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Abstract 
 

Al Akhawayn University (AUI) is a pioneer institution on many levels. It is known for taking 

initiatives to benefit its community and the society as a whole. This capstone project aims to help AUI 

become the first green, sustainable and environmental friendly campus in Morocco. In order to achieve this 

objective, different studies are going to be performed to be able to identify and solve some recognized 

environmental conditions (RECs). The first part of this project consists of performing a Phase I: 

Environmental Site Assessment (ESA) on two sites located within AUI’s campus: Grounds & Maintenance 

(Building 12) and the laundry (Building 36). These sites were chosen based on the assumption that they 

deal mostly with petroleum products and hazardous chemicals and may therefore harm the environment. 

The solutions suggested from the previous part will be then financially analyzed to be able to adapt the 

most effective, feasible and cost efficient solutions.  

 

Keywords: Phase I: ESA, Recognized Environmental Conditions, Historical Recognized Environmental 

conditions.  
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1. Project Background 

1.1 Introduction to sustainability 

Nowadays, sustainability is no longer an ambiguous domain. In fact, it has been reinforced by the 

law to become one of the major elements that forms numerous projects. It is often referred to as the domain 

that focuses on creating an ecological planet and maintaining it for the coming generations. In other words, 

sustainability’s principle consists of preserving all the natural assets and resources that our survival 

depends on. Due to the advancement of science, technology and the implementation of countless polluting 

projects, several new concepts have been developed to overcome the environmental challenges. In addition 

to that, myriad initiatives have been taken at different levels to address environmental dysfunctions. 

However, eliminating those global environmental challenges and shaping a green future remained 

impossible to be accomplished in the near future. To be able to perceive the changes and reach tangible 

results, there has been a breakthrough of several organizations in numerous domains that have taken the 

initiative to perceive a change. For instance, global organizations, industrial sites and university adopted the 

concept of sustainability [1]. 

Universities play an important role in building and forming future leaders. Several universities 

have taken sustainable initiatives and therefore have set a good example to its staff and students to follow 

and include sustainability in their daily lives. This initiative helps reduce environmental challenges and 

reach some tangible results. However, to be able to move from a regular to a green campus several 

challenges arise. For instance, having old buildings that require more energy to heat up the rooms and with 

technologies that are not water-efficient. In addition to that, the existence of several departments within a 

campus, that constantly use hazardous chemicals or hydrocarbons that negatively affect the environment. 

Once a university takes a green initiative, it doesn’t only impact the environment, but it also positively 

affects the university’s financial situation in the short and long-term.  

1.2 Project Overview 

According to QS Ranking 2015, Al Akhawayn University in Ifrane (AUI) is number one amongst 

the numerous universities in Morocco. Taken several factors into account, AUI is the leading university 

among the 260 evaluated institutions coming from 15 Arab countries. In fact, AUI’s outstanding faculty, 
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their publications and its students gave it this lead [2]. In addition to that, AUI takes and gives to its 

students several initiatives where they can use their talents and expand it to produce something beneficial 

for both the university and the community. One of those opportunities is the capstone project that allows a 

person to come up with an idea and develop a project out of it.   

My capstone project’s main goal is to turn AUI’s campus to a green sustainable and environmental friendly 

one. I have chosen this project due to the vital role that sustainability plays in our and the future 

generation’s life. Moreover, one of AUI’s 2020 strategic visions is related to sustainability and turning its 

campus green. Therefore, I have taken the initiative to come up with solutions to the challenges that arise in 

the completion of this project.  

To make Al Akhawayn University’s campus a sustainable model and to be able to have a complete 

project, several studies related to different fields should be conducted. In other words, this project should be 

tackled from an economic, environmental, social and technical aspect. For instance, some of the studies that 

should be taken into account are the following:  

• Produce a complete Phase I: Environmental Site Assessment on designated areas of the 

campus. 

• Waste Management: Manage solid waste through a series of steps.  

• Energy audit: Aiming towards energy conservation. 

• Financial Analysis:  Aiming towards choosing cost effective solutions 

I will mainly focus on completing two studies. The first one, Phase I: Environmental Site Assessment 

is a study that focuses on some designated areas of the campus that are known for their hazardous waste 

and toxic emissions. I will analyze the data gathered from meetings with members of different departments 

and then conduct a report that suggests different solutions and substitutes for the old polluting methods 

used. The second study I will conduct is a financial analysis. I will analyze the profitability of this 

sustainable initiative on the long-term. In other words, the amount of money AUI will save up in the long-

term after adopting the solutions suggested.  I am aiming to achieve several results from my project that 

are:  

• Produce a complete environmental site assessment for designated areas on campus. 

• Develop a profitability analysis and a pro forma financial statement. 
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• Set AUI as a model for green campuses. 

Once my project completed, it outcomes will be beneficial not only to the campus but also to the whole 

community. It will also set a model that could be followed by other universities or organizations in 

Morocco.  

1.3 Literature Review 

In the past decades, the awareness about environmental issues has risen within the different 

organizations worldwide; therefore, reaching sustainability has become the ultimate goal. The change in 

different domains could lead to a sustainable development. In addition to that, the world has been 

consuming costly unsustainable energy resources without thinking about producing and using natural and 

renewable ones. In fact, the world’s electricity consumption has known an average annual growth of 3.3% 

from 2000 to 2012 compared to 3.2% for production. Moreover, the electricity consumption has moved 

from 13167 (TWh) in 2000 to 19462 (TWh) in 2012 [3].  These changes have also affected Morocco, a 

developing country of 33.8 million of citizens. In fact, Morocco has known a great socioeconomic 

development in addition to constant initiation of major projects across all sectors of the economy, 

especially the general rural electrification program (PERG) that has caused an increase in the national 

demand for energy. The installed capacity has known a growth at an average annual growth rate (AAGR) 

of 4.4% starting 2002 until 2012 [3]. Several studies have been conducted to forecast the demand of energy 

in the coming years showed the following: 

• By 2020, the demand for primary energy in Morocco will double and triple by 2030.  

• By 2020, the demand for electricity in Morocco will double and quadruple by 2030. 

To be able to face this high demand several sustainable initiatives should be taken. In fact, Morocco is 

making changes in one of its most powerful sectors: Tourism. Tourism’s 2020 vision objective doesn’t only 

aim to increase the number of tourists interested by visiting Morocco, but also aims to adapt a sustainable 

strategy that will distinguish Morocco from other country. In order to achieve this project’s objective, three 

aspects should be included:  

• Ensuring sustainability and conservation of energy and natural resources. 

• Meeting tourists’ environmental sensitivities. 

• Making sustainability as a distinguishing aspect for Morocco. 
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To reach these objectives, several water and energy constraints imposed on Morocco should be taken 

into account in addition to other regulations found in the figure 1 below. 

 

 

Figure 1: Morocco 2020 vision Tourism’s regulations [5] 

Many companies and universities have been adapting these green sustainable initiatives. For example, 

l’Université Internationale de Rabat has been able to make several sustainable changes within its campus. 

In fact, 25% of the university’s electrical needs are ensured today by its photovoltaic solar panels [6] 

Similarly, AUI is adopting a sustainable path, as one of its 2020 strategic visions is to turn its campus to a 

green sustainable and environmental friendly one. Despite the natural resources that this city disposes of, 

all the technologies adopted by AUI depend on electricity. In fact, 40% of its electricity usage is dedicated 

to heating the campus’ direction, residential and academic areas, 40% is used for the production of hot 

sanitary water and 20% for lighting the campus and for the different information technology (IT) services 
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offered [4].  All this leads to a costly bill equal to almost 12 million MAD. This price has recently 

increased by 6% due to the change of prices imposed by l’Office National de l’Electricité et de l’Eau 

Potable (ONEE). Therefore, the university is expecting the electricity bill to increase and should hence take 

the initiative and make some sustainable changes.   
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2. STEEPLE Analysis 

Social:  

Turning AUI to a green campus will have a huge impact on the university’s community daily life, 

as those changes will become part of their routine. Therefore, being environmental friendly will allow 

AUI to not only save up money, but also live in a healthier environment that will impact the 

community’s life positively.  

Technological: 

  This project will introduce several environmental friendly and cost efficient technologies that save 

up the energy. In addition, Morocco could manufacture its own technologies, which will reduce all 

import related cost and will generate a new income for the country.  

Economic:  

The demand of energy in Morocco increases exponentially every year, which leads to an increase 

in the cost and the coal exportation. Applying this type of projects will help AUI reduce its high 

electricity bills and will push other universities and organizations to follow the lead which will reduce 

Morocco’s energy cost and its dependency on coal exportation.  

Environmental:  

The main purpose of this project is to create a green, sustainable and environmental friendly 

campus. By reducing the use of hazardous chemicals and petroleum products and substituting them by 

environmental friendly solutions and technologies this will allow us to save the environment and turn 

the planet to a better place for us and for the coming generations.  

