
 

 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 

 

SCHOOL OF SCIENCE AND ENGINEERING 

 

 

RAINWATER HARVESTING SYSTEMS- AZROU AS A 

CASE STUDY 

 

 

Capstone Design 

 

December 2020 

Hajar Serrhini Naji 

Supervised by:  

Hassan Dahmaoui 

Naeem Nisar Sheikh 



2 

RAINWATER COLLECTION SYSTEMS – AZROU AS A CASE STUDY 

Capstone Interim Report 

Student Statement:        

I, Hajar Serrhini Naji have applied ethics to the design process by using different scholarly 

sources and citing them, and in the selection of the final proposed design. I have held the 

safety of the public to be paramount and has addressed this in the presented design wherever 

may be applicable. 

 

 

_____________________________________________________ 

Hajar Serrhini Naji 

 

Approved by the Supervisors:  

 

 

_____________________________________________________ 

Dr. N. Nisar Sheikh 

 

 

_____________________________________________________ 

Dr. H. Darhmaoui 



3 

ACKNOWLEDGEMENTS 

 

First of all, I would like to thank the supreme power of Allah for guiding and giving me 

strength and serenity when needed.  

Second, this work was only possible thanks to the effective supervision of both Dr. N. Nisar 

Sheikh and Dr. Hassan Dahmaoui who were my professors in previous classes and have 

agreed to take on the responsibility of guiding me through my end of studies project. I am 

very grateful for their efforts and guidance throughout this project.  

I would also like to express my gratitude to some of my AUI professors who agreed to discuss 

with me matters related to their field of expertise: Pr. Moulay El Hassan El Azhari and Pr. 

Anas Bentamy.  

I am also extremely grateful for the help offered by Mr. Hassain Keddis, director of the office 

ONEE Azrou for providing me with all necessary information and raw data to conduct my 

research. 

Most importantly, I am thankful for my family’s support: my mother for her presence, her 

strong spirit, inspiring ideas and warm hugs filling me with energy when I am tired or 

frustrated, my father for his enthusiasm and passionate discussions we had about the project 

even after a long day at work, my little angel Aya for her caring and cheering, my brother 

Zakariae for showing support in his own sarcastic way, my sister Kaoutar for her technical 

help and continuous support and Rahma for staying up long working nights with me. 

I am also grateful for all my friends who helped with their expertise or motivation. It was a 

pleasant journey thanks to them.  

 

 

 

 

 

 



4 

ABSTRACT 

 

Rainwater harvesting (RWH) is an ancient practice that came back to application in recent 

years as it is found in literature review that the trend of adoption is increasing. RWH could 

present one of the solutions to mitigate water scarcity, but the financial viability of any 

implemented system is crucial. This document has been produced to assess the effectiveness 

of rainwater collection systems, their economic viability and the impact of implementing them 

on saving water and relieving water stress. Azrou is chosen as a case study with two sites of 

implementation: apartment buildings and villas. The paper analyses the feasibility of the two 

projects and compares their economic viability. New innovative ideas are necessary to adapt 

the nature of the building to RWH systems as will be explored in the case of apartment 

buildings. Apartments buildings offer a low cost solution compared to villa buildings with 

initial investments of 4,140 Dhs and 8,340 Dhs respectively. This influences the price per m3 

for rainwater harvested to be lower for apartments: 6.38 compared to 10.28 for villas and to 

7.39 for municipal water at average consumption tranche. However, villa buildings are more 

viable for having a larger roof, more yield water and for moving the water bill from selective 

billing to progressive billing. They both have approximately the same payback period: around 

8.8 years. Nevertheless, the Net Present Value at the end of the project lifespan is 9,359 Dhs 

for villa building and 3,317 Dhs for apartments.  

This project has a great environmental impact thanks to the possible water savings that could 

relieve stress from primary sources. Water savings can attain 121,954 m3 per year if it were 

implemented to the residential area of Hay Essalama and Nakhil with 2,200 apartments 

buildings and Hay Atlas with 200 villa buildings.  
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Introduction 

 

Water scarcity is a problem facing many parts of the world. “Some 1.1 billion people 

worldwide lack access to water, and a total of 2.7 billion find water scarce for at least one 

month of the year” [37]. Urban Areas are causing stress on the hydrological system by 

depleting aquifers rapidly and some region might face problems in supplying the population 

with drinkable safe water [6].  

In Morocco, the water situation is becoming critical due to climate change and the increase in 

the dry period. The national average of surface water at dams has decreased by around 20% 

over the past thirty years. Changing rainfall patterns and year-to-year variation in rainfall have 

resulted in water stress, as well as overexploitation of groundwater and , in some places, 

shortages of drinking water. The effects of climate change in Morocco will continue 

pressuring water resources [38, P. 41- 42].  

It is now very important to have a good management of water sources by changing the 

behavior and implement technologies to help mitigate this problem. One of the oldest 

measures to save water is Rainwater Harvesting (RWH). These systems aim to reduce water 

consumption by using the rain water for household uses like toilet flushing, gardening, and 

laundry… these households’ uses can account for 80 to 90% from the total household water 

consumption. This means that collected rainwater can lift the stress of necessary sources for 

drinkable water [1, P. 196].  

RWH systems will certainly reduce the use of drinkable water and thus have a positive impact 

of the environment. However, their economic viability is questionable. This paper aims to 

assess the feasibility and viability of rainwater systems to encourage their implementation and 

adoption. The city of Azrou was chosen as a case study. 

Chapter one consists of a literature review introducing the concept and design of different 

RWH systems, the degree of implementation of this techniques around the world. Specific 

case studies were chosen to evaluate their viability and water saving. Conclusions were then 

drawn to help design a matrix for the good implementation of RWH (chapter 2). In chapter 3 

began the city of the specificities of Azrou and different neighborhoods to allow the choice of 

the sites of catchments. Based on the site of implementation, RWH system can face some 

challenges and constraints in their concept. Chapter 4 discussed the options and engineering 
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design decisions. The viability of the project was evaluated by a financial analysis taking into 

account the capital cost and maintenance as well as water savings (Chapter 5). Finally, 

chapter 6 explores the impact of the project on different levels: social, technological, 

economical, environmental, political, legal and ethical. 

 

Methodology 

 

This paper aims to assess the feasibility of a rainwater harvesting system implemented to 

some neighborhoods in the city of Azrou. These locations were chosen after consulting 

literature review and many previous case studies in order to predict the most profitable and 

suitable places for implementation.  

For the engineering design, different values should be calculated such as the annual rain water 

yield, the tank storage size, the length of the piping network, etc. 

The rain water yield is the possible amount of water harvested given rainfall data, catchment 

area and coefficients for efficiency (surface runoff and filter coefficient). It is calculated using 

the following formula [7, P.3]:  

𝑄 = 𝐴 ∗ 𝑞 ∗ 𝑅𝑐 ∗ 𝐹𝑒  

Equation 1: Rainwater Annual Yield 

Where: 

 Q is the rainwater yield (L/year) 

 A is the catchment surface area (𝑚2) 

q is the annual rainfall (L/𝑚2) 

𝑅𝑐 is the runoff coefficient  

𝐹𝑒 is the filter efficiency  

As for the financial analysis of the project, viability of the different projects will be assessed 

by calculating the payback period, the net present value at the end of the life expectancy of 

the project, and the cost of the meter cube using rainwater collection to compare it with 

municipality water.  
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To conduct these calculations, the discount rate for Morocco will be used which is 2.5% [19]. 

The discount rate is “the rate used to convert all future costs and benefits to present value so 

that they can be compared” [20]. It allows us to compute all future projections of the project 

for an accurate financial analysis. 

The payback period is the time required for the project to become viable and generate profit. 

This formula does not use the discount rate so it ignores the time value of money. It is 

calculated as follows [7, P.6] :  

𝑃𝑃 =
𝐼𝐶

𝑁𝐶𝐹
 

Equation 2: Payback Period 

Where PP is the payback period (years), IC is the initial cost or investment (Dhs), NCF is the 

net cash flow per year (Dhs), that is calculated by extracting the maintenance and operational 

cost from the savings of each year.  

