
  SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY  

 
1 

 
SCHOOL OF SCIENCE AND ENGINEERING 

 

 

 

 

 

 

 

 

 

 

VALORIZATION OF BIODIESEL WASTE 
 

 

 

 

 

Kawtar Lourhraz 

 

 

 

 

 

Dr.Abdelghani El Asli 

 

 

 

Fall 2018 

 

 
 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
2 

 

 

 

 

 

 

 

 

 

VALORIZATION OF BIODIESEL WASTE  

 

Capstone Report 

Student Statement:  

“I, Kawtar Lourhraz, declare that I have applied ethics to the design process and in the selection 

of the final proposed scenario. And that, I hold the safety of the public to be paramount and 

address this in the presented design wherever may be applicable.” 

 

 

 

 

_____________________________________________________ 

Kawtar Lourhraz  

 

 

 

 

Approved by the Supervisor 

 

 

 

_____________________________________________________ 

Dr. El Asli Abdelghani 

 

 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
3 

 

 

 

 

 

 

 

 

 

ACKNOWLEDGMENTS  
 

To start , I am very grateful  and thankful for the continuous support and help that my Advisor Dr. 

Abdelghani El Asli has always  given me during my capstone. He was very encouraging and he 

taught me so many skills that helped me a lot during my work. He always made time for me when 

I needed to consult him. Actually, it wouldn’t have been possible to finish this project without his 

involvement. I also would like to thank all of my professors in different fields, who gave me the 

required knowledge to complete this project. Besides, I would like to acknowledge the Lab 

technician, Mr. Abdellatif Ouddach, for being very helpful and for providing me with all the 

needed equipment and materials during my laboratory work. I also would like to thank all of my 

friends who kept my spirit high when I needed them the most. 

 

Most importantly, I would like also to thank my parents and family for their infinite love and 

encouragement. They have proven to me that they will always be there even during the stressful 

and hard times. Without them, I wouldn’t be what I am today. So, thank you so much for being in 

my life, I am so honored and blessed to have you. 

 
 
 
 
 
 

Kawtar Lourhraz  

 

 

 

 

 

 

 

 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
4 

 

 

 

 

 

 

 

 

CONTENTS  

ACKNOWLEDGMENTS .................................................................................................................................... 3 

LIST OF FIGURES: ............................................................................................................................................ 5 

LIST OF TABLES................................................................................................................................................ 6 

ABBREVIATIONS .............................................................................................................................................. 7 

ABSTRACT .......................................................................................................................................................... 8 

1 INTRODUCTION ............................................................................................................................................ 9 

2 STEEPLE ANALYSIS ...................................................................................................................................... 10 

2.1 SOCIETAL IMPLICATIONS...................................................................................................................................... 10 
2.2 TECHNOLOGIES .................................................................................................................................................. 10 
2.3 ENVIRONMENTAL IMPLICATIONS .......................................................................................................................... 10 
2.4 ETHICS ............................................................................................................................................................. 11 
2.5 POLITICAL FRAMEWORK ...................................................................................................................................... 11 
2.6 LEGAL FRAMEWORK ........................................................................................................................................... 11 
2.7 ECONOMIC IMPACT ............................................................................................................................................ 12 

3 LITERATURE REVIEW ................................................................................................................................... 13 

3.1.RELATED WORK ..................................................................................................................................................... 13 
3.2.PRODUCTION ........................................................................................................................................................ 14 
3.3. GLYCERIN INFORMATION ....................................................................................................................................... 14 
3.4. BASIC DEFINITIONS ............................................................................................................................................... 14 
3.5. GLYCERIN PROPERTIES ........................................................................................................................................... 16 
3.6. GLYCERIN PURIFICATION METHODS: ......................................................................................................................... 17 

4.APPLICATION OF GLYCERIN ............................................................................................................................... 23 

5.METHODOLOGY ................................................................................................................................................ 27 

5.1. SPECIFICATION ..................................................................................................................................................... 27 
5.2. QUALITY REQUIREMENTS ....................................................................................................................................... 27 
5.3 SAFETY ............................................................................................................................................................. 27 

6. THE CIRCULAR ECONOMY ASPECTS OF THE PROJECT .................................................................. 28 

6.1. THE IMPORTANCE OF BIODIESEL: ..................................................................................................... 28 

6.2. METHODOLOGY OF MAKING BIODIESEL: ........................................................................................ 31 

a. Materials needed for the production of biodiesel from cooking oil: ......................................................... 31 
b. the procedure to make biodiesel from cooking oil: .................................................................................. 31 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
5 

a. Materials needed for the production of biodiesel from waste cooking oil: ........................................... 32 

7. VALORIZATION OF THE BIODIESEL WASTE: ...................................................................................................... 34 

7.1. PRODUCTION OF BIO-GLYCEROL: .................................................................................................................. 34 

7.2 LIQUID SOAP:.............................................................................................................................................. 36 

A. MATERIALS USED: .............................................................................................................................................. 36 
B. STEPS TO PRODUCE THE LIQUID SOAP: .............................................................................................................. 37 

7.3 HARD SOAP: ............................................................................................................................................... 38 

A. MATERIALS USED: ............................................................................................................................................. 38 
B.STEPS TO PRODUCE THE HARD SOAP: ............................................................................................................................ 39 

8. BUSINESS PLAN: ............................................................................................................................................... 40 

8.1. MARKET ANALYSIS: ................................................................................................................................. 40 
8.2. SWOT ANALYSIS-THE VALORIZATION OF THE WASTE PRODUCT: ................................................................................... 44 
8.3. PORTER’S FIVE FORCES MODEL – PRODUCING BIODIESEL AND SOAP IN MOROCCO .......................................................... 47 
8.4.KEYS TO SUCCESS: ................................................................................................................................................. 48 
8.5. RESOURCES NEEDED TO PRODUCE THE SOAP .............................................................................................................. 48 
8.6. MARKETING PLAN: ............................................................................................................................................... 51 

8.6.1. Marketing Strategy: Best Value Strategy ............................................................................................... 51 
8.6.2. Value Proposition .................................................................................................................................... 51 
8.6.3 The Product offered: ................................................................................................................................. 51 
8.7 Suppliers, Customers and Competitors ....................................................................................................... 53 
8.8. Design of the soap and the packaging: ..................................................................................................... 61 

8 CONCLUSIONS AND FUTURE WORK ............................................................................................................ 62 

9 REFERENCES ............................................................................................................................................... 63 

 

 

 

 

LIST OF FIGURES:  
 

Figure 1: filtered glycerin ........................................................................................................... 18 

Figure 2: Filtered waste cooking oil at Al Akhawayn university ........................................... 30 

Figure 3: the chemical process to produce biodiesel and Glycerin ........................................ 31 

Figure 4: The equation that leads to the creation of biodiesel ................................................ 35 

Figure 5:  Biodiesel production at Al Akhawayn University .................................................. 36 

Figure 6:  glycerin liquid soap before the resting state ........................................................... 38 

Figure 7:  The global biodiesel market by geography in 2016 ................................................ 41 

Figure 8:  Global Biofuel and biodiesel market forecast (2018-2026) .................................... 42 

Figure 9: A poster that serves as a publicity for the soap ....................................................... 52 

Figure 10: The logo of the soap .................................................................................................. 53 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
6 

Figure 11: The percentage of females and males who took the survey .................................. 55 

Figure 12:  the age range of the interviewees ........................................................................... 55 

Figure 13: The level of education of the people who took the survey .................................... 56 

Figure 14:  The employment status of the interviewees .......................................................... 56 

Figure 15:  The knowledge of the interviewees about biodiesel.............................................. 57 

Figure 16: How often the interviewees are using soap ............................................................ 58 

Figure 17:  The percentage of the use of bio-soap and commercial soap .............................. 58 

Figure 18:The percentage of people ready to use a soap based on waste cooking oil........... 59 

Figure 19: the price that the costumers are ready to pay for a bio-bar of soap .................... 60 

Figure 20: Design of the soap and the packaging..................................................................... 61 

Figure 21:a poster representing different kinds of packaging................................................ 61 

 

 

 

 

 

 

 

 

 

LIST OF TABLES 
 

Table 1: the uses of acetine ......................................................................................................... 22 

Table 2: non renewable sources to produce hydrogen ............................................................ 22 

Table 3:  the average waste cooking oil at Al Akhawayn University ..................................... 49 

Table 4: Methanol cost and quantity ........................................................................................ 50 

Table 5: The cost of KOH based on its quantity ...................................................................... 51 

Table 6: List of suppliers of chemicals in Morocco ................................................................. 54 

Table 7: Table representing the attributes that the costumers are based on to buy their 

soap ............................................................................................................................................... 59 

 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
7 

 

 

 

 

ABBREVIATIONS 

 

 
C6H8O7                    Citric Acid 

M                                   Mass 

CH3OH                       Methanol 

NaOH                    Sodium Hydroxide 

V                                    Volume 

KOH                         Potassium Hydroxide 

MTON                 Megaton(s) 

CAGR                    Compound annual growth rate 

M                                             Mega 

FFA                            Free Fatty Acid 

 MS                             membrane separation 

DWC                           Divided wall colown  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
8 

ABSTRACT 

 

 
In modern times, going through a massive growth in the production of numerous materials and the 

rise of significant diversity concerning  companies specialized in the food industry, we are noticing 

a huge increase in the quantity of waste. Cooking oil has become a major component of any 

kitchen, and, therefore, the waste coming from excess cooking oil is creating a huge problem. 