Political & Legal: 

One of the laws and regulations hat the government imposes on different entrepreneurs is the 

sustainability of their project. My project falls within the law, as it respects all its regulations and 

brings an added value to the community.  

Ethical:  

Caring and protecting the environment is an ethical matter. Unlike different projects that harm the 

planet, this one cares about the environment more than the financial outcomes.  
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3. Phase I: Environmental Site Assessment 
3.1 Definition 

Phase I: Environmental Site Assessment (ESA) is often defined as a study which main purpose is to 

identify any present or anticipated environmental conditions that may prevent a real estate from fully and 

correctly using its properties. Four steps are followed in the completion of this study:  

1- Records Review 

2- Site Reconnaissance 

3- Interviews 

4- Phase I: Environmental Site Assessment (ESA) Report  

The first step consists of analysing past usage of the property and examining its surrounding for any 

presence of contamination. In addition, satellite photographs need to be taken to illustrate the site and its 

surroundings. Several agencies that have records about the site are often contacted to gather information. 

The second step includes site visit, measuring its boundaries using GPS and taking photographs related to 

the study. The third step involves interviewing the representatives of the concerned department using the 

ESA checklist (Appendix C) and gathering enough data to be able to move to the fourth step where all the 

data is reported and analysed in order to draw conclusions and make recommendations.  

3.2 Executive summary  

Phase I: Environmental Site Assessment within AUI is performed to identify Recognized 

Environmental Conditions (RECs) and to come up with sustainable solutions and substitutes to the old 

methods used. This study will mainly focus on two sites: Grounds and Maintenance (Building 12) and the 

Laundry (Building 36). These two sites have been chosen due to their high usage of some hazardous 

chemicals and petroleum products and due to the assumption that they release some harmful toxics. In 

order to complete this assessment the four steps stated above should be completed.  

This Phase I: ESA will be completed following the ASTM E 1527-05 standards and the Moroccan 

environmental laws. I will therefore be able to report the results of the analysis and highlight the parameters 

that require some changes and improvements and suggest some environmental friendly solutions.  
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3.3 Introduction:  

Under the scope of my capstone project and in order to turn Al Akhawayn University’s campus into a 

green sustainable and environmental friendly one, I have conducted a Phase I: Environmental Site 

Assessment (ESA). I have mainly focused on analyzing two sites: Ground maintenance and Laundry based 

on the assumption that these two departments deal mostly with chemicals and produce hazardous waste. 

Therefore, the Phase I: ESA will allow us to identify the property’s environmental conditions as defined by 

the American Society for Testing and Materials (ASTM) International E 1527-05 Standard for ESA’s 

process and as applicable in Morocco.  

Al Akhawayn University’s campus encompasses approximately 75 hectares and includes 41 buildings 

allocated for Academic, Residential, Administrative, Recreational, and Athletic purposes [7]. The 

university’s location is further described as having a latitude and longitude of 33° 32’ 21.29” North and 5° 

6’ 19.99” West respectively.  

  3.3.1 Purpose 

The main purpose of this ESA is to be able to identify recognized environmental conditions (RECs). In 

other words, we will be able to test the possibility of detecting some petroleum products or hazardous 

substances in or at the property [8]. The presence of these products or substance could threaten the 

environment due to its past, existing or future release to the environment. This term includes the presence 

of petroleum products or hazardous substances; yet, it excludes de minimis conditions that won’t harm the 

environment, human health or break the law.  

  3.3.2 Scope of Services 

The assessment of the two departments conforms to the scope and limitations of ASTM E 1527-05 

Standard for Phase I: ESA. In fact, this scope consists of four major components consisting of an 

ascertainable review of environmental data related to the two departments, a site visit and inspection of the 

products used, interview with professionals in the field related to the site, and a report that represents the 

study and its outcomes.  

Task1: Records Review:  

AUI’s ground maintenance and laundry’s records review included the following:  
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• A review of the property and its surroundings’ historical and recent data which included satellite 

photographs retrieved from Google Earth, topographic maps of the university and the whole 

Meknes-Tafilalt region and site images (Appendix A). 

• A review of the government environmental laws. 

Task2: Site Reconnaissance: 

As specified in ASTM E 1527-05 standards, we have taken the permission of the director of both 

facilities Mr. Mohammed Jadid to enter, visit and take pictures of the sites. The sites’ reconnaissance 

included the following: 

• Observation and description of the sites’ general settings including a full site reconnaissance of 

both the accessible and adjoining areas to the properties. 

•  Documentation of any practice harmful to the environment including current use, disposal, 

storage, treatment or generation of petroleum products or hazardous substances.  

• Identification of all possible equipement containing polychlorinated biphenyls (PCBs). 

• Observation and illustration of the site and adjoining properties for possible environmental risks 

related to their usage. 

Task3: Interviews: 

In order to gather data related to current and past usage of the sites and to identify possible 

environmental risks, several interviews have been conducted with Al Akhawayn officials. 

• Interviewed the ground maintenance director Mr. Mohammed Jadid who provided information 

related to the two sites including site information, utilities and many other pertinent information. 

• Interviewed the air conditioning and plumbing manger Mr. Mitouilli Ezzaki who shared detailed 

information about the historical data, water supply and forms of energy used.  

• Interviewed the electricity manager Mr. Hassan Benabdallah who presented information related 

to transformers and all the electricity utilities used in the university.  

Task4: Phase I ESA Report: 

Following section 12 of ASTM E 1527-05 standard, the three major components of a Phase I ESA has 

been completed. The fourth step consists of preparing a report containing the following: 
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• A complete summary of information gathered from the interviews and the Phase I ESA’s checklist 

(Appendix C).  

• An analysis of the sites’ visit.  

• A discussion of all environmental risks including historical recognized environmental conditions 

(HRECs), recognized environmental conditions (RECs) and de minimis conditions.  

• An analysis of the data and an evaluation of the environmental impact on AUI’s campus.  

• A discussion of the data gaps and limitations that may have affected the complete assessment of 

the sites. 

  3.3.3 Assumptions, limitations and Exceptions 

Despite the appropriate application of these methodologies, there is a possibility that some sites’ 

conditions haven’t been analyzed within the scope of the assessment or haven’t been included with the data 

gathered. The director of both the ground maintenance and laundry departments provided data and 

supporting documents whenever needed. The suggestions and conclusions presented in this report are 

drawn from observations of the sites’ current use. Moreover, this report is limited by all the norms and 

regulations stated in the ASTM E 1527-05. 

  3.3.4 User Reliance  

This report represents an important part of my capstone project that could be relied upon by Al 

Akhawayn University and especially its ground maintenance and laundry departments. In fact, information 

contained and described in this report represent confidential facts regarding the conditions of the two sites. 

The information were mainly collected from interviews with the director of the departments and other 

employees who approve the usage and analysis of this data.  
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3.4 Property Description  

This part describes the property’s ownership and general characteristics. (Appendix A Figures 1 to 7) 

represents a satellite photograph retrieved from Google Earth of the whole property (AUI), the two sites 

(Ground Maintenance and Laundry) and its surroundings. Moreover, the property’s plan layout, 

topographic imagery and representative images are represented in (Appendix A Figures 8 and 9).  

Table 1: The property’s General Characteristics 

Property Name  Al Akhawayn University 

Property Owner  Al Akhawayn University 

Property 
Occupant(s) 

• Al Akhawayn University is composed of 41 buildings serving for Academic, 

Residential, Administrative, Recreational and Athletic purposes. 

  
• This Phase I: ESA focuses on studying two main sites which are the ground 

maintenance and laundry departments.  

  
• The ground maintenance building includes offices, a workshop and a parking 

lot at the entrance of the building.  
  

• The main services provided by the ground maintenance are plumbing, 

electricity, painting, and masonry for all the buildings. Moreover, the ground 

maintenance is responsible of treating and controlling pest at least twice a year 

and also providing maintenance and renovation when needed [9].  

 • The two laundries that are allocated for students are located in the ground floor 

of building 36 and the basement of building 39. The laundry located in the 

basement of building 38 serves the housing and restaurants' needs. 

  

• The main services provided by the laundry team in both building 36 and 39 are 

cleaning and drying the students' clothes. The  laundry located in building 38 

offers cleaning, drying and ironing for the restaurants, housing and many other 

department on campus.  

 
The following table (Table 2) presents the property’s address in addition to a full description of the 

location and its surroundings.  
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Table 2: Description of The property’s location and Surrounding Area 

Property Address - AUI's Campus: Hassan II Avenue, Ifrane, 53000, Maroc 

- Ground Maintenance: AUI's main campus Building 12 

- Laundry: AUI's main campus Building 36-38-39 

Property Location 
and Surrounding 
Area Description  
 
 
 
 
 

Both the latitude and longitude angles have been measured for the first site 

(Grounds & Maintenance) giving the following coordinates 33°31'36.18" N and 

-5°8'12.09" W. The main entrance of the building is located at the Northwest 

corner of Building 12 close to both a parking lot and a forest. Adjoining the 

property at the Southwest is a forest and Michelifan Hotel. The second entrance 

of the building is located in the Southeast next to another parking and a waste 

deposit area. The site is then surrounded by a road and forest in its Northeast 

side.  

