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ABSTRACT 

This project is about the carbon footprint of Al Akhawayn University. The first part is a basic 

literature review where I defined the ecological footprint concept focusing more on the carbon 

footprint, which is in some way encompassed by the former; explaining how a carbon footprint is 

computed and interpreted; then I looked at the global and Moroccan context in the terms of 

greenhouse gases emissions. In the second part, I analyzed the case of Al Akhawayn University, 

after conducting a scope assessment and energy audit to calculate the total footprint and interpret 

it through graphs and tables, using a detailed Excel tool conceived along the way. I found the total 

carbon footprint exceeding 10.5 kt of greenhouse gases, primarily from purchased electricity. At 

the end, I proposed concrete ways of mitigating this footprint from previous AUI projects, to find 

an almost 5% reduction in the GHG emissions after the simulations.   

Keywords: Carbon Footprint, Ecological Footprint, Scope of Assessment, Greenhouse Gases 

Emissions, Emission Categories, Emission Factors, Energy Audit. 
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1 INTRODUCTION 

Sustainability has become a major concern in the past few decades. After the industrial 

revolution, unregulated human activities have caused drastic changes noticeable on the 

environment, mainly depicted by global warming, rise in sea levels, extinction of many species 

and more. The major factor accountable for these alterations is the emission of greenhouse gases 

resulting from activities involving mainly combustions. Carbon dioxide, denoted as CO2, is the 

greenhouse gas put on a pedestal when bringing up air pollution; not only is it the one produced in 

largest quantities, but it also is the most harmful one, after water vapor. 

As a response to these worrying global climate changes, many movements and 

organizations have emerged with the main goal of slowing down global warming, and reducing 

air pollution and land degradation. It is mainly how the carbon footprint, and later the ecological 

footprint, concept was developed. Acknowledging how structures at different levels affect the 

environment is the first step towards taking responsibility for global sustainability. From 

individuals to nations, passing by organizations and companies, can explicitly assess their carbon 

emissions in numbers, following specific guidelines to generate a reliable footprint that can be 

interpreted at the global scale.  

A carbon footprint does not necessarily only include carbon dioxide emissions. CO2 can 

be used as a way of equivalency to represent major greenhouse gases emissions, using basic 

calculations. Consequently, it depends on the nature of the study and data used to reach the final 

results.  
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2 LITERATURE REVIEW 

2.1 ECOLOGICAL FOOTPRINT 

2.1.1 What is an Ecological Footprint? 

The ecological footprint concept was primarily made to compare how different populations 

and backgrounds are sustainable regarding one another, and compare them based on the final 

result: the land necessary to sustain the population’s activities in that specific context. This result 

is compared to the actual available land, from which the sustainability is derived. This tool can 

have many purposes related to policy planning or simply as a way to raise awareness among peers, 

falling in the sustainable approaches to cushion global warming [1]. 

Applicable to different entities, from individuals to nations and cities, along with structures 

and companies, the concept of the ecological footprint can be interpreted as the land area required 

for specific consumption needs of a group of people to absorb the produced waste generated from 

the available ecological assets. This consumption falls into five groups: housing, transportation, 

food, waste and energy consumption [1].It can also be seen as a way to represent the total demand 

on the Earth’s bio capacity and compare it to the total supply of resources appropriated by the 

humankind to measure the difference according to the following components [2]:  

 cropland 

 grazing land 

 fishing grounds 

 greenhouse gases emissions 

 built up lands  



 
10 

 

2.1.2 Bio Capacity 

The bio capacity measures the way nature supplies resources and services to the 

humankind, which is deduced from the flow of the available resources and absorbed waste 

throughout human activities. Not all places on Earth are able to supply resources in the same way 

in terms of the nature of the resources and their intensity, which is why it is normalized by a global 

area average [2]. 

An entity’s bio capacity is simply the productivity of its resources or assets, mainly 

cropland, built up land, fishing grounds and forest. The formers have a big importance and ability 

to absorb the generated waste, either greenhouse gases or solid waste. Bio capacity, just like 

ecological footprint, is expressed in global hectares, which is a way to standardize them to make 

them comparable and have consistent results [3]. 

2.1.3 Ecological Overshoot 

If a population’s Ecological Footprint exceeds the region’s bio capacity, that region runs 

an ecological deficit. Its demand for the goods and services that its land and seas can provide—

fruits and vegetables, meat, fish, wood, cotton for clothing, and carbon dioxide absorption—

exceeds what the region’s ecosystems can renew. A region in ecological deficit meets demand by 

importing, liquidating its own ecological assets (such as overfishing), and/or emitting carbon 

dioxide into the atmosphere. If a region’s bio capacity exceeds its Ecological Footprint, it has 

an ecological reserve [3]. 
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2.2 CARBON FOOTPRINT 

Carbon has turned into a currency that can be traded, counted and measured either for 

individuals, nations, or structures since the mid-nineties. CO2 or carbon dioxide has become a way 

to measure greenhouse gases emissions through equivalencies for other greenhouse gases (mainly 

methane, fluorocarbon etc.), becoming a major component of the climate change debate and taking 

political and economic importance all around the world after an intense industrial revolution [4]. 

Although the link between carbon emissions and the biodiversity is not simple to identify, 

greenhouse gases have drastically affected the ecosystem, altering the carbon cycle, causing global 

warming and having very obvious consequences on species and ecological cycles of the planet, 

implicitly leading to a need for the identification of the demand for those emissions and a way to 

calculate a general estimate to make the concept more concrete and to able to do something about 

it [2]. 

2.2.1 What is a Carbon Footprint? 

More concretely, a carbon footprint is the calculation of greenhouse gas emissions resulting 

from a specific activity or set of activities of a structure. Almost everything we perform in our 

daily lives causes greenhouse gases emissions directly or indirectly, from the most trivial tasks to 

the most sophisticated ones, most importantly carbon dioxide. So a carbon footprint can include 

all greenhouse gases represented by carbon dioxide by equivalencies calculations, or can merely 

include carbon dioxide, which is usually given more importance since it is the most harmful one[5]. 

