
 

© SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 

SCHOOL OF SCIENCE AND ENGINEERING 

 

 

 

 

 

 

 

 

 

 

HEALTHY AFFORDABLE HOUSING  
 

Capstone Design 

 

 

 

 

 

 

 

 
December 2020 

 

 

 

 

 

Ghita Rochdi  

Supervised By: Dr. El Asli 



i 

HEALTHY AFFORDABLE HOUSING     

 

 

      Capstone Report  

Student Statement:  

In this capstone design, I, Ghita Rochdi,  have applied ethics to the design process and in the 

selection of the final proposed design. I have held the safety to the public to be paramount and 

have addressed this in the presented design wherever may be applicable.   

   

 

 

_____________________________________________________ 

Capstone Student:  Ghita Rochdi 

 

 

 

Approved by the supervisor  

 

 

 

 

 

_____________________________________________________ 

SUPERVISOR Dr. El Asli 

 



ii 

ACKNOWLEDGEMENTS 

 

I would like to extend my gratitude for everyone who have helped me to design this project, 

beginning with Dr. El Asli, who guided me to work on an idea that I have been very passionate 

about. I would also like to thank immensely the school of science and engineering for providing 

me with a chance to explore another horizon with this project, which allowed me to be confident 

enough to apply to become a WELL professional.  

 

I would like to thank my parents for being loving, supportive and understanding at every 

moment I needed them this semester, and friends, especially Ayman, Maryam, Brahim and 

Rihab for their continuous support, and truthful belief in my ability to thrive, and work toward 

making positive changes in the world. I hope my humble work in this capstone can serve for 

that. 

 



iii 

CONTENTS 

                     Abstract  iv 

  Table of figures v  

1  Introduction 6 

  1.1. Background and motivation  6 

              1.2.  Presentation of  Well certification 10 

  1.3.  Aim of the project  14  

2  Methodology 15 

3  Concepts and their requirements 16 

  3.1    Air 17 

  3.2    Water 18 

  3.3    Nourishment  19 

  3.4    Light 20 

  3.5    Movement 21 

  3.6    Thermal comfort 21 

  3.7    Sound 22 

  3.8    Materials 23 

  3.9    Mind 24 

  3.10  Community 25 

4  Linear programming and analysis of result  26 

  4.1    Presentation of case study 26 

  4.2    WELL estimation of registration fees 27 

  4.3    Cost of precondition of the project 28 

  4.4    Cost of optimizations  30 

              4.5    Final results 36 

              4.6    Enhancement in units 36 

5  STEEPLE analysis 39 

6            Summary 40 

7             List of references 41 

  

  



iv 

ABSTRACT 

 

Human beings spend a significant amount of time in their homes, where they could be 

exposed to numerous health issues. In particular, the COVID 19 outbreak demonstrated that 

individuals struggle with working, studying and staying for long durations in their homes. 

Furthermore, Ministère de l'Aménagement du Territoire de l'Urbanisme de l'Habitat et de la 

politique de la ville [28], adressed the need for constructing healthier dwelling units. Given 

that many of Moroccans depend on affordable housing units to live, this project aims at 

identifying the risks of unhealthy housing conditions, providing solutions through the 

implementation of the WELL certification while studying the estimation of its implementation 

on an affordable dwelling unit. 

With the help of a linear programming model, the cost of implementing a Bronze WELL 

certification is estimated to be 121.14 MAD for every meter squared, allowing the dwelling 

units to achieve an upgrade in ten concepts: air, water, nourishment, light, movement, thermal 

comfort, sound, materials, mind and community. 

For an affordable cost of 121.14 MAD per squared meter, many dwelling units may be able to 

upgrade their healthy housing conditions in Morocco. 
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1 INTRODUCTION 

1.1 Background and motivation  

According the world health association, the conditions of housing generally affect the health 

of those living in it. For instance, the house (as a dwelling unit) and the home (as a social and 

cultural structure), the neighbors (The surrounding environment of occupant), and the 

community (Population and services inside the neighborhood) could at some point cause a 

harmful effect on a certain occupant, that could be either physical, mental or social. 

Usually, people with health conditions, be it physical or mental, will be required to spend a 

large amount of time in their houses, and their exposure to unsatisfactory housing conditions 

would only worsen their health condition (Braubach, 2011). [1] 

The exposure to unsatisfactory housing conditions was something very noticeable during the 

period of quarantine. Due to the situation created by COVID 19, the world had  to spend a 

large amount of their time inside their houses, working and studying from there, which 

definitely changed their lives tremendously. 

The following statistics show the how the situation impacted the life of people. 

 

Primary results:  

 

224 people have been surveyed , and the data collected reflects the following: 

     

 

Fig 1. Chart describing the durations spent in lockdown since the start of COVID outbreak by surveyed people. 

 

Every person surveyed had to spend an amount of time locked in their homes because of 

COVID outbreak, and the majority had to spend a duration between 1 to 5 months according 

to the chart above.  
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How satisfied were you when working or studying in your house? 

 

Fig 2. Column chart describing surveyed people satisfaction about their stay at home during confinement. 

 

In the survey, individuals were asked about how satisfied they were from their experience of 

working or studying in their houses (1 being very unsatisfied and 5 being very satisfied), and 

the distribution shows that there were a higher number of people who were unsatisfied or in 

between. 

On average, the response would be   
(1×54+2×54+3×64+4×29+5×23)

224
 = 2.61 

 The average being below 3, indicates that from our result, people on average had an 

unsatisfactory experience while working or studying at home. 

Following that, individuals were asked to specify which problems caused their unsatisfactory 

experience while studying or working at home, and the following chart details it. 

 

 

Fig 3.  Column chart discribing the problems that the sample surveyed faced during their stay at home 
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It is clearly visible that during quarantine, individuals had significant health and active life 

problems other than other types of problems. The need for homes that take into consideration 

these variables is evident. 

Next, surveyed individuals were asked about their ability and desire to pay extra for better 

housing conditions. 

 

Would you spend a little bit more money to ensure healthier living conditions in your house? 

 

 

Fig 4.  Pie chart describing the sample’s desire to pay extra for  healthy housing conditions 

 

18.3% of the people interviewed have decided that they prefer not to pay for a healthier option 

of housing, but the majority of 81.7% demonstrates that they are willing to pay extra for 

healthier housing quality. 