The first laundry is located in the ground floor of Building 36 with the following 

coordinates: 33°32’32” N and 5°6’15” O. The laundry is accessible from the 

South side of the building.  The site is located in the residential area and is 

therefore surrounded by buildings. The laundry located in building 39’s 

basement has the following coordinates: 33°32’32” N 5°6’15” O. The site is 

surrounded by parking lots, a forest and Building 38.   

Property Size 
 

Al Akhawayn University’s campus encompasses approximately 75 hectares. 

Topographic Relief Al Akhawayn University’s campus is located in the city of Ifrane which altitude 

varies from 1476 m to 2431m (Appendix A Figure 9). The campus’ altitude is 

of 1648m (Appendix A Figure 9).  The two figures have been retrieved from 

Shuttle Radar Topographic Mission (SRTM) with a resolution of 90 m. 

 
3.5 User Provided Information 

This phase I: ESA is the first one to be done for AUI’s campus. In other words, there has never been 

any environmental assessment study at this property; therefore, no documents related to the generation of 

petroleum products or hazardous substances have been provided or consulted. The information presented in 

this report are mainly based on the conducted interviews.  

3.6 Records Review 

The main purpose of this records review is to collect data, review records and to detect historical 

recognized environmental conditions (HRECs) or recognized environmental conditions (RECs) related to 

Al Akhawayn University’s campus.  
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  3.6.1 Historical Use Information 

    3.6.1.1 Historical Use Sources 

The ASTM E 1527-05 standard states that all the uses of the subject property whether related to when 

it was first developed or the earliest it started operating must be identified and included in the report. The 

data gathered was analyzed to be able to conclude any past practices that may have led to RECs or HRECs 

related to the property. The historical sources have been gathered and are presented in the following section 

as a historical summary of the findings. 

    3.6.1.2 Historical Use Summary 

In 1993, Al Akhawayn University was established by a royal Dahir and wasn’t inaugurated until the 

16th of January 1995. At first, the campus included only 37 buildings among them one laundry located in 

building 36 and a ground maintenance department located in building 12. Due to the small number of 

students enrolled in the university in 1995 the workload on both departments was very low leading to very 

low environmental risks. As the number of students increased, these two properties’ role has increased and 

thus some environmental changes have occurred. The satellite imagery found in (Appendix A Figure 1 to 7) 

illustrates the findings. 

    3.6.1.3 Satellite Imagery 

Three different historical satellite photographs have been retrieved from Google Earth to represent the 

changes that have occurred in the site analyzed. In fact, to be able to understand the use of the site and its 

surroundings the satellite photographs for the year 2003, 2007 and 2013 are analyzed. The laundry 

department hasn’t been included in this part, as the two laundries in building 38 and 39 have been recently 

built and also because all three laundries are not independent building but they are part of the housing 

facilities. The level of detail differs from an image to another as it depends on the quality of the image, 

scale and resolution. A summary of the taken photographs can be represented in the following table (Table 

3).   
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Table 3: Google Historical Satellite Imagery Review 

GOOGLE HISTORICAL SATELLITE IMAGERY REVIEW SUMMARY 
Year SUBJECT PROPERTY SURROUNDING AREA 
2003 The whole building has been 

constructed by 2003. The area next 
to the building’s second entrance 
wasn’t used as a parking lot. The 
building is surrounded by a road and 
a green area.  

The building is not surrounded by residential or 
commercial areas. In fact, we can find mostly find 
trees around it.  We can also observe that the area 
next to the second entrance of the building is not 
frequently used as the tarred yard’s color is clear and 
light meaning that there has been no production or 
usage of petroleum products or hazardous materials. 

2007 No changes have been made to the 
building, as it appears similar to the 
photograph taken in 2003. However, 
we can notice that the area next to 
building’s second entrance is now 
used as a parking lot. We can also 
notice that the number of trees 
surrounding that area has decreased.  

There appears to be few changes related to number of 
trees surrounding building 12. However, the most 
noticeable changes are related to the area next to the 
second entrance. In fact, the tarred yard’s color has 
changed from the previous picture to a darker one. In 
addition, we can observe that this area is now 
considered as a parking lot, which leads to the 
conclusion that the change in color is due to the use of 
petroleum products, hazardous materials, and oil 
spills.    

2013 There is overall similarity between 
this photograph and the previous 
ones. The only dramatic difference 
is again noticed in the area next to 
the second entrance. 

In this image the property and its surroundings appear 
to be similar to the two previous photographs. Once 
again there has been a change in the tarred yard’s 
color, as it got darker. We can also observe the 
presence of more cars near the site’s workshop.  

 
 
  3.6.2 Physical Setting 

A property’s physical setting can influence its potential on-site and off-site source of contamination. 

The following table 4 presents information related to the physical setting of the property.  
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Table 4: The Property’s Physical Setting 

Physical Setting 
Information Comments Source 

Site Elevation 

The city of Ifrane's altitude varies from 1476 m to 2431m.  

The property Assessed: AUI has an average altitude of 1648 m.  

Building 12 (Ground Maintenance): 1655m.  

Laundry Building 36: 1587m. 

Laundry Building 39: 1650m.  

Shuttle Radar 

Topographic 

Mission (SRTM) 

with a resolution of 

90 m. 

Surface Runoff/ 

Topographic 

Gradient 

Ground Maintenance:  general direction of the surface runoff is 

NE–SW refer to explanation below (Figure 2). 

Laundry (Building 36): the surface runoff has no general 

direction; as it is flat see explanation below. (Figure 3) 

Shuttle Radar 

Topographic 

Mission (SRTM) 

with a resolution of 

90 m. 

Interfered 

Ground Water 

Flow Direction 
Ground Maintenance:  NE-SW.  

Laundry building 36: Flat 

Shuttle Radar 

Topographic 

Mission (SRTM) 

with a resolution of 

90 m. 

Soil Type(s) 

The dominant soils found in the middle atlas are rendzinas and 

brown soils. However, on very deep slopes the most common 

soil types found are lithosols and regosols. [10] 

 
    3.6.2.1 Surface Runoff and Topographic Gradient 

• Grounds & Maintenance: Building 12  

The ground maintenance’s surface runoff general direction is NE-SW. The following topographic 

cross section of the site shows the depth of the slope. In fact, this physical setting allows the site to have an 

accelerated surface runoff. This is a positive setting, as it requires less time for the runoff to reach a 

channel.   
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Figure 2: Topographic Cross Section of Ground & Maintenance 

• Laundry: Building 36 

No general direction of the surface runoff has been determined from Building 36’s laundry topographic 

cross section. A flat topographic slope illustrated in the following figure is very important for infiltration an 

important process used by laundries. In fact, there is a high potential for all the water found on the ground 

surface to infiltrate or enter the soil.   

  

 
Figure 3: Topographic Cross Section Of The Laundry (Building 36) 



	  
23 

    3.6.2.2 Dust/Noise/Odor Concerns 

Since building 12 is located further down the campus, no noise levels, odor concerns or dust emissions 

have been detected. However, most of the complaints related to building 36’s laundry were associated to 

the dust, noise and odors released from the site. In fact, due to the site’s small size and the fact that it 

doesn’t dispose of windows or dust extractors, students and staff are exposed to petroleum products and 

hazardous chemicals. Since the two other laundry facilities are all located either in the ground level or the 

basement of building 38 and 39, they don’t represent any harm to AUI’s community.  

    3.6.2.3 Waste Management 

All the solid wastes generated by the campus occupants are collected and then temporarily dumped in 

the dumpster located next to the main gate which is then gathered by an outside agency. The ground 

maintenance collects and stores its oil waste in trashcans few miles away from the building’s entrance near 

its workshop (Appendix B Image 6). However, it has been noticed that in the southwest side of the building 

several old plastic trashcans and other materials are disposed and haven’t been collected since mid 2015 

(Appendix B Image 7-8-9). 

    3.6.2.4 Energy Management 

Al Akhawayn university’s main and only energy supplier is l’Office National de l’Electricité et de 

l’Eau Potable (ONEE) supplied by TAQA Morocco. The university only produces a small amount of 

energy from its 60 solar panels of 1.5 kW each that provide Building 19 with hot water. Moreover, once the 

inflow of electricity from l’ONEE stops for any technical reason an electrical generator using gasoil 

generates electricity for the campus. This generator produces electricity for the whole interruptions period. 

The campus disposes of two generators located in building 3 and 9 each with a capacity of 400 KW.  