An organization’s thorough footprint can encompass a wide range of emission types or 

sources either direct or indirect depending on the level of the emission in terms of the supply chain 
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and how it is done. The more emissions sources included the better. Meaning if we want to provide 

an accurate representation of a structure’s impact, we should include as many types and sources of 

emissions as we can [6].  

2.2.2 Sources of Emissions  

Greenhouse gases emissions alter ecosystems and cause a general temperature increase in 

the atmosphere, along with a continual rise in the ocean levels, by affecting the planet’s ability to 

retain heat, also known as the greenhouse effect. After the Kyoto protocol generated at the third 

Conference of Parties to UN convention on climate change, six greenhouse gases were identified 

that were believed to have the most impact on the atmosphere; mainly resulting from unregulated 

human activities. Carbon dioxide was considered to be the most important. In the figure bellow, 

the global warming potential (GWP) of each gas is displayed and expressed in carbon dioxide 

equivalents [5]. 

 

Figure 1: Global Warming Potential of GHG gases by the Kyoto protocol 
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2.2.3 Why Calculate a Carbon Footprint? 

Carbon footprint is a commonly known concept nowadays, and is becoming a constantly 

growing interest from the common public or professional organization to understand global 

warming and quantify it. It is seen as a way to concretely represent this phenomenon to be able to 

do something about it, as way of taking responsibility and being self-conscious. Some 

organizations also see this ecological responsibility trend as a marketing advantage by following 

specific regulations that fall within the scheme of a recognized protocol or label, just like it can be 

an effective way to cut down on some costs and make savings that at the same time have positive 

impacts on the environment [5]. 

There are typically two principal reasons behind the will to calculate a carbon footprint [6]:  

 Quantifying and managing emissions: 

Effectively calculating the carbon footprint can be a good component for an environmental 

management system. Even done in a rough way, sometimes making estimations and omitting some 

sources, by following the basic footprint guidelines and merely including electricity, gas and 

transport, it can be enough to represent principal greenhouse emissions and give a general idea 

about the environmental impact of a structure. 

 Accurately reporting the footprint to a third party: 

Organizations are generally wanting to quantify their emissions and report them for the general 

public mainly for these reasons: 
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o For marketing reasons and corporate social responsibility. 

o To answer specific requests from investors or customers. 

o To become aware of how much they need to decrease their emissions to become ‘carbon 

neutral’. 

2.2.4 How to Calculate a Carbon Footprint? 

One of the approaches found online on how to produce an accurate carbon footprint 

consists of five main steps [6]: 

 Define the methodology. 

 Specify the boundary and scope of coverage. 

 Collect emissions data and calculate the footprint. 

 Verify results (optional). 

 Disclose the footprint (optional). 

Sprangers [7] that relied on the Greenhouse Gas Protocol (GHGP) for his thesis about 

calculating the carbon footprint of Erasmus University listed specific steps for assessing the carbon 

footprint of an institution, and they are as follow: 

 Identify GHG emissions sources. 

 Select a GHG emissions calculation approach.  

 Collect activity data and choose emission factors.  

 Apply calculation tools.  
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 Roll-up GHG emissions data to corporate level.  

 

 

Figure 2: Framework with steps to calculate Carbon Footprint 

The figure above shows the framework summarizing the steps recognized by the 

Greenhouse Gases Protocol for calculating the carbon footprint that mainly consist of, first, 

selecting boundaries the study, then identifying potential emission sources within recognized 

guidelines by reviewing the institution’s activities reports, collecting sufficient data, calculating 

emissions using reliable factors, and finally summing up overall results to report them. 
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2.2.4.1 Scopes of Calculations  

“In order to produce a reliable footprint, it is important to follow a structured process and 

to classify all the possible sources of emissions thoroughly. A common classification is to group 

and report on emissions by the level of control which an organization has over them.” [6] 

On India Greenhouse Gases Program [8] website the three basic scopes of the carbon 

footprint globally used when calculating the carbon footprint of any entity are listed as follow: 

Scope 1: Core Direct Emissions 

This type of emissions result from sources owned and controlled by the company, like for 

instance, vehicles, furnaces, boilers or emissions from chemical processes by owned equipment. 

They can be summarized in the following components: 

 Co-gen Electricity. 

 Co-gen Steam. 

 Stationary Combustion. 

 Direct Transportation. 

 Refrigerants & Chemicals. 

 Fertilizers. 

Scope 2: Core Indirect Emissions 

This scope accounts for emissions generated as a result of purchased electricity by the 

institution or other energy sources bought from external companies and brought within the frame 
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of the institution. These emissions physically occur at the facility where the energy is produced. 

Usually, they are as follow: 

 Purchased electricity 

 Purchased steam 

 Purchased chilled water 

Scope 3: Non-core Indirect Emissions 

As for this scope, it is an optional reporting aspect that goes deep further in the emissions 

the institution can indirectly be responsible for. These emissions mainly result as a consequence 

of the institution’s activities, however, not from sources owned by it. In most cases, they are listed 

as: 

 Faculty Staff Commuting 

 Student Commuting 

 Air Travel 

 Solid Waste 

The three scopes of the carbon footprint scheme are more explicitly expressed in the 

following figure: 
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Figure 3: Overview of Emissions Scopes and Sources according to the GHG Protocol 

2.2.4.2 Emission Factors 

Emission factors are used to convert activity data in different scopes in terms of 

consumption and production to carbon dioxide or other greenhouse gases emissions usually as a 

weight quantity (kilograms or tones). An emission factor, in general, specifically states the amount 

of carbon dioxide per unit of emission type. Consequently, they are different for each emission 

source and vary depending on products. When the emission factors are available along with the 

activity data of the institution are available, the carbon emission for each emission source is 

calculated using this simple formula:  

“CO2 emission = Activity data (kg / km / liters / etc.) * Emission factor (CO2 per unit)” [7] 
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2.3 EARTH SITUATION  

According to an article published by the Netherlands Environmental Assessment Agency 

(NEAA), the global greenhouse gas emissions reached around 49.3 Gt CO2 equivalent in 2016, 

which is a pretty huge number for what the atmosphere can process [9].  