According to a study conducted by the “Agency for Assessment and Application of Technology” 

in Indonesia between  2010-2011, one of the main causes of the increase of greenhouse gas in the 

country is land clearing in order to create more land that palm oil can be grown on [1]. This 

required the development of different practices in the country that will lower the emissions of CO2 

by what we call as a “life cycle assessment”. In fact, the most successful project in the country is 

in “Bogor city project”, which has been collecting and recycling the used cooking oil into bio 

diesel fuel. 

 

There are several ways of recycling and reusing the oil waste, and the most effective one is by 

regeneration. This means that we are going to regenerate biodiesel energy using the vegetable oil 

collected from restaurants or household waste [1]. After the transformation of the home cooking 

oil into biodiesel oil that is ready to be consumed, we obtain another material as a waste, which is 

the Glycerin or Glycerol. In my Capstone, I will focus on finding a way to reuse the 

Glycerol/Glycerin in an efficient and effective way by creating a new product ready to be sold at 

the University or in other markets. In addition, I will use an environment-friendly packaging based 

on recycled cardboard.  
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1 INTRODUCTION 

 

Glycerin/Glycerol are materials with utilities and applications in many areas. The main points that 

explain the flexibility of these materials are the distinctive combination of chemical and physical 

properties, their ability to react with many other materials and substances, and, finally, the ease in 

handling them. Furthermore, Glycerin/Glycerol are both practically non-hazardous to the 

environment and do not affect humans. As far as their physical properties are concerned, Glycerin 

is water soluble, nearly colorless, has significant viscosity, a relatively high boiling point, and is 

odorless [3]. When it comes to its chemical properties, Glycerin is considered a “Trihydric 

Alcohol” that is capable of reacting as an alcohol, but it is nearly stable in most conditions [2]. 

Since Glycerin has this special mixture of properties, it can be applied in a wide range of diverse 

uses. Large scale uses include the food industry and Polyurethane Foam. Glycerin is generally 

found in abundant amounts in the form of “triglycerides”. Furthermore, it is the main element of 

practically all animal fats and vegetable oils, through the chemical combinations of Glycerol and 

FA. Moreover, it is also present in plants in the form of carbohydrates made photo-synthetically 

from the interaction of H2O and CO2. In addition, animals can also exhibit significant incorporation 

of Glycerin through the integration of “triglycerides” found in nutritious substances and 

“carbohydrates”. However, the interaction between substances during “the triglyceride synthesis” 

in plants and animals is extremely difficult to understand and explain using today’s scientific 

knowledge[4]. 

 

 

 

 

 

 

 

 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
10 

2 STEEPLE ANALYSIS 

 

2.1 Societal Implications  

The societal factors affecting the production of soap out of crude Glycerin are as follow: income 

distribution, demographic changes, labor mobility, lifestyle, and fashion changes. According to 

the World Bank, Morocco is capable of enhancing its economic situation trough job creation, 

mainly for young citizens by making huge investments in human capital, modernizing its society, 

and developing quality private and public institutions, as well as increasing environmental 

awareness in society at large. [5] 

In fact, Morocco experienced a period of up to 4.7% of economic growth between 2001 and 2013 

when compared to the years between 1991 and 2000, which only experienced 2.8% growth [6]. 

  

2.2 Technologies   

When it comes to the technologies related to environmentally friendly projects, Morocco is 

developing many interesting strategies and projects. Morocco is a North African country that is 

promoting the use of renewable energies such as solar, wind and thermal energies. However, just 

like many countries in the Middle East, Morocco has a big problem when it comes to waste 

management and recycling. Organizations specialized in waste managements are beginning to 

change the actual situation [7]. Also, new inventions have been created around the whole world 

regarding technologies related to the cycle economy. Transferring technologies has become much 

easier. Additionally, the development of applications and computer-based programs helps a lot in 

controlling the effectiveness and efficiency of these technologies. When it comes to biodiesel, 

Morocco doesn’t really have any experience in the domain, since there is an absence regarding 

this form of production on a large scale in the country. So, the idea of recycling the waste coming 

from biodiesel is new to the Moroccan context. 

2.3 Environmental Implications 

Recycling is important to save the environment. Even the smallest recycling action can have major 

benefits on the environment surrounding us. The project I am working on will solve the problem 

of landfill pollution, since it involves getting rid of used cooking oil that can harm the soil. It is 

important to conserve our natural resources by recycling; that is why the project will be 100% 
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natural with zero waste. The packaging of the product will also be made out of recyclable materials 

(cardboard). Morocco hosted and participated in the COP22 climate conference in 2016 and it is 

committed to saving the environment and reducing the emission of greenhouse gases. 

 

2.4 Ethics 

If this project is going to be implemented in Morocco, we have to implement it in an ethical 

manner. For the moment, there is no industry doing waste management of crude Glycerin coming 

from biodiesel production. This means that there is no competition and we are neither stealing 

from competitors in the market nor using the ideas of another organization in Morocco. Also, the 

project has high ethical importance, since it aims at saving the environment, recycling waste, and 

developing recycling technologies in Morocco. The project will be also a leading example when 

it comes to raising awareness of environmental issues and sensitizing people about greenhouse gas 

emissions. 

 

2.5 Political Framework 

Morocco is one of the most politically stable countries in the MENA region. Actually, it is a 

constitutional monarchy ran by the King, Mohamed VI. In 2011, the country implemented a more 

advanced and progressive constitution following a reformist agenda. Actually, Morocco was 

granted a “Progressive” rank in 2008 by the European nations, affirming its strong political bonds 

with Europe. Also, Morocco recently rejoined the African Union in January 2017 [8]. So, the 

production of soap will take place in a politically stable environment. Also, the Moroccan 

government’s attitudes towards projects related to environmentally friendly projects are very 

positive. 

 

2.6 Legal Framework 

For the moment, there is no law regulating the production of biodiesel in Morocco, nor one 

regarding the control of Glycerin grades. This means that Morocco is still far behind when it comes 

to this area. However, there are no laws that say that we can’t make our own product and sell it. 

This means that, legally speaking, there are no laws preventing the production of soap from 

biodiesel waste. The taxes involved in this type of project are lower as well, since they have a 
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social and environmental impact. Also, the employment laws are facilitating the recruitment of 

skilled and unskilled labor. Furthermore, the country has both safety and competition regulations. 

 

2.7 Economic Impact 

 The project is part of the “Circular Economy “which is a new type of economy based on the 

regeneration of resources through specific methods and systems. The input in this type of economy 

is generally waste, and the output is a product ready for use. This can be accomplished by adopting 

an enduring design based on good maintenance and better repair technologies, as well as a zero-

waste spirit. The project I am working on will enable and facilitate the waste management of 

biodiesel remaining. Also, it will produce a soap of a high quality that will generate income. The 

prospect of selling the soap coming from waste management of the crude Glycerin to restaurants 

is very promising. Both materials used in the packaging and the creation of the liquid and hard 

soap are considered waste, so this will play an important role in the circular economy. 
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3 LITERATURE REVIEW 

3.1.Related work  

The Swedish chemist K.W. Scheele discovered “Glycerin” in  the year of 1779 while he was 

working in his laboratory on an experiment. It actually happened by chance while he started 

heating a combination containing olive oil and “lead monoxide” (litharge). He called  the material 

obtained  “The Sweet Principle of Fat”. Years later, the chemist discovered that other metals can 

produce a similar chemical. He actually published an explanation of the method of preparation of 

Glycerin that was used later on for commercial purposes [9]. Glycerin remained largely 

unexploited for many decades until a French innovator of fats and oils, named “M. E. Chevreul”, 

started studying about it in the beginning of the 19th century. He is the one who named it Glycerin 

in 1811. He was inspired by the Greek word “Glykys”, which simply means sweet. In 1823, 

Chevreul found the first way to make fatty acids out of fats mixed with an alkali [10]. A few years 

later another French researcher named “Théophile-Jules Pelouze”, wrote its empirical formula and 

specified it as C3H8O3 [9]. The worldwide recognized structural formula is C3H5 (OH) 3 and it was 

discovered by Berthelot and Lucea in 1883 [10]. Nevertheless, the key point that made Glycerin 

famous and industrially important was the invention of dynamite in 1866 by Alfred Nobel. He 

discovered “Trinitroglycerin”, which is an extremely explosive and dangerous. The discovery of 

both dynamite and blasting gelatin made Glycerin very important in the military and the mining 

industries. Globally speaking, Dynamite is the main technical application of Glycerin/Glycerol. 

Dynamite helped a lot in the process of the extraction of minerals and fuels, which lead to huge 

progress on the economical level. It also contributed to  many construction projects which helped 

raise many cities. One of the main illustrations of this progress is the Panama Canal, which used 

eight thousand tons of the explosives, which is equivalent to nearly four thousand tons of Glycerol 

[11]. 
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3.2.Production 

The main steps of the creation of Glycerol, in general, are as follows: 

1.  The “saponification” of  the fats or  the oils, which is the process involving the 

conversion of these fats and oils into soap and alcohol by the presence of an aqueous alkali 

and a high temperature . 

2.  The general “hydrolazation” of the material, which is simply a chemical process where 

a molecule of H2O is added to a previous substance. 

3.  The “transesterification” of the material, which is the methodology of replacing an 

alkoxy group of an ester composite by another alcohol. 

4. The recovery of the material and the purification of it either by going through the process 

of “distillation” or the process of “ion exchange”.[12] 

 

3.3. Glycerin Information 

Products whose main element is Glycerol are commonly named Glycerin. On one hand, in the 

United States of America, Glycerin relates to refined marketable goods holding ninety-five percent 

or more of Glycerol. On the other hand, Glycerol is the name of the chemical compound 

“CH2OHCHOHCH2OH”, and the substance in a crystalline compound that is not containing any 

water in either the Glycerin product or its formulation. Again, in the United States the 

concentration is done by weight, typically attained by the change from specific gravity quantities 

made at either at 20°C or 25°C. In other parts of the globe, and especially in Europe, Glycerol is a 

widespread term, used in the same way that Glycerin is employed in the United States. Glycerol 

in other parts of the world might refer to any grade of Glycerin, even if it is crude [12]. 