    3.6.2.5 Transportation and Medical Infrastructure 

The main transportation means used on campus are vans or personal cars. The ground maintenance is 

responsible of the vans that transport the staff and students. Mr. Mohammed Jadid, Mr. Mitouilli Ezzaki 

and Dr. Samir El Hajjaji, an assistant professor of Chemistry, are working on a new project to substitute the 

diesel used in vans to Biodiesel produced from used cooking oil. This substitution will no only have a 

higher efficiency, but it will also help reduce carbon emissions. This idea has been implemented in one van 
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and is in the phase of trial several positive results have been achieved. Concerning the medical 

infrastructure, the campus disposes of a health center in a walking distance from building 12.  

3.6.3 Standard Environmental Record Review 

The property has never been subject to Phase I: Environmental Site Assessment. This Phase I 

assessment has been performed on the sites on October 2015.  

3.7 Site Reconnaissance 

  3.7.1 Methodology 

During the site visit, the subject property has been observed along with its surrounding areas. 

Questions about what was observed were often directed to the departments’ director. The sites are not 

publicly accessible as they are inside a closed campus. The data represented in the following tables has 

been gathered based on visual reconnaissance. Since the laundries are part of buildings inside AUI’s 

campus only a close view of the grand maintenance building has been represented in the Google Earth 

imageries (Appendix A Figures 1 to 7). Several photographs have been taken to illustrate the sites and its 

surroundings (Appendix B Images 1-5-10 ). 

  3.7.2 Limiting Conditions 

Limited conditions differ from a site to another, as they might depend on some physical conditions or 

on some imposed restraints. For instance, the physical limiting conditions could either be related to the 

weather, overgrown vegetation, parked vehicles or any other physical condition. In addition, the property 

owner or site director could oppose the access to certain areas or refuse providing some confidential 

documents. While performing the Phase I: Environmental Site Assessment no limiting condition has been 

encountered.  
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  3.7.3 General Setting  

Table 5: Site Reconnaissance and Utilities 

SITE RECONNAISSANCE 

Reconnaissance Date October 2015  

Weather 
Temperature of 16°C-18°C. Clear sky and sunny weather around noon (12:00 

PM)  

SITE UTILITIES 

Potable Water 
Supply 

Water is supplied to AUI’s campus by a private well with 100m depth. This 

water source has been constructed in 2008. This tank is located in the round 

level of building 12. This tank serves the need of the whole university since 

no municipal water is needed. L’ONEE was the main water provider before 

the construction of this well. 

Sewage Disposal 
System 

Al Akhawayn University uses both the municipal sewer system and the 

private septic system. The two private ones are located in building 38 and 39 

through them water is sent to the public. AUI’s sewage disposal system has 

been installed in 2012 making it 3 years old.  

Wastewater Disposal 
System 

No 

Storm Water 
Disposal System 

The university uses a municipal storm drain system.  

Air Conditioning 

Both electric and heating oil are used to heat the campus’ buildings. In fact, 

building 13-14-38-39 each disposes of fuel boilers used for heating. Building 

13 disposes of two 16m3 fuel boilers, while one 10m3 fuel boiler was 

positioned in building 14. Three 10 m3 fuel boilers were disposed in building 

38 and one 10 m3 is found in building 39. The university is planning on 

adding biomass technology to heat up its buildings. Two historical heating 

systems were used to heat up the swimming pool on 1994 and are removed 

now.   
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Solid Waste 

All the solid wastes generated by the campus occupants are collected and then 

temporarily dumped in the dumpster located next to the main gate which is 

then gathered by an outside agency. The ground maintenance collects and 

stores its oil waste in trashcans few miles away from the building’s entrance 

(Appendix B Image 6). However, it has been noticed that in the southwest 

side of the building several old plastic trashcans and other materials are 

disposed and haven’t been collected since mid 2015 (Appendix B Image 7-8-

9). Al Akhawayn Universty hasn’t adopted any strategy to recycle its waste.  

 
  3.7.4 Site Observations 

Information found in this table summarizes information related to aboveground and underground 

chemicals, waste storage and distribution systems, electrical transformers and release. The data presented 

was retrieved from the interviews and the site visit.  

    3.7.4.1 Aboveground Chemical Or Waste Storage Or Distribution Systems 

Table 6: Aboveground Chemical Or Waste Storage Or Distribution Systems 

ABOVEGROUND CHEMICAL OR WASTE STORAGE OR DISTRIBUTION SYSTEMS 
Miscellaneous small volumes < 5 gallons Yes 

Evidence of aboveground storage tanks (ASTs) Yes  
Drums, barrels, and/or containers > 5 gallons No 

Solid waste or scrap dumpster Yes 
Chemical/petroleum product or waste piping No 

 
AUI disposes of a small 1000L oil storage plastic tank. The site also shows evidence of aboveground 

chemical storage where used oil and cleaning products are stored near the building 12’s workshop. Scrap 

dumpsters are located near the campus’ main gate where all the solid wastes generated by students and staff 

are disposed. 
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    3.7.4.2 Underground Chemical Or Waste Storage Or Distribution Systems 

Table 7: Underground Chemical Or Waste Storage Or Distribution Systems 

UNDERGROUND CHEMICAL OR WASTE STORAGE OR DISTRIBUTION SYSTEMS 
Evidence of USTs or ancillary UST equipment Yes 
Records of former USTs No 
Sumps, oil/water separators, cisterns, catch basins, and/or dry 
wells 

No 

Pipeline markers No 
Underground storage tanks are disposed under pressure in building 13-38-39. 

    3.7.4.3 Electrical Transformers/PCBs 

Table 8: Electrical Transformers/PCBs 

ELECTRICAL TRANSFORMERS/PCBS 
Pad- or pole-mounted transformers Yes 
Records of former hydraulic equipment No 
Existing hydraulic equipment No 

The property disposes of low and medium voltage pad or pole-mounted transformers. The number of 

transformers differs from one location to another:  

• Building 3 à 2 

• Building 9 à 2 

• Building 13 à 1 

• Building 36 à 2 

• Building 38 à5 

    3.7.4.4 Evidence of Releases or Potential Releases 

Table 9: Evidence Of Releases Or Potential Releases 

EVIDENCE OF RELEASES OR POTENTIAL RELEASES 
Stressed vegetation No 
Stained soil Yes (Photos 3-4) 
Stained or corroded pavement or similar surfaces Yes 
Leachate and/or waste seeps No  
Dumping or disposal areas No 
Construction/demolition debris and/or dumped fill dirt No 
Surface water discoloration, odor, sheen, and/or free floating product Yes (Photo 12) 
Strong, pungent, or noxious odors No 
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It has been noticed from the site visit that there is evidence of stained corroded pavement and surface 

water discoloration in the site (Appendix B Image 12). 

    3.7.4.5 Other Notable Subject Property Features 

Table 10: Other Notable Subject Property Features 

OTHER NOTABLE SUBJECT PROPERTY FEATURES 
Surface water control structures No 
Quarries or pits Yes 
Ponds or lagoons No 
Wells Yes 
Floor drains Yes  
Roof drains No 

The property disposes of two non-potable pits used for gardening and to fill the campus’ Olympic 

swimming pool with water and one pit that provides potable water.  

	  	  	  	  3.7.4.6 Current Use of Adjoining Properties and Surrounding Area 

The following table describes AUI’s adjoining properties.  

Table 11: Description of Adjoining Properties 

Direction Description of Adjoining Properties 
North Forest 
South  Hotel Michelifan 
East Road and the royal palace 
West Forest and residential areas. 

 

3.8 Interviews 

In order to complete this phase I: Environmental Site Assessment several ground maintenance 

employees have been interviewed. 

• Mohammed Jadid: Grounds and Maintenance Director 

• Mitouilli Ezzaki: Air Conditioning and Plumbing Manager  

• Hassan Benabdallah: Electricity Manager 
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3.9 Non-Scope Considerations 

Several elements stated in ASTM E 1527- 05 standard weren’t under the scope of this study and 

therefore haven’t been considered. 

• Radon 

• Lead-based paint 

• Wetlands 

• Asbestos-containing building materials 

• Lead in drinking water 

• Regulatory compliance 

• Industrial hygiene 

• Cultural and historic resources 

• Ecological resources 

• Health and safety Mold 

• Endangered species 

• Ecological resources 

• Indoor air quality 

• Mold 

• Biological agents 

• Evaluation of vapor encroachment by ASTM E2600-10 

3.10 Data Gaps or Data Failures 

According to ASTM E 1527 -05 standards data gap is defined as the inability of finding information 

required by this assessment despite all the efforts made. ASTM E 1527 -05 standards also defines failures 

as not being able to reach the historical research objectives even after going through all the historical 

resources.  

To complete this Phase I: ESA, AUI’s judicial records were requested; yet, this information hasn’t 

been provided throughout the course of this assessment. However, this is not considered as significant data 
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gap since most of the questions related to it were answered. In addition to that, the property’s plan layout 

wasn’t provided as well, we still had an idea about it from the campus’ library. 