The net present value is the cash flow accumulated at a time t. It is found by subtracting the 

investment cost from the total sum of discounted cash inflows and outflows during a time of 

study t, typically the life expectancy of the project [7, P. 6-7]. It is calculated as follows:  

 

Equation 3: Net Present Value 

Where 𝑁𝑃𝑉𝑡 is the net present value at time t, i is the discount rate (%), NCF is the net cash 

flow of a year t.  

To find out the price for 1𝑚3of collected, treated, stored and distributed rainwater, we use the 

dynamic generation cost (DGC). This indicator expresses “the cash value required to obtain 

the discounted revenues equal to the discounted costs, so it shows the price of the ecological 

effect” [7, P. 6]. It is calculated as follow:  
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Equation 4: Dynamic generation cost (cost for 1 𝒎𝟑 of water) 

Where EC is the maintenance and operation cost (dhs), 𝐸𝐸𝑡is the ecological effect unit, in this 

case the volume of water harvested (𝑚3).  

For a reliable research and realistic case study, quantitative data was based on real life 

information extracted from different sources:  

For the consumption trends in Azrou’s households, it was taken from official documents 

issued by the director of ONEE Azrou.  

Households roof areas and garden areas where calculated using the average of measuring the 

area from a sample of ten random variables for each case (each neighborhood’s roofs areas 

and gardens’ areas). These measurements were taken using images satellites.  

For rainfall data and precipitation trends, meteorological data analyzing the climat in Azrou 

over the last 30 years were used. 

Estimations regarding an apartment building floors and occupation per floor were done after 

visiting the neighborhoods and consulting with the local population.  

1 Literature review  

1.1 Description of rainwater collection systems 

 

Rainwater harvesting is a term specific to the collection of rainwater from roof catchment 

areas. On the other hand, the term stormwater harvesting (SWH) is referring to the collection 

the runoff from urban surfaces such as roads, drains… this is the water that will otherwise 

drain to a water body or the sewage system [13, p.2-1]. 

 

1.1.1 Conventional systems 

 

The water is collected from rooftops generally or other areas in the house. It then goes via 

gutters and downspouts to the collection tank. The system has in place an overflow run from 

the tank in case the volume exceeds the capacity of storage. Water is then pumped to all kind 

of non drinkable uses such as toilet flush, laundry, cleaning, gardening… We also have 
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diverts, debris screens and filters to deliver the minimum quality of water for these uses. 

Choosing the appropriate tank type is important [1, 197].  

The figure bellow shows the different components of such systems: 

 

Figure 1. Components of a conventional rainwater harvesting system [1, p.197] 

 

1.1.2 New innovations  

 

There have been many new systems and innovations for better optimization depending on the 

context and the environment.  

 Fractioning of storage (collapsible tanks and interrelated modular systems) [1, p.198]. 

 Gutter-based collection and storage: 

In areas with decreasing amount of rainfall causing droughts in catchment areas, these 

systems can be more efficient than tank storage for not requiring the same amount of 

investment for the given amount of rainfall [2, p. 267]. These systems do not rely on 

storage tanks and pumping devices which decreases the capital money and the 

maintenance cost. In fact, gutter storage replaces tank storage that can be demanding 



14 

in floor space and money [2, p.268]. Gutter based storage relies on gravity to supply 

the household with non drinkable water for toilet flushing for example. This is made 

possible thanks to the fact that storage occurs at elevated height. In this study made on 

Australian households in suburban areas, there were three sizes of gutter based storage 

considered: 15 litres/metre, 25 litres/metre, and 48 litres/metre. The system is designed 

to be supported of the roof framing [2, p.268]. The following figure shows a cut of a 

medium system: 

 

Figure 2: Cutaway section of medium sized gutter-storage [2] 

 

 Dual storage: retention storage, detention storage for rainwater and stormwater [1, 

p.199]. 

 Supervisory Control And Data Acquisition system (SCADA)-based devices could be 

used to improve the automation and control for better optimization[1, p.199]. 

 

1.2 Adoption around the world 

 

This following sections shows the degree of application in different parts of the world and 

how the adoption of RWH is  

1.2.1 Africa  

 

A lot of non-governmental organization efforts have been made to promote the use of RWH 

and studies have shown that it could be an important source of water supply. It is used in 

some parts of Africa due to economic scarcities meaning that water might be available but 
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there is very poor infrastructure for treatment and transportation of water. The most common 

use of RWH is communal small-scale use but recently industries and companies have shown 

interest in alternative sources of water and using water harvesting for irrigation, cooling…  

[2, P.197]. 

 

1.2.2 Asia  

 

Rainwater harvesting is present in many Asian countries. For example, it was noticed that 

RWH has a great degree of application in Japan especially after 1980 were the government 

started promoting this technologies and offering financial support to install them in cities with 

water scarcities or flood problems. 

 

Figure 3: Rainwater harvesting systems in public facilities and office buildings in Japan [1] 

In South Korea, rainwater harvesting system is now been used especially in highly developed 

urban settlements and in large scale projects as an adaptation strategy to climate change [1, 

p.198] In Thailand, government is encouraging low-cost implementation of water harvesting 

techniques using jar tank systems ranging from 0.1 to 3m². They have been used in many 

villages providing drinkable water and they have been proven efficient in securing water for 

households even during dry seasons [3].  

 

1.2.3 Australia  

 

Australia has one of the highest degrees of implementation of rainwater harvesting systems. 

According to a survey issued by the Australian Bureau of Statistics, between June 2013 and 
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2014, 1.7 million households were using it resulting in total water saving of 156 GL which 

accounts for 8% of the household use [1, p.199]. The graph below shows the increase in 

rainwater adaptation in Australia throughout the years.  

 

Figure 4: Percentage of households using RWH in Australia. Compiled from [1] 

 

1.2.4 Europe 

 

There are various degrees of implementation in different countries. It has been used in 

traditional way until recently. Germany is now the leader in water collection systems. About 

1/3 of new buildings in Germany are equipped with RWH systems. A lot of projects have 

been undertaken in Spain, France, Italy, Austria, Switzerland, Denmark, Belgium… In most 

of the cases, water collected is not used for drinkable purposes due to air pollution and need 

for purification. But potable water pricing and the necessity to reduce its consumption is the 

main motivating factor [1, p.199]. 

 

1.3 The viability of different projects and case studies 

The viability of different case studies will be assessed from both the financial point of view 

and the environmental impact and water savings.  
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1.3.1 Financial  

 

There is an ongoing debate on the economic viability of rainwater collection system. This part 

explores the outcomes of different projects or studies made on rainwater collection systems in 

different countries and areas showing the economic gain and the viability of each case study. 

 

Poland  

This was a study and not yet a realized project, the estimated time period of the duration of 

the investment is 30 years [7, p.19]. 

Description of the case study site:  

The case study was conducted in one of the less developed regions in Poland in a single house 

hold family of 4 members with a car and a rooftop of 230 m² and a garden of 400 m². This 

house was located in an area with an average rainfall of 600 mm [7, p.3].  

This study took 13 variable designs into account when studying the financial viability. The 

table below summarizes the different technical choices made for each design as well as the 

use of the water harvested and the amount of water harvested throughout the year: 

Table 1: Characteristics of different designs. [7, p.16] 

 

These different variants gave varying results when it comes to economic viability. There is 

also another factor taken into consideration. In many cities in Poland, storm water fee is 

obligatory. In this paper, variables will be picked for when storm water fee is mandatory 

which will be more profitable.  

To compile in the summarizing table, the most profitable and the less profitable variants were 

chosen. In general, about only 6 variants were profitable in the case of taking the stormwater 
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fee to be mandatory which does not reflect economic viability. The various results show 

limited profitability of the systems [7, p.12]. 

Colombia 

This was a case study and not yet a realized project, the estimation was taken from surveying 

35 households with the following description. [8, p. 19201]. 

Description of the case study site:  

This study was conducted in a household in the metropolitan area of Bucaramanga in 

Colombia. The household is located in a neighborhood with high socioeconomic level. The 

household had a roof of 101m², a patio of 18m² and  a garden of 21m² and had five 

bathrooms. The area studied had an annual average rainfall of 1025mm and a temperature of 

25 ºC [8, p.19201].   