The people who have answered Yes were directed to answer how much extra they can pay to 

ensure a good quality of housing. As the WELL certification pricing works with $/square feet 

starting from 0.16 $/square feet. 

 

If yes, how much are you willing to spend extra for every squared foot?  

 

Fig 5. Pie chart describing how much the sample is willing to pay for healthier housing conditions 
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As it can be observed from the pie chart, 45.5% of surveyed people say that they are willing 

to pay from 1$ to 10$ per square feet to enhance the health quality of their future houses, and 

43.4% say affirm that they can pay more than 10$ per square feet, leaving only 11.1% who 

would pay less than 1$. 

For a price of 10 $/ft², the equivalent using the metric system and Moroccan currency would 

be:   
(10$∗8,99 MAD/$

(0.09m²)
 =  998.88 MAD/m².   

 

The costs of implementing WELL in a general case are 0.16$ /square feet in WELL owner, 

and 0.08$/square feet for WELL core, plus a 2500 $ enrollment fee for a whole project, that 

should start from 6500 $. [2]. 

From the values given, it is clear that the costs would meet ability of surveyed people, but 

further calculations will be done in the coming sections. 

As a conclusion, the survey served to show the existence of a need in the housing sector, 

which is to provide occupants with healthier options of living. Furthermore, it gives an idea 

about the alignment of  Moroccans’ ability to pay for these options and the cost of 

implementing the strategies set by the WELL certificate. Further calculation will be shown in 

the case study. 
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1.2 Presentation of WELL certification  

 

WELL institute is a leading institute in the work toward advancing health and wellbeing 

globally. It aims to prioritize health and safety in different kinds of buildings (Dwelling units, 

offices and workplaces, schooling buildings, and others). After 6 years of profound research 

and development in the fields of health and safety, the institute introduced the WELL 

certification in October 2014, in order to support and advance human health and wellness in 

buildings, interior spaces, and within communities. (WELL, 2020). [2] 

 

The WELL certification can certify two types of projects:  

• Owner occupied buildings: Buildings constructed by owners, and will be occupied by 

owner (e.g Hotel built and run by owner). 

• Core and Shell: Buildings where owner may occupy a small area of the building, and 

rent or lease most of the space to either one single tenant or multiple tenants. 

 

The WELL certificates provide guidance and in-depth requirements to follow from the phase 

of initiation till completion in 10 concepts, which are air, water, nourishment, light, 

movement, sound, materials, thermal comfort, mind and community. Furthermore, it uses the 

work done in the 10 concepts to introduce an innovation concept that relies on owner’s 

approach to explore sustainability and environment-friendliness, or to innovate WELL itself. 

In every concept, the owner should implement a number of preconditions (usually between 1 

to 4), and then complete optimization options to gather a number of points that can help them 

reach a WELL certification level (WELL, 2020).[2] 
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There are four levels of WELL certification: Bronze, Silver, Gold, and Platinum. 

The following table explains how they can be achieved: 

Total 

points 

achieved 

WELL Certification WELL Core Certification 

Minimum points 

per concept 

Level of 

certification 

Minimum 

points per 

concept 

Level of certification 

40 pts 0 
WELL 

Bronze 
0 WELL Core Bronze 

50 pts 1 WELL Silver 0 WELL Core Silver 

60 pts 2 WELL Gold 0 WELL Core Gold 

80 pts 3 
WELL 

Platinum 
0 WELL Core Platinum 

Fig 6. A table describing the functions of WELL certification [2] 

• In case the project is Owner occupied, there is a constraint of minimum points per 

concept that should be met for Silver, Gold and Platinum levels. 

• In case the project is Core and Shell, there is no constraint of minimum points. 

 

The following table explains points that can be achieved in every concept. 

Concept  No of features   No of 

Preconditions 

No of optimization 

Air 14 4 10 

Water 8 3 5 

Nourishment  13 2 11 

Light 8 2 6 

Movement 12 2 10 

Thermal comfort 7 1 6 

Sound 5 1 4 
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Material 14 3 11 

Mind  15 2 13 

                

Community  

16 3 13 

Fig 7. A table describing the WELL concepts’ preconditions and optimizations [2] 

 

Pricing:  

The general case:  

• Enrollment fees: 2500$  

• Certification fees: 0.16$/ square feet in WELL certification for owner and 0.08 $/ 

square feet for WELL core. 

• The project should spend at least 6500 $ on the certification and should not exceed 

98000 $, which means that the minimum area required is 6500/0.16 = 40625 square 

feet for WELL certificate, and 6500/0.08 =  81250 square feet 

Similarly, using conversion from square feet to square meter as 1 square feet = 0.092903, a 

minimum area of  3774.186 m squared is needed in order to start working on the WELL 

certificate, and 7548.372 m squared for WELL core. [2] 

To convert the price to MAD (Moroccan Dirham), we use the current rate 1$ = 8.99 MAD, so 

the minimum price that would include the enrollment fee of 2500 $ plus the 6500$ require 

would be 9000 $ which is 80910 MAD. 
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 WELL certificate (owner) WELL core 

Price per square feet (in $) 0.16 $  0.08 $ 

Price per square feet (in MAD) 1.44 MAD 0.72 MAD 

Minimum area to be considered 

for WELL (In square feet) 

40625 square feet 81250 square feet 

Minimum area to be considered 

for WELL (In meter square) 

3774.186  m square 7548.372 m square 

Enrollment fee 2500 $ 2500 $ 

Minimum investment in WELL 

(in dollars) 

9000 $ 9000$ 

Minimum investment in WELL 

(in MAD) 

80910 MAD 80910 MAD 

Fig 8. A table detailing the minimum needed investment in WELL certification  

 

However, special cases may reduce or increase the cost of registration in WELL certificate 

depending on existing discounts. For that reason, WELL provides potential certified projects 

with a cost estimator. 
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1.3 Aim of the project 

a. Achieving health   

The WELL certification aims at upgrading the health conditions of living within buildings.For 

instance, in each concept, WELL present different strategies to enhance the quality of health 

within the unit.  

The WELL concepts focus on improving air quality, monitoring water quality and managing 

it, monitoring food production and preparation, enhancing visual lighting and access to 

natural lighting, promoting active life, providing separate systems for cooling and heating, 

improving sound barriers, restricting harmful materials, promoting mental health services, and 

encouraging a good livelihood in a community. [2] 

 

b. Achieving sustainability  

WELL encourages owners to opt for other certifications such as LEED and HQE which help 

the projects to be more environment friendly, and increase its environmental sustainability. 