3.11 Findings 

Under the scope of my capstone project, I have performed a Phase I: Environmental Site Assessment 

to be able to identify the presence of petroleum products or hazardous substances in or at the property 

(AUI’s campus). Emphasis has been put on two main sites, which are the ground maintenance (Building 

12) and the laundries (Building 36-38-39) with a focus on the laundry (Building 36) the most. Several 

interviews have been conducted to gather data about the subject property, which was then analyzed in this 

assessment. The coming sections describe this assessment’s findings on possible impacts on groundwater 

and soil.  

  3.11.1 Structure and Soil Conditions 

This Phase I: ESA revealed the presence of some petroleum products and hazardous substances that 

affect the property and therefore the environment. In fact, this assessment’s findings prove past and existing 

release, which represent a future threat to the property’s ground or structures that might be represented as 

follow:  

• Stained Spots were found in the surrounding areas of building 12 especially next to the workshop. 

Evidence of those spots are shown in (Appendix B Photos 3-4). This signifies that there is a poor 

handling of used oil, petroleum products and waste. 

• Stained pavement and corroded pavement due to petroleum products and oil use was noticed in the 

site and its surrounding areas especially near the site’s workshop. 

• Surface water discoloration in the site (Appendix B Photo 12). 

3.11.2 Ground Water and Surface Water Conditions 

 It has been revealed that AUI disposes of underground pits used to store water. Moreover, the sites’ 

assessment allowed observing a release of hazardous chemicals into ground water or surface water. Many 

findings could be summarized as follow:  

• AUI disposes of two non-potable pits used for gardening and used to fill the campus’ Olympic 

swimming pool.  

• One pit that provides potable water.  
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• The laundry located in building 36, 38 and 39’s water is evacuated through the municipal 

canalization 

  3.11.3 Historical Environmental Conditions 

 No evidence of possible historical recognized environmental conditions (HRECs) were concluded from 

the historical use of the site, interviews and satellite photographs. The only site difference that was spotted 

from Google historical satellite imageries was related to the change in tarred yard’s color. The area 

surrounding Building 12, next to the building’s second entrance, moved from not being used to becoming 

the site’s workshop and parking lot which led to a change in the soil’s color into a darker one due to the use 

of petroleum products, oil spills and hazardous chemicals.   

  3.11.4 Recognized Environmental Conditions 

 This phase I: Environmental Site Assessment revealed proofs of recognized environmental condition 

(RECs) related to the subject property:  

• Both the municipal sewer system and the private septic system are used in AUI. The university 

disposes of two private septic systems located in building 38 and 39 through which water is sent to 

the public. AUI’s sewage disposal system has been installed in 2012 making it 3 years old. 

• AUI disposes of long floor drain to gather storm water; however, it is located next to the site’s 

workshop and therefore get mixed with oil spills. This mixture is then drained to the nature and 

hence harming the environment.  

• Stained floor and soil were observed in the workshop and its surrounding area. 

• Used oil tanks are directly disposed near the building’s workshop on the floor with no frame.  

3.12 Conclusions and Solutions 

Under the scope of my capstone project within Al Akhawayn University, I have performed a Phase I: 

ESA following the ASTM E1527 -05 standards. The sites that were mainly focused on are the ground 

maintenance department (Building 12) and the laundry (Building 36).  The following are the recognized 

environmental conditions (RECs) concluded from this assessment: 

• Dust Concerns: 

While visiting the laundry located in Building 36, most of the complaints were related to the dust 

generated from the electric dryers. In fact, the site is very small and includes 18 cleaning machines and 
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15 dryers with no windows to improve the indoor air quality. In addition to that, even though the site 

disposes of internal laundry ducts to extract the dust out of the dryers, they are out of order due to the 

accumulated lint and dust; therefore, students and staff are exposed to dust generated from hazardous 

chemicals. 

à  Solutions:  

- Generate non-toxic dust by using non-hazardous chemicals (green laundry detergent). 

- Adapt Dryer Exhaust Duct Power Ventilators known for their safety circuits, efficient air velocities, 

cleanout access and temperature detecting mechanisms. In fact, this technology will turn the site into a 

safe, environmental friendly one [11]. 

• Evidence of Stained Spots around the Property: 

The site’s visit allowed us to observe heavily stained soil marks surrounding the site (Building 12) and 

especially in the partly open/covered workshop. These marks are evidence of poor management of 

used oil and petroleum products continuous similar practices might environmentally endanger the site 

assessed. 

àSolutions:  

- Clean the garage and the surrounding area regularly using heavy-duty cleaners, degreasers 

advanced cleaning technologies and environmental friendly products.   

- Consider protecting the soil from future leaks using garage floor or coating techniques. 

• Above Ground Used Oil Storage Drums 

       It has been observed from the site visit that used oil is stored in drums and disposed near the site’s         

workshop (Appendix B Photo 6). However, no primary or secondary containment was installed which 

increases the potential of spill and stain in the property’s soil and which therefore affects the 

environment. 

àSolution:  

Install a containment system that operates following these norms [12]: 

1- Install a free cracks or gaps base that underlies the containers, contains leaks and spills and 

accumulated rain. 



	  
33 

2- Install a sloped base on the containment system designed to easily remove leaking or spilled 

liquid. 

3- Install containment systems with a capacity to contain the greatest between the largest container’s 

volume or 10% of a container’s volume.   

4- Install secondary containment systems that prevent any run-on flow.  

5- Remove in a timely manner any spilled or leaked waste. 

• Transformers 

AUI uses pad-mounted transformers with unknown dielectric fluid that may be leaked or spilled and 

therefore contaminate the soil and the groundwater going along the NE-SW direction (Figure 2). 

Groundwater flow into the SW direction of the site may consequently be contaminated.  

àSolution:  

- Determine the type of dielectric oil used 

- Schedule regular maintenance to detect and remove any leaks or spills.  
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4. Financial Analysis 
4.1 Overview 

Sustainability is often defined as the ability of adapting an environmental way of life that aims to 

preserve all the natural assets and resources our survival depends on. In fact, sustainability includes three 

main pillars. 

1. Environmental Sustainability 

2. Social Sustainability 

3. Economical Sustainability 

The first aspect involves taking a sustainable initiative and the right actions to preserve sustainable, 

renewable natural sources.  Social sustainability focuses on the quality of life of a society. In other words, 

the ability of a society to preserve nature and its reproductive sources, while, satisfying human needs. 

Moreover, the economical aspect is another important feature of sustainability, as it involves strategies to 

optimize existing resources and implement renewable ones. Economic sustainability doesn’t only depend 

on finding sustainable solutions, but also analyzing over time the most effective, efficient and profitable 

ones [13].  

To be able to achieve a green, sustainable and environmental friendly campus several problems related 

to the current methods used have been distinguished and analyzed in the energy audit, waste management 

and Phase I: Environmental Site Assessment. In this part, the suggested solutions will be financially 

analyzed and compared to therefore be able to choose the most efficient and profitable one.  

4.2 L’ONEE Electricity Management 

To be able to analyze AUI’s electricity bill, it is necessary to first understand the cost by which 

electricity is charged. In fact, electricity is provided to Al Akhawayn University by l’Office National de 

l’Electricité et de l’Eau Potable (ONEE) who therefore imposes its services’ prices depending on:  

o The season  

o The time of the day 

In addition to that, l’ONEE accounts for the demand, power factor, consumption, sales tax and many 

other factors in the making of an electricity bill. The electricity bill varies from a class category to another 

and depends on the complexity of the energy use, priority of need and the amount of consumption. These 
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categories are divided and arranged differently. It may be either divided the typical way: commercial, 

industrial and residential or it may separate each category into light or heavy consumption [14]. 

Al Akhawayn University falls into the typical division way, as its campus includes academic, 

residential, administrative, recreational, and athletic areas. Moreover, AUI’s demand varies and changes 

regularly and hence it annually sets its subscribed power amount to match its students’, staff’s and faculty’s 

demand. For instance, on the 31st October 2015, l’ONEE has allocated an amount of subscribed power 

equivalent to 2350 kVA with a unit cost of 30.96 MAD following AUI’s demand. In case AUI’s 

consumptions exceeds its demand; it is then required to pay a certain fine in addition to the difference 

between the consumed amount and the allocated one.  