2.3.1 Global Emissions by Gas 

The following pie chart divides up the global greenhouse gases emissions according to the 

percentages of gases emitted. It is pretty clear from it that carbon dioxide or CO2 takes up the 

largest amount (76%), which is why many footprints only take carbon dioxide into account when 

calculating the emissions, since it is the major greenhouse gas [10]. 

 

Figure 4: Global GHG Emissions by Gas (IPCC 2014) 
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2.3.2 Global Emissions by Economic Sector 

As for this chart, it breaks down the greenhouse gases emissions according to the economic 

sector where the emissions are generated. We can notice how electricity, agriculture and industry 

represent the largest parts, making them the most accountable sectors for greenhouse gases 

emissions [10]. 

 

 

Figure 5: Global GHG Emissions by Economic Sector 
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2.3.3 Trends in Global Emissions 

 

Figure 6: Trends in Global GHG Emissions 

“Global carbon emissions from fossil fuels have significantly increased since 1900. Since 1970, 

CO2 emissions have increased by about 90%, with emissions from fossil fuel combustion and 

industrial processes contributing about 78% of the total greenhouse gas emissions increase from 

1970 to 2011. Agriculture, deforestation, and other land-use changes have been the second-largest 

contributors.” [10] 

2.3.4 Emissions by Country 

When it comes to the nations that are producing the largest amounts of GHG, from this 

chart we can deduce that China, the United States of America and India are the biggest carbon 

emitters in the world, which is not surprising, since these countries are the most industrialized 

ones, and have significantly important economic activities [10].  
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Figure 7: Global GHG Emissions by Country 

2.4 MOROCCO’S SITUATION 

2.4.1 Carbon Footprint of Morocco 

Foundation Mohamed VI for Environmental Protection established by the king in 2001, and 

presided by Lalla Hasna whose main mission is raising awareness about environmental matters 

and sustainability through a federative approach, conceived a carbon footprint tool derived from 

Bilan Carbone method, which is compatible with ISO 14064 norms and the GHG protocol. This 

tool included the following emission sources [11]: 

 Air conditioning  

 Fuels 

 Electricity 

 Freight 
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 Direct Transportation 

 Purchase of goods and services 

 Waste 

 other 

The following figure shows the results generated by this study and breaks down the emissions 

to the different components included. 

 

Figure 8: Carbon Footprint of Morocco according to the Mohamed VI Foundation for 

Environmental Protection (2016) 

USAID latest factsheet about Greenhouse Gases Emissions in Morocco calculated the total 

GHG emissions in Morocco in 2012, which is the most recent year with complete data, and was 

found to be 72.51 Mt CO2-eq constituting 16% of the global greenhouse gases emissions. As 

expressed in figure below, the energy sector makes up the predominant source of emissions with 

54.84 Mt CO2-eq, consisting of electricity, heat and transportation. The second largest sector in 

terms of emissions is the agricultural sector with 12.68 Mt CO2-eq [12]. 
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While Morocco’s GHG emissions are slightly above 72 Mt CO2-eq, its neighbor in the 

East, Algeria, emits a much larger quantity that exceeds 187 Mt CO2-eq. Looking north, Spain’s 

emissions are even more important making up almost three times Morocco’s emissions with 306 

Mt CO2-eq. 

 

Figure 9: Morocco's GHG Emissions by Sector (2012) 
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Figure 10: GHG Emissions in Morocco by Gas 

Greenhouse gases emissions increased by 138% in Morocco between 1990 and 2012, this 

can be explained by the development of the industrial sector in the country and foreign investments 

that involved a lot energy use, and implying a significant amount of emissions as well [12]. 
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Figure 11: Carbon Footprint and GDP Change in Morocco (1990-2012) 

2.4.2 Plans and Measures to Reduce GHG Emissions 

Since the big ecological movements started to gain importance all around the world as a result 

of becoming aware of the environmental issues threatening our planet, Morocco has been keeping 

the pace of this development, taking many initiatives to reduce GHG emissions. These initiatives 

can be summarized in the following points [12]: 

 The National Energy Strategy launched in 2009 aiming at transitioning to a low emission 

society through an optimal electricity mix including renewable energies with a significant 

percentage and prioritizing energy efficiency. 
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 Energy efficiency measures in the residential sector by switching incandescent light bulbs 

to compact fluorescent lamps, installing solar water heaters, and incentives to minimize 

demand during peak hours. 

 Programs for wind, hydro, and solar energy development to include them more consistently 

in common electric consumption, with a goal of 2 GW of wind power and 2 GW of solar 

energy by 2020, which would constitute 42% of the installed power capacity. 

The Mohamed VI Foundation for Environmental Protection’s main program aiming at 

improving the country’s sustainability was summarized in the diagram bellow. 

 

Figure 12: Mohamed VI Foundation for Environmental Protection Program 

3 STEEPLE ANALYSIS 

SOCIETAL 
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Since our society is facing many issues related to the environment, a project like this one 

has an important role in spreading awareness among individuals about the impact simple everyday 

habits have on the environment. 

TECHNOLOGICAL 

Being aware of the carbon footprint can enhance the technological aspect through the need 

for suitable technologies that are more sustainable and have a lower environmental impact.  

ECONOMIC 

Having an idea about the carbon footprint, and making efforts to lessen it, will definitely 

help reducing costs in different departments when it comes to energy consumption in the long 

term, since all renewable facilities are autonomous energy sources and help save money after their 

pay back periods . 

ENVIRONMENTAL 

This is obviously the most important aspect of the whole project, since the point of 

assessing the impact of the overall activities in terms of greenhouse gases is to spread sustainable 

habits among peers and having an ecofriendly campus. 