Moreover, WELL implementation aligns with a number of SDGs (Sustainable development 

Goals) of the united nations, which are:  

Goal 3: Good health and Wellbeing by relying on research about health in all its concepts. 

Goal 4: Clean water and sanitation by stressing on providing quality water. 

Goal 10: Reduced inequalities by creating chances for affordable houses and fighting any form 

of racial or gender segregation. 

Goal 11: Sustainable cities and communities, by promoting movement and environment 

friendliness. 

Goal 15: Life on land by encouraging planting plants and organic healthy food. 

Goal 16: Peace, justice and strong institutions by promoting charitable activities and community 

service. [2] 

 

c. Quality housing at a minimized cost 

The goal of this project is to create a model for healthy affordable housing to minimize the costs 

of the WELL certification. The project aims directly at upgrading the health conditions in 

affordable housing (Logement social), while keeping the costs at minimum.  

WELL has proved to very helpful when executed in the US as it increases values of dwelling 

units, and may as well attract investors. [20] 
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2 Methodology  

 

This project was realized in three main parts that lead to the final conclusion. 

 

1. Firstly, a thorough research about the WELL certification was conducted, followed by 

a cost analysis for each option that was obtained through online supplying companies, 

articles and case studies suggested by WELL institute, and contacting local 

companies in Casablanca. The cost analysis was designed after an example of 

affordable housing building. 

 

2. Secondly, for designing a plan of an apartment following the standard plan of 

ADDOHA, Autocad was used. 

 

3. Finally, A linear programming model was designed for the project, that respects the 

constraints detailed by WELL, that are:  

• Obtaining at least 40 points in order to achieve a Bronze certification. 

• Respecting the number of optimizations required for each concept. 
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3. The concepts and their requirements  

The idea of the project is to redesign “Le logement economique/ social” a great population of 

Morocco relies on for housing purposes. Regardless of the initial cost of the project, this 

project will deal with the extra costs of remodeling houses to make them healthier and safer 

for occupation. In order to do so, the project proposes the use of the WELL certification that 

follows ten concepts, and requires each project to achieve a minimum number of points in 

each concept in order to receive a certification.  

The points achieved in each optimization for the WELL certificates follow the following table: 

Each concept has to achieve at least 2 points and should not exceed 12 points, except for air 

and thermal comfort, they should both have a minimum of 4 points. 

The minimum required is to achieve at least 20 optimization points, and a total of 100 points 

should not be exceeded. Furthermore, more points can be achieved by adding the innovation 

part, which can be accomplished by introducing green certifications to the building or 

innovating in health, energy, and environment research in building construction. [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 9. A table detailing the minimum and maximum required points for WELL  

 

 

 

 

 

 

 

 

Concept  Minimum points required Maximum points required 

Air 2* 12 

Water 2 12 

Nourrishement  2 12 

Light  2 12 

Movement 2 12 

Thermal comfort  2* 12 

Sound 2 12 

Materials 2 12 

Mind  2 12 

Community  2 12 

Total 20 100 
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3.1 Air  

a. Aim 

The aim of this concept is to implement different strategies in order to increase indoor air quality 

across the dwelling unit’s lifetime, by following different strategies that emphasize on 

elimination or reduction of certain element that would harm the human breathing system, and 

intervening in human behavior in a way that saves the health of all occupants of a single 

building. 

 

b. Preconditions  

The air concept requires four preconditions to be taken into consideration since the earliest 

phase of construction.  

Firstly, there is a need to ensure and maintain indoor air quality for occupants. Installation of 

monitors to keep track of the amount of air pollutants is necessary. According to the WELL 

institution website, in order to provide air quality within a building, it is essential to monitor 

that thresholds of particulate matter, organic gases, inorganic gases, and radon are met so the 

human respiratory system would not be harmed [3]. 

Particulate matter is one of the primary reasons of air pollution, and has a negative effect on the 

human respiratory system [3]; for instance, it might trigger asthma, nausea or respiratory 

allergies an irritation [4]. As a matter of fact, according to a statistical analysis conducted on 

Italy between the first and the last day of March, a period during which Italy suffered from one 

of the highest number of cases and deaths in the world; we can deduce that there is a strong 

positive correlation between COVID 19 cases, and deaths with the individual exposure to 

PM2.5 and PM10 [3]. 

Radon in the other hand is known to be a noble gas formed of Radium (₂₂₆Ra) that is a result of 

the decay of Uranium (238U). Radon occurs usually in rocks in enclosed spaces such as mines 

or houses, and Radon has been classified in 1988 by the international agency of research on 

cancer as group 1 human carcinogen, which means that constant human exposure to Radon, 

may result in cancer casualty [1]. 

Radon can exist in building materials, and its level of existence in indoor air depends on 

geological formations, building structure, and ventilation, etc. [1] 

Secondly, one of the most important features of WELL air is to limit exposure to tabaco 

smoke, which has thousands of components, including 69 that are proven to be carcinogenic. 

These components can reach the respiratory system of the smoker and other occupants of 

building because of secondhand smoking. The well precondition insists on implementing 
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policies that prohibit smoking within the building or in its proximity (exactly in the 7.6 m 

radius around the building doors and windows.)  

Thirdly, a choice is given to the project owner either to install mechanical ventilation, or ensure 

a successful natural ventilation, and that must be done in compliance with the rules of  ASHRAE 

62.1-2010: (Standards for acceptable indoor quality) in construction, maintenance and 

operation. [5] As ASHRAE 62.1-2010 requires, vents and windows must be designed to meet 

this requirement: They should be operable: permanently open, or have options that prevent their 

closure during periods of occupancy, and building should be constructed in a place where the 

average thresholds are: PM2.5 <= 15 μg/m³ , and  PM10 <= 30 μg/m³.[5] Common stair space 

must have permanently open windows for effective ventilation. 

Finally, during construction, pollution should be well managed for it can hurt the people 

working in the construction project as much as it can harm the residents of nearby buildings. 

The procedure of construction is known to produce a considerable amount of particulate matter 

that is significantly harmful to the respiratory system. As a solution, the WELL enforces 

envelope protection, filters for PM10 removal and Moisture and dust management.[3] 

 

c. Optimization  

When it comes to optimizations, the WELL focuses mainly on offering solutions to increase 

the indoor quality of air, by enhancing ventilation design and air quality. Using pollutant 

filtration, and managing the way they are designed[5].  