The following table summarizes the energy distribution and consumption on campus for the fiscal year 

(08/2014 to 07/2015): 

Table 12: Energy Distribution and Consumption from 08/2014 to 07/2015 

Property Number of 
Buildings  

     Area 
(Hectares) 

Consumption (kWh) Power Factor 
(KVA) 

AUI's 
Campus 

41 75 11,225,478 2350 

 

4.3 L’ONEE Pricing 

The electricity price imposed by l’ONEE is affected by the season and the time of the day. In fact, 

l’ONEE considers two seasons throughout the year:  

- Winter:  From the 1st of October to the 31st of March 

- Summer: From the 1st of April to the 30th of September  

In addition to that, the day is divided into three phases: 

- Normal Time 

- Peak Time  

- Off-peak Time 

The following table (Table 13) summarizes the variation of the price and the consumption with regard 

to the season and time of the day: 
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Table 13: Variation of The Price and the Consumption with the Season and Time  

 Time (Winter) Time (Summer) Unit Price (MAD) 
Normal Time   7:00 AM to 5:00 PM 7:00 AM to 6:00 PM 1.16465 

Peak Time 5:00 PM to 10:00 PM 6:00 PM to 11:00 PM 0.81351 
Off-peak 

Time 
10:00 PM to 7 AM 11:00 PM to 7 AM 0.53632 

 
The following pie charts (Figure 4) illustrate the two different divisions of the day depending on the 

two seasons (Winter and Summer):  

 

 
 Peak Time                                     Off-Peak Time                                     Normal Time day [15] 

 
Figure 4: Division of the Day with Respect to the Season [15] 

According to l’ONEE the morning demand is two to three times less than the evening demand. The 

following figure (Figure 5) illustrates the change in the electricity demand throughout the day [15]. 

  
Figure 5: Fluctuation of the Demand throughout the Day  
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  4.3.1 AUI’s consumption throughout the day   

 The following figure (Figure 6) represents the fluctuation of electricity needs throughout the day. We 

can observe that during peak time AUI exceeds the normal load leading to a more expensive electricity bill. 

However, both in normal time and off-peak time the consumption is way less than the demand causing a 

waste of electricity. This problem can be avoided by heating the water tanks, operating the irons, laundries, 

dryers and all the utilities that require electricity throughout both the normal and off-peak times.  

 
 
 
 
 

 
 
 

 

 
Figure 6: Fluctuation of Electricity Load (kW) with Respect to Time (h) 

 

  4.3.2 Unit Price Change 

L’ONEE has recently increased its prices leading to a 6% increase in the energy bill in AUI. These 

changes can observed from the following table for two fiscal years (08/2013-07/2014) and (08/2014-

07/2015). 

Table 14: Unit Price Change for two Fiscal Years  

PRICE (MAD) 
Year Peak Time Normal Time Off-Peak Time Power Factor 

(MAD/Year) 
Excess 
(MAD/Year) 

08/2013-07/2014 1.07588 0.70623 0.45957 334.57 501.86 

08/2014-07/2015 1.15264 0.76097 0.48755 337.91 506.87 

 

Time (h) 

Normal Time 

Peak Time  

Electricity 
Waste 

	  

Electricity 
Waste 

Off-Peak Time  

Excess 
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4.4 Electricity Bill Computations 

  4.4.1 Consumption Charge  

The consumption charge represents the cost incurred from electricity consumption. Several factors are 

included in the computation of a consumption charge. The consumption charge is computed using the 

following formula [15]: 

𝑪𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏  𝑪𝒉𝒂𝒓𝒈𝒆 = 𝑷𝑷𝑻×𝑪𝒐𝒏𝒔𝑷𝑻 + 𝑷𝑵𝑻×𝑪𝒐𝒏𝒔𝑵𝑻 + 𝑷𝑶𝑷×𝑪𝒐𝒏𝒔𝑶𝑷 

𝑷𝑷𝑻: kWh fee for peak time  

𝑷𝑵𝑻: kWh fee for normal time  

𝑷𝑶𝑷:  kWh fee for off-peak time  

𝑪𝒐𝒏𝒔: Active energy consumed during a certain time frame  

  4.4.2 Power Charge  

This fee is computed based on the annual power factor. The power charge is computed per year and is 

then equally distributed over the months. The power charge is computed using the following formula [15]: 

𝑷𝒐𝒘𝒆𝒓  𝑪𝒉𝒂𝒓𝒈𝒆 =
𝑭𝒊𝒙𝒆𝒅  𝑷𝒓𝒊𝒄𝒆

𝟏𝟐 ×𝑷𝒐𝒘𝒆𝒓  𝑭𝒂𝒄𝒕𝒐𝒓 

  4.4.3 Charge for exceeding the power factor  

In case the consumption increases the power factor demanded in a certain month, the difference 

between the two amounts is then going to be charged and is computed following this formula [15]: 

𝑷𝒐𝒘𝒆𝒓  𝑭𝒂𝒄𝒕𝒐𝒓  𝑬𝒙𝒄𝒆𝒔𝒔 = 𝟏.𝟓×   
𝑭𝒊𝒙𝒆𝒅  𝑷𝒓𝒊𝒄𝒆  

𝟏𝟐
   𝑴𝒂𝒙𝒊𝒎𝒖𝒎  𝑷𝒐𝒘𝒆𝒓 − 𝑷𝒐𝒘𝒆𝒓  𝑭𝒂𝒄𝒕𝒐𝒓  

  4.4.4 Total Price     

Therefore, an electricity bill takes into account the three charges stated above and is computed using 

the following formula:  

𝑻𝒐𝒕𝒂𝒍  𝑷𝒓𝒊𝒄𝒆 = 𝑪𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏  𝑪𝒉𝒂𝒓𝒈𝒆 + 𝑷𝒐𝒘𝒆𝒓  𝑪𝒉𝒂𝒓𝒈𝒆 + 𝑷𝒐𝒘𝒆𝒓  𝑭𝒂𝒄𝒕𝒐𝒓  𝑬𝒙𝒄𝒆𝒔𝒔     
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These computations can be observed from AUI’s October 2015 electricity bill (Figure 7) 

 

Figure 7: October 2015 Electricity Bill [4] 
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4.5 Implementation in AUI 

Al Akhawayn University divides its electricity consumption into three main utilities:  

1. Heating: 40% of AUI’s electricity is allocated for the heaters located in the rooms, offices 

and classes 

2. Hot Water: AUI uses 40% of electricity to heat up its 90 water tanks 

3. Information Technology (IT) and Lightning: 20% of energy is used to light up AUI’s 

buildings and for IT purposes.  

Due to the change of prices imposed by l’Office National de l’Electricité et de l’Eau Potable (ONEE), 

AUI’s electricity bill has increased by 6%. One might think that this increase is due to the increase in the 

active energy used. However, the following tables (Tables 15-16) and figures (Figures 8-9) prove that even 

though the active energy decreases between two fiscal years, the price increases.  

The following table represents and compares between the active energy consumed during two fiscal 

years (08/2013-07/2014) and (08/2014-07/2015). 

Table 15: Active Energy Consumed during (08/2013-07/2014) and (08/2014-07/2015) 

Months Active Energy (kWh) [08/2013-07/2014] Active Energy (kWh) [08/2014-07/2015] 
August 388,014 346,979 
September 623,929 655,794 
October 700,174 802,410 
November 1,240,428 1,270,721 
December 1,387,131 1,403,074 
January 1,367,218 1,455,028 
February 1,479,654 1,664,972 
March 1,311,712 1,300,012 
April 1,076,166 779,445 
May 623,218 540,352 
June 598,003 566,566 
July 473,201 440,125 

Total 11,268,848 11,225,478 
 

We can notice that there is a clear fluctuation in the energy consumed during these two fiscal years. 

The highest value was observed on February, which could be explained due to the decrease in temperature 

in the city of Ifrane. The following figure (Figure 8) gives a better illustration of these changes:  
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Figure 8: Energy Consumption in (kWh) [08/2013-07/2014] Vs. [08/2014-07/2015] 

From the table and figure above, we can notice that there is a fluctuation in the amount of energy 

consumed (kWh) between the two fiscal years (08/2013-07/2014) and (08/2014-07/2015), which will 

therefore lead to a fluctuation in the price. The following table represents the equivalent prices of the 

energy consumed during the two fiscal years.  

Table 16: Energy Consumed Cost during (08/2013-07/2014) and (08/2014-07/2015) 

Months  Cost (MDhs) [08/2013-07/2014] Cost (MDhs) [08/2014-07/2015] 
August 350,858.34 338,028.88 
September 598,810.68 656,953.88 
October 667,072.63 770,787.89 
November 1,095,144.47 1,208,854.01 
December 1,212,717.20 1,327,054.08 
January 1,211,503.68 1,458,355.84 
February 1,287,400.51 1,648,238.02 
March 1,136,498.88 1,306,362.95 
April 971,245.55 830,098.00 
May 592,842.43 547,507.28 
June 531,609.36 570,641.59 
July 418,982.70 443,887.58 

Total 10,074,686.43 11,106,770.00 
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Figure 9: Active Energy Cost (MAD) [08/2013-07/2014] Vs. [08/2014-07/2015] 

From the four tables and figures above, we can conclude that even though the consumption has 

decreased by 1% between the two fiscal years, the electricity bill has increased by 10%.  According to the 

ground maintenance electricity manager the decrease in the consumption by 5% is due to the reduction of 

the number of students by 3%. In addition, we can explain that the highest energy consumption peak, 

1,479,654 (kWh) on February 2014 and 1,664,972 kWh on February 2015, is due to the continuous usage 

of heaters and lightning in the coldest month of the year.  