The survey assessed the water consumption of the users to study the financial viability of the 

project. It also had the goal of finding out the user accessibility and their willingness to use 

rainwater and grey water. The survey showed that 97% of participants were willing to use 

rainwater compared to 83% for grey water due to hygiene reasons [8, p.19202] 

The daily consumption for household water was 812 l/day. This study suggested three 

alternatives for rainwater harvesting and grey water reuse showing techniques for collection 

and reuse of water as well as the end use of it [8, p.19205]. 

 The first alternative used rainwater collection and was distributed to toilet flush, 

external tap and internal tap each representing 20%, 3.4%, and 5.5% of the total 

consumption respectively [8]. 

 The second alternative used both rainwater collection and grey water. Grey water 

harvested from showers was reused for toilet flushing which accounts for 20% of total 

household consumption. Rainwater collected was distributed to washing machines and 

sinks (27% of total consumption), external tabs (3.4%) and internal taps (5.5%) [8]. 

 The third alternative used grey water from showers to an external tap (3.4%) and 

rainwater collected for the washing machine and sink (27%) and an internal tap (5.5%) 

[8, p.19205]. 

The second alternative was ranked to be the most efficient in water and energy savings [8, 

p.19203]. It is the alternative chosen for further financial analysis in this paper.  
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To find out the price for water per 𝑚3 for the 50 years expected time for investment. We 

divide the total expenses in 50 years by: 4807 in by the total water saved: 6550 𝑚3 using table 

11 [8].  

 

Portugal  

This case study estimated the lifelong of the investment to be 20 years [10]. 

The area of study was the commercial building of Dolce Vita Braga in the north of Portugal. 

There were three different scenarios for the implementation of this rainwater system having 

different technical choices and end uses. The financial analysis was made using a 

regularization period of 7 months. Regularization period means the time interval where the 

average flow rate is constant and equal to inflow rate [10, p.3974]. Normally in Portugal, the 

discount rate used in cost benefits studies is between 5 and 6%. To give a marge of 

uncertainty, results that were extracted here relied on a i=10% [10, p.3975]. 

Table 2: Scenarios specifications and end uses for Dolce Vita case study 

 Volume of storage tank  End uses  

Scenario 1 11.63 𝑚3 Washing parking floors 

and garden irrigation. 

Scenario 2 324.63 𝑚3 50% of toilet flush and 

garden irrigation 

Scenario 3 252,39 𝑚3 Toilet flush and 5% of 

garden irrigation 

 

The most viable scenario will turn out to be scenario 1 which uses the less tank storage 

volume.  

Cape Town 

This case study investigates the viability of both rainwater harvesting and stormwater 

harvesting in Liesbeek River in Cape Town. This area is only 50% urbanized and includes 

many suburbs with different households types and some parts occupied by the University and 
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student housing. The total area of  Liesbeek River catchment is about 2 600 hectares [13, p.4-

4]. For the design and cost analysis of rainwater harvesting, 17 subcatchments were chosen 

representing 14% of the urbanized portion of Liesbeek River [13, p.4-29]. Avergae annual 

evaporation and rainfall changes by regions as shown in the figure below:  

 

Figure 5: Annual average precipitation (a) and evaporation across Liesbeek River catchment. [13] 

To assess the viability of the rainwater harvesting system, 20 scenarios were considered half 

of them using 100% of area of roof area and the other half using only 50%. Differences 

considered were tank capacity ranging from 0.5 𝑘𝐿 to 30 𝑘𝐿. The end uses varied as well and 

the functioning of the system (gravity fed or directly pumped) [13, p.4-65].  

Considering all scenarios with maximum roof area and multiple end uses, RWH harvesting is 

only viable for about 8% to 9.5% of households. Increasing the water tariff  (multiplying it by 

2 to 4) will make it more attractive for people and lead to an increase in water savings [13, 

p.5-27].  

In the following results for the compiled table of financial and water demand viability, 

Scenario 8 (end uses: washing machine, toilet flushing and showers) will be used and the 

original municipality tariff will be considered. 

 

Table 3:  Financial Analysis of case studies in rainwater harvesting. Compliled from [7] to [13] 

Country  Location Rainfall  

(mm/year) 

Technique  Cost/𝑚3 Payback 

(years) 

NPV BCR IRR 

Poland 

[7] 

Single 

family 

house 

 600 Variant 5: 

over ground 

rain water 

storage tank 

of 7 𝑚3 

1.99 Euros 10.88  1569 

Euros 

(30 

years) 

1.49 - 

Variant 10:  

over ground 

8 Euros 41.49 -1978.07 

Euros 

0.37 - 
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rain water 

storage tank 

of 4 𝑚3 

 

(30 

years) 

Columbi

a [8] 

One 

household 

in high 

socioecon

omic level 

(35 

household

s 

surveyed) 

1053 Alternative 

2: 

ranked to be 

the most 

efficient 

using both 

rainwater 

and grey 

water after 

showers 

0.73 USD 

Compared 

to 0.76 for 

water 

supply. 

23 4053 US

D (50 

years) 

- 6.5

% 

Nepal 

[9]  

  Stone 

masonry 

(10 𝑚3) 

3.9 USD     

  Ferrocemen

t jar (6.5 

𝑚3) 

5.8 USD     

  RCC tank 

(60 𝑚3) 

5.0 USD     

  Ferrocemen

t tank (20 

𝑚3) 

10.5 USD     

Kenya 

[9] 

  Sand dam 

(1750 𝑚3) 

0.55 USD     

Portugal 

[10]  

Commerci

al 

building, 

Dolce Vita 

Braga 

(i=10%) 

 

1252  Scenario 1 

Tank 11,63 

𝑚3 

 2 233.260,

63 € 

(20 

years) 

- 76% 

Scenario 2 

Tank 

324,63𝑚3 

 6 162.056,

99 € 

(20 

years) 

- 23% 

Scenario 3 

Tank 

252,39 𝑚3 

 5 222.513,

92 € 

(20 

years) 

- 30% 

South 

Africa, 

Cape 

Town 

The 

Liesbeek 

River 

Catchment 

Area 

1033 

(precipitati

on) 

1350 

(evaporati

on) 

Scenario 8 3.00- 6.00 

USD 

(depending 

on the water 

demand of 

the 

household) 

    

Indonesi

a  

Housing 

area 

6,8 mm/ 

day (for 

2012, 

considered 
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to be a dry 

year) 
 

 

1.3.2 Drinking water savings 

Table 4: Drinking water savings per case study 

Case study  Catchment Area Total water saving (𝑚3/ 

year) 

Poland  Household with rooftop 

area: 230 m² 

110 for variant 5 (most 

profitable) 

26.8 for variant 10 (least 

profitable) 

Columbia for one 

household [8, 

p.19208] 

Household with rooftop 

area: 101 m² 

131.3 

Portugal [10, p. 

3948] 

Commerical Building: 

46 611 m² 

Around 5000 𝑚3during 

the 7 months 

regularization period. 

(20% of water 

consumption) 

Cape Town 

Liesbeek River 

catchment 

Households in a total 

area of 1 820 000 m² 

150 000 (20-30% of water 

demand) 

 

1.3.3 Conclusions from different case studies  

 The Poland paper concludes that viability of system increases with the decrease in 

complexity, that it depends on the socioeconomic factors of the region, that partial 

outside funding should be encouraged, and that the maximum amount of rainwater 

possible for use should replace tap water [7, p.12-13]. As since in table 2, the most 
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profitable option, variant five reuses 110 𝑚3/year of rainwater. Whereas, option ten 

reuses only 26.8 𝑚3/year. 

 In the Portugal case study for commercial building, experts explained that the total use 

of rainwater or covering all non-drinkable end uses using rainwater is not necessarily 

the most reasonable and viable solution since it requires huge storage volume and thus 

high installation [10, p.3974]. Also, partial regularization of using the system when 

rainwater is available increases its economic viability [10, p.3984]. 

 In Columbia case study, the most profitable option was the second one with the most 

usage of rain and grey water. 

 The Cape Town analysis concludes that for maximum viability, RWH should benefit 

as many end uses as possible and connect the maximum roof area to the storage tank 

[13, p.5-28]. 