  

3.4. Basic Definitions 

USP Glycerin:  

This type of product is used typically in pharmacy products and food since it is containing a very 

pure Glycerin. This means that the pure glycerin has a very good quality. It looks very clear and 

colorless. It needs to have an aqueous solution of less than ninety-five percent Glycerol.USP is the 
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abbreviation of “United States Pharmacopeia”, and it shows that the Glycerin used meets or 

exceeds the criteria recognized by the “United States Pharmacopeia”, which is a collection of drug 

and medication information published by the United States. USP Glycerin can be found in the 

market as a non-watery substance with Glycerol levels of ninety-six or ninety-nine point five 

percent. The equivalent of USP Glycerin in Europe is referred to as PH.EUR and this abbreviation 

means that the product meets the standards of the European Pharmacopoeia[12] 

 

CP GLYCERINE: 

 Stands for chemically pure Glycerin, which has the the same quality as USP Glycerin, but doesn’t 

refer to any quality regulations. This means that it cannot be compared to USP Glycerin. In Europe, 

the “CP” means that it is issued by the “British standards institution”, which means it fulfills the 

requirements of the European Pharmacopeia[12] 

 

 The grade of Food Glycerin:  

The specification of this grade  are  very related to the ones in the USP type of glycerin[12] 

 

High gravity Glycerin:  

This type of Glycerin fulfills the requirements of the Federal Specification published in Nineteen 

Ninety-Three by the “General Services Administration”. This type of Glycerin is  recognized in 

Europe. Furthermore, this type of Glycerin is also very clear and colorless[12] 

 

Dynamite Glycerin:  

This type of Glycerin complies with all the High Gravity Grade specifications excluding the color. 

Nevertheless, the color should be less dark than specifications designed in the “FCS organization”. 

When it comes to Europe, the Nobel Explosives Company, Ltd controls access to Glycerin ready 

for use in explosives. Furthermore, it can follow the specification used by the “British Standards 

Specification” for dynamite [12] 

 

Saponification crude and soap lye crude:  

These two names are used in the US  to refer to eighty-eight percent and eighty percent grades of 

crude Glycerin. In addition,This type of Glycerin is restored from “triglycerides” [12]. 
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3.5. Glycerin properties  

Glycerin can be applied in different types of industries. Those industries require either large 

amounts of glycerin or very small ones. For example, the production of medicine, urethane 

foams, paper and cosmetics require big amounts of glycerin. On the other hand, the production of 

textile, antifreeze materials and wax require a small amount of glycerin. 

Glycerin is considered one of the “trihydric alcohols”, which, chemically speaking, are stable. 

Nevertheless, it can react easily with other materials and form different byproducts. If we discuss 

the physical properties of Glycerin we will find that is clear and pure (i.e. colorless). In addition, 

it is very viscous and has a high boiling point. It is also a decent solvent since the can easily melt 

in both alcohols and water. Normally, Glycerin have a propensity to cool quickly in high 

temperatures instead of forming crystals. It is also known for resisting freezing when mixed with 

water; that is why it is used in the antifreeze production. Furthermore, Glycerin is known for 

absorbing moisture from the environment surrounding it at significantly low pressure, which 

makes it produce lasting plasticity. Glycerin is practically a non-hazardous material. It does not 

harm the digestive system and does not affect the skin, but it has some effect at very high 

concentrations. It is a material that doesn’t carry any odor and that has a very sweet taste. 

 Glycerin can be used in different domains depending on its chemical properties. For example, it 

can be used in the production of urethane polymers. Also, it can be exploited its physical 

characteristics, mainly in manufacturing of toothpaste or moisturizing cream. Moreover, its 

secondary factors, such as taste, are a reason for the application of Glycerin in different products. 

It is nontoxic and doesn’t have any odor or taste. One of the main examples of its application is 

the esters used in food emulsifiers, since it is important to use Glycerin as a non-hazardous reactant. 

Likewise, Glycerin is a good choice for bottle cap liners or food wraps that are always in contact 

with food that is consumed directly by the customer; that is why there is a huge need for a 

plasticizer that will not cause any contamination.  

Glycerine is considered a trihydric alcohol and just like all alcohols, procedures esters, aldehydes, 

ethers amines and composites similar to metallic alcohols. However, due to its various hydroxyl 

groups, Glycerin can react to a remarkably great number of derivatives. Some of these hydroxyls 

can be substituted with new chemical groups, consequently allowing the fusion of many diverse 

derivatives with characteristics intended for precise uses. 
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Fundamentally, Glycerin has primary and secondary “hydroxyl” groups. The secondary group is 

less reactive than the primary group. In any reaction, however, before the most reactive groups are 

exhausted, the third and the second hydroxyls will react. Most of the reaction blends enclose 

different isomers and materials of diverse degrees of reaction, and the virtual quantities of each 

replicate how hard their formulation was. Under normal condition, Glycerine is stable at 

atmospheric oxidation. However, it can definitely be oxidized by some other oxidants. It is very 

difficult to control partial oxidation in order to provide a large amount of distinct product. Half of 

the consumption of Glycerin in the industries is due to its adaptability as a chemical material. The 

main manufacturing derivatives are esters that are formed due to the reaction between Glycerin 

and acids, generally at very high temperatures. The common examples of these are “alkyd resins” 

coming from greasy acids. As discussed before, Glycerin has various physical properties. Even if 

reactivity and adaptability are important; every year, huge amounts of Glycerin are used in the 

chemical industries. Glycerin can have several functions including plastering, solving, lubricating 

etc. 

Glycerin solutions can resist heat. Nonetheless, it must not be treated or kept in containers made 

of iron or copper. This is due to the fact that copper or iron salts can work as catalyzer of the 

oxidation of Glycerin. “Hygroscopicity” is one of the main characteristics of Glycerin and simply 

means the capacity to attract and hold the moisture from the air. This factor explains its use as 

conditioning agent or humectant. The main attributes that Glycerin adds to the product are softness, 

flexibility, creaminess, and durability. When exposed to the air, Glycerin can either gain or lose 

its humidity depending on the concentration. It needs to be at a concentration, which is in 

equilibrium with the “relative humidity” in the atmosphere surrounding it. At normal atmospheric 

bounds, the concentration does not have any relationship with the temperature [15]. 

 

3.6. Glycerin purification methods:  

The glycerol that is considered a byproduct coming from biodiesel fabrication, is called crude 

glycerol and it contains also FFA and the methanol [43]. Even if glycerol has a low price, its 

purification methods are very expensive, especially when it comes to small scale production; 

consequently, academics proposed different ways to purify or reuse the crude glycerin. 

After producing the biodiesel, we get excess of crude glycerol can be turned into new products. 

This will enable to compensate the difference in costs between the biodiesel and fossil diesel. Also, 
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it can lower the price of the energy requirements that are necessary for the production of biodiesel. 

The production of crude glycerol globally reached around four Mtons in the year of 2012 with an 

estimation to reach around 4200 ML by 2020 [44]. The massive production of biodiesel and 

therefore the by-product resulting from it, made the price of crude glycerin decline from 3200 

dollars per ton In the European union to 2000 dollars per ton in 1995.While in 2010 the price is 

between 500 to 600 dollars per ton [44]. In 2013, the price of glycerol reached between 900 to 965 

dollars per ton. [45] 

 

Figure 1: filtered glycerin 

 Why is it important not to burn the crude glycerol? 

 The process of Combustion of crude glycerol is very problematic due to several reasons including:  

 Low heating value 

 High self-ignition temperature 

 Acrolein formation 

 High emissions 

 Salt content 

The Acrolein formed while combusting the crude glycerol has high levels of toxicity [46]. 

Techniques of Glycerol Purification:  

 1. Typical refining process:  It includes 3 steps: [47] 

 Step1: Neutralization: This process is very important to remove soaps and salts. In this 

stage, we use a strong acid such as, phosphoric acid, sulfuric acid or hydrochloric acid, to 

transform soap into FFA. After that we can notice a three layers forming. The FFA are 
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located on the top and the inorganic soaps on the bottom while the alcohol and the water 

are in between the two layers. 

 Step2: Vacuum evaporation: This process is essential to remove the methanol and the 

water. Since the methanol has really low boiling point, the main method to get rid of it is 

vacuum distillation. Glycerol shouldn’t be under high temperatures because that will result 

in its decomposition. 

 Step3: Refining: this process makes the glycerol more pure. In order to achieve a high 

purity glycerol (around 95% w/w or higher), we need to go over a third phase of 

purification, using several profound refining technical tools like: [48] 

 Vacuum distillation 

 Ion exchange 

 Carbon absorption 

 Membrane separation 

These technologies should be used under specific condition. The temperature needs to be reduced 

to prevent the degradation of the glycerol and the polymerization of the glycerol used into 

polyglycerol (around 200 ◦C). Also, we need to make sure that it doesn’t dehydrate under acidic 

environments with a high temperature (around 160 ◦C). 

Vacuum distillation is definitely the best tool when it comes to industrial enhancement of the 

quality of the glycerol. It has several benefits, for example, it can be used on a small and large 

scale levels. Also, the processes and the operations used in it are so flexible and adaptable to 

specific raw materials. But, it has also some drawbacks such as the high energy consumption, 

which can be around 50% of the whole operation costs. This limitation in this process rises the 

need for other remarkable possibilities including the dividing wall distillation and cyclic 

distillation. 