4.6 Suggested Solutions Financial Analysis 

  4.6.1. LED Light Bulbs  

One of the solutions suggested in the energy audit part was to change regular bulbs by LED light bulbs 

on campus due to the fact that they last longer, consume less and provide good quality lightening. Despite 

their high price, LED bulbs save up energy and have a quick return on investment (ROI).  

The following figure compares two different lightning technologies to the type of LED bulbs 

purchased by AUI.   
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Table 16: Incandescent vs. Fluorescent vs. LED 

 Incandescent Bulb Fluorescent Bulb LED Bulb  
 

  

 

Wattage (W) 60 23 10 
Lumens (lm) 700-900 1300-1600 700-900 
Cost (MAD) 5 10 96 
Average Lifetime (h) 1000 10,000 50,000 
Utility Rate 1.16465 1.16465 1.16465 
Operating Cost (MAD) 3493.95 1339.3475 582.325 
# of bulbs used per 50,000hours 50 5 1 
Heat Emitting 90% 50% No 
Toxic Mercury No Yes No 
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• Return on Investment: Standard Lighting vs. LED 

Table 17: Standard Lighting Description 
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Table 18: LED savings and Return on Investment (ROI) 
 

 
 

This strategy will allow AUI to save $32,564.85 annually with a return on investment (ROI) of 0.44% 

per month.  
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    4.6.2 Thermal Curtains and Sealing Strips 

Installing thermal curtains in classes is another solution that was suggested from the energy audit. In 

fact, this strategy will allow us to save more than 60% of heat compared to single glazed windows. AUI 

disposes of a total of 35 classes with an average of two windows per class. A 1.82m thermal curtain costs 

505.51 MAD.  

Initial Investment (MAD): 35385.7 

Since 40% of energy is allocated for the convectors the implementation of this strategy in classes will 

reduce the number of hours per day the heaters are on and will therefore reduce AUI’s electricity bill. In 

addition, implementing this idea in the academic area as well as in the professors offices will lead to a clear 

decrease in the university’s electricity bill.  

Moreover, another strategy that could be installed in rooms and that can save up heat and therefore 

lead to a decrease in the energy is the installation of sealing strips. Considering a total of 317 rooms with an 

average of two 2m*2m windows per room. A 7mm * 1m joint costs 10 MAD  

   Initial Investment (MAD): 253600 

   4.6.3 Refrigerators & Vending Machines 

It has been concluded from the energy audit that vending machines remain energized throughout the 

whole year. Seven machines are allocated on campus consuming a total of 8kWh/day equivalent to 1460 

kWh/year to both light up and heat up the refrigerant, which therefore affects the electricity bill.  

Vending Machine Power Cost (MAD): 20440 MAD  

In addition to that, 95 refrigerators are disposed for students in the buildings’ kitchens and studios and 

remain energized throughout the year. These utilities’ consume 4.3 kWh/day, which is equivalent to 1570 

kWh/year.  

Refrigerators Power Cost (MAD): 149102.5 MAD 

Decreasing or eliminating the usage of these two utilities will save up: 

Saved up Amount (MAD): 169542.5  
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Limitations:  

To be able to complete a financial analysis several specific data related to every department’s 

consumption and operating hours is required. However, due to lack of data and of a logical division 

between AUI’s departments electricity consumption, several obstacles have arrised leading to an 

incomplete financial analysis of certain solutions.  
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5. Conclusion 

Under the scope of my capstone project I have performed two studies to be able to turn AUI’s campus 

into a green sustainable and environmental friendly one. Two sites have been visited and assessed during he 

phase I: Environmental Site Assessment, which are the Grounds and Maintenance department (Building 

12) and Laundry (Building 36). Moreover, several interviews have been conducted in order to detect the 

presence of petroleum products, hazardous chemicals or any other toxic substance that could threaten the 

environment due to its past, existing or future release. Several recognized environment conditions have 

been detected and different solutions and suggestions have been presented. The second study consisted of a 

financial analysis of the different solutions and suggestions of the energy audit. The solutions’ cost, 

efficiency and return on investment have been analyzed; however, due to data gaps several solutions 

haven’t been fully analyzed. 
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Appendix A 
Google Earth Imageries  

Topographic Photographs 
	   	  



	  
51 

	  
	   	  

	  

Figure 1: Google Historical Satellite Imagery –March 14, 2003 
Phase I Environmental Site Assessment 

AUI, IFRANE, MOROCCO 
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Figure 2: Google Historical Satellite Imagery –August 13, 2014 
Phase I Environmental Site Assessment 

AUI, IFRANE, MOROCCO 
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Figure 3: Google Historical Satellite Imagery –March 14, 2003 
Phase I Environmental Site Assessment 

AUI, IFRANE, MOROCCO 
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Figure 4: Google Historical Satellite Imagery –August 12, 2014 
Phase I Environmental Site Assessment 

AUI, IFRANE, MOROCCO 
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Figure 5: Google Historical Satellite Imagery –March 14, 2003 
Phase I Environmental Site Assessment 

BUILDING 12, AUI, IFRANE, MOROCCO 
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Figure 6: Google Historical Satellite Imagery –July 3, 2014 
Phase I Environmental Site Assessment 

Building 12, AUI, IFRANE, MOROCCO 
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Figure 7: Google Historical Satellite Imagery –July 29, 2014 
Phase I Environmental Site Assessment 

AUI, IFRANE, MOROCCO 
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Figure 8: Topographic Imagery of Meknes-Tafilalt Region	  
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Figure 9: Topographic Imagery of the City of Ifrane 
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Figure 10: Al Akhawayn University Area and Surroundings 
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Appendix B 

Sites’ Images  
Grounds & Maintenance 

Laundry  
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Photo 1: Site’s Panoramic View (Grounds & Maintenance) 
 

 
Photo 2: Site’s Workshop (Grounds & Maintenance) 
 

 

 
Photo 3 : Site’s Workshop (Grounds & Maintenance) 

 
Photo 4: Workshop’s Stained Soil 
 

 

 
Photo 5: Site’s Adjoining Property  
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Photo 6: Oil Tanks Disposal  

 
Photo 7: Surrounding Area Waste Disposal  

 
Photo 8: Property’s Surrounding Area 
 

 
Photo 9: Waste disposal Near the Workshop  
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Photo 10: Site’s Surroundings 
 

 
Photo 11: Trash Disposed near the Workshop 

 
 
Photo 12: Colored Water near the Workshop 
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Photo 13: Site’s Panoramic View (Building 36) 

 
Photo 14: Laundry Building 39 
 
 

 

 
Photo 15: Dust extractor and Lust  
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Appendix C 
Phase I: Environmental Site Assessment Checklist  
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PHASE I ENVIRONMENTAL ASSESSMENT 

SITE RECONNAISSANCE CHECKLIST 

Always ask permission from site contact/manager prior to photographing the site. Site photographs must include, 
but are not limited to, the following: 

Exterior  
• Site property from all property corners 
• All sides of site buildings 
• Electrical transformers 
• Storage areas and stored containers 
• Well and septic structures 
• AST and UST structures 
• Stained areas 

Interior  
• Overall photo of space(s), excluding individual offices 
• Storage areas and stored containers 
• Floor drains, manholes, sumps 
• Wells 
• Boilers/heating units 
• Stained areas 

SITE INFORMATION 

Site Name  

Site Address, City, State, Zip  

Site Contact  

Site Contact Phone No.  

SITE RECONNAISSANCE 

Field Personnel  

Reconnaissance Date & Time  

Weather  

Escort  

Site Description (Obtain property and building maps from site contact, as available.) 

Property Size  

Description of Structure(s), 
including size, construction details, 
construction date, use. 

 

 

 

 

 

Surrounding Area Description 
____ Residential ____ Industrial ____ Undeveloped 

____ Retail Commercial ____ Agricultural ____ Other 
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If Other, please describe: 

 

Site and Area Topographic Relief 
 

 

Surface Water or Wetlands 
On/Adjacent To Site  

 No         Yes 

If yes, describe: 

 

Subject Property Operations 

(Describe in detail: processes, 
products manufactured, chemicals 
used and wastes produced from 
process, etc.) 

 

 

 

 

 

 

Site Area Utilities 

Potable Water Supply/Process 
Water Supply 

____ Municipal Water Supply ____ Private Well 

If private well, please provide the following information: 

____ Well Depth    ____ Water Depth    ____ Well Construction Date 

Describe any well water testing that has been conducted: 

 

Sewage Disposal System 

____ Municipal Sewer System ____  Private Septic System 

Age of sewage disposal system: ____________ 

If private septic system, please provide the following information: 

____ Drainfield    ____ Septic Tank    ____ System Construction Date 

Where is septic system located on property: 

 

Storm Water Drain System 

____ Municipal Storm Drain System ____ No Storm Drain Structures 

If no storm drain structures, describe overland storm flow (i.e. ditches, etc.) 