 

3.2 Water 

a. Aim  

The aim of this concept is to enforce healthy condition for the water involved in the whole 

building. Starting from ensuring a good quality of water for human consumption, and 

finishing by protecting building material by managing the use of water throughout it [6]. 

 

b. Preconditions  

Since water is used daily by human beings, either for drinking or other hygienic purposes, any 

water coming in contact with the human body should be ensured for safety. Firstly, water 

going intended for human contact should be checked from turbidity, and coliforms [6]. 

Turbidity is a well-known measure of the clarity of water, and it helps in indicating the level 

of water pollution since there is a significant correlation between a high turbidity and fecal 

indicators. Similarly, turbidity may be created because of suspended and colloidal matter 
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(clay, silt, finely divided organic and non-organic matter), other than planktons and other 

microscopic organism [7]. According to WELL, the exposure to a water of a high turbidity 

and that is full of the coliforms associated with fecal pollution may result in digestive system 

diseases, and that is why WELL requires that water in contact with human ought to not 

exceed 1.0 NTU, FTU or FNU (which are the following units of turbidity: nephelometric 

turbidity, formazin turbidity or formazin nephelometric units, respectively) and for coliforms 

not to be detected in the 100 ml sample used. The solutions presented for lowering turbidity 

and coliforms in water are water filtration and ultraviolet light that is proven to be effective in 

killing coliforms [6].  

Secondly, chemical and organic and pesticides thresholds must be met in the project in order 

to ensure safety of occupants. Tests made by construction team should include testing for 

Aldrin , Atrazine, Carbofuran, Chlordane and others.[6]. 

Thirdly, in order to keep track of the healthy space designed for occupant, it is necessary to 

take samples of water once per year to monitor and check turbidity and coliforms in it. In 

addition to that a management plan to prevent legionella is essential. Legionella is a pathogen 

that can cause severe Pneumonia and was identified as the cause of the outbreak of 

legionnaires’ disease. Legionella is found in aquatic environments, but it spreads and thrives 

especially in warm water and damp spaces [8]. That is why WELL requires that the project 

must implement a plan to prevent Legionella that focuses on constant sampling and 

monitoring of water in building [6].  

 

c. Optimization  

The optimizations work necessarily on promoting a healthy water quality through the use of 

filtration, reuse of potable water, and the support of good hygiene within the building. [9] 

 

3.3 Nourishment  

a. Aim  

The aim of this concept is to ensure a healthy style of nourishment for occupants of a certain 

building. The concept also focuses on providing healthy options for meals, and helping 

occupants to use these options. [9] 

 

b. Precondition   

The two preconditions listed for this concept focus on ensuring availability of fruits and 

vegetables, and maintaining a policy for nutritional transparency in the case of existence of 
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restorative spaces within the project. Since the project presented in this capstone project is for 

dwelling units designed for private occupation, the building will not provide public restorative 

areas, which exempt the project from these preconditions [9]. 

 

c. Optimization 

The optimizations that are valid for a dwelling project included in the WELL certification are: 

providing occupants with area designed for them to use in order to produce healthier food 

options, and ensure their proximity to sources of healthy food [9]. 

 

3.4 Light  

a. Aim  

The aim of this concept is to provide the necessary amount of light for occupants to positively 

influence their mental, visual and biological health [10]. 

 

b. Preconditions  

The circadian system is defined as the repetitive biological rhythm adapted by terrestrial 

species (most importantly human beings) in the interval of 24 hours depending on the pattern 

of daylight and darkness. The respect of the circadian rhythm helps in reducing numerous 

disorders such as sleep deficiency, Alzheimer disease and related dementia. [11] In order to 

provide a circadian health for occupants WELL requires project to expose occupants to 

enough indoor light, exactly an illuminance target of 19 fc (foot candle) or 204.514 Lux in 

more than  30% of individual unit area throughout the 50% of daylit hours of the year. In 

addition to that the lighting systems designed in kitchens and bathrooms should be complying 

with CIBSE SLL Code for Lighting thresholds [10]. 

 

c. Optimizations 

 Optimizations focus on enhancing circadian light, manage glare, and the proper use of 

electrical light in areas of occupancy. Occupants must be able to customize light in their 

environment [10].  

 

3.5 Movement  

a. Aim  
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Physical health can be enhanced by creating opportunities for movement. The aim of this 

concept is to design, create policies, and influence occupants to pursue an active healthy life 

[12]. 

b. Preconditions  

In order to facilitate movement in the project area, this concept requires that a number of 

optimizations must be met in order to reduce sedentary behavior inside the project. The 

optimization might focus on at least one of the following: working on a circulation network, 

facilitate physical activity for occupants, choosing a site suitable for physical activity, or 

designing a space for physical activity [12]. 

 

c. Optimization  

The optimization options focus on providing opportunities and spaces for physical activity, in 

addition to planning and designing a project situated in a mass transit area, and pedestrian 

friendly streets. Moreover, it stresses the design of facilities of cycling for active occupants, 

and also an opportunity to encourage non active occupants to look after their physical health 

[12].  

 

3.6 Thermal comfort  

a. Aim  

This concept aims at providing occupants with a comfortable temperature inside their houses, 

so they could be able to be productive without constraints. Houses can be in regions where the 

weather is severely cold, or extremely cold, which makes their productivity level drop. This 

concept ensures thermal comfort through an improved HVAC system design that is able to meet 

every occupant’s thermal preference [13].  

 

b. Preconditions  

According to WHO, studies have shown the association of poor housing condition, mainly 

colder houses with winter mortality. Low temperature can harm the respiratory and 

cardiovascular systems, and may cause asthma or respiratory viruses [1]. For that reason, 

WELLrequires that the project must provide thermal comfort by the creation of an efficient 

indoor thermal environment. Furthermore, units should supply occupant with an indoor 

operative temperature depending on the outdoor temperature in order to increase their comfort 

while they are inside the house. In addition to that continuous monitoring or annual testing 

should be enforced [13]. 
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c. Optimization  

Optimizations include personalizing cooling and heating options for occupants to increase their 

level of comfort, enhancing ways of monitoring, encouraging operable windows for more 

option to meet the desired air flow inside the unit and finally humidity control [13]. 