2 Matrix for good choice of water systems 

 

A rainwater harvesting system has typical main components: catchment area which is 

normally the roof or terrace area, a filter, a storage capacity, a piping network to supply 

appliances with water, and an overflow system in case storage tank is full and water needs to 

runoff. Thus the factors that affect the economic feasibility are the rainfall for the specific 

area, the catchment surface, water demand, the runoff coefficient influenced by the type of 

surface catchment and the efficiency of the filter [10, p.3972].  

2.1 Catchment surface  

Household roofs have a direct impact on the rainwater yield as it dictates the type of surface 

of catchment and the total area. Water runoff is different from a surface type to another. To 

estimate the water harvested from the rainwater and precipitations, a runoff coefficient is 

used. 

“The runoff coefficient is defined as the proportion of rainfall that becomes runoff ”[13, 

P.51]. Different studies have calculated runoff coefficients through a collection of data over a 

study period (months, years) having rain events. The runoff coefficient is then calculated 

using the average difference between rainfall and water runoff [13, P.51]. Studies 
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interestingly might show different runoff coefficient. Some of research results for water 

runoff for different surfaces are compiled in table H-1 and H-2. 

For the case study in Azrou, most of the roofs are flat roofs with concrete material. For this 

case the coefficient runoff chosen is 0.9 taking into consideration results from different 

studies consulted [21-27]. 

2.2 Water demand and end uses  

 

As concluded in previous case studies, increasing end uses supplied by rainwater increases the 

viability of the project as long as it does not imply increasing the water storage in the case of 

the commercial building in Portugal. The Cape Town study also favors the idea that “an 

increase in demand met results in a lower cost per kilolitre” [13, p.5-3]. 

 

Figure 6: Change in Viability of the project with respect to end uses 

However, using rainwater for many purposes might increase the complexity of the system. As 

concluded in Poland case study, the cost of the system increases with the complexity.  

 

Figure 7: Change in Viability of the project with respect to complexity [7, P.8] 
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Given the same amount of rainfall and making use of rainfall completely, increasing the water 

demand for non drinkable purposes will decrease the needed storage size. It can “be explained 

by the following example: a household using 750 L/day will empty their tank quicker than a 

household using 250 L/day” [13, p.2-33].   

The end uses for rainwater should thus be chosen based on the following criteria: 

 Exploiting as much rainwater as possible. 

 Finding a balance between maximum rainwater use and decrease in system complexity 

(could mean limiting some end uses such as shower that require very good filtration). 

 Using as much rainwater uses in a way that there is little accumulated rainwater and 

thus less storage is needed. 

 

2.3 Filters  

The roof naturally gathers leaves, dust, organisms, insect bodies… [29,  P.36]. For water 

quality to reach a minimum standard for indoor non drinkable purposes, some primary 

filtration should be considered. Through documentation and consulted case studies, table 5 

was compiled summarizing primary filtration techniques. 
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Table 5: Filtration Techniques 

Filter Type First Flush Filter (FF Filter)

 

Leaf Screens  

Downspout Filter

  

Strainer Basket  

 

Description “The first rain that falls cleans the capture 

surface (roof) of debris and contaminants 

and so this initial rainwater carries the 

most debris, contaminants, bird 

droppings, etc.” 1 FF filter diverts the first 

1-3 mm of rain that contains the most 

contamination.2 

Represents the first defense in 

keeping large debris out of the 

collection system (gutters or 

downspout).3It prevents “ the 

entry of insects, particulate 

matter and organic 

contaminants”4. 

Normally made of PVC and 

equipped with an aluminum 

or steel screen. It is inserted 

to the downspout pipe at 

same height of highest water 

volume in the tank 1 

Spherical cage-like 

filters located at the 

inlet of the stoage 

tank. The come in 

different screen 

degrees of precision1.  

 

Recommen

-dations  

“First flush devices need to have an easy 

way to open and maintain. If not, the 

First Flush will most likely be disabled” 5 

Must be cleaned and maintained 

regularly; accumulated debris 

might prevent water flow. 1 

Since it has the advantage of 

being easily cleanable, it 

should be kept accessible. 1 

NA 

 

                                                           
1 [30] 
2 [13, P.53-54]  
3 [29, P.35] 
4 [8, P.10] 
5 [31] 
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2.4 Storage tank  

Since rain event happen in a non regular manner as opposed to system demand, storing 

rainwater is an important step in the process. Storage can take many forms: ponds, aquifer 

recharge, pavements… However, these are more likely to be used at a greater scale of 

implementation, for stormwater detention for example. For domestic occupancies, the most 

common way of storage are storage tanks typically ranging from 1 𝑚3  to 10 𝑚3 [13, p.55]. 

2.4.1 Type of tanks  

There are two basic types of tanks; aboveground and underground tanks. The comparative 

table below shows the characteristics of each one of them listed as advantages and drawbacks. 

Table 6:  Comparing Tank Characteristics and Recommendations 

 Aboveground Tanks  Underground Tanks 

Advantages  Less expensive [13, 

p.55]. 

 May rely on gravity 

flow instead of a 

pumping system [17]. 

 Easier for maintenance, 

cleaning [13, P.55] 

 Do not require space 

aboveground 

 “Water will be cold, so 

hazardous bacteria should 

not develop, cold water is 

able to store oxygen longer; 

and support (beneficial) 

aerobic development in the 

storage tank; algal growth 

will be minimized due to the 

lack of sunlight” [18]. 

Drawbacks  Exposed to weather 

conditions like sunlight 

and freezing that might 

affect the functionality 

of the system [17]. 

 The space required for 

the tank can cause a 

problem especially in 

 More expensive (in 

installation, maintenance, 

cleaning, and removal) [17]. 

 They definitely require 

pumping devices [13, p.55]. 

 Since they are installed 

underground, soil shifting 

might cause cracks that are 
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urban and residential 

dense areas [17]. 

hard to detect and fix [17]. 

 More difficult to inspect or 

address problems such as 

leaks [13, P.55] 

 “At risk to pollution runoff 

if the riser (lid) is not 

properly installed. They are 

difficult to inspect and clean 

[17]. 

Recommendations  Tanks can be in dark color and should be placed in a shadowed 

area to keep the water cool and insure a good water quality [13, 

P.55].  

 “Particles such as pollen will float on the surface, and 

therefore, Fewkes (2006) suggests the tank should be designed 

to overflow at least twice a year” [13, P.55]. 

 

 

2.4.2 Volume of the storage tank: 

 

Selecting the size of the storage is very crucial in the design process because it impacts the 

investment cost as well as the possible rainwater volume harvested, and the performance of 

the system [13, p.55]. The choice of the volume tank should take into consideration the 

catchment surface area, water demand and rainfall. A tradeoff between cost and performance 

of the system should balanced [13, p.55]. 

As discussed in the section 2.2, the storage tank should be chosen in a way to have enough 

storage volume and assure a volumetric reliability and detain as much rainfall as possible [13, 

P.5-3]. “It is also significant from the perspective of stormwater management, as the larger the 

tank, the greater the opportunity for a benefit in terms of peak flow attenuation and volume 

reduction”  [13, p.5-3]. But it also depends on the available rainfall so it should be taking into 
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consideration the minimum value of either water demand or available rainfall into 

consideration.  

A study suggests calculating the useful tank volume using the following formula [28, P. 28]:  

 

Equation 5: Useful Tank volume formula [28] 

Where 𝑉𝑛 is the useful volume (𝑚3), 𝐵𝑊𝑎 is the annual process water requirements, 𝐸𝑅 is the 

rainwater yield in liters per year (𝑚3/year). 

 

3 The City of Azrou and choice of catchment areas 

 

It is important to study the city of Azrou and the different possible sites of implementations to 

predict the most viable options and optimize the desired results. 