POLITICAL & LEGAL 

When it comes to politics, carbon footprints can be a good ground for governments to take 

actions and establish laws with an ecological aspect and consequently make sustainability an 

important matter for all citizens. 
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ETHICAL 

This project can be considered to have an ethical aspect as well, since sustainability has 

started to be taken into account when talking about ethics after eco centric movements, and 

therefore not taking for granted in all types of structures. 

4 CASE STUDY: AL AKHAWAYN UNIVERSITY 

4.1 METHODOLOGY 

4.1.1 Scope of Assessment 

The boundary set for my study is Al Akhawayn University’s campus.  

I chose to include the three scopes previously discussed of the carbon footprint, to process 

as much information as I can, and get significantly meaningful results to be able to make good 

interpretations and conclusions, and eventually propose solutions.  

Including all three scopes is definitely not an easy task since it requires a lot of work when 

it comes to data gathering and processing. As a result, many sources included seem far-fetched 

and not directly linked to the entity of assessment, however, they implicitly impact the 

environment and can be linked back to one origin, which is the prior institution. 

4.1.2 Emission Categories 

The table below displays the commonly included emission categories in carbon footprints 

for institutions. These categories go along with the GHG protocol and ISO 14 064. Each scope, as 
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I have discussed before, includes several emission sources that comply with the frame it is 

supposed to cover. 

Table 2: Emissions Categories in each Scope of Carbon Footprint 

 

As for my study, I tried to include all the scopes, however, I could not include all sources 

since the data available did not allow me to do so, as the Ground and Maintenance Department 

does not keep track of all their activities, or simply because those specific types do not exist at Al 

Akhawayn University or cannot be quantified. So after meeting several times with Mr. Jadid, the 

Ground and Maintenance Department Director and gathering the data I could get, I ended up 

choosing the following categories that are shown in the table below, and that I can think can best 

represent the university’s carbon footprint.  

Scope1

Co-gen Electricity

Co-gen Steam

Direct Transportation 

Refrigerants & Chemicals

Stationary Combustion

Scope3

Faculty Staff Commuting

Student Commuting

Air Travel

Solid Waste 

Fertilizers

Scope2

Purchased Electricity 

Purchased Steam

Purchased Chilled Water
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Table 3: Categories Included in AUI's Carbon Footprint 

 

These sources are pretty good representatives of Al Akhawayn University main emissions 

and relatively sufficient the level of my study. 

4.1.3 Emission Factors  

Choosing emissions factors is one of the most challenging parts of this study, since they 

are the core of the calculations, and can drastically affect the results. Consequently emission factors 

should be carefully chosen or calculated when enough data is available to allow it. 

Most of the emission factors I used can be found on online. I looked up various sources 

from various regions in the world and chose the most reliable ones for categories that are not 

affected by geographic characteristics and are more or less the same around the world; like diesel, 

biomass, fleet, waste and commuting. As for electricity, it varies from a country to another 

depending on the mix, in other words the energy sources used altogether to make electric power; 

so, I tried calculating my own factor, which I will discuss later, and that did not seem good for use. 

I ended up contacting companies working with these factors in Morocco through my supervisor, 

Dr. Elasli and used some of the emission factors provided. 

Diesel (KWh-Thermal)

Biomass (KWh-thermal)

Scope2

Scope 1

Scope 3

Stationary 

Combustion

Direct Transportation (Km)

Air Travel (Km)

Solid Waste (t)

Purchased Electricity (KWh)

Faculty Commuting (Km)
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Diesel 

Emission factor found online: 0.3 Kg CO2-eq/KWh [13] 

Biodiesel 

Emission factor found online: 0.01 Kg CO2-eq/KWh [13] 

Biomass 

Emission factor found online: 0.03 Kg CO2-eq/KWh [13] 

Direct Transportation 

Emission factor found online (for relatively large diesel engines): 0.26 Kg CO2-eq/Km [13] 

Electricity in Morocco 

Emission factor provided by company: 0.713 Kg CO2-eq/KWh  

Commuting 

Emission factor found online (for standard diesel cars): 0.24 Kg CO2-eq/Km [13] 

Solid Waste 

Emission factor provided by company: 0.8675 Kg CO2-eq/Kg  

Air Travel 

Emission factor found online: 0.49 Kg CO2-eq/Km [13] 



 
33 

 

Electricity Mix 

To find the electricity mix in Morocco, I had to look up the latest activity report of the 

ONEE [14] responsible for distributing electricity and water in Morocco. 

The results I found are summarized in the following figure: 

 

Figure 13: Electricity Mix in Morocco 

I entered the data in my excel tool, added the equivalent emission factors and got the 

following: 

Table 4: Emission Factor of Mix Found 

 

47%

8%

16%

14%

15%

Repartition of Injected Energy at the 
ONEE

Coal Gasoil Natural Gas Renewables Others

Energy Source % EF (Kg CO2-eq/KWh)

Coal 46.7 0.4

Gasoil 8 0.29

Natural Gas 16.3 0.21

Renewables 14 0

Others 15 0.25

0.28173EF of the mix
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The EF found through the calculations is much smaller than the one used by the company 

I contacted, that is 0.713 Kg CO2-eq/KWh. It is displayed through the percentage difference I 

calculated that happens to be 86.12 %: 

% 𝑑𝑖𝑓𝑓 =
0.713 − 0.282

0.713 + 0.282
2

× 100 = 86.12 %  

The possible explanation for this rather large difference would be the inaccuracy of the 

information provided by the ONEE concerning their mix, as for the emission factors, they are 

pretty reliable as far as I am concerned. So, I ended up using the initial emission factor: 0.713 Kg 

CO2-eq/KWh. 

4.1.4 Energy Audit 

4.1.4.1 Site Description 

Founded in 1995, Al Akhawayn University, is a non-profit institution created for 

educational purposes. Located in the city of Ifrane, in the Middle Atlas mountain chain of 

Morocco, its surface area is of around seventy five hectares with almost twenty five hectares 

constructed and the rest primarily consisting of forest and bushes. The Al Akhawayn campus 

consists of more than forty buildings built at different stages of the university’s development. 

