic 

compost material that can serve as a fertilizer to the soil. These toilets are small-scale complete 

sewage treatment systems disconnected of the main sewage system. In fact, bacteria responsible 

for breaking down the solids demand an important balance of nitrogen and carbon. As all sewage 

systems existing, compost toilets require ventilation and drain to throw away the excess liquid 

[13]. 

5.5. Drinking water filtration systems 

Solar powered Ultra filtration for drinking water with 20m³/d: 

The DWS 20000 photo-voltaic solar water treatment system is a complete tool for 

drinking water filtration that is ready to set up. It provides around 20.000 liters of clean potable 

water per day from any non saline source water. 

The system is motorized by high quality solar panels running without ongoing fuel which 

saves fuel transport cost. The system is even more adequate by having borehole delivery pump, 

which is an effective automatic back flushing filtration having batteries, solar panels and 

controls. 

The system has an ultra filtration covering responsible for the removal of all potential 

viruses and bacteria without the need of a chemical treatment. The DWS 20000 PV is ideal for 

rural areas level water purification and it is a very solid system, easy to install and run [9]. 
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Figure 8: DWS 20000 PV 

 

DWC UFWB 001 Box : Safe drinking water with up to 20m³/d production 

This water refinement box based can provide around 20.000 l of clean potable water per 

day from any non saline source water. The system consists of a borehole type delivery pump. An 

ultra filtration covering handles the removal of bacteria and the most important is that during this 

process, natural minerals in the source water are retained. 

Using an external generator the system can be alternatively ran with 220 V / 110 V. The system 

is ideal on a rural area water purification level. It is also very solid, with a simple installation it 

doesn’t require o important maintenance cost [9].  
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Figure 9: DWC UFWB 001 Box 

Mobile, no energy, non chemical Ultra filtration water purification: 

This system is simply the best example of a very hard and practical ultra filtration unit for 

water filtration. It is widely used in rural applications. It is applied to produce instantaneous 

drinking water out of any sweet raw water by filtrating risky contaminants such as worm eggs, 

bacteria and viruses [10].  

5.6. Biogas production from animal and food waste 

The research evaluates and predicts gas (methane) production from animal manure and 

food waste through anaerobic digestion processes. The gas produced can be used to produce 

electricity, to heat water for farm use, or for other business ventures that use energy. The 

anaerobic digestion system can be optimized by using the heat in the effluent to pre-heat the 

influent manure and food waste. This approach saves considerable energy. Anaerobic digestion 

systems can be centralized around clusters of small farms and correctional facilities to produce 

more input of manure and food waste, respectively [8]. 
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Figure 10 : anaerobic digestion for food waste. 

For large dairy farms with cash reserves, a digester is an alternative energy investment 

because the farm can retrieve additional value for their manure. For smaller dairy farms, 

however, digesters are not economically feasible because the benefits produced from the manure 

are not enough to offset the costs of the digester. Profitable digesters gain most of their revenue 

from tipping fees. This additional revenue is made by taking waste products from milking 

facilities and food processing facilities and dumping them into digesters. The facilities would 

normally pay to dispose of the waste. The owners of the digesters dispose of waste at similar 

costs, increasing the economic benefits of operating digesters. 

The owners of digesters benefit from food waste economically in three main ways. First, 

they benefit when tipping fees are collected as stated above. The second benefit is obtaining 

secondary biomass for the anaerobic digester. The additional biomass is broken down into 

biogas, increasing the output of the digester. The third benefit is the biogas collected is higher in 

methane content, leading to a higher energy value. 
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Recycling, milk production, and food processes have become centralized to maximize 

economic profits. Similarly, collection of manure from a cluster of farms could be centralized to 

benefit from economies of scale. Previous studies concluded that a centralized digester facility is 

not economically feasible. Our study shows that in order to generate additional income from 

tipping fees, the centralized digester facility would need to be placed near facilities that produce 

large amounts of food waste. This translates into an additional revenue source and makes the 

investment more profitable [8]. 

5.7. Reforestation as a solution to prevent negative climate change 

Destruction of forests creates can without doubt lead to many environmental misfortunes, 

counting shifting local rainfall patterns, accelerating soil erosion, triggering  flooding of rivers, 

and bullying millions of species of plants, animals and insects with extinction. The core causes 

of deforestation are: expansion of agricultural and industrial needs, population growth, poverty, 

consumer demand and landlessness. Reforestation is the restocking of existing forests and 

woodlands depleted earlier, with native tree stock [7]. 