 

3.1 Study of the city of Azrou: topography, annual rainfall, area 

3.1.1 Geographical Description  

Azrou is a city located on the western slope of the Middle Atlas at an altitude of about 1,250 

m, about 80 km from the city of Fez, at the crossroads of the two imperial roads connecting 

Casablanca to Tafilalet by the National Route 13 on the one hand and Oujda to Marrakech by 

the National Route 8 on the other hand [14].  
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3.1.2 Rainfall data 

Rainfall and precipitation data was extracted from meteoblue, a website working with 

databases for the past 30 years to get accurate predictions. The following diagram shows the 

amount of rainfall as well as the temperature trends for each month of the year [16]:  

 

 

Figure 8: Diagram for Azrou's temperature and annual rainfall. [16] 

 

The mean annual rainfall based on calculating the total of month’s precipitations from figure 

6 is 554 mm.  

Whereas older weather diagrams, the mean annual the mean annual precipitation is 779 mm. 

The driest month is July, with only 7 mm of rainfall. December accounts for the month with 

the highest rate of precipitation of 115 mm. These trends are different from the actual weather 

trend of Azrou according to a local taxi driver. Working with the older statistic and weather 

diagram, the viability of the project was considerably higher in both cases. This shows the 

effect of climate change.   
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To get accurate predictions about the volume of rainwater storage needed, it is important to 

know the trend of precipitation during each month, i.e. the numbers of rainy days per month, 

the interval between rain days…  

Figure B-2 represents a diagram showing the amount of sunny, cloudy, rainy days [16]… 

Extracting rainy days from each month, the following table was compiled:  

Table 7: Rainy days per month [16] 

Month Rainy days 

January  7,5 

February 8,1 

March  10,3 

April 10,8 

May 12,7 

June 11,1 

July 12,3 

August  13,7 

September 11,1 

October 8,1 

November 7,9 

December 6,9 

 

 

3.2 Choosing the site of implementation 

The following figure shows the urban region the city of Azrou to be of a total area of 4.8 

square kilometers:  

 

Figure 9: Satellite Images of the Urbanized Area of the city of Azrou 
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3.2.1 Possible neighborhoods to conduct the case study  

Of the different neighborhoods of the city of Azrou, an analysis of the old neighborhoods 

(Kechla, Sebbab), new neighborhoods (Nakhil, Salam…) and the region with villas buildings 

(Atlas) was done. These areas are highlighted using Google Earth Satellite images in the next 

figure:  

 

Figure 10: Satellite Image of the selected neighborhoods 

 

 

Figure C-1 and D-1 show satellite and street images of the neighborhoods of Kechla and 

Assabab. They are located in the old part of the city of Azrou and appear to have very 

condensed urban tissue which would make the installation of water tanks aboveground very 

difficult. 

The second catchment area of Hay Essalam and Nakhil (Figure C-2 and D-2) has a total 

surface area of 0.33 kilometers square and about 2200 residential buildings. Storage issue may 

also be encountered in this case despite the free spaces available in some places such as the 

central square (Figure D-2). 

Whereas for Atlas neighborhood (Figure C-3 and D-3), the selected buildings were villas and 

they all appear to have gardens and space that could be used for water storage. 
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3.2.2 Consumption trends 

 

Documents issued by the ONEE office in Azrou contain databases of water consumption in 

different households around the city. A representative sample of households generated the 

volume water consumed by each household. Then, the mean and medium were calculated for 

the expected consumption in occupations categorized by neighborhoods. The following 

results were obtained:  

 

 

Figure 11: Comparative Diagram for the water consumption in neighborhoods 

 

Water is billed according to tranches of consumption respecting two types of billing:  

 Progressive billing: where each meter cube is calculated according to the tranche 

where it was consumed. 

 Selective billing: once a consumption tranche is reached, all the water volume is 

priced at that specific tranche price. 

Figure F-1 shows the consumption per neighborhoods according to billing tranches.  
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From these obtained results, the neighborhoods with the highest water consumption were 

Atlas, Essalam and Nakhil. And as discussed in section 2.2, as the water demand increases, 

the viability increases. These neighborhoods are also less dense regarding urban tissue so it 

might be easier to install storage tanks. Since Essalam, Nakhil are located in the same area, 

their study will be conducted jointly. The average water consumption of Nakhil and Essalam 

Combined is 9.29 𝑚3/month.  

Thus, the sites of implementation of the RWH system will be (1) the residential buildings of 

Hay Nakhil and Essalam (2) the villas at Hay Atlas  

4 Decision making and engineering design  

4.1 Buildings type and characteristics  

 

Before designing the RWH for each case, important data should be gathered such as roof 

areas, garden areas (for villas), the number of households per building, etc.  This data was 

gathered from satellite images (See Example on Appendix G) and on site visits. 

Table 8: Building Characteristics for each case 

Atlas Nakhil-Essalam 

Building type  Villas  Apartments Buildings 

Floors per buildings 2 (one household) 3 (3 households) 

Height (m) 7m 11m 

Roof Area (𝑚2) 149 110 

Roof Type Flat roof with concrete Flat roof with concrete 

Garden Area (𝑚2) 31 NA 

 

4.2 Rainwater end usage  

 

As stated in Chap1, rainwater can replace municipality water for non drinkable purposes that 

represent an important percentage of a household use of water.  
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As concluded in section 2.2, end uses for rainwater should be chosen in a balanced way.  

In the next section, water consumption for non drinkable uses should be calculated. Data 

retrieved from ONEE Azrou was limited to the total average monthly consumption of water. 

Estimating the water consumption for non drinkable require running surveys in different 

households and getting the population input which was not very accessible due to the current 

situation. 

Instead, having the household total consumption and the percentage for each end use will 

allow the estimation of water uses for each purpose.  

The diagram below (figure-12) compiled from different studies illustrates the percentage for 

each end use in a household [13, P.131].  

 

Figure 12: Typical end uses derived from international studies. [13, P.131] 

Choosing specified end usage for the rainwater will allow a balance between storage needs, 

rainfall and water demand and complexity of the system. In case (2) for example, since the 

roof catchment is considerably large and water demand per building is not as high as an 

apartment building, runoff will be considerably higher than case (1). This might apply that it 

would be advisable to use as much end uses as possible. But as stated before, it also depends 

on the rainfall data. According to figure 12, choosing the end uses for toilets, washing 

machines and taps (for non drinkable uses) will account for about 60% and adding showers 

makes it 80%. The tank volume calculations will consider both percentages and scenarios of 

usage. 
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4.3 Tank volume  

As stated before, the tank is a crucial part in the design of the rainwater harvesting system. 

Prior to deciding the type of tank to be used, tank volume will be calculated for each case. 

Equation 5 does show that the rainwater harvested is to be taken into consideration because it 

is lower than the demand. However, it neglects the demand parameter which can influence the 

accumulated water in the tank. To be able to harvest all possible rainfall, the critical value was 

taken to be the maximum possible water harvested and accumulated in the tank using rainfall 

per month, rainy days per month and rainwater end uses, and consecutive rainy days. 

According to meteorological center in Fes, data for the past 10 years in the region of Ifrane 

show that the average period for consecutive rainfall during the rainy season is 4 to 5 days. 

Then the storage volume needed was calculated with the rule of thumb with a margin of error 

of 10%. Detailed calculations are found in Appendix I and J. The results are shown in table 9: 

Table 9: Storage Volume needed in terms of study cases and different end uses 

Storage Volume Needed (L) 

Rainwater end uses  Essalam – Nakhil (1)  Atlas (2) 

Toilets, washing machines, taps for non 

drinking water (60% of total consumption) 

1,539 (for 3 floors) 

513 (for each floor) 

3,450 

Toilets, washing machines, taps for non 

drinking water, showers (80% of total 

consumption) 

801 (for 3 floors) 

267 (for each floor) 

3,020 

 

Table 10: Storage efficiency in terms of study cases and different end uses 

Efficiency : rainwater harvested over the 

demand of chosen end uses 

Rainwater end uses  Essalam – Nakhil (1)  Atlas (2) 

Toilets, washing machines, taps for non 

drinkable water (60% of total consumption) 

0.27 0.63 



37 

Toilets, washing machines, taps for non 

drinking water, showers (80% of total 

consumption) 

0.20 0.47 

 

As noticed in the table, increasing the water end uses won’t have a big effect on the water 

tank while harvesting the same amount of rainwater for case (2). This means that limiting the 

end uses to primary purposes will decrease the complexity of the system which implies saving 

on water advanced treatment that should be made in place to meet the standards of showers, 

and saving on the piping network while keeping more or less the same storage tank. For case 

(1), there is considerable difference. However, the trade consists of adding storage volume 

and having to adjust the system for showers. As the storage is divided by three unit, it can be 

bearable to have a small increase in the storage tank. For each household, a tank of 400L will 

be chosen while having an overflow outlet in case the storage tank is full. 