 

3.7 Sound  

a. Aim  

In order to provide acoustical comfort, WELL works on acoustical comfort parameters in 

order to address concerns caused be the extreme noise pollution human beings are exposed 

too, especially in big cities. Bringing acoustical comfort to occupants enhances their health 

and wellbeing. 

 

b. Preconditions  

According to WHO, high levels of noise are  able to cause hearing loss. Moreover, extremely 

high noise is proven to cause an increase in blood pressure, blood lipids, glucose level, blood 

clotting factors and cardiac output [1]. Noise pollution is considered for both physical and 

psychological health deterioration. According to statistics made and shown in the same 

document by WHO, the association between exposure to traffic or aircraft noise in dwelling 

units and getting ischemic heart disease is high and relevant [1]. In order to prevent the risks 

mentioned before, WELL requires annotated documents providing a sound mapping to the 

project, labeling areas as loud zones, quiet zones, mixed zones and circulation zones and 

make the occupants of the building knowledgeable of these documents. In addition to that the 

project is required to provide a design plan that takes into consideration background noise, 

speech privacy and acoustical comfort [13].  

 

c. Optimization  

Optimizations offer the chance for projects to limit background noise in unit by selecting an 

HVAC system with low sound ratings, and introducing sound reduction in the building façade 

in order to decrease exposure to exterior noise. In addition to that, the project may include 

sound barriers between units and rooms to reduce sound travelling around the building and 

ensure comfort and privacy [13].  

3.8 Materials  

a. Aim  
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Many materials used in construction can have harmful effects on human physical health. The 

materials concept aims at identifying these elements, introducing them, restricting or 

decreasing their use if necessary, along with providing strategies that would ensure the health 

of future occupants [14]. 

 

b. Preconditions  

The preconditions focus on restricting and managing the hazards of three primary materials 

for their danger on human health, which are asbestos, lead and mercury [14].  

Asbestos has been used for construction purposes since the earliest days of the 19th century. 

Asbestos refers is not a scientific name to the material used in construction, but rather a 

commercial name given to the myriad mineral silicates several mineral silicates vastly related 

to respiratory illnesses such as mesothelioma and lung cancer [16]. Therefore, WELL requires 

that within the project boundaries, product categories such as (roofing, joint protection, 

ceilings, thermal protection, etc.) must not exceed 1000 ppm of asbestos by weight or area. In 

[14]. 

Lead is a chemical element (Pb) that is used for painting, roofs, electrical conduits and 

cornices. Exposure to lead is very dangerous not only to the occupants who would potentially 

be constantly endangered by it, but also to construction workers who work in proximity to it. 

Lead is responsible for causing mild symptoms of chronic overexposure including nausea, 

nervous irritability, anxiety, pallor, insomnia and dizziness. In addition to that, it is also 

responsible for harming the reproductive systems [17]. In that regard, WELL stresses on the 

fact that paint and products used in the project boundary cannot exceed in total 100 ppm of 

lead by weight [14]. 

Mercury is a chemical element that exists as a liquid in normal temperature. Mercury exists in 

construction materials, and it is highly harmful to human health. The longer a person is 

exposed to mercury, the riskier it is to their health. Inhaled Hg²⁺ can cause memory loss, 

insomnia, tremors and disability in motor and cognitive function. Such effects might be 

irreversible due to the relatively high period of exposure to mercury [18] Being able to cause 

severe cardiovascular, neurological, gastrointestinal and dermal problems [18], WELL 

restricts the use of mercury, and allows small percentages of it only in lamps sensors and fire 

alarms guided by RoHS (Restriction of Hazardous Substances Directive) [14]. 

In addition to restriction of these three harmful materials, WELL encourages projects to 

implement a plan for managing their hazards, if they happen to exist in the construction site 

[14]. 
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c. Optimization 

WELL optimizations in materials focus on restricting the use of any material that can be harmful 

to human health, starting with enhancing the restriction of asbestos, lead and mercury, and 

reducing exposure to VOC in the boundaries of the project. 

Optimization of products and materials used is encouraged, and so is hygiene and use of healthy 

cleaning products [14]. 

  

3.9 Mind 

a. Aim  

WELL stresses on the fact that a human being spends a relatively high amount if their time 

inside their houses, and in order to push occupants to live productively and happily in their 

houses, many policies and strategies must be implemented in order to promote a good mental 

health inside the building [15]. 

 

b. Preconditions  

Instead of offering opportunities to rest and relax, a house with poor housing conditions may 

lead  an individual to experience more stress and anxiety. It might even affect negatively an 

individual’s productivity [1]. In order to prevent more psychological issues including 

Depression which is a leading cause of disability in the entire world, anxiety and substance use. 

WELL requires that the project respects its preconditions. Firstly, WELL encourages the 

promotion of mental health through policies and programs, and the use of nature inspired 

furniture in common area to reduce stress and fatigue. An example of these furniture would be 

fountains, plants and outdoor views [15]. 

 

c. Optimization  

The optimization offers the opportunity to introduce more common spaces for occupants to find 

relaxation such as restorative spaces where the previous concepts are respected (Good level of 

air quality, quiet space, thermally comfortable space, etc.). In addition to that, WELL suggest 

an enhanced access to nature through the use of plants indoor and outdoor [15]. 

 

3.10 Community 

a. Aim 
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Humans live inside communities, and they cannot be separated from them. WELL aims at 

making the life with a community easier, enjoyable, fair and healthy. The aim of this concept 

is to spread and promote health and wellbeing within the community living within the building, 

and support their health within the building [16]. 

 

b. Preconditions  

In order to keep the community knowledgeable about health and wellbeing, health resources, 

especially WELL as a guideline must be provided in a common space for all occupants to read 

and use for further enhancement. In addition to that the project, in its early stages, should be 

thought of as an idea that would promote health and sustainability. Discussion among 

stakeholders (Owner, architects, engineers, etc.) should be maintained in order to meet a healthy 

and sustainable project. Furthermore, the project should prepare occupants for emergency 

situations of different kinds. Build a consistent plan for emergency preparedness relevant to all 

occupants within a building. Finally, surveys should be distributed among occupants and 

collected to assess level of satisfaction of occupant as well as the level of implementation of 

WELL requirements. This survey must be conducted and implemented once year to WELL in 

order to keep the certification [16]. 