 

Process Wastewater ____ No process wastewater generated ____ Process wastewater generated 
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If process wastewater is generated, describe process that generates wastewater, and fate of 
wastewater. 

 

 

Wastewater Treatment 

Is wastewater treated on site? 

Describe general process, tanks, additives, etc. 

 

 

Building Heating/Air Conditioning  

 

____ Heating Oil ____ Natural Gas 

____ Electric ____ Propane 

If heating oil, please provide the following information: 

Tank Size, gallons ________        

Tank Location          

Tank Age and Condition:         

Location of Fill Port and Vent Pipe:        

Historical heating sources: 

 

SITE OBSERVATIONS 

CATEGORY ITEM OR FEATURE ITEM OR FEATURE OBSERVED? 

Aboveground Chemical or Waste 
Storage 

Miscellaneous small volumes ≤ 5 gallons ____ Yes ____ No 

If yes, please describe (product stored, location, condition, staining): 
 
 
Evidence of aboveground storage tanks ____ Yes ____ No 

If yes, please describe (product stored, location, condition, staining): 
 
 
Drums, barrels, and/or containers ≥ 5 gallons ____ Yes ____ No 

If yes, please describe (product stored, location, condition, staining): 
 
 
Solid waste or scrap dumpster ____ Yes ____ No 

If yes, please describe (waste description, location, condition, staining): 
 
 
Chemical or waste piping ____ Yes ____ No 

If yes, please describe (include location, condition, staining): 
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Underground Chemical or Waste 
Storage, Drainage or Collection 

Systems 

Evidence of underground storage tanks or 
ancillary UST equipment ____ Yes ____ No 

If yes, please describe (include location, condition): 
 
 

Records of former USTs ____ Yes ____ No 

If yes, please describe (include type, location, condition, discharge method): 
 
 
 
 
 

Sumps, cisterns, catch basins, dry wells ____ Yes ____ No 

If yes, please describe (include type, location, condition): 
 
 
 
 
 

Pipeline markers ____ Yes ____ No 

If yes, describe: 
 
 

Electrical Transformers/PCBs Pad- or pole-mounted transformers ____ Yes ____ No 

If yes, describe (location, condition): 
 
Records of PCBs/PCB-containing fluids ____ Yes ____ No 

If yes, describe: 
 

Evidence of existing or former hydraulic 
equipment (hoists, loading docks, etc.) ____ Yes ____ No 

If yes, describe (location, age, condition, staining): 
 

Evidence of Releases or Potential 
Releases 

Stressed vegetation ____ Yes ____ No 

If yes, describe: 
 
Stained soil ____ Yes ____ No 

If yes, describe: 
 
Stained pavement or similar surface ____ Yes ____ No 

If yes, describe (include condition of pavement): 
 
Leachate and/or waste seeps ____ Yes ____ No 
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If yes, describe: 
 
Ground water monitoring wells ____ Yes ____ No 

If yes, describe: 
 
Dumping or disposal areas, evidence of buried 
debris ____ Yes ____ No 

If yes, describe: 
 
Construction/demolition debris and/or dumped 
fill dirt ____ Yes ____ No 

If yes, describe: 
 
Surface water discoloration, odor, sheen, 
and/or free floating product ____ Yes ____ No 

If yes, describe: 
 
Strong, pungent, or noxious odors ____ Yes ____ No 

If yes, describe: 
 

Other Notable Site Features Surface water control structure ____ Yes ____ No 

Describe location(s), condition, use: 

 

Quarries or pits ____ Yes ____ No 

Describe location(s), condition, staining, etc.: 

 

Ponds or lagoons ____ Yes ____ No 

If yes, describe: 
 

Wells ____ Yes ____ No 

If yes, describe: 
 
Floor drains ____ Yes ____ No 

____ Connected to Sanitary Sewer ____ Connection Unknown 

Describe location(s), condition, staining, etc.: 

 

Roof drains ____ Yes ____ No 

Describe location(s), soil/surface conditions below drains: 

 

Burn pits/incinerators ____ Yes ____ No 



	  
72 

Describe location(s), condition, use: 

 

Other pertinent features: 

 

 

 

 

 

 

 

 

 

 

 

 

ADJOINING PROPERTIES 

DIRECTION DESCRIPTION OF ADJOINING PROPERTY OCCUPANTS, USES AND ADDRESSES.  

North 

Business names and types of operations: 
 
 

Containers of hazardous materials, petroleum products, or other 
chemicals observed? ____ Yes ____ No 

If yes, describe: 

Ground water monitoring wells observed? ____ Yes ____ No 

South 

Business names and types of operations: 
 
 

Containers of hazardous materials, petroleum products, or other 
chemicals observed? ____ Yes ____ No 

If yes, describe: 

Ground water monitoring wells observed? ____ Yes ____ No 

East 

Business names and types of operations: 
 
 

Containers of hazardous materials, petroleum products, or other 
chemicals observed? ____ Yes ____ No 

If yes, describe: 

Ground water monitoring wells observed? ____ Yes ____ No 
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West 

Business names and types of operations: 
 
 

Containers of hazardous materials, petroleum products, or other 
chemicals observed? ____ Yes ____ No 

If yes, describe: 

Ground water monitoring wells observed? ____ Yes ____ No 

 

Describe any limiting conditions to site reconnaissance including any areas of the facility/subject property not directly 

observed:            

             

             

 

Interview With Past And Present Owners And Occupants 

(QUESTIONS FOR KEY SITE MANAGER/NONRESIDENTIAL OCCUPANTS -- IF LESS THAN FIVE 
OCCUPANTS, ALL MUST BE INTERVIEWED) 
 
NAME:    

TITLE:    

LENGTH OF EMPLOYMENT:    

CONTACT INFORMATION:    

 

1) How long has current occupant(s) been at the subject property?       

2) When was current building(s) constructed?         

3) When was the property first developed?         

4) What was prior use(s) of property?        

            

5) Do you have any historical knowledge of uses of adjoining properties? _____ Yes_____ No 

If yes, please describe:         

           

            

6) Are there now or have there ever been petroleum products, used/stored on the subject property?  

_____ Yes   _____   No   

If yes, please describe type of petroleum product and time period used:      
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If yes, please describe storage location (interior, exterior, paved, unpaved, stains, photograph all known 

existing and former storage locations):         

            

If yes, please describe storage method (USTs, ASTs, drums, other):      

           

            

If yes, please describe use area:         

            

7) Are you aware of any release or spills of petroleum products or related products that have occurred on the 

subject property?   ___ Yes  ___ No 

If yes, please describe (date, amount, location, cleanup activities):  

   

8) Are there now or have there ever been any hazardous materials or chemicals, including chlorinated solvents 

or related products, used/stored on the subject property?   

_____ Yes _____ No 

If yes please describe type of product and time period used:       

            

If yes, please describe storage location (interior, exterior, paved, unpaved, stains, photograph all known 

existing and former storage locations):         

            

If yes, please describe storage method (USTs, ASTs, drums, other):      

            

If yes, please describe use area:         

            

9) Are you aware of any release or spills of hazardous materials or chemicals, including chlorinated solvents or 

related products that have occurred on the subject property?   

___ Yes ___ No 

If yes, please describe (date, amount, location, cleanup activities):  
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10) Are you aware of any dumping or burying of waste on the subject property?  

_____ Yes _____ No         

 If yes, please describe:           

11) Does facility generate hazardous waste?  Describe type, approximate amount and management? Please 

provide generator number.          

            

12) Are there or have there ever been ASTs, USTs, water wells, dry wells, sumps, oil separators, hydraulic hoists, 

and/or septic systems located on site?  _____ Yes _____ No 

If yes, please describe:   

   

13) Have site transformers or hydraulic equipment been tested for PCBs?   _____ Yes _____ No 

If yes, please describe:  

   

14) Do you have knowledge of any pending, threatened, or past litigation relevant to hazardous substances or 

petroleum products in, on, or from the property?   _____ Yes _____ No 

If yes, please describe:  

   

15) Do you have knowledge of any pending, threatened or paste administrative proceedings relevant to hazardous 

substances or petroleum products in on or from the property?   

_____ Yes _____ No 

If yes, please describe:  

   

16) Do you have knowledge of any notices from any governmental entity regarding any possible violation of 

environmental laws or possible liability relating to hazardous substances or petroleum products?    

 _____ Yes _____ No 

If yes, please describe:  

   

17) Are there now or have there ever been petroleum products, hazardous materials or other chemicals 

used/stored on adjacent properties? _____ Yes _____ No 
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If yes, please describe:         

           

   

18) Are you aware of any release or spills of petroleum products, hazardous materials or other chemicals that 

have occurred on adjacent properties?  ___ Yes ___ No 

If yes, please describe:  

   

19) Are you aware of any dumping or burying of waste on adjacent properties?  

_____ Yes _____ No 

 If yes, please describe:           

   

NOTES: 
            
            
             
 

 