 

4.4 Choice of RWH system  

4.4.1 Case (1): Essalam-Nakhil 

 

The problem encountered in this case is the lack of ground storage space. Different solutions 

can be considered:  

Table 11: Design Choices for the RWH system in case (1): Essalam-Nakhil 

Underground Storage. Underground storage has the advantage of saving above ground 

space. Installing underground storage tank next to each building 

could feed the entire building with rainwater. However, it requires 

more pumping energy and high capital and maintenance cost as 

indicated in section 2.4. Also, installing tanks in the entire 

neighborhoods will be very challenging and disturbing for the 

population.    

Gutter Storage RWH. In section 1.1.2, gutter storage seem suitable for sites with 

decreasing rainfall and present a good solution for lack 

aboveground space for the storage tank. They are gravity fed 
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systems so no pump is required. However, they have been 

implemented to one or two floor house buildings and would be a 

challenge in a residential apartment buildings because building’s 

exterior walls are shared and the taller the building, the more 

difficult it would be to implement.  

Centralized System. Elevation profiles in Essalam and Nakhil neighborhoods show that 

central square is located at the lowest point. Catchment areas (roof 

buildings) can all be connected to underground water network 

feeding a large underground  (located in the lowest point) from 

where water will pumped to a water tower that will then distribute 

water to the whole neighborhood thanks to gravity and water 

pressure. The difficulty of this system is to be realistically applied 

to an already existing urban site. It also, it goes beyond the scope of 

individual decisions and requires a community engagement and 

different parties’ agreement is necessary before its implementation.  

Gravity Fed System 

with decentralized 

storage units. 

The storage tank volume required for case (1) allowed an 

innovative solution to get rid of needed storage space outside the 

building.   

 

The fourth option is the less complex and the most viable economically since it presents a 

solution for the space scarcity and does not require a pumping system and can be realistically 

applied to the apartment buildings. The tanks in each apartments will be slightly lifter over 

ground to create a difference in potential energy and allow water to flow to the different 

devices.  
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4.4.2 Case (2): Atlas Villas 

 

From satellite images, villas appear to have enough space that could fit a 4𝑚3 tank. This tank 

will collect water from the drainage system since roofs are flat and then distribute it to the 

appliances using a pumping device. 

4.5 Filers’ choice  

4.5.1 Case (1): Essalam-Nakhil 

 

For this case, basic filtration techniques will be used: leaf screens at the entrance of the 

drainage system, and strainer basket at the inlet of the tank.  

First flushing is very important. However, as recommended in section 2.3, this device should 

be accessible to the users. Given the constraints of our system relying on the drainage system 

for collecting rainwater and distributing water directly to the three floors, three solutions are 

presented:  

 Using first flush filters at each floor before supplying the tank with water. This implies 

multiplying the cost of filtration by three. Also, first flush volume need to be diverted 

somewhere. “The flushed water can be routed to a planted area” [29, P.35],  which 

can’t be applicable in this case. 

 Not using first flush filters. This can affect the quality of water. A solution might be to 

clean and wash the roof from time to time. However, the water from roof cleaning 

should be drained to the sewage system and not collected by RWH system. Also, 

Roofs in Morocco in building apartments are usually used during Aid Adha so the 

same problem will be encountered. The solution to this is to keep the drainage system 

in place and implement new system connected to the entrance of the drainage system 

as shown in figure 13 below. Two valves will be installed at the entrance of each tube 

and will be turned on and off manually when users need to clean or evacuate roof’s 

waste material. 
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Figure 13: Connection betweeen drainage system and rainwater collection system in appartement building 

4.5.2 Case (2): Atlas Villas 

 

Same primary filters will be used in this case. Moreover, a first flush filter can be 

implemented in this case since it can be installed outside after getting water from the drainage 

system and before entering the tank. Also, contaminated diverted water can be flow into the 

planted area.  

 

4.6 Piping system  

 

Satellite images do not offer inside view of the buildings due to lack of data related to the city 

of Azrou. The following section will be based on typical apartment and villas architecture in 

Morocco.  

4.6.1 Case (1): Essalam-Nakhil 

4.6.1.1 Part 1: From drainage system to Tank: 

 

The pipe containing water harvested is split into three equally dimensioned pipes to distribute 

water to the three floors fairly. Most drainage systems in Morocco use 100mm in the outer 

diameter for the first pipes collecting water from the roof. Using this diameter and the 

thickness to be 6mm [32], the design for the inner pipes and their dimensions was done in 

Solidworks.  Figure 14 illustrates the cut section of the pipe as well as the side view of the 

building showing the drainage and collection system. Details are illustrates in Appendix M. 
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Figure 14: Drainage and collection network showing the side view of the apartment building and a sketch of the cross 
section of the collection pipe. Dimensions are in mm. 

 

 

 

Table 12: Pipes lenght required from drainage to tank 

Pipe Type  Need  Lenght required 

PVC D=100mm First distance post the drainage 

from the roof. 

2m  

PVC D=40mm  Three pipes, each reaching a 

floor.  

1+ 4+7= 12m 

 

 

4.6.1.2 Part 2: From Tank to the appliances 

 

Based on figure 15, the length needed for the piping network inside the house is: 12.55 m 

Using a rule of thumb for margin of error to be 10%, the required length for the piping 

network per floor is:   

Piping/household= 13.8 m 
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Figure 15: Typical 110𝒎𝟐 2D plan of an apartment building showing piping network 

 

 

 

4.6.2 Case (2): Atlas Villas 

4.6.2.1 Part 1: From the drainage system to the tank 

 

The pipe coming from the drainage system is diverted outside the house where it meets the 

first flush filter and then flows into the tank. A 100 mm PVC pipe of 1 to 2 m is used to 

connect the drainage system to the first flush and tank. 
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4.6.2.2 Part 2: From Tank to the appliances 

 

 

 

Figure 16:  Typical 148m^2 2D plan of a villa floors showing piping network 

Based on figure 16, the length needed for the piping network inside the house is: 15.63m. 

Using the rule of thumb and a 10% margin of error, the required length for the piping network 

per floor is: 17.19m  

 

4.7 Distribution System 

 

Rainwater is used for toilet flushing, washing machines and taps for non drinkable uses. 

These appliances are already connected to the municipality network.  

A system should be designed to alternate between rainwater and municipality water 

depending on the water harvested available. Pipes coming from the municipality will be 

disable at the inlet of each appliance and replaced by the piping system coming from the tank. 

This piping network will be fed by municipality water when rainwater runs low.  
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Figure 17: Distibution system 

Figure 16 illustrates the mechanism of the distribution system. Valve 1 is a one way valve 

also known as a check valve. “It allows fluid to flow in one direction only. These industrial 

valves are automatically activated by the force produced by the flow of the medium itself 

through the pipeline and can be classified as an automatic valve” [33]. The goal is to prevent 

municipality water to run back to the tank. The control system, that controls the flow of 

municipality water, can either be automated or manual (a control valve).  

The automated system consists of an ultrasonic distance sensor placed at the top of the tank to 

calculate the distance to the water level. Once the water level drops to the maximum height, a 

signal is sent to an Arduino board to control and open the valve for municipality water to flow 

in. For better viability the Arduino board can be replaced by a microcontroller system 

customized for this purpose.  

Although these systems offer autonomy and thus more comfort for the users, the complexity 

of it is beyond the understanding of plumbers or household occupants. Thus, system 

maintenance and repair would cause a problem. For this reason, it would be advisable to use a 

mechanical valve such as ball valve. 