The cyclic distillation process comprises operating the distillation process in one cycling System-

alternating between the liquid and vapor stream. This can actually lower the energy consumption 

when it comes to the cyclic distillation to follow two stages: a step based on the vapor flow where 

a rising vapor prevents the liquid down-flow while the residues are left static on each plate, also it 

is followed by a period of liquid flow when the vapor flow is finished. [48, 49]. 

Dividing wall colown technology or “DWC”, is used for treble separations, it was planned 
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For methanol recovery and glycerol partition [50]. The DWC structures are mainly used for 

separating a variety of chemicals including: aldehydes, hydrocarbons and alcohols.  

Principally the DWC is an application of the Petlyuk structure [51], initially invented and used in 

1949, involving a distillation phase, with a vertical barrier separating two sets: 

A “pre-fractionator side” and a “main fractionate side”. The feed stream enters trough the pre-

fractionator, while a cross stream is removed from the central phase. The components with less 

weight emerge the top of the device during the distillation process, the cross stream encloses the 

midway boiling point component and the components with a heavy weight go to the bottom area 

of the device. The application of this technique in the industry can reduce the investment cost by 

30% and enhance energy savings by 40% [52]. 

 

Ion exchange refinement techniques permit the attainment of greater quality glycerol; it is based 

on eliminating unwanted components like:  

 Fatty acids 

 Inorganic salts 

 Free ions 

The process of ion exchange refinement is done at a room temperature with less energy involved. 

In 1951, this technology was used for the first time for commercial purposes and it converted 

around 11.9 tons per day of crude glycerol to a high quality one. Later, the technology progressed 

to be also capable to transform crude glycerol from biodiesel to a high quality glycerol. 

Unfortunately, this technology is still facing some major problems when it comes to poor 

regeneration, columns blocked by fatty acids, and great amounts of water and soap wasted [51, 

52]. Another technology is used to reducing the dark color of the glycerol can be used by some 

industries to make the product more appealing and it is called “the adsorption with activated 

carbon”, this technique enables to adsorb some molecular element (lauric acids, myristic  acids) 

[53].  Another method to purify the crude glycerol is the alternation of the arrangement of physical 

and chemical processes. Principally, below some chemical usage, the crude glycerol element is 

able to react to a specific acid in order to transform the alkoxide salts to the matching alcohol. Also 

the acid carboxylate salts will transform to the equivalent FFA.  

A developing technology with great potential crude glycerol refinement is membrane separation 

(MS) procedures, this technology is very eco-friendly. Also requires simple operation and low 
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consumption of energy. This technology is capable to purify the crude glycerol up to 99.0% [54]. 

The MS tools requires the application of different processes such as:  

 Ultrafiltration 

 Microfiltration 

 Nano filtration  

 Reverse osmosis 

Unlike in the exchange ionic technology that uses H2O to purify. This green technology doesn’t 

use water during the purification process. This technology involved the development of a great 

efficiency electro-pressure membrane. It was established by EET Organization ensuing a synergic 

method, where the membrane elements work underneath assimilation of Nano-filtration and 

reverse osmosis procedures in one single element procedure [55] 

Resulting materials from the purification of the glycerol:  

1. Glycerol Carbonate 

Glycerol carbonate is a product with a great value and a varied range of possible applications. Its 

market price is around 8141 US dollars per ton [56]. It can be obtained from the glycerol 

purification at massive volumes and very low charge. It can be used in different areas such as:  

 Polymers 

 Polyesters 

 Polycarbonates 

 Polyurethanes 

 Polyamides, 

 Surfactants 

 Lubricating oils 

 Cosmetics  

 Electrolytic carriers in lithium-ion batteries [57] 

2. Acetins through glycerol acetylation:  

The acetylation of the glycerol is happening via the esterification [ 58 ]. The resultants of this 

process are mono-acetylesthers, di-acetylesthers  and tri-acetylesthers .Those resultants  elements 

have a countless manufacturing applications. 
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Triacetylated Derivative 

(Triacetin,TAG) 

Mono-acetylated (MAG) Di-acetylated (DAG) 

Diacetin 

 Cosmetic 

 food industry 

 fuel additive 

 antimicrobial and 

emulsifying agent 

(pharmaceuticals, 

cigarette filters) 

 diesel engines as 

additives for 

viscosity reduction 

 cryogenics  

 Feedstocks for the 

production of 

biodegradable 

polyesters. 

Table 1: the uses of acetine 

3. The production of H2 or syngas: 

One of the ways to lower the manufacturing cost of biodiesel is the production of H2 or syngas 

through the process of “steam reforming”. Hydrogen has a high energy capacity of around 122 MJ 

kg−1.Which 2.75 times better than hydrocarbon fuels. It is considered as clean fuel that is not 

emitting any greenhouse gases [59]. 

Nowadays, around 90% of the hydrogen is made from non-renewable sources. [60]. 

 

 

Steam reforming of 

Methan 

Coal gasification Electolysis 

48% 30% 8.9% 

Table 2: nonrenewable sources to produce hydrogen 

GSR or Glycerol steam reforming to produce Hydrogen is following a complex equation system 

[61–62]:                        

C3H8O3(g) ↔ 3CO(g) + 4H2(g) (∆Hr
298k = 251 kJ mol−1 )  

CO(g) + H2O(g) ↔ CO2(g) + H2(g) (∆Hr
298k= −41 kJ mol−1) 

 

According to thermodynamics law, the best conditions to obtain a better result are:  

 Temperatures of around 627 ◦C 

 Steam ratios higher than 9 
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 Pressure of 101.3 kPa 

 

 

 

4. Application of Glycerin 

According to Product Development Information, Glycerin has many properties relating to the 

domain of food and beverages. It has many functions and I they are stated bellow .[3] 

 

 Drugs 

Glycerin is used in many medical and pharmaceutical applications. It has different functions and 

used in different products [3] 

1. Solvents 

2. Moisteners 

3. Bodying agents 

4. Elixirs 

5. Humectants 

6. Suppositories 

7. Ear infection remedies 

8. Anesthetics 

9. Cough remedies 

10. Lozenges 

11. Gargles 

12. Antibiotics and antiseptics 

Glycerin is an important medical product as it helps heal skin problems like edema. In addition, it 

decreases cerebrospinal pressure and intraocular pressure. Furthermore, Nitroglycerine, which is 

a derivative of Glycerin, is a coronary vasodilator used to treat angina. It is not only used in human 

medicine but also by veterinarians; this material is an important source of glycose that is used in 

the treatment of bronchial asthma that dogs often exhibit.[3] 

 

 Cosmetics and personal care domain 
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Since Glycerin has different characteristics that I discussed previously (not toxic, odorless and 

doesn’t irritate the skin), Glycerin is the main component of different personal care products[3] 

 

1. Toothpaste 

2. Mouthwashes 

3. Skin creams  

4. Hair lotions 

5. Shaving preparations 

6. Deodorants 

7. Make up 

 

When it comes to non-greasy mixture, the derivatives of “Glycerin like Glycerin esters of fatty 

acids” are used as waxes for lipsticks or in mascara. [3] 

 

 

 The Tobacco Industry:  

Glycerin is an important component when it comes to keeping tobacco moisturized and looking 

fresh. Also, three percent Glycerin in tobacco can stop the leaves from breaking during the 

processing stage. It also adds a sweet flavor to the tobacco. Even the sheets from which cigar 

tobacco is formed are made out of Glycerin. [3] 

 

 Surface Coating: 

“Resins Alkyds” represent an essential type of resins. They are important for surface coating 

applications. Glycerin has some important chemical flexibility, which makes it a regular element 

in the production of these resins. They can easily adapt to an inclusive variety of coating 

applications.[3] 

 Printing and paper production:  

 It is generally used as a plasticizer and lubricant in the paper production. It can easily retain 

moisture and can lower the risks of shrinkage. The fact that Glycerin is not toxic helps a lot in the 

production of paper since papers are used in many different domains, including the food 

industry[3]. 
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Glycerin is also used in the ink industry, particularly the alkyd resins, which are an essential 

component of numerous printing inks.[3] 

 Lubrication:  

 Lubricants are based on Glycerin for many reasons, including its stability in a variety of 

temperatures and pressures. Furthermore, it is a nontoxic material, which makes it an important 

component of food lubricants and products that are based on high levels of purity during the 

machinery process.[3] 

 Textile domain:  

Glycerin is mainly used as a textile conditioning mean and we can find different domains like 

sizing, lubrication, and making softer different fabrics. It can achieve all of these goals due to 

several factors, including: 

1. Viscosity characteristics  

2. Hygroscopicity characteristics  

 Glycerin is also useful for lubricating several types of fibers in different operations like twisting, 

rotating etc.[3] 

 

 Rubber and Plastics: 

Glycerin can apply lubrication when acting on rubber, which makes it very suitable in the rubber 

industry. In the manufacturing of plastic, it is usually used as a plasticizer or lubricant.[3] 

 

 Urethane Polymers: 

Glycerin is considered a central part of the production of urethane foams. The elastic foams created 

by the procedures of using Glycerin have advantageous characteristics concerning humid aging 

and resilience. Polyethers that are based on Glycerin can be applied to inflexible foams and in 

coatings based on urethane.[3] 

 Electronics: 

 Glycerin is broadly engaged in producing the electrolytes used in condensers.[3] They can be 

found in products and processes such as: 

1. Radios production  

2. Neon lights production  

3. Electrodeposition technologies  
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4. Treatment of metals applications  

5. Production of computers technologies  

 Nitration: 

 The process of the nitration of Glycerol produces Nitroglycerine, which is perhaps the most 

famous use of Glycerin. Dynamite is made out of an explosive like Nitroglycerine along with an 

absorbent. It is also an important element in cardiovascular medicine.[3] 

  

 Other uses: 

There are many other ways of using Glycerin in micro science or at small scale volumes [3] and 

they include:  

1. Photography applications  

2. Laboratory uses 

3. Cell preservation technologies  

4. Gas drying applications  

The derivatives of Glycerin can also be used in different domains.[3] Those derivatives include: 

 Ethers or Esthers  

 Acétates  

 Some alcohol substitution materials 

Every time new uses of Glycerin appear in different domains, this is due to the development and 

progress of technology. The most reliable sources for the production and uses of Glycerin are the 

producers of this material, since they spend so much money on the research related to its 

applications. [3] 
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5.METHODOLOGY  

 

5.1. Specification 

 

The literal meaning of this specification is a detailed, accurate, written report containing the 

chemical and physical values involved and the features of a specific grade or category of Glycerin. 