Shown below, is a simplified map of the Al Akhawayn campus, with the different areas 

dedicated for different purposes of student’s life. It is not up to date since it does not include the 

8B building in the academic area built in the previous year, but is the only available campus map 

on the university’s website. 
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Figure 14: AUI Campus Map 
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4.1.4.2 Data Collection 

After meeting with Mr. Jadid from the Ground and Maintenance department and contacting 

other departments as well, I could get an important amount of data, although not as much as I 

wanted, but enough to conduct my study. The information I got was annually and for the year 

2016-2017.  

Diesel 

According to Mr. Jadid, Al Akhawayn University consumes around 459,580 L of Diesel 

annually for heating purposes which is equivalent to saying 4,595,800 KWh/year, considering 1 L 

of Diesel to be equivalent to 10 KWh-therm.  

The data is explained in more details in the following tables provided by the ground and 

maintenance department. 

Table 5: Diesel Consumption per Building 

 

bat:13 bat38 bat:39 bat:14 8B Parc Auto

2013-2014 175,000.00      117,000.00      173,000.00      16,000.00        

2014-2015 174,000.00      76,000.00        124,000.00      13,000.00        

2015-2016 238,420.00      67,000.00        105,000.00      8,000.00          53,000.00           

2016-2017 193,580.00      85,000.00        104,000.00      12,000.00        14,000.00        51,000.00           

Consomation de gasoil total en litre 

2013-2017
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Table 6: Diesel Consumption per Business Line 

 

Biomass 

As for biomass, the university consumes around 183,580 Kg of bio combustible consisting 

of olive pits used primarily to heat the swimming pool, which produces around 917,900 KWh-

therm. (1 kg Biomass = 5 KWh-thermal) 

Table 7: Biomass Consumed to heat the Swimming Pool 

 

Direct Transportation 

The total direct transportation on an annual basis is on average 555,000 Km, which are 

mainly the vans used by faculty and staff, or used to transport other products related to the 

university. 

2013/2014 2014/2015 2015/2016 2016/2017

Housing 444,000.00      321,000.00      279,000.00      313,000.00      

ASI 71,000.00        52,000.00        37,000.00        41,000.00        

CCFC 17,000.00        67,000.00        76,000.00        85,000.00        

Sport 175,000.00      174,000.00      238,420.00      10,000.00        

Parc Auto 95,201.36        79,651.35        71,000.00        51,000.00        

Academic 14,000.00        

Activities 16,000.00        13,000.00        8,000.00          12,000.00        

total (litres) 818,201.36      706,651.35      709,420.00      526,000.00      

Consommation Gasoil par 

Business line

Biomass from Olive pits 1Kg of Biomass = 5KWh therm

Annual Consumption (Kg) Therm equivalent (KWh)

183580 917900



 
38 

 

Table 8: Direct Transportation per Month 

 

Electricity 

During the 2016-2017 period, the university consumed a total of 8,963,019 KWh of 

electricity directly distributed from the ONEE. This is the highest area of consumption for Al 

Akhawayn University, and definitely has a big potential for sustainability purposes. 

Air Travel 

After getting in touch with the Office of International Programs at AUI, I was able to get 

information about study abroad programs at the university. More than 470 students went to 25 

Km

January 41874

February 45742

March 60411

April 66963

May 58811

June 40293

July 44210

August 26003

September 51673

October 40000

November 40000

December 40000

Total 555980

Direct Transportation 

per month (2016-2017)
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different countries in the academic year 2016-2017, which makes at least 4,304,370 km traveled 

in total. 

Table 9: Study Abroad Air Travel per Country

 

Faculty Commuting 

Country # of Students
Estimated Distance 

both ways
Total (Km)

USA 79 11,586                              915,294           

Slovenia 55 6,616                                363,880           

Czech Republic 46 7,216                                331,936           

Netherlands 42 6,120                                257,040           

France 32 5,174                                165,568           

Spain 32 3,429                                109,728           

Germany 29 6,320                                183,280           

South Korea 29 22,400                              649,600           

Italy 25 6,310                                157,750           

Turkey 16 7,800                                124,800           

Greece 14 5,600                                78,400              

Malaysia 13 23,120                              300,560           

Croatia 9 4,860                                43,740              

Denmark 9 6,030                                54,270              

Japan 9 23,700                              213,300           

China 6 21,000                              126,000           

Finland 6 8,400                                50,400              

Portugal 4 1,706                                6,824                

Canada 4 15,600                              62,400              

Austria 3 5,200                                15,600              

Hong Kong 2 24,000                              48,000              

Hungary 2 5,800                                11,600              

UK 2 4,600                                9,200                

Saudi Arabia 1 10,600                              10,600              

Lithuania 1 7,200                                7,200                

Sweden 1 7,400                                7,400                

Total 471 4,304,370        
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I was able to get some information about faculty members that commute during the week 

to teach at the university. Although the data is not perfectly accurate and sometimes a rough 

estimation, it is sufficient to include the faculty commuting category in my calculations, and a 

decent set of data as a basis to calculate the carbon footprint. After meeting dean’s assistants in 

each different school and the director of human resources at AUI, I was able to constitute the 

following table and estimate the total commuting average for faculty members during the year, 

excluding holidays and counting 36 weeks of class per year, that is around 282,816 Km in total. 

Table 10: Faculty Commuting per School and City 

 

Solid Waste 

The total solid waste (mainly food or green waste from horticulture) reached around 

485,500 Kg in the previous year. 