For the villas of Atlas, a pump is used to allow the flow of water to both floors. 
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5 Viability of the project 

5.1 Water savings 

Water saving are calculated by adding both savings coming from drinkable water and sewage 

water (rainwater is originally drained into the sewage system). These savings are calculated as 

follow: 

Water Savings= annual yield water * price at the tranche of consumption 

Equation 6: Saving in drinkable water (Dhs) 

 

Sewage Savings= annual yield water * price at the tranche of consumption 

Equation 7: Savings in sewage water (Dhs) 

Appendix K show exact calculations for both cases and results are summarized in table  

However, these equations are not exactly applied to the case (2) for two reasons:  

 Savings in drinkable water moves the consumption back into the progressive billing. 

Thus, to calculate the total saving amount on drinkable water, the original bill should 

be calculated and the new bill using the new volume of water municipality should be 

calculated as shown in figure K-3 

 For the sewage system: some of the water consumed by the household is used for 

gardening and thus not drained into the sewage system. The total volume needed for 

gardening is subtracted from water sewage as shown in figure K-2 

 

Table 13: Annual Economic Savings(Dhs) 

Case(1) : Essalam- Nakhil Case (2) : Atlas 

Drinkable water savings 

(Dhs) 

364.78 901 

Sewage savings (Dhs) 163.38 221 

Total (Dhs) 528.16 1,122 
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Table 14: Annual Environmental Impact 

Case(1) : Essalam- Nakhil Case (2) : Atlas 

Savings per building (𝑚3) 49 .36 66.81 

Buildings per neighborhood 2,200 200 

Total per neighborhood (𝑚3) 108,592 13,262 

Total(𝑚3)  121,954 

 

5.2 Initial investment and maintenance 

Calculating the investment and maintenance costs is essential to the financial analysis of the 

project. The maintenance costs were estimated from previous case studies and website for the 

rainwater harvesting maintenance [8], [39]. The operating cost of the pump were calculated 

using the height of the villa building, 2 estimated working hours per day, and the price of 

electricity in Morocco (1.72 Dhs per Kwh). Concerning the capital cost, prices for the parts 

needed were extracted from different websites and through correspondence with the 

companies [40-42].  

Tables 16 and 17 summarize the capital and maintenance costs for both implementations. 

 

Table 15: Investement and maintenance costs for case (1) 

Items Capital Cost Maintenance 
Cost 

Operational 
Cost 

  Unit 
price(Dhs) 

quantity Unit Total Total/year   

Storage tank 750 3 pc 2250 10 NA 

PVC 100mm 20 2 m 40 0 NA 

PVC 40mm 10 53,4 m 534     

PVC Elbow 
40mm 

4 19 pc 76 0 NA 

Leaf Blocker 40 1 pc 40     

 Strainer Basket 200 3 pc 600 50 NA 

Man labor 200 3 pc 600     

   

Total  4140 60 NA 
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Table 16: Investment and maintenance costs for case (2) 

Items Capital Cost Maintenance 
Cost 

Operational 
Cost 

  Unit 
price(Dhs) 

quantity Unit Total Total/year   

Storage tank 4000 1 pc 4000 10 NA 

PVC Pipes 
100mm 

20 1 m 20 NA NA 

PVC Pipes 
40mm 

10 18 m 180     

PVC Elbow 
44mm 

4 20 pc 80 NA NA 

Pump & 
Accessories 

3000 1 pc 3000 100 16.09 

Leaf Blocker  40 1 pc 40     

Strainer Basket 200 1 pc 200 0 NA 

First Flush 
Filter 

420 1 pc 420 50 NA 

Man labor 200 2 pc 400     

   

Total 
(Dhs) 8340 160 16.09 

 

5.3 Life estimation of the project 

A lifespan analysis is done for each device as shown in table 12 below. Most devices can 

reach a lifespan of 20 years. This is the value to be taken to estimate the life of the project 

(which agrees with almost all case studies consulted).  

Table 17: Life Span Estimation for different devices compiled from different sources  [34, 35, 36] 

Device Piping 

devices 

First Flush 

Filters 

Polyethylene 

Tanks 

Pumping 

Device 

Lifespan 

Estimation  

50 years 20-30 years 15-20 years 15-20 years 

 

5.4 Economic viability indicators  
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Estimating the economic viability of these projects cannot be done by just looking at the 

amount of water collected -- progressive billing of municipal water has to be taken into 

account. 

Taking the estimation of project life to be 20 and the discount rate to be 2.5%, calculations for 

economic indicators for the viability of the project were done as discussed in the Chapter: 

Methods. Exact calculations for each year’s cash flows are shown in Appendix L. 

Table 18: Comparing Economic Indicators for case (1) and (2) 

Case (2): Atlas Case (1): 

Essalam-Nakhil 

Initial Investment 

(Dhs)  8,340 

 

4,140 

Maintenance per year 

(Dhs) 176 

 

60 

Savings per year (Dhs) 1,122 

 

528 

Net Cash Flow per 

year (Dhs) 946 

 

468 

Payback Period 

(years) 8.81 

 

8.84 

NPV (Dhs) 9,359 

 

3,317 

Price for 𝑚3 of water 

(Dhs) 10.28 

 

6.38 

 

6 STEEPLE ANALYSIS 

 

6.1 Social 

Water runoff is a problem in some urban areas. Due to surfaces like concrete used in roads, 

parking lots and other surfaces like roofs, up to 90% of rainwater runs off. Whereas, in rural 

areas and natural sites,  up to 90% of water penetrates the ground. Rainwater harvesting 

systems prevent storm water and water runoffs in urban areas reducing flooding, erosion and 

ground contamination [5]. This can count as an environmental benefit but also a social one. 

During rainy season, downstream neighborhoods of the city of Azrou suffer from flooding or 

runoff surface water. If implemented properly, rainwater collection system will divert the 
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strong flow of water and retain some of it prior and maybe even in those neighborhoods 

depending on the optimal design.  

Although it wasn’t possible to assess the social acceptance of the project by surveying the 

population directly, the end uses considered to be replaced by rainwater (toilet flushing, 

washing machines, nondrinking taps) are most likely to be accepted by the population as 

consulted previously in different case studies.  

 

6.2 Technological 

Although these technologies already exist in different part of the world, it is new to a city 

system in Morocco  

Despite Morocco’s efforts to mitigate water scarcity by practices such as RWH, it remains to 

be emphasized that there are not enough globalizing approaches and innovations particularly 

suited to the management of groundwater and rainwater. Thus, technical and institutional 

capacities are now to be strengthened for a truly integrated, sustainable management of water 

resources and oriented towards the needs of the populations [38, P.42].  

The existing model of implementation of RWH in Morocco was only done in a rural area in 

dait Ifrah [38, P.108]. Implementing RWH on a small scale in a city like Azrou can open new 

horizons to an adaptation of these technologies in many urban areas in Morocco. 

 

 

6.3 Economic 

Rainwater collection systems can save considerable amount of money and be economically 

viable if implemented under the optimal conditions. It could save local agencies money of 

bigger infrastructures like water purification plants. Example of that happened in the city of 

Atlanta that had copious rainfall and still struggles with supplying water. It also saves 

considerable money spent on energy of transportation and pumping of water from 

underground aquifers [5]. From an individual point of view, RWH have the opportunity to be 

economically viable inside households which was the case in the neighborhoods of Azrou.  
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6.4 Environmental 

 “Rainwater harvesting (RWH) systems are the sustainable alternative water supply, lowering 

drinking water consumption, by the usage of non-potable harvested water, and limiting the 

anthropopressure on natural water reservoirs.” [7] Generally, under the conditions of 

residential areas, applied RWH systems are able to reduce drinking water demand even by 

60–80% [7, p.2]. “It may reduce a city’s external water demand and alleviate water stress on 

the area by promoting significant potable water savings, reduce non-point source pollutant 

loads, reduce urban runoff volume, prevent flooding and help to alleviate climate change”10, 

p.3972]. In the rural context, it prevents erosion, flooding and impact water quality in lakes 

and streams [5]. 

Using rainwater has energy saving implications: as it minimizes the need for big 

infrastructural projects that require a lot of energy and natural resources. Also, water 

treatments and pumping from aquifers takes up energy [4].  

The Azrou case study suggests 121,954 𝑚3 of water saving per year. 