It also includes the methodical approaches that we need to go through in order to determine how 

our product follows the designed restrictions. Specifications cares about the quality of the product 

in the first place; it likewise deals with the exact grade that we are dealing with. Also, it takes into 

consideration the kind of crude or developed Glycerin that we are dealing with and the materials 

that we will mix it with to get to our final product.[3] 

5.2. Quality requirements 

In fact, the specifications show the exact logical path we need to follow to attend to the specific 

requirements of our material. The methods used in the testing are the same ones used in the 

specification of the material. The well-known typical specifications of several grades of 

Glycerin are already distributed by different organizations like the National Standards 

Institutions and professional and industry organizations that establish a complete, standard 

specification to be used in commercial purposes. The specific standards used in all commercial 

activities fundamentally need to be agreed upon by the client and the provider. This does not 

mean that the client can’t develop his or her own criteria based on their needs. When it comes 

to the United States of America, the specifications related to the economical background 

contain the requirements of their country. They will not, for example, work on the European 

requirements and vice versa.[3] 

 

5.3 Safety  

Research shows that that Glycerin is considered a very safe material. Even if it has an astounding 

safety record, however, it should be handled according to a proper manner which goes hand in 

hand with the manufacturing, maintenance, and protection practices. I will address the safety issues 

when it comes to different backgrounds:[3] 
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• The exposure to humans: 

Glycerin is fundamentally harmless by consumption and doesn’t affect the skin of humans. 

However, it can harm the eyes. So, in case of any contact with human eyes, the eyes should be 

washed and cleaned smoothly with body-temperature level water. Nevertheless, accidents 

concerning injuries or burns involving a very hot liquor to the skin or the eyes have to be handled 

by a doctor. 

• Environmental influence: 

Glycerin does not have a significant impact on the environment. When it comes to water, which is 

essential for living things, it is not affecting the water, but it can produce rising demand in 

molecular O2 due to biodegradation, which happens at a certain temperate rate. 

• Fire or Explosion 

The concept of the flash point means the lowest temperature where vapors of the element will start 

burning; in our case involving Glycerin, the flash point is 177°C at 99.0% Glycerol concentration. 

Also, the fire point of Glycerin, which means the lowest temperature where the material burns, is 

204°C at 99.0% concentration. The danger of a fire happening in the laboratory while working 

with Glycerin is very low even if we are working with flames, yet Glycerin is still flammable or 

explosive when mixed with some specific materials. 

It is better to use a  mask in order to avoid the potentially toxic materials produced by the 

combustion. 

6. The circular economy aspects of the project 

6.1. The importance of biodiesel:  

 

Biodiesel can be a substitute for the usual diesel fuel, originated from animal fats or vegetable oils, 

since they are composed of triglycerides and fatty acids that are mainly attached to the Glycerol. 

Biodiesel can be a solution for many problems. First of all, it can lower the emission of greenhouse 

gases (mainly CO2). Furthermore, it can get rid of cooked vegetable oil (that we can refer to as 

waste cooking oil) that is used in different environments, including the domestic, industrial, and 

commercial domains. It is very difficult to manage the disposal of the waste cooking oil in a correct 

way. All the sources that contain fatty acids can be used in the production of biodiesel. Nowadays, 

there is enormous competition between using vegetable oils and animal fats as food materials or 
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as a source of fuel. Therefore, the world is placed with a new dilemma: producing biodiesel or 

ensuring food supply. From the economic perspective, the cost of feedstock is around eighty-eight 

percent of the total cost of the production of biodiesel. In most cases, more than eighty percent of 

the costs of manufacturing are related to feedstock. Recycling or reusing the waste can decrease 

the problems that governments are facing concerning the disposal of the waste. In addition, it can 

lower the manufacturing cost of the biodiesel [21]. In general, Biodiesel is considered to be a form 

of renewable energy. The oil contains carbon molecules that originated from the CO2 in the air; 

this what makes biodiesel contribute to the reduction of global warming. In fact, diesel engines 

that operate using biodiesel contribute to a greater extent in lowering CO2 emissions than ones that 

operate using petroleum-based diesel fuel [22]. Malaysia is one of the leading producers of both 

palm oil and biodiesel. They produced around 17.7 million tons of palm oil in 2008 [23]. 

Concerning the fast food industry, each franchise offers menus serving different fried food (fried 

chicken, French fries, burgers etc.). They have the ability to produce more than 15L of WCO 

everyday. Knowing that the number fast food restaurants is expanding, we can deduce that they 

can produce thousands of liters of WCO per day. The used cooking oil can have many distinct 

impacts on the soil, since it has several properties, such as the ability to make corrosion in metals, 

which can affect the installation of water plants [24]. 
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Figure 2: Filtered waste cooking oil at Al Akhawayn university 

                           Waste cooking oil is one of the best alternatives for manufacturing biodiesel. It 

can actually decrease the cost of making biodiesel because the feedstock expenses that comprise 

about seventy to ninety-five percent of the total cost of Biodiesel production would be eliminated 

[25]. Biodiesel cannot fully replace diesel fuel that is based on petroleum origins. However, there 

are several reasons why it is important to fabricate biodiesel. First, it delivers a market for 

additional manufacturing of vegetable oils and animal fats. In addition, it decreases dependency 

on expensive imported petroleum diesel. Finally, Biodiesel is a form of renewable energy, so it 

contributes to inhibiting the effects of global warming. Actually, research done on the carbon life 

cycle of both biodiesel and petroleum diesel revealed that the emission of CO2 can be reduced by 

seventy-eight percent when using biodiesel [26] 

 

 

 

 

 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
31 

6.2. Methodology of making biodiesel:  

  

 

Figure 3: the chemical process to produce biodiesel and Glycerin 

 

a. Materials needed for the production of biodiesel from cooking oil:  

 

In order to produce a sample of Biodiesel we need around 200 of vegetable oil. Also, we need 

around 2 grams of the base KOH. Furthermore, we need around 40 Ml of methanol. Concerning 

the laboratory equipment, we will need the following ones: 250 mL graduated cylinder, a balance, 

small spatula, 50 mL graduated cylinder, one mason jar per pair, a spray bottle and a 

big separator funnel with ring stand.[13] 

 

b. the procedure to make biodiesel from cooking oil: 

1. Making the necessary calculation:  

Before starting the procedure, we need to calculate the amount of both reagents and 

catalysts. For every 1 L of vegetable oil, we need to add around 0.2 L of methanol and 

around 8.5 g of KOH. 1 L oil + 0.2 L methanol + 8.5 g KOH gives 1 L biodiesel + 0.2 

L Glycerin + soaps 

2. Preparing the potassium methoxide:  
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This will serve as a reagent in the reaction. It is the result of the addition of the catalyst 

(KOH) to the methanol. We need to start by measuring the methanol under the fume 

hood. After pouring it into a separated mason jar, we need to use a scale to measure the 

correct mass of lye obtained from the previous calculations. After that, we can proceed 

by pouring the base obtained into the Mason jar and fastening the lid again while and 

shaking the jar until the entire base dissolves. 

      3. Making the crude biodiesel:  

We need to start by measuring 200 ml of vegetable oil. In addition, we proceed by 

pouring the vegetable oil in the jar with the prepared “potassium meth-oxide”. 

Furthermore, we need to secure the lid. In addition, the process requires careful and 

vigorous shaking of the mixture for about ten minutes. After the time required, we will 

start observing a separation in the mixture created. The Glycerin that was sliced from 

the triglyceride has more density than the biodiesel; therefore, it will settle in the bottom 

of the container while the biodiesel will be situated on the Glycerin.[13] 

 

a. Materials needed for the production of biodiesel from waste cooking oil:  

 

The materials that we need are:  

 “WVO” that stands for waste vegetable oil. Also, the catalyst “KOH”. In addition, we need 

distilled water and 60 mL of the Isopropyl alcohol.[13] 

 

Concerning the laboratory materials, we will need:  

Concerning the lab material, we will need a large container for heating oil, balance, a hot plate, 

filters, weigh boats, funnel, 1.5L beaker, a burette, three 50 ml flasks, pH indicator, one graduated 

pipette, and a 10-ml graduated cylinder. 

          b. The procedures to make the biodiesel from WCO:  

1. The collection process: Before thinking about converting the waste cooking oil to biodiesel, 

we first need to think about ways to collect it. In our case we are already collecting the waste 

cooking oil from restaurants around Ifrane that are specialized in fast food and use deep fryers. We 

need to stablish a very good relationship with the providers that are, in our case, restaurants around 

Ifrane or the ones in the university. We need to establish a special protocol to collect the oil from 
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the provider and also provide the restaurants with 1 DH per liter in case they needed some money 

for the waste cooking oil.[13] 

2. The filtration process: 

It is very important to check that the waste cooking oil does not have any food particles, since the 

frying process might result in the presence of some rest of the fried food. We usually need to filter 

the oil through a one-hundred-micron sock filter. Old clothes can be used to filter the oil. 