City # of Profs
Times per 

week

Estimated 

Distance both 

ways (Km)

Computation 

(Km)

Annual 

Total (Km)

Meknes 2 5 128                        1,280               46,080       

Fes 1 5 130                        650                   23,400       

Azrou 2 5 40                           400                   14,400       

Azrou 1 3 40                           120                   4,320         

Fes 2 3 130                        780                   28,080       

Meknes 2 2 128                        512                   18,432       

Fes 1 1 130                        130                   4,680         

Rabat 2 1 414                        828                   29,808       

Fes 3 3 130                        1,170               42,120       

Rabat 1 1 414                        414                   14,904       

Casablanca 1 2 594                        1,188               42,768       

Meknes 1 3 128                        384                   13,824       

SBA

Total 282,816                                   

LC

SSE

SHSS
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Table 11: Solid Waste produced at AUI 

 

4.2 RESULTS & DISCUSSION 

4.2.1 Carbon Footprint Calculations 

“In general, this is the formula for calculating an emission:  

CO2 emission = Activity data (kg / km / liters / etc.) * Emission factor (CO2 per unit).  

For both activity data and emission factors, a distinction can be made between primary data 

and secondary data. Primary data are direct measurements within the life cycle of a specific 

product. For example, the amount of liters of gasoline used per number of kilometers can be 

directly measured. Secondary data consists of external, averaged data, which are not specific to 

the product.“[7] 

For my calculations, I used data from university records and sometimes estimations made 

by some departments. Concerning emission factors I used, as said before, they are from 

governmental sources or from Moroccan companies in the electricity field; these emission factors 

generate the emission amounts in CO2-equivalent, meaning it represents most greenhouse gases 

and not only carbon dioxide. All these elements were entered to my Excel tool that I used to 

generate functions and graphs displaying various aspects of the carbon footprint. 

Sol id Waste CO2 Produced (Kg)

Food Waste (kg) 48545000 32525150

Green Waste (kg) 620.5 415.735

Total  (kg/year) 485456.205 32525565.74
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As a result, I believe that the calculations I made are a good material to make sound 

conclusions and have a concrete idea about the greenhouse gas emissions resulting from various 

internal and external activities. 

The final result I got is as follow: 

Table 12: Total Footprint Calculations 

 

With a total of 10,530,652 Kg of CO2-eq or more than 10.5 Kt CO2-eq during the academic 

year 2016-2017 for all three scopes and all the categories included. This number represents nearly 

0.01% of the total Moroccan footprint calculated in previous years. 

A good way to interpret this whole footprint, which is a quite large number, is to divide it 

by the number of students enrolled for the year of the calculations (2016-2017), which happens to 

be 2,254 students in total. I chose to look at students and not at other human entities of the 

university merely because students are the main purpose of this structure, and therefore they are 

somehow more accountable for the emissions. Also, we can divide the whole footprint by the 

surface area of Al Akhawayn University, which is in total 75 hectares for the campus, to get the 

Annual 

Quantity
EF CO2 (Kg)

% of Total 

Emissions

Diesel (KWh-therm) 4,595,800      0.30 1,378,740      13.1%

Biomass (KWh-therm) 917,900          0.03 27,537            0.3%

555,980          0.26 144,555          1.4%

Scope2 8,963,019      0.71 6,381,670      60.6%

4,304,370      0.49 2,109,141      20.0%

282,816          0.24 67,876            0.6%

485,456          0.87 421,133          4.0%

10,530,652    100%Total

Scope 1

Scope 3

Stationary 

Combustion

Direct Transportation (Km)

Air Travel (Km)

Solid Waste (Kg)

Purchased Electricity (KWh)

Faculty Commuting (Km)
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carbon footprint per unit area, and have a more conceivable number to look at. The results are 

summarized in the table below. 

Table 13: Footprint per Student and Unit Area 

 

4.2.2 Footprint by Scopes 

Another way to interpret the footprint, is looking into the weight of the 3 different scopes 

included. As the figure below can express, the more advanced the scope, the higher the amount of 

emissions. At first glance, it can seem strange since not all of the scopes are necessary for the 

footprint calculations, then how can such a big number come up while some structures ignore 

advanced scopes in their footprints. The interpretation I came up with, is that since scopes 2 and 3 

include sources that are not directly linked to the entity studied, they involve more emissions and 

go further in the line, while scope 1 (1,550,832 Kg CO2-eq) only deals with the emissions of the 

University, which is a relatively small structure with moderate activities. Consequently, scope 1 

should normally come up smaller than scope 2 (6,381,670 Kg CO2-eq) and scope 3 (2,598,150 Kg 

CO2-eq). 

Including all 3 scopes in my calculation was a good decision, since it resulted in giving a 

broader view about the emissions and a more significant number to interpret. 

Total Footprint 

(Kg)

Footprint per 

student (Kg CO2-

eq/student)

Footprint per unit 

Area (Kg CO2-

eq/m²)

10,530,652             4,671.98                  14.04                        
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Figure 15: Emissions Breakdown by Scopes 

4.2.3 Footprint by Emission Categories 

We can also look at the emission categories separately in terms of the amount of 

greenhouse gases emitted by each, as depicted in the figure below. In this case, there is no clear 

pattern. The highest emitting category is electricity which makes sense, since it is the largest 

consumption area of the university with a relatively high emission factor. It is followed by the 

study abroad air travel that came up to be a rather large number as well; probably since studying 

abroad is an important part of the AUI experience, and many destinations are available for students, 

which results in a large air mileage involving more emissions. In the third place, there is diesel 

which happens to be the only fuel used by the University for heating purposes, along with biomass 

from olive pits introduced during the past few years in the swimming pool area. 

14.7%

60.6%

24.7%

EMISSIONS BREAKDOWN BY SCOPES AT AUI

Scope 1

Scope 2

Scope 3
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Figure 16: Emissions Breakdown by Categories 

4.2.4 Comparison with Erasmus University Rotterdam 

As an attempt to further grasp the total footprint of AUI, I compared the former with 

calculations of the CFP of Erasmus University of Rotterdam [7]. The table below shows both 

footprints considering that approximately the same categories were included in the other 

footprint. 