The term reforestation can be as well what is called afforestation, which is the process of 

recreating wide areas of woodlands or forest that was previously in the soil but natural 

catastrophes caused them to vanish. The created forest can result in both ecosystem and resource 

benefits and can be practically considered as a major carbon sink. The concept of forests serving 

as carbon sinks dragged the attention around reforestation as a potential ecological appliance to 

stand against disastrous climate change. Because trees are capable of absorbing carbon dioxide 

from the atmosphere during the course of what is scientifically called photosynthesis, they can be 

an effective solution for the overload of greenhouse gas coming from the atmosphere and help in 
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the process of reducing global warming. Still, we can’t know yet if reforestation should be 

presented among methods to the battle against global warming. It is also questionable if this 

method can have a considerable effect in plummeting atmospheric greenhouse gases and making 

up for current emissions. Does reforestation have an instant effect in reducing emissions? Can 

reforestation contribute in releasing methane gas upon the decomposition of forests? Is 

reforestation a viable strategy to fighting global warming? Is the land available enough for 

reforestation projects?  Is it suitable for that?  

 5.8. Reforestation to cut atmospheric C02 levels 

APPLE TREES 

It has been tested that an apple tree can contribute in diminishing carbon dioxide 

existence by approximately 300 pounds.  According to the Environmental Protection Agency, 

around 41,500 pounds of carbon dioxide of household emissions is released into the air on an 

annual basis via direct and indirect burning of fossil fuels. In order to suck that entirely, planting 

around 500 young trees is needed after a period of 10 years. Instant growth of trees is ensured by 

reforestation; thus, greenhouse gases are diminished as well immediately. Indeed, the main 

benefit of what is often called carbon sinks is their immediate efficiency.  

6. Discussion and conclusions 

6.1. Benefits of recycling gray water 

As there is an urgent need to the prevention of the waste of drinking water, it is a total 

misuse of water resources to do irrigation with important quantities of vital drinking water 

knowing that plants can benefit from used water containing compost. In fact, gray water can 
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present a solution to many ecological and water accessibility problems. Gray water indeed has a 

lot of benefits. 

 Reduce the extensive use of fresh water. 

 Recycling water use easily. 

 Cheap indoor and outdoor multiple recycling systems . 

 Less stress on  septic tanks or treatment plant 

 Grey water treatment to any kind of desired quality 

 The capability to construct areas appropriate for conventional treatment 

 Less use of energy and chemical use 

 Refilling ground water 

 Contributing in the growth of plant 

 Reclamation of otherwise wasted nutrients 

Indeed, grey water can be a very effective substitute for fresh water, which will 

contribute in saving some expenses and increasing water supply. Residential water use is almost 

evenly split between indoor and outdoor. All except toilet water could be recycled indoors or 

outdoors, achieving the same or even better results than public systems with significantly less 

water diverted from nature. 

 Less stress on septic tank or treatment plant: 

       Grey water use contributes effectively in extending the useful life and aptitude of septic 
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systems. For rural treatment systems, the decrease in wastewater flow lead to higher treatment 

efficiency and lowering costs [12]. 

Site unsuitable for a septic tank: 

         There are many places where there is a slow soil percolation. Therefore, a grey water 

process would be the best substitute for a very economically demanding engineered system. 

* Less energy and chemical use  

An effective use of gray water can help in lowering the demand of energy and chemicals 

because the amount of both freshwater and wastewater needing pumping and treatment is 

reduced. For those having their own water and electricity, the advantage of the overuse of the 

infrastructure is noticeable directly. Besides, treating the wastewater in the soil using local fruit 

trees definitely pushes you toward dumping fewer toxic chemicals down the drain. 

*Plant growth  

           Grey water can be the alternative for a whole landscape growth especially in sites where 

water may not be available with the quantity that might support plant growth. 

6.2. Environmental benefits 

The solids are treated on a local level which results in reducing the quantity of sewage 

dealt with using chemicals. Besides, we can minimize the use of drinking water to flush away 

waste which is very useful to a certain extent. We can also produce our local organic matter, to 

be used in the soil, contributing then into improving local soil structure and nutrition. 

Furthermore, from an environmental point of view, as long as the decomposition is local there 

are no potential risks of greenhouse emissions. 
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Figure 11: water quality characteristics for grey water 

6.3. Composting solid waste 

Environmental Benefits: 

Reducing Methane rate 

When food ends up in a landfill it decomposes and becomes a significant source of one of 

the most harmful greenhouse gases which is methane. . Landfills are one of the main sources of 

human-related methane [14]. 

Reduce Resource Use Associated with Food Production 

The process of growing food encounters several resources such as water, energy and 

fertilizers. The waste of wood means also the waste of resources and energy that were used to 

grow it.  For example, in the United States, around 13 percent of greenhouse gases were linked 

to growing, manufacturing, transportation and food disposal. By diminishing the quantity of 

waste food, we can lower the rate of greenhouse emissions [14]. 