3.The heating and settling process: 

 The existence of food particles in the oil is not the only problem that we might face. Actually, we 

can also find particles of water. We need to heat the waste cooking oil to 70°C to allow H2O or 

any additional food particles to settle in bottom of the container. Excess water and solid material 

will settle on the bottom of the oil container. This process should happen at least 24 hours before 

starting the reaction of transesterification.[13] 

3.The titration process:  

usually WCO can be more acidic than the vegetable oil that we can use for cooking. When 

restaurants fry food containing the molecule of H2O, the molecule reacts with triglycerides and 

form FFA that are not connected to the glycerin. The reaction between the acids and the catalyst 

create soap. Which leave a smaller amount of the catalyst that is available for the transesterification 

(triglycerides to biodiesel). 
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7. Valorization of the biodiesel waste: 

7.1. Production of Bio-Glycerol:  

Glycerol is not only the most ancient organic molecule discovered by man through heating fats to 

produce soap in 2800 BC but also delivers the molecular bases of all livings, being around ten 

percent of their weight. The body uses the fat stored in the bodies as a significant source of energy. 

Glycerol and fatty acids get released into the bloodstream. After getting transformed into the 

glucose inside the liver, the Glycerol delivers the necessary energy for the cellular metabolism 

[16]. 

Glycerol can be found naturally in a hydraulic form in all fats or oils by using “transesterification”, 

which is a trading of the fatty acid groups with an alcohol (methanol or ethanol) during the 

production of biodiesel fuel. The production of Glycerol gained a huge level of importance during 

the period of the Second World War, since the stock of Glycerol coming from soap production 

was generally not enough to meet the huge demand for Nitroglycerine, which consisted as the base 

used to create dynamite and some guns. Alfred Nobel was the first inventor who discovered those 

utilities of Nitroglycerin. Nobel was working on building channels, construction projects, and 

bridges in Sweden. While doing research about effective and efficient methods for destroying 

rocks, he found in 1863 a new method based on using Nitroglycerine that replaced heat 

combustion. Although Nitroglycerine was invented in 1846 by an Italian chemist named Ascanio 

Sobrero, it is very unstable in its natural state. Later on, Nobel 

found that mixing silica with the Nitroglycerin transformed the solution into a malleable paste that 

he called dynamite [17]. This discovery made Glycerol an important material that served an 

important purpose in the production of weapons and in the construction domain. Today, Glycerol 

is considered a by-product, produced from biodiesel fuel. To be specific, it is a result of the 

transesterification of oils with methanol with the presence of a base catalyst (KOH) [ 18]. 

 

The production of biodiesel follows the actual equation:  
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Figure 4: The equation that leads to the creation of biodiesel 

 

Some types of oil, like Colza and palmitic oils and soybean oil, benefit from the most appropriate 

physical and chemical features for the production of biodiesel. The raw vegetable oil has to go 

through a refined process named degumming in order to eliminate all the lecithin and phosphorus. 

Also, it has to go through the process of eliminating free fatty acids, since they constitute about 

two percent of the original material. They can actually be recovered and sold as a by-product after 

the process of distillation. The oil has to be heated at almost 551 degrees Celsius with a thirty 

percent excess of KOH and Methanol. The reaction has to be left for two hours. The Glycerol 

contains a mixture of Glycerin, methanol and some inorganic slats. It can also have free fatty acids 

and unreacted mono-glycerides, di-glycerides, and tri-glycerides. Those materials can be found in 

a variety of proportions. The methanol is usually removed from the mixture and reused afterwards 

when the Glycerin is going through neutralization. The crude Glycerin has a high proportion of 

fatty acids and salt in its raw state. It has a color shift from yellow to dark brown. Therefore, the 

crude Glycerin can have several uses with a very negligible fuel value. Many solutions can be used 

to purify the crude Glycerin. Firstly, it can happen by combining electro-dialysis and nano-

filtration, creating a neutral liquid with marginal salt content [20]. The recuperated Glycerin, after 

being enhanced if needed by ion exchange and elimination of H2O, along with the methanol 

solution created by using the process of evaporation, certainly meets the “USP” Glycerol criteria. 

This technique makes the manufacturer of biodiesel avoid costly distillation or evaporation 

processes. Generally, the casual biodiesel production methods have numerous drawbacks, like the 

soap formation caused by the catalyst to achieve a balance state. 

Biodiesel is an effective way to make liquid transportation fuel with various environmental and 

financial advantages. The most interesting thing about biodiesel is that it is made out of the cooking 

oil that we already consume in our everyday life. The process of making biodiesel, which is called 

transesterification, causes the creation of another material, which is the crude Glycerin. The 

creation of the Glycerin puts us in front of another challenge, which is to find a way to valorize 
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the Glycerin, since it also retains both environmental and financial advantages. The Glycerin is an 

important product and it can be used in different domains (depending on its quality) that can be 

measured through its purity. In our case the Glycerin that we are using is very low quality, but it 

is still very valuable. The Glycerin resulting from the formation of biodiesel contains different 

elements including free fatty acids, water, soaps, catalyst (NaOH or KOH), Glycerin, and, finally, 

methanol. The only material involved that can be very dangerous is methanol. Soap is one of the 

best ways of valorizing the Glycerin coming from the biodiesel. 

 

Figure 5:  Biodiesel production at Al Akhawayn University 

 

7.2 liquid soap: 

a. Materials used: 

I selected a sample of 200 grams of the crude Glycerin obtained from the biodiesel production. 

Also, I needed 25 grams of coconut oil. In addition to that, I needed potassium hydroxide, 

which is the KOH and distilled water. The essential oil can be optional in our case. It can add 

a good odor to the liquid soap. Concerning the laboratory materials, I needed the following 

ones: scale balance, 250 mL graduated cylinder, 1,000 mL beaker, hot plates, thermometer, 

and finally pH strips and the pH meter.[14] 
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   b. Steps to produce the liquid soap: 

Step 1: Preparation of the Glycerin: 

1. Measuring 200 grams of the crude Glycerin into a beaker of a 1000 ml 

2. Heating the crude Glycerin to 60 degrees Celsius 

3. Stirring the crude Glycerin gradually and recording the temperature with the use of a 

thermometer 

 

Step 2: Preparation of the coconut oil: 

1. Weighing 25 grams of coconut oil in a beaker of 250 ml 

2. Heating the coconut oil until it melts 

3. Adding the Glycerin that we prepared earlier to it 

 

Step 3: Preparing the KOH solution: 

1. Measuring 75 mL of distilled water in a 250 mL beaker. By the way the impurities in the 

water used can improve the quality of the soap. 

2. Measuring 25 grams of potassium hydroxide, but keeping it covered since it can absorb the 

moisture from the air. Also we need to avoid breathing the KOH while making the mixture. 

3. Adding the KOH to the distilled water and spinning for a while until we see that it is 

completely dissolved in the solution. It is preferable to make this step under a fume 

hood.[14] 

 

Step 4: Mixing the Soap 

1. Pouring gradually the solution made of KOH and water into the hot Glycerin 

2. Heating the soap while maintaining a temperature between 60 °C and 70°C 

3. Stirring the soap continuously for about 5 minutes. We noticed that the soap thickens while 

the Glycerin and coconut oil are going through the saponification process. 

4. Adding around 250 mL of distilled water to the soap mixture and continuing to stir 

everything for another 20 minutes. 

5. Taking the soap out of the heat and allow it to cool at a room temperature for around 24 

hours.[14] 
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Step 5. Measuring the pH in the soap: 

1. Testing the actual pH level of the liquid soap by using test strips. The pH that we obtained 

is too high (around 14), we need to target a pH of 9.75. 

2. Keep adding 20% of citric acid solution in order to lower the pH while measuring using a 

pH meter. 

3. Keeping the same operation until getting to 9.75 in the pH level 

 

Step 6. This part is optional but it is essential for enhancing the smell of the product: 

1. Adding some essential oil to enhance the odor of the liquid soap 

 

Step 7. Testing the product: 

1. Testing the liquid soap on the hand. 

 

Figure 6:  glycerin liquid soap before the resting state 

7.3 Hard Soap: 

a. Materials Used: 

Ingredients needed to make the soap: Glycerol coming from biodiesel production, water and lye, 

which is sodium hydroxide mixed with water. We can add essential oils and dried flowers to add 
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a texture and a fragrance to the soap. After doing the experiment several times, I found out that the 

additives should be mixed with the solution after it goes through the process of saponification. 

Concerning the laboratory equipment, we need: a beaker large enough to hold the quantity of water 

and lye. Also, we need a mold made out of plastic or glass, since lye has the ability to corrode 

aluminum [Al], zinc [Zn], and tin [Sn]. In addition, we need an old pot; it can be made out of steel. 

We need a spoon and two thermometers. 

b.steps to produce the hard soap: 

First of all, we need to start by removing the methanol from the crude Glycerin through distillation, 

in order to reuse the obtained methanol. After putting the safety gear, heat the Glycerin to 68 

degrees Celsius and prepare the lye solution, which will contain water and sodium hydroxide. In 

order to prepare the lye solution, we need to add the amount of 25 percent of sodium hydroxide to 

a solution that will then contain 80 percent of water, in order to dissolve the sodium hydroxide. 