Table 14: AUI CFP vs. EUR CFP 

 

Al Akhawayn 

University

Erasmus 

University 

Rotterdam

Total CFP (MKg) 10.5                 12.6

# of students 2,254              28,047            

CFP (Kg)/ student 4,671              521
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5 SOLUTIONS TO MITIGATE THE CARBON FOOTPRINT 

5.1 SOLAR SOLUTION 

One of the options we can consider in this study and that can help make Al Akhawayn 

University’s campus more eco-friendly is solar power, since it is the renewable source that 

Morocco has invested in the most lately, and considered one of the most efficient ones. 

In order to able to implement a realistic solution, I looked at the project of my peer Ilias 

Laroussi working with Dr. Loudiyi on the cost/efficiency assessment of a solar plant at AUI. The 

installation I chose consists of 400 polycrystalline PV panels (255Wc prod) and adapted the 

information provided that was calculated according to the characteristics of the region and 

therefore pretty reliable. 

Table 14: Solar Plant Specifications 

 

From the table above, we can conclude that this production can cover up to 2.23% of the 

university’s total electricity consumption. Now, if we were to consider that PV panels produce no 

emissions whatsoever, we would need to modify our total footprint table and subtract the solar 

energy coverage, and we would get the following: 

8 Panels 400 panels

Power 

(KWh/year)
4,000          200,000       

Surface 

Required (m²)
20                1,020           

Total Cost 

(MAD)
32,685       1,634,250   
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Table 15: Modified Scope 2 

 

It would result in a total carbon footprint of 10,388,252 Kg CO2-eq, reducing the initial 

total emissions by 1.35%. 

% 𝑑𝑖𝑓𝑓 =
10,530,652 − 10,388,252

10,530,652
× 100 = 1.35 % 

This type of panels can keep around 80% of their efficiency for around 20 years, which 

makes it a pretty good option, considering that the total investment cost is 1,634,250 MAD and 

the payback period is around 6 years. 

5.2 BIODIESEL  

Another good alternative to think of in our case is definitely biodiesel to partially cover the 

diesel consumption on campus for heating purposes. A previous project I looked at from last 

semester by alumnus Alia Razid and supervised by Dr. El Asli, had for its main purpose to analyze 

and assess the production of 250 L of biodiesel per week from cooking oil using an on-campus 

pilot. I used the main data of the project to simulate it and see what it would give in terms of 

greenhouse gases emissions, except I increased the scale of the project making it 4 times bigger to 

get a higher coverage, assuming that the thermal energy produced would replace part of the diesel.  

Annual 

Quantity
EF CO2 (Kg)

% of Total 

Emissions

Scope2 8,763,019      0.71 6,239,270      60.1%Purchased Electricity (KWh)



 
48 

 

Table 16: Biodiesel Consumption 

 

Assuming a year is about 52 weeks and 1L of Biodiesel produces around 10 KWh, we get 

from the table above that the biodiesel production can provide us with around 530,000 KWh per 

year covering 12% of the total diesel consumption on campus. 

Now, let’s calculate the greenhouse gases emissions to consider if this option was 

implemented: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝐾𝑔 𝐶𝑂2 − 𝑒𝑞) = 𝐷𝑎𝑡𝑎 × 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 [13] 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 530,000 × 0.01 = 5,300 (𝐾𝑔 𝐶𝑂2 − 𝑒𝑞)  

If we apply the previous modifications in our total footprint table, we would need to 

subtract the biodiesel energy from the diesel energy to get the following changes: 

Table 17: Updated Scope 1 Calculations 

 

 per week (L)  per year (L) 
 Therm 

equivalent (KWh) 

BIODIEDEL 1,000                       53,000                     530,000                   

Cost (MAD) 3,000                       159,000                   

Annual 

Quantity
EF CO2 (Kg)

% of Total 

Emissions

Diesel (KWh-therm) 4,065,800      0.30 1,219,740      11.77%

Biodiesel (KWh-therm) 530,000          0.01 5,300              0.05%

Biomass (KWh-therm) 917,900          0.03 27,537            0.27%

555,980          0.26 144,555          1.39%

Scope 1

Stationary 

Combustion

Direct Transportation (Km)
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After including biodiesel in scope 1 of the calculations, we get a total footprint of 

10,371,652 Kg CO2-eq, which is 1.46% lower than the initial total footprint. 

% 𝑑𝑖𝑓𝑓 =
10,530,652 − 10,371,652

10,530,652
× 100 = 1.46 % 

5.3 FACULTY COMMUTING OPTIMIZATION 

I tried to think of a way to optimize the way faculty members commute during the week to 

teach at Al Akhawayn University. The possible way this could be done is thinking of it in the most 

idealistic way, assuming professors going to the same city can carpool all the time in one car 

instead of traveling separately, and therefore only count one trip back and forth for each city for 

the maximum times professors need to go (5 times). In the case of Fes it needs to be 2 trips back 

and forth, since it needs to be 2 cars for space and comfort matters. 

The initial data table for commuting in the Excel tool would turn into the following updated 

one: 

Table 18:  Optimized Faculty Commuting 

 

City # of Profs
Times per 

week

Estimated 

Distance both 

ways (Km)

Computation 

for one trip  

(Km)

Annual 

Total (Km)

Meknes 5 5 128 640                   21,760       

Fes 7 5 130 1,300               44,200       

Azrou 3 5 40 200                   6,800         

Casablanca 1 2 596 1,192               40,528       

Rabat 3 1 496 496                   16,864       

Total 130,152                                   
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This option gives us 130,152 Km in total of faculty commuting instead of 282,816 Km. 

Now computing the GHG emissions we would get: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝐾𝑔 𝐶𝑂2 − 𝑒𝑞) = 𝐷𝑎𝑡𝑎 × 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝐾𝑔 𝐶𝑂2 − 𝑒𝑞) = 130,152 × 0.24 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 31,236 𝐾𝑔 𝐶𝑂2 − 𝑒𝑞 

Now comparing with the initial emissions in the same category:         

% 𝑑𝑖𝑓𝑓 =
67,876 − 31,236

67,876 + 31,236
2

× 100 = 73.94 %  

So there is a 73.94% difference between the initial and optimized emissions for the faculty 

commuting category. 