 

6.5 Political 

This project aligns with Morocco’s political vision and aspirations for a more sustainable use 

of water and natural resources. 

Mrs. Charafat Afilal, state secretary in charge of water explains that:  

 With a view to supporting its development and streamlining water management, 

 Morocco has, for decades, been committed to managing its water resources by 

 constructing major water infrastructure (dams, efficient water irrigation systems, etc.) 

 to meet its household, industrial, and agricultural consumption needs [5]. 

Rainwater harvesting can be considered as an alternative to help mitigate water insecurity in 

Morocco.  

The Moroccan government has developed the Plan National de l'Eau “National Plan of 

Water” (PNE) . The PNE, has as essential axes the management of the water demand, the 

development of the supply and the preservation of water resources, preserving the natural 
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environment and adaptation to changes climatic. There is also a real political will in Morocco 

to generalize the reuse of wastewater and sustainable management of stormwater [38, P.42]. 

 

6.6 Legal 

Rainwater Harvested is regulated and encouraged by the Moroccan law.  

In August 2016, the new law 36-15 on water was officially published. This shed light on the 

regulations concerning rainwater for private and public properties. According to article 62 in 

chapter IV entitled “Development and use of rainwater” of the same law, Owners and 

operators have the right to collect, store and to use rainwater that has fallen on their funds. 

Local authorities have the right, in their territorial districts, to collect, store and distribute 

rainwater for all domestic, industrial, irrigation or other uses [38, P.42]. 

Also, in matters of town planning, the law indicates in article 63 of chapter IV that the 

administration must during urban planning consider the potential of rainwater use [38, P.43]. 

Article 62 of the same law indicates that the administration or the hydraulic basin agency may 

financially and technically assist any person who undertakes the construction of rainwater 

harvesting systems. It can also assist any person who requests it to restore and rehabilitate 

existing structures for storing rainwater.  

 

6.7 Ethical 

Our ethical code as a Moroccan and Muslim society has taught us to use natural resources 

with moderation. Rethinking our use of water should be a concern especially that this resource 

is going scarce in many parts of our country.  
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Conclusion 

Rainwater is an underutilized source of water that could be exploited to relieve the stress on 

underground water and primary sources. Indeed, implementing the system in two 

neighborhoods in the city of Azrou saves over 120,000 𝑚3volume of drinking water per year.  

While the environmental impact is very important, the system can only be attractive if 

economically viable to a minimum degree. For that, RWH system should be implemented by 

taking into consideration the specificities of the site of catchment. It is possible to have 

general guidelines about the implementation of the RWH (chapter 2), but each case requires 

customized design that best suits the needs and constraints.  

Villa building are easier sites for implementation as it presents less constraints that the 

apartment buildings and although they require more cost of implementation, their Net Present 

Value is higher than that of apartments buildings at the end of the investment period. 

However, the economic viability of the project is not only linked with the yield water 

harvested and building characteristics and consumption trends. The nature of regularization 

and water billing system offered great advantage for Atlas villas. 

RWH have many beneficial impacts and are regarded as an important measure to be taken. 

Governmental subsidies can be utilized to encourage citizens to adopt these systems.  
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Appendices 

APPENDIX A 

MACHINE READABLE CAPSTONE SPECIFICATION 

SERRHINI NAJI Hajar   
GE 
RAINWATER COLLECTION SYSTEMS – CASE STUDY: THE CITY OF AZROU 
NIZAR SHEIKH N., DARHAMOUI H.     
Fall 2020 
 
 
This project aims to provide better access to water resources and relieve water stress 
that is becoming more and more threatening in many areas of the world. With a case 
study in the city of Azrou, this project explores ways to take advantage of a very 
important and underutilized water source in Morocco: rainwater.  

There are many technologies and innovations that address the issue of water 
scarcity. Alongside efforts to find alternative solutions to use and reuse water 
efficiently, advantage should be taken from sources already available.   

The analysis will consist of two distinct parts: studying rainwater systems already 

implemented in other cities outside Morocco. Then, analysing the specificities and 

constraints of the city of Azrou; its topographical map, the average amount of rain 

water in the city, its urban planning and architecture... 

Designing a solution for water collection should take into consideration the feasibility 
of the project and engineering tools required: water collectors, canals, needed 
treatment, storage facilities, etc. Another important aspect would be the cost analysis 
and the return of investment.  

Projects like these could help mitigate the water crisis in Morocco, decentralize water 

management and have a very positive impact on communities.  
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APPENDIX B : Precipitation Data  

 

Figure B-2: Temeprature and rainfall Diagram from old data 

 

Figure B-1: Monthly number of sunny, cloudy, overcast and precipitation days [16] 
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APPENDIX C: Satellite Images of possible catchments areas:  

 

Figure C-1: Satellite View Image of Kachla and Assabab 

 

 

Figure C-2: Satellite View Image of Essalam and Nakhil 

 

 

 

Figure C-3 : Satellite Images of Atlas's Villas 
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APPENDIX D: Street View Images of possible catchments areas:  

 

Figure D-1: Street View Images of Kachla and Assabab 

 

Figure D-2: Street View Images of the Central Square of Essalam and Nakhil 

 

Figure D-3: Street View Images of Atlas' Villas 
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APPENDIX E- Billing System 

 

Table E-1: Water Billing System, compiled from data of ONEE Azrou [15]. 

Consumption Tranches Consumption interval 

(𝑚3/month) 

Price (dhs/𝑚3) 

Progressive 

billing  

1st Tranche 0 𝑚3-6 𝑚3 2.54 

2nd Tranche 7 𝑚3-12 𝑚3 7.39 

Selective 

billing 

3rd Tranche 13 𝑚3- 20 𝑚3 7.39 

4th Tranche 21 𝑚3-35 𝑚3 10.98 

5th Tranche More than 36 𝑚3 11.03 

 

 

Table E-2: Sewage Billing 

Sewage Water Tranches 

 
Sewage Tranches 

Sewage interval per 
𝑚3/𝑚𝑜𝑛𝑡ℎ 

 
Price Dhs/𝑚3 

1st tranche 1 to 6 𝑚3 0.65 

2nd tranche 7 to 20 𝑚3 3.31 

3rd tranche 
More than 21 𝑚3 

4.33 
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APPENDIX F- Consumption Trends in Neighborhoods per Tranches 

   

Figure F-1: Consumption per neighborhoods according to billing tranches 
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APPENDIX G- Satellite Images of buildings roofs 

 

Figure G-1: Examples of measuring roof areas of Atlas Villas with satellite images from Google Earth Pro 

Table G-1: Compiling results into a table and calculating the average 

Villa Roof Area 

1 139 

2 157 

3 153 

4 170 

5 166 

6 114 

7 143 

8 162 

9 145 

10 140 

Average 148,9 
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APPENDIX H- Runoff coefficient 

Table H-1: Runoff coefficients for different types of roofs. [13, P.52] 

 

 

Table H-2: Runoff Coefficient according to [27] 
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[24] 
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APPENDIX I- Tank Volume Calculations for case (1) 

 

 

Figure I-1: Excel Calculations for tank volume with 80% household usage suppplied by rainwater case (1) 
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Figure I-2: Excel Calculations for tank volume with 60% household usage suppplied by rainwater case (1) 
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APPENDIX J- Tank Volume Calculations for case (2) 

 

Figure J-1: Excel Calculations for tank volume with 80% household usage suppplied by rainwater case (2) 
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Figure J-2: Excel Calculations for tank volume with 60% household usage suppplied by rainwater case (2) 
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APPENDIX K- Water Savings: 

 

Figure K-1: Excel Calculations for water savings case(1) 

 
Figure K-2: Excel Calculations for water needed for gardening, case (2) 

 
Figure K-3: Excel Calculations for water savings case (2) 
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APPENDIX L- Yearly Cash Flows to calculate NPV and DGC 

Table L-1: Yearly Cash Flows for investment in case (2) 

 

Table L-2: Yearly Cash Flows for investment in case (1) 
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APPENDIX M- Details of the collection system 

 

    

Figure M-1: drainage system and RWH collection for first floor and second floor 

    

 

 

Figure M-2: drainage system and RWH collection for last floor 
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