 

c. Optimizations  

Optimizations in this concept offer the chance to firstly enhance the annual survey used, 

promote diversity and inclusion, provide emergency resources like emergency kits and educate 

occupants on how to use them, and finally promote fairness by allocating a number of units to 

underprivileged occupants with a more affordable price [16].   
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4. Linear programming and analysis of solution  

4.1 Presentation of the case study 

The project aims to study the extra costs of implementing a WELL certification in affordable 

housing units. According to WELL, the costs may vary significantly depending on 4 main 

variables: Original design, region, size and how features are achieved).  

In order to study the costs efficiently, a model of affordable housing in Casablanca (Addoha, 

Attawhid) has been selected [27] , and a standard area of 70 m² has been given as an assumption 

for the case study. Optimizations already satisfied in this type of housing are accounted for and 

given the cost of 0. 

The case study will be taking into consideration one building of the residence containing 20 

similar apartments of 70 m². 

Based on the plan of Addoha, attawhid, this primary plan of a single apartment was designed 

in Autocad. The sizes are taken in cm. 

 

Fig 10. Autocad plan design of  single unit   
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Fig 11. Autocad plan area of a single unit   

 

 

4.2 WELL estimation of registration fees 

The assumptions made:  

Area of a single unit: 70 m² 

Number of apartments in building: 20 

Area of building: approximately 380 m² or 4090 ft² 

 

According to WELL estimator:  

The total estimation of registration and program fee for one building would be 5850 $, which 

accounts for approximately 5450 $ * 8.99 MAD/$=  48995.5 MAD. 

The cost of this project is less that the minimum stated in the introduction because WELL 

allocates discounts for affordable housing projects as it can be seen below. 

The initial cost of the project is 48995.5 MAD [19] 
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Fig 12. Estimation of enrollment and program fee of project   [19] 

 

4.3 Cost of preconditions of the project 

The WELL certification lists a number of preconditions that a project can not be certified 

without having them achieved. The estimations of prices were based on estimation tool used 

for construction purposes in Morocco [25], and cost are kept at minimum to achieve the 

preconditions. The following table demonstrates every precondition from each concept, 

explains if it is met or not, and the necessary cost or WELL guideline to follow in order to 

achieve it. 

 

 

Air Met or not Cost Reason 

1) Air quality  Met 
 

Air quality at Casablanca respect 
threshold [22]. Casablanca has a level 
of Radon  0.031 Bq/L less than the 
maximum 0.15 Bq/L given by WELL 
[21] 

2)Anti-smoking ban Not met 0 implementation of a policy at no cost  

3) Ventilation design / 
Natural 

met  
 

Natural ventilation is implemented 
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4)construction pollution 
management  

Not met 9076 MERV 8 filters are recommended by 
WELL (for stairs) : 1819 MAD / 6 parts 
and walk off mats for the building are 
worth  1800 MAD for the whole 
building                                                

Water Met or not Cost Reason 

1) Water quality indicator  Met 
 

Tests of turbidity, Ph level and 
califorms has to be conducted and 
follow the WELL regulation in the 
area. (Usually done by Lydec) [24] 

2 Drinking water quality   Met 
 

3) Basic water management  Not met 101.07 

Nourrishement  Met or not Cost Reasons 

None 
  

No preconditions for Dwelling units. 

Light Met or not Cost Reason  

1) Light Exposure met  
 

Envelope glazing area is superior than 
7% per unit area 

2) Visual Lighting Design Not met 
 

Design policies (minimal to no costs) 
following the regulation of one of the 
chosen guides. 

Movement Met or not Cost Reason 

1) Active Buildings and 
Communities 

Met 
 

Optimizations that should be met are 
taken into consideration in linear 
programming model 

2)Ergonomic Workstation 
Design 

NA 
 

Not applicable in dwelling units 

Thermal comfort Met or not Cost Reason 

1) Thermal Performance Met  
 

Because the average outdoor 
temperature in casablanca is always 
above 10 degrees celcius or 50 F 

Sound Met or not Cost Reason 

1) Sound Mapping Not met 
 

Requires identifications of zones using 
sound mapping through 
documentations (minimal to no cost) 

Materials Met or not Cost Reason 

1) Material Restrictions Not met 3585.59 Can all be achieved by respecting 
regulation for use of asbestos, lead 

and mercury. In adition to that 
2) Interior Hazardous 
Materials Management 
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3) CCA and Lead 
Management 

prepare a plan for hazards 
management  

Mind Met or not Cost Reason 

1) Mental Health Promotion NA 
 

For workers and students only 

2) Nature and Place Not met 4000 An average of 400 MAD spent on 
artwork and plants in entrance 

Community  Met or not cost Reason 

1) Health and Wellness 
Promotion 

Not met 
 

Provide an online guide for occupants 
(minimal cost) 

2) Integrative Design Met 
 

Health and WELLNESS taken into 
consideration by stakeholders 
(Already done by  choosing well) 

3) Emergency Preparedness Not met 
 

Plans for emergency designed, could 
be at no cost 

4) Occupant Survey Not met  
 

Survey for limited ocupants (limited to 
no cost)  

Fig 13. Table listing all the preconditions allowed in project and their costs    

 

The total cost for meeting preconditions is: 16762.66 MAD 

 

4.4 Cost of optimizations  

 

a. Identification of variables  

Most of the 89 optimization opportunities offered in the different 10 concepts have different 

ways of achievement. However, some of these optimizations do not align with all types of 

projects. In the case of dwelling units, many optimization opportunities were omitted due to the 

fact that occupants have more freedom to choose furniture and electric appliances. For the 

minimization model, optimizations that are designed for units other than dwelling, or 

optimizations with minimal information for cost estimation were excluded in order to focus on 

the 51 left optimizations. In addition to that optimizations with a 0 cost indicates that the 

optimization is already fulfilled or have minimal to no cost at all, and requires only a 

management plan, or a policy design by the AP professional working on the project 

(Documentations on WELL interface) [2]. The following table details all of them, their 

estimated cost and number of points they may achieve. 
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Reference Optimization  Cost (in 
MAD) 