We need to keep track of the heat. After finishing this step, we need to gradually add the lye 

(mixture of water and sodium hydroxide) to the Glycerin. We need to keep stirring in a slow motion 

while pouring the lye into the hot Glycerin for about 15 to 20 minutes. Check if it is ready before 

adding herbs, dry flowers and essential oils. After that, we can pour the combination into the 

selected container or mold. Also, we need to put something over the mold to help slow the rate of 

the cooling process. After 24 hours, the soap will be set. Next, we need to uncover the soap and 

allow it to dry in a room temperature environment for another 24 hours. Once done with these 

steps, we can cautiously release the soap into a wax paper. We can allow it to rest for a longer time 

in case it is hard to remove it from the mold. Since we are producing a large quantity of soap, we 

will need to cut the soap into small bars. We can use a heated knife to make it easy to cut the soap 

into smaller pieces. Before using the soap, we need to allow it to rest for an additional two weeks. 

As the soap dries, its color will become lighter. If the soap stings, we need to make it cure for a 

longer amount of time, because that means that the lye is still present in the soap.[14] 

 

Some tips that I learnt while repeating the process of making soap: 

• I added the sodium hydroxide to hot water and it ended up boiling. So, it is better to add it 

to cold water.  

• Adding more water will give the soap more lather (foam or froth). 

• Adding more lye while making the soap will make it dry out the hands. 
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•  Additives including (thyme powder, vitamin c oil, essential oils, rice powder...), should be 

added after the saponification process to make sure that all of the glycerin used goes through it. 

•       Making a soap that is semillar to Moroccan dark soap is done by adding the lye to cold 

glycerin. 

 

8. Business plan: 

A business plan is very important because it can allow us to communicate our visions and goals to 

other contributors or future investors. Also, it can help us persuade the stakeholders to be part of 

the project. It includes detailed data and market research. Furthermore, it should include marketing 

strategies, staff, obstacles, target audience, ands goals. 

1.1. Market analysis:  

a. Biodiesel market study:  

       National scale: 

Biodiesel is a combination of “Mono-Alkyl” situated as a long chain. It is actually composed of 

esters caused by the reaction of lipids and one of the short chain alcohols [27]. The most famous 

alcohols used in the reaction are methanol and 

ethanol. The reaction results in one important by-product, which is called Glycerine.  Regarding 

the experiment done for our project (at Al Akhawayn University), we used methanol, since it is 

the cheapest option. Nevertheless, the manufacturing of biodiesel in general through vegetable oils 

was disapproved of and criticized by some non-governmental organizations, denouncing the 

process of converting a source of human nutrition to fuels while many people are suffering from 

food deprivation. It is very important to choose the right materials, equipment, and the right quality 

of the inputs (raw materials). Oil consumption in Morocco is, on average, increasing by 2.6% every 

year. It is expected to reach 50% by 2025. It will be very challenging for the Kingdom of Morocco 

to cover its growing energy needs [28]. Waste cooked oil is produced in great quantities. The use 

of waste cooking oil in biodiesel production instead of the oils that humans consume will definitely 

lower the energy cost and preserve the environment [29-30]. Biodiesel is created by the 

transesterification process. This reaction uses NaOH or KOH as a catalyst [31-32]. Other methods 

are still in testing, involving catalysts including acid, enzymatic, heterogeneous or supercritical 

synthesis [32-33]. 
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Kilimanjaro is the only company that works on the production of small scale biodiesel nationally. 

Other research centers are also working on production biodiesel, such as Mohammed V University 

of Rabat’s research center and Al Akhawayn University. The purpose of the project at Al 

Akhawayn University is to produce and enhance a large-scale biodiesel product (around 400 

L/batch) using the transesterification of waste cooking oil with the presence of methanol. There is 

also a huge focus on meeting the European standards concerning biodiesel products’ quality. 

Furthermore, there is a huge focus on introducing less expensive techniques for the 

democratization of the process, especially in the less privileged regions of the country. The 

production of soap through biodiesel production is not currently being done in Morocco since there 

are no companies specialized in the creation of biodiesel (as discussed before). However, there are 

many organizations and cooperatives specializing in producing different types of bio soap. 

 

International scale: 

 

 

Figure 7:  The global biodiesel market by geography in 2016 

 

 

Europe is not only the main manufacturer of biodiesel. However, it is the largest consumer in the 

international market. The European Union is using biodiesel in many different economic activities, 

such as automated production, marine and railway activities, agriculture, and power generation. 
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Major countries that export biodiesel are Argentina, Malaysia, and Indonesia. When it comes to 

the European Union, Germany, France, Italy, and Spain are the countries that use biodiesel the 

most. When it comes to the American continent, the United States, Mexico, and Canada comprise 

the major markets of biodiesel. Major uses of biodiesel at the economic level are found in the 

following activities: automotive production, mining, agriculture, energy, and the marine and 

railway industries. We can expect significant growth in the market since it will be affected by the 

change in the trade influence of the United States. Tariff and import and export procedures are 

being simplified in the countries that import biodiesel from Argentina, Indonesia, and Malaysia. 

 

The Canadian government is also calling for and encouraging the consumption of biodiesel in 

order to reduce emissions of carbon dioxide from the transportation sector. The country is 

concentrating on the development of biodiesel industrial plants, which are projected to raise the 

demand for biofuels. The Mexican biodiesel market has large potential for growth, which is related 

to developing its agricultural activities, great biodiversity, and enormous biomass resources. 

 

 

 

 

Figure 8:  Global Biofuel and biodiesel market forecast (2018-2026) 

 

Nowadays, the biodiesel market is growing rapidly, with an estimated growth of 5.48 percent in 

the period between 2018 and 2026. The increasing demand for biodiesel is coming from several 

different global factors. First of all, the prices for petroleum fuel are quite unstable. Also, biofuels 
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are environmentally friendly alternatives to the petroleum fuels. Furthermore, there is growing 

accessibility to feedstock. Additionally, some governments are making new regulations that are 

encouraging the adoption of biofuel. Furthermore, sustainability and circular economy questions 

are being raised by major global organizations such as the UN. 

 

When it comes to Glycerin, the production of this important material is growing due to stable 

progress in the sector of biofuel manufacturing. Numerous educational and engineering research 

sets are dynamically searching for newer uses of Glycerin, especially when it comes to polymers 

and surfactants [35]. We should take into consideration that the applications of Glycerin are in 

general related to polyols such as pentaerythritol, glycol, and sorbitol. Biodiesel is opening the 

possibility of utilizing Glycerin as well as technological methods to replace the use of polyols. We 

need to take into consideration the fact that these changes are feasible (economically speaking). It 

will be based on the price of Glycerin and the polyols used. Nowadays, the main areas of research 

are related to the fabrication of valuable products using the waste Glycerin. For example, it can be 

used as substrate for protein production in single-celled organisms. Also, it can be an effective raw 

material for the fabrication of soaps, detergents and bio-emulsifiers. Furthermore, it can be used 

in the production of other types of polyols through the process of fermentation (such as 1,2-

propanediol or 1,3-propane-diol). Finally, it can be used for the production of other biofuels such 

as bioethanol and biogas [35]. 

 

Glycerin producers all over the world are focusing on growing beyond their regional 

presence by using development strategies and acquisitions, such as: 

 Emery Oleochemicals based in Malaysia 

 IOI Oleochemicals based in Malaysia 

 Wilmar International (Singapore) 

 KLK Berhad in Malaysia 

 Godrej Industries in India 

 Croda International, Plc in the United Kingdom 

 Cargill Incorporated in the United States 

 P&G Chemicals in the United States 

 Kao Corporation in Japan 
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 A. Avril Group in France 

 

The global market will reach around 3.12 billion USD by the end of 2021 at a CAGR 

(compound annual growth) of around 6.8 percent. International Glycerin 

manufacturing is endorsing massive growth based on the many growing uses of the 

substance and huge demand, mainly in the Asian countries such China, Japan, and 

Korea. Also, market growth is occurring due to the rising need of Glycerin in the 

chemical transitional fabrication of some products. When it comes to processes,  

transesterification is believed to comprise the major part of the international market in 

2015. In the same year, the Glycerin coming from biodiesel was considered to be the 

biggest portion of the global market. It is formed as a waste or a by-product during 

biodiesel production. It is called Crude Glycerin and it represents around ten percent of 

total biodiesel production. Today, there is a mounting call for the use of natural 

materials in many industries such as: cosmetics, food, personal care etc. [36] 

 

8.2. SWOT Analysis-the valorization of the waste product: 

Strengths 

▪ Biodiesel prices are not changing: By-product is mainly coming from biodiesel production. It 

is an industry that is growing and expanding all over the world, and especially during the last 10 

years. It has gained a lot of support from governments around the globe since it is a renewable way 

of producing energy [37]. EU countries are generating around 0.7– 1 million tons of waste cooking 

oil every year, while the United Kingdom produce around 0.2 million tons. So, the raw material 

needed to produce biodiesel is very abundant [38]. 

▪Achieve a closed loop: In general, the amount of biodiesel made from waste cooking oil is 

growing. In the European continent, the quantity of WCO reached around eight hundred thousand 

tons in the period between 2008 and 2011, while, in 2014, the amount reached around eighteen-

hundred thousand tons [39]. This is a good way of producing energy through waste cooking oil. 

However, it creates another problem, which is the by-product (Glycerin). The production of soap 

will enable us to create a closed loop and to use every single material available. 

▪Environment friendly products: CO2 emissions coming from energy activities are expected to 

increase by an average of 0.6% every year between 2015 and 2040. Research shows that the diesel 
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coming from petroleum emits micro scale CO2. Furthermore, emissions produced from the burning 

of petroleum-based diesel consist of an average of 48% CO and more than 47% particulate matter. 