Create a Valuable Soil improvement 
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Recycling food waste and turning it into compost bring a lot of advantages to our 

environment contributing in the improvement of soil , increasing the resistance to drought and 

reducing the need of water and fertilizers. Food waste can be turned as well into renewable 

energy and a soil treatment [14]. 

6.4. Reforestation is a cost-effective solution to global warming  

Predictable cost for seizing 500 million tons of carbon per year which is the approximate 

amount that would compensate for up to one-third of present annual U.S. carbon emissions 

ranging from $30 to $90 per ton. On a per-ton foundation, these costs are similar to those 

estimated for other climate change improvement methods such as fuel switching or energy 

efficiency. 

 Enough land for reforestation to be a viable solution   

Much of the actual focus in the field of carbon seizure has been provoked by suggestions 

that there is a certain reserve of lands adequate for potential sequestration for mitigating 

important rates of annual CO2 emissions, this approach provides as well a relatively economical 

way of dealing with carbon emissions. 

 Reforestation creates financial interest in sustaining forests  

The main benefit of having land carbon sinks is the fact that they can be useful instantly 

and serve as a financial inducement for maintaining a sustainable use of forests and agriculture 

land. 

7. Steeple analysis. 

http://dbp.idebate.org/en/index.php/Argument:_Reforestation_is_a_cost-effective_solution_to_global_warming
http://dbp.idebate.org/en/index.php/Argument:_Enough_land_for_reforestation_to_be_a_viable_solution
http://dbp.idebate.org/en/index.php/Argument:_Reforestation_creates_financial_interest_in_sustaining_forests
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 The capstone project in question has many implications on the:  

Social: addressing these problems that have an ecological aspect is at the same time solving 

some major social issues that the local society of Adghagh might have. Indeed, the treatment of 

wastewater and drinking water and the improvement of the climate by reducing greenhouse 

gases emissions will have a direct impact on populations’ health and better health conditions can 

be set in the region. 

Technological: We definitely can take advantage of technology within our project since a lot of 

technologies such as black and gray water separation, olive pits pyrolysis, and drinking water 

filtration systems are implemented in favor of the local community of Adghagh.  

Economic: During this project, and while I was doing research to find solutions, my biggest goal 

was to find cost-effective solutions. Therefore, the suggested solution for wastewater and 

drinking water treatment, reforestation, and olive pits pyrolysis are all of a cost-effective aspect, 

and they may also contribute in bringing an important income to the population of the region 

after the process of planting apple trees for example. 

.  

Environmental: our project itself is environmental, waste water treatment, water resources, 

climate and energy, all these are ecosystem vitality indicators. Besides, as indicated in the 

abstract, our goal after this project is to improve the environmental performance index of the 

region, thus, improving the EPI of Morocco. 
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Political: in fact, the trust of the population of rural areas in their government is very low, 

because this latter could not solve some of their vital ecological needs, and many of them was a 

victim of these environmental problems. Therefore, regaining political credibility starts from 

solving the population’ basic needs. 

Legal: fortunately, our project doesn’t have any illegal aspects; all the steps followed within this 

project applied a strict rule of legitimacy and transparency.  

Ethical: this part can be linked to the legal aspect of the project. In fact, our project is ethically 

justified because it is a purely a non-profit project. Besides, it has a lot of ecological benefits that 

would solve many of the population’ health problems.  

8. Conclusion  

I tried my best within this capstone to evaluate as efficient as possible the issues hanging 

in Adghagh related to ecosystem vitality. I focused on water resources and wastewater treatment, 

agriculture, and climate and energy because these are the most prevalent EPI indicators in the 

village of Adghagh. The biggest issue in the village was without doubt wastewater treatment; 

and I believe that implementing the mechanism of grey and black water properly will definitely 

solve this problem knowing that everything can be done on a local underground level, no 

installation is required. Also, I definitely recommend the use of livestock and food waste to 

generate energy and biogas for its economic and ecological benefits. Finally, for climate 

improvement, the solution of reforestation and planting apple trees is highly applicable for its 

ecological benefits which is our main goal and also its economical benefits since the process is 

not expensive and it will come with additional funds to the region. To conclude, I believe that the 



37  

  

success of the solutions suggested will have a good impact on the EPI of the village and thus the 

EPI of Morocco.  
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10. Appendices 

  

  

 
Figure 12 : Generating fuel from olive pits 

 

 

 

 
Figure 13 : Hiearchy of food recovery. 
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Figure 14 : Properties of Methane. 

 

 