Points achieved  

A05-1 Thresholds for particulate matter  63233.77 2 

A05-2 Thresholds for organic gases 54243.77 1 

A05-3 Thresholds for inorganic gases  3648.052 1 

A07-1 Provide operable windows  0 1 

A07-2 Manage use 15300 1 

A08-1 Indoor monitors installation  3505.201 1 

A08-2 promotion of air quality awareness  0 1 

A09-1 Design healthy entryways 0 1 

A11 Manage Pollution and exhaust  30840 1 

A12 Implement Particle filtration  0 1 

A13 Improve air quality  2730.713 1 

A14 Ultraviolet air treatement  5474.82 1 

W04 Threshholds for drinking water taste 13790.57 1 

W05-1 Assess and Maintain Drinking Water Quality 2634.52 2 

W05-2 Promote Drinking Water Transparency 0 1 

W06 Ensure drinking water access 1456 1 

W07-3 Implement Mold and Moisture Management Plan 0 1 

W08-3 Support Effective Handwashing 30900 1 

N12 Provide gardening space 9000 2 

N13 Ensure local food access 0 1 

L05-1 Implement Daylight Plan 5523.456 2 

L05-2 Integrate Solar Shading 124458.4 2 

L07 Balance Visual Lighting 53940 1 

V03-1 Design Aesthetic Staircases 2700 2 

V03-2 Integrate Point-of-Decision Signage 300 1 

V03-3 promote visible stairs 0 1 

V05-2 Select Sites with Access to Mass Transit 0 2 

V08-2 Provide Outdoor Physical Activity Space 4000 1 

T02 Survey for Thermal Comfort 0 3 

T03 Provide Thermostat Control 35960 2 

T05 Radiant heating / cooling 12460.14 2 

T06 Thermal comfort monitors  6652.6 1 

S03 Design for Sound Isolation at Walls and Doors 70000 3 

S07-1 Achieve Sound Isolation at Walls 0 1 

S07-2 Meet Thresholds for Impact Noise Rating 0 1 

X04 Limit VOCs from Wet-Applied Products 0 1 

X06 Restrict VOC Emissions from Furniture, 
Architectural and Interior Products 

30566 4 

X07-1 Select Products with Disclosed Ingredients 0 1 

X07-2 Select Products with Enhanced Ingredient 
Disclosure 

0 1 
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X07-3 Select Products with Third-Party Verified 
Ingredients 

0 1 

X09 Implement a Waste Management Plan 2849.65 1 

X10 Manage Pests 0 1 

M07 Provide Restorative Space 8684 1 

M09-1 Provide Nature Access Indoors 0 1 

M09-2 Provide Nature Access Outdoors 2753.93 1 

M11 Offer Substance Use Education 0 1 

C05 Enhanced occupant survey 44950 4 

C11-1 Promote Community Engagement 0 1 

C11-2 Provide Community Space 0 1 

C12 Promote Diversity and Inclusion 0 2 

C14-2 Provide Opioid Response Kit and Training 1351.63 1 

Fig 14. Table detailing cost estimations of possible optimizations  

    

b. Linear programming model   

The listed variables are used in the linear programming mode, along with their cost estimation, 

and potential points achieved. The aim is to minimize the cost of the chosen variables so that 

they would account for 40 points that would make the project WELL bronze certified. 

 

Fig 15. Screenshot of the linear programming model designed    

 

The total cost accounts for price only if the variable choice is equal to 1. Choice is a binary 

variable that takes either 0 for disregarding the optimization or 1 for choosing the optimization.  

The constraints of the linear programming are the following:  

• At least 40 points are achieved. 

• At least 4 points achieved between Air and Thermal comfort  

• At least two points achieved in every other concept 

• Precondition V01: At least achieve 1 point in V03, V04, V05, V08  

• Important optimizations either because they help in achievement of preconditions or 

because they minimize cost of other optimizations. 

 

Running the solver:  
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Fig 16. Screenshot of the excel solver parameters input     

 

 

Fig 17. Screenshot of the final optimized cost     

 

As it appears in the excel sheet screenshot, the total cost of optimizations chosen is of 103841.7 

MAD , the choice row gives 0 for variables disregarded, and 1 for chosen optimizations. 

The following screenshot shows that all constraints were satisfied.  
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Fig 18. Screenshot of constraints met      

 

The total number of points is equal to the necessary 40 and every concept met the minimum 

required and exceeded it most of the times. The last helpful constraints were also met in the 

process.  

Linear programming optimal solution:  

The optimizations chosen, along with their cost estimations are as follows:  

Concept Reference cost  Points Choice 

Air  A05-1 63233.77 2 0  
A05-2 54243.77 1 0  
A05-3 3648.052 1 1  
A07-1 0 1 1  
A07-2 15300 1 0  
A08-1 3505.201 1 0  
A08-2 0 1 1  
A09-1 0 1 1  
A11 30840 1 0  
A12 0 1 1  
A13 2730.713 1 0 
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A14 5474.82 1 0 

Water W04 13790.57 1 0  
W05-1 2634.52 2 1  
W05-2 0 1 1  
W06 1456 1 0  
W07-3 0 1 1  
W08-3 30900 1 0 

Nourrishment N12 9000 2 1  
N13 0 1 1 

Light L05-1 5523.456 2 1  
L05-2 124458.4 2 0  
L07 53940 1 0 

Movement V03-1 2700 1 1  
V03-2 300 1 1  
V03-3 0 1 1  
V05-2 0 2 1  
V08-2 4000 1 0 

Thermal 
comfort 

T02 0 3 1 

 
T03 35960 2 0  
T05 12460.14 2 0  
T06 6652.6 1 0 

Sound S03 70000 3 1  
S07-1 0 1 1  
S07-2 0 1 1 

Materials X04 0 1 1  
X06 30566 4 0  
X07-1 0 1 1  
X07-2 0 1 1  
X07-3 0 1 1  
X09 2849.65 1 0  
X10 0 1 1 

Mind M07 8684 1 1  
M09-1 0 1 1  
M09-2 2753.933 1 0  
M11 0 1 1 

Community  C05 44950 4 0  
C11-1 0 1 1  
C11-2 0 1 1  
C12 0 2 1  
C14-2 1351.63 1 1 

Fig 19. Table with the optimal solution      
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4.5 Final result  

The following table summarizes the costs of the project:  

 

Type  Cost 

estimation 

WELL enrollement 

and registration 

48995.5 

Preconditions  16762.66 

Optimization 103841.7 

Total 169599.86 

Fig 20. Table detailing the overall cost of WELL enhancement      

 

 

The estimated amount to make an affordable housing unit (building of 20 units) WELL certified 

is 169599.86 MAD 

 

Given that we have 20 units within the building of 70 m², it makes up a total area of 70 * 20 = 

1400 m² of owned area by occupants. 