The total footprint would become 10,494,012 Kg of CO2-eq, which is 0.35% lower than 

the initial one. 

% 𝑑𝑖𝑓𝑓 =
10,530,652 − 10,494,012

10,530,652
× 100 = 0.35 % 

This alternative is a great option to consider, as far as I am concerned. Not only is it free 

of investment, but it also does not need any plan of implementation, the only thing it requires it 

professors to agree on it, to be flexible, and communicate with their peers. For it to work, it 

involves sustainability awareness and responsibility among faculty members, which I think is 

necessary at this point in an environment like ours. 
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5.4 SOLUTIONS COMBINATION 

Now let’s combine all three solutions that I earlier proposed to see how the carbon footprint of 

Al Akhawayn University would change if all three are applied at the same time, adding to them 

the following as well: 

 Upgrading already existing biomass use by 100,000 Kg, equivalent to 500,000 KWh 

(partially covering and reducing diesel use) 

 Switching to hybrid vehicles when it comes to direct transportation, which will alter the 

emission factor, becoming 0.22 instead of 0.26, and therefore lowering the emissions. 

 Recycling 20% of solid waste at least (through making lower quality paper, reusing plastic 

etc.) 

The following table represents the main changes in the total carbon footprint after the 

modifications. 

Table 19: Modified Total Footprint 

 

Annual 

Quantity
EF CO2 (Kg)

% of Total 

Emissions

Diesel (KWh-therm) 3,565,800    0.30 1,069,740    10.66%

Biodiesel (KWh-therm) 530,000       0.01 5,300            0.05%

Biomass (KWh-therm) 1,417,900    0.03 42,537          0.42%

555,980       0.22 122,316       1.22%

Scope2 8,763,019    0.71 6,239,270    62.19%

4,304,370    0.49 2,109,141    21.02%

130,152       0.24 31,236          0.31%

475,747       0.87 412,711       4.11%

10,032,251 100%Total

Scope 1
Stationary Combustion

Direct Transportation (Km)

Purchased Electricity (KWh)

Scope 3

Air Travel (Km)

Faculty Commuting (Km)

Solid Waste (Kg)
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The total footprint generated in this case is 10,032,251 Kg CO2-eq, which is 498,401 Kg 

CO2-eq lower than the original footprint, meaning it would reduce the total footprint by 4.73%. 

% 𝑑𝑖𝑓𝑓 =
10,530,652 − 10,032,251

10,530,652
× 100 = 4.73 % 

The following figure shows the contract between emission categories before and after the 

implementation of the solutions. 

 

Figure 17: Emission Categories Before and After Optimization 

This could be a good start, considering the solutions proposed are realistic ones from 

previous AUI projects, specifically conceived for the university’s campus and easily applicable. 

Many more solutions can be implemented with time, to gradually lower the energy use, and 

therefore lower the emissions along the way. 

1,378,740 

27,537 144,555 

6,381,670 

2,109,141 

67,876 
421,133 

1,069,740 

42,537 122,316 

6,239,270 

2,109,141 

31,236 
412,711 

EMISSIONS CATEGORIES COMPARISON (KG)

Original CFP

Optimized CFP
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6 CONCLUSION 

To conclude, in this project I tried to cover as many aspects of the carbon footprint as I 

could considering the level of this study and the resources available. As I previously said, I wish I 

included more emission sources, but could not unfortunately, since I was not provided with enough 

material to do so. This point represents one of the main limitations encountered; it is hard to get 

consistent data from the University’s departments, whether because it is not available, as many 

activities are not kept track of, or because staff members are not willing to share all the information 

available, possibly for confidentiality reasons.  

This project has definitely taught me a lot. To start, I learned quite much about carbon 

footprints and the field of sustainability, which I consider rather important since my thematic area 

is Environmental Science. Also, I had the opportunity to improve my research methods and 

optimize data collection and analysis; besides, I had to work following a specific agenda and 

timeline. Moreover, I discovered other aspects in Excel and other computer tools used for my 

computation and interpretations. 

Sustainability is not a luxury anymore, it is very accessible for everyone and is a must for 

large structures that significantly impact the environment. Al Akhawayn University is a very 

influencing agent in its region, and all its activities affect people and eco systems around it. The 

University has started taking many initiatives in its attempts to be a more eco-friendly campus, it 

has optimized the functioning of many departments throughout the years, has installed ecological 

facilities that use renewable energy sources, such as biomass and solar power. Nevertheless, there 

is much more that can be done; all it requires is environmental awareness, initiatives and support. 
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APPENDICES 

Appendix A: AUI Electricity Consumption (2014-2017) 

Année Mois Energie Active (KWh)

2015 Août 384,333

2015 Septembre 571,878

2015 Octobre 736,932

2015 Novembre 1,076,626

2015 Décembre 1,001,348

2016 Janvier 998,790

2016 Février 1,303,238

2016 Mars 1,252,482

2016 Avril 902,143

2016 Mai 512,073

2016 Juin 432,665

2016 Juillet 387,345

Année Mois Energie Active (KWh)

2014 Août 346,979

2014 Septembre 655,794

2014 Octobre 802,410

2014 Novembre 1,270,721

2014 Décembre 1,403,074

2015 Janvier 1,455,028

2015 Février 1,664,972

2015 Mars 1,300,012

2015 Avril 779,445

2015 Mai 540,352

2015 Juin 566,566

2015 Juillet 440,125
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Année Mois Energie Active (KWh)

2016 Août 348,498

2016 Septembre 503,085

2016 Octobre 643,120

2016 Novembre 1,122,639

2016 Décembre 1,067,711

2017 Janvier 1,238,991

2017 Février 1,180,233

2017 Mars 1,039,706

2017 Avril 629,250

2017 Mai 414,293

2017 Juin 383,631

2017 Juillet 391,862
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Appendix B: Emission Factors
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