Dividing the total cost by the total area: 169599.86/1400 = 121.14 MAD/ m²  

We can conclude that upgrading the health conditions of a dwelling unit in Morocco, 

Casablanca would cost approximately 121,14 MAD/m², which is significantly less than what 

the surveyed individuals expressed they would pay for such upgrade. 

 

4.6 Enhancement in units   

Air 

After the enhancement, occupants of the building will enjoy a relatively better air quality, 

especially after the implementation of the tobacco ban that lowers secondhand smoking 

effects, and installation of MERV 8 filters in bathroom vents to decrease the level of 

pollutants, and prevent allergies. Moreover, a walk off mat designed for building entry would 

be helpful in controlling dirt and dust that may enter the building otherwise. Furthermore, 

every occupant will be informed of regulations inside the buildings that are designed to lower 

the exposure to carbon monoxide, and will have one CO detector in their houses to protect 

them. 

 

Water 
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By the implementation of water feature for this project, occupants will have more data about 

the quality of water in their houses thanks to the extensive testing, and the effective 

communication through different mediums (Guide at entry or online platform for residence). 

In addition to that the construction team along with a WELL professional, would design a 

mold and moisture plan, that can reduce negative effects of moisture and mold, that may 

result in asthma and other respiratory issues.[1] 

 

Nourishment 

The nourishment plan for the project includes keeping the project in proximity to different 

food sources, and the installation of a small organic vegetable garden for occupants to plant 

food in it. 

 

Light  

The project will replace the glass used by LOW-e (Pyrolitic Low-e double glass) that has 75% 

of daylight visible transmittance. 

Movement  

Stairs can be good way to encourage movement. For that reason, the WELL certification 

requires the aesthetic design of stairs to encourage occupants to use it often. The project’s 

stairs would have different types of plants, artwork, and signage for a better use. 

 

Thermal comfort  

The project requires that 80% of occupants would be satisfied with the thermal comfort level. 

This is assumed to be correct since only 18% of people surveyed in Casablanca express that 

they have a thermal comfort problem. 

 

Sound  

The Well implementation means that sound isolation will be installed in units to reduce the 

noises coming from outside and other units, and ensure a safe and relax atmosphere for  

occupants. 

 

Materials  

The use of asbestos, lead and mercury will more regulated, and well monitored. The plans for 

managing dangerous hazards will be made designed to protect the building, occupants and 
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construction workers. In addition to that, building materials information will be 

communicated and documented for WELL to ensure its safety. 

 

Mind  

An area of the building rooftop will be designed as an outdoor restorative area for relaxation. 

The area will have seats, light, artwork, plants and an aesthetic design. In addition to that, 

there will be an increase on indoor and outdoor plants in the project. Moreover, WELL 

requires that a substance use educational guide designed by the project team be available on 

line or communicated otherwise to occupants, so they would be knowledgeable about where 

to seek help if needed. 

 

Community   

Firstly, the project will be required to communicate information about charity events, 

community work and social engagement to occupants so they can be part of it regularly, and 

make use of it. In addition to that, a community space would be designed for the occupants of 

the building. (the roof top restorative space would satisfy that). 

Secondly, the project must design policies against discrimination, and promote inclusion. 

Housing opportunities should take into consideration owners’ race, gender, level of ability 

and socio-economic background. 

Finally, the project should provide an Opioid Response Kit for occupants with a designed 

guideline for emergencies.  
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5. STEEPLE analysis  

The project aligns with the STEEPLE model as it follows:  

 

Social: The project benefits venerable population, as WELL requires that some units should 

be assigned at a lower price for tenants or buyers unable to pay the full price so they could 

also access healthy housing. Moreover, the project encourages occupants to promote equality 

within the communities. 

 

Technological: The WELL certification is based on  profound research that has been 

conducted for a period of six years, and has been  validated by credible experts. 

 

Ecological: The project promotes the use of other certifications (Green certificates) such as 

LEED and HQE certificate that promote themselves strategies in environmental sustainability, 

and the project aims at encouraging environment-friendly strategies such as the use of natural 

resources, and lowering and restricting  the use of materials that harm the environment. 

 

Economic: The project aims at making the value of units appreciate and creating another 

competitive advantage in the market of housing. The project may create a chance for new 

investments that may nourish the country’s economy. The project also aims at introducing 

chances of investment under the umbrella of a much needed field which is sustainable 

finance. 

 

Political: The project has been chosen for few projects in Morocco, and it is perfectly aligned 

with governmental policies of Morocco. The project does not defy the politics of Morocco in 

any way. 

 

Legal: Few projects are working to earn the certification in Morocco, and the certification 

align with Moroccan law. 

 

Ethical:  The project discourages discrimination, and encourages giving opportunities to 

venerable citizens. Moreover, the project aligns with different SDGs of the united nations, and 

aim to make the world a healthier place for humans to live happily and prosper. 
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6. Conclusion  

Currently, there is no project in Morocco that is certified by WELL. However, there are 

projects under construction working with WELL professionals to achieve a certification upon 

completion of construction.  

As there is no dwelling unit in Morocco with a WELL certification, an opportunity of 

investing in health is introduced through this project. Given that surveyed individuals 

expressed that they would be wiling to pay approximately 998.88 MAD per m², an additional 

cost of only 121.14 MAD per m² is an opportunity for upgrading affordable housing in 

Morocco (especially in Casablanca), with an aim to increase profit, and achieve health and 

sustainability.  

If construction companies opt for upgrading their projects by WELL professionals, they will 

have opportunities in:  

• Innovation in the affordable housing market. 

• Competitive advantage in quality affordable housing. 

• Increase in value of units, thus higher profit achieved. 

• Minimize the cost of a green certification (WELL features cross walk significantly 

with LEED features)  

 

To conclude, it is essential to point out to the importance of health, and in order to preserve it, 

efforts from different fields should collaborate in order to achieve the necessary positive 

effect. The WELL certification presents itself as an opportunity for enhancing occupants’ 

health in their homes, workplaces, schools and all other types of buildings. Therefore, the 

study of its implementation in different types of building in Morocco should be a necessity. 
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