Also, it emits around 67% more HCs than biodiesel [40]. Using WCO to produce biodiesel and 

soap has a lot of benefits regarding the environment as it is renewable and non-toxic. Also, the use 

of WCO in the production of biodiesel, as well as the waste Glycerin used in the production of 

soap, help avoid contamination of underground water and pollution of the soil. 

▪ Creation of jobs (both direct and indirect): According to the World Bank, biofuel activities 

necessitate around 100 times more employees for every unit of energy created than the industries 

based on fossil fuel [41]. There is a significant need for job positions at every stage of production. 

There is a need for employees who will collect the WCO, as well as for the transportation, storage, 

and filtration of the WCO. When it comes to dealing with energy, jobs created can be connected 

to the installation, 

process and maintenance of equipment as well. Also, we can provide jobs for engineers, chemists 

and biologists working on research. For soap production, we can provide jobs for people who will 

work on the collection of cardboard for the packaging and chemists, as well as for normal labors. 

We also can hire people from the finance and marketing department to create more value for the 

product and its image. 

▪Cheap production and high quality: The Glycerin used in the production is a waste product 

which means that it will not cost much to buy it and transform it to high quality soap. It can use 

competitive advantages, such as appeal to environmentally conscious consumers, to attract many 

customers from different social classes. 

▪The absence of direct competition: There is technically no direct competition when it comes to 

biodiesel and soap production through crude Glycerin in Morocco. So, it is a new concept that will 

interest many people who are intrigued by the circular economy and by saving the environment. 

Weaknesses 

▪ Limited sources of feed-stocks (WCO): The low recovery rate of WCO translates into a lack 

of feed-stocks. This will affect biodiesel mass production. For example, China has the capacity to 

produce around four to eight million tons of biodiesel. However, they can only use half of that 

quantity, since there is not enough cooking oil in the country [41]. This means that mass production 

of soap will be also affected by this matter. 
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▪ The characteristics of the WCO soap: Since the soap’s raw material base is WCO, the final 

product sometimes has a dark color and also smells like waste cooking oil. The purification process 

requires a lot of financial resources and can lower the profitability of using WCO for soap 

production.  

▪The quality of the soap can be affected by the WCO collected: The quality of the WCO 

collected has a high level of influence on the soap produced. It can contain diverse salt contents 

and H2O. Also, the cooking time and temperature make a significant difference in the quality of 

the soap. 

▪Lack of regulation in Morocco: The absence of laws regulating the production of biodiesel 

makes it very difficult for the biodiesel industry to grow in Morocco, and therefore the creation of 

soap will be also affected. 

 

Opportunities 

▪ R&D Opportunities: Biodiesel enables Morocco to achieve its goals regarding energy security 

and the development of renewable energy technology in the country. Also, it will help with the 

management of waste in a smart and efficient way. 

▪ IT Growth: The development of research concerning biodiesel and the growth of technologies 

related to biodiesel creation in Morocco creates an opportunity for growth in the IT sector as well. 

▪ Partnerships: There is a possibility of building partnerships with other organization or 

cooperatives that are focusing on the recycling of vegetable products to produce the soap. They 

can supply us with more materials that can be used in the production. They can also help in the 

distribution and commercialization of the product. 

▪ National and international funds: The project can benefit from national and international funds, 

since it is a project that has many different implications on the environmental, societal, energy, 

and economic levels. 

Threats 

▪ New market in Morocco: Being a new market in Morocco provides an opportunity to advance 

(or be a threat to) the production of biodiesel and soap. 

▪ Competition in Feed-stocks: The company Kilimanjaro is a competitor in Morocco when it 

comes to collecting feed-stock. They already have different suppliers in Morocco and they have 

built many partnerships with restaurants around the country. 
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▪ Legal compliances: The laws are not very developed in Morocco regarding the 

commercialization of biodiesel, which will surely affect the production of soap. 

▪ Lack of financial resources: The equipment needed to make significant use of WCO in order 

to produce biodiesel can be very costly. Also, the production of a massive quantity of soap requires 

a lot of financial resources for equipment, labor, chemicals, additives, marketing etc. 

 

8.3. Porter’s Five Forces Model – Producing Biodiesel and soap in 

Morocco 

The Porter model was created by Harvard University professor Michael Porter. He used it to 

measure the attractiveness and profitability of industries. I got introduced to Porter’s Five Forces 

in management classes at Al Akhawayn and I chose to use it in order to evaluate the project of 

biodiesel and soap production in Morocco. 

 

8.3.1. The threat of New Entrants: (Medium):  

Biodiesel and the production of soap from its waste is a very new market in Morocco. There are 

technically no massive productions of biodiesel in Morocco, and fabricating it does not involve 

high capital investments; the waste cooking oil and equipment required are both very affordable. 

Nevertheless, the production process requires experienced employees, as it involves the use of 

hazardous chemicals. 

 

Threat of Competitors: (High): 

Biodiesel is a new market in Morocco. However, there exist companies that collect waste cooking 

oil for a specific fee (around 1 to 2 Dirhams per liter). They already have loyal suppliers 

(restaurants all around the country) and resell the oil for a higher fee to companies producing 

biodiesel abroad (mainly in Europe). This will affect the production of soap since the amount of 

Glycerin produced will be much too low to meet the costumer’s need. 

Threat of Substitutes: (High) 

A substitute of crude Glycerin soap is its counterpart: regular natural soap. We need to work on 

differentiating our product through setting competitive prices (from 10 Dh to 40 Dh). Also, we 

need to develop operational marketing strategies based on the benefits of buying biodiesel-soap. 
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Bargaining Power of Suppliers: (Low) 

We will be the ones producing biodiesel from the used cooking oil. The external suppliers in our 

case are the restaurants. We made agreements with a lot of  

restaurant owners to collect their waste cooking oil for free. Additionally, we have the capacity to 

buy more waste cooking oil with a symbolic yet low price. However, the threat can increase if 

competitors start collecting WCO from our suppliers. The Glycerin used is a byproduct from our 

own biodiesel production. 

Bargaining Power of Buyers: (Medium) 

As said before, the market of biodiesel is new in Morocco, so the customers are neither used to 

this technology nor to the products related to it. However, many people are interested in bio-

products. It all depends on the marketing strategy used. The targeted segment will be people who 

are aware of the environmental issues involved and would like to use recycled materials. 

 

8.4.Keys to Success: 

The key success factors in this soap production project are: 

Competitive Prices: The selling price of soap is cheap compared to other bio soaps in the market. 

Product Quality: The product will have a high quality and will be very environmentally friendly. 

Good Management Team: We need to have a good management team to make sure that the budget 

is well managed and that the products are made and delivered on time. They also need to assist in 

the production process from collection to distribution. 

 

8.5. Resources needed to produce the soap 

Indirect Production Resources 

▪ Waste Cooking Oil 

This project is based on the collection of waste cooking oil from the university’s restaurants and 

other restaurants that are partners with the project. The management of waste is a general problem 

for many restaurants. Many restaurants are giving the waste cooking oil for free to contribute in 

the project of biodiesel. 

 



 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 
49 

The following table illustrates the average amount of waste cooking oil that Ifrane’s Restaurants 

produce every month. The amount will increase depending on the growth rate of the project and 

of the people involved in it [42].    

 

 

 
Table 3:  the average waste cooking oil at Al Akhawayn University 

              

 ▪The Methanol (CH3-OH): 

Methanol (or Methyl Alcohol) is an alcohol that belongs to the methyl group. It has different 

properties such as:  

o Colorlessness 

o Liquidity 

o Light weight 

o Volatility  

o Flammability 

Methanol is one of the main elements of the transesterification process. In fact, methanol is used 

to convert the triglycerides into functional biodiesel energy. The reaction between the methanol 

and triglycerides produces: 

o Fatty acids named methyl esters (biodiesel)  

o Glycerin (by-product). 
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Table 4: Methanol cost and quantity 

For 1 liter of waste cooking oil, we need to add 200 ml of methanol. The cost of methanol depends 

on the supplier. If we take into account the prices available from numerous local and foreign 

suppliers, we can deduct that the average price is around 0.0036 MAD/ml. 

 

 

Direct Production Resources: 

▪ Potassium Hydroxide KOH:  

Potassium Hydroxide, also known as caustic potash, is a compound that can be used both in the 

production of biodiesel and in the production of soap. It has different properties such as:  

 

 White color  

 Deliquescence 

 Water-solubility 

 Solidity 

 

The following is the main reaction that is the conversion of FFA (Free Fatty Acid) into liquid 

soaps. NaOH or Sodium Hydroxide can be used as a substitute of KOH. The only difference 

between the two is that KOH converts FFA into the liquid state, while NAOH converts it to the 

solid state. 
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Table 5: The cost of KOH based on its quantity 

 

▪ Glycerin: The by-product that we obtain after the reaction. In order to get more Glycerin, we 

should limit the use of sulfuric acid, also called “vitriol”, which is a mineral acid that doesn’t 

possess any odor or color. It is mainly used to help in producing biodiesel instead of Glycerin. 

Usually, we use 1.2 ml of sulfuric acid with every liter of waste cooking oil added. The average 

cost is around 0.017 MAD/ml. 

▪ Distilled water: It can be obtained for free from the university. 

 

8.6. Marketing plan:  

 

8.6.1. Marketing Strategy: Best Value Strategy 

✓ Differentiation: The bio soap that we produce must be differentiated from other soaps in the 

market. We need to offer a clear understanding to the future customer about our product and we 

also need to explain that our product is unique. 

 

✓ Quality: We need to produce a high quality product and make sure that we meet customer needs. 

 

✓ Price: We need to set an affordable price because it is going to be our competitive advantage. 

8.6.2. Value Proposition 

We offer an ecology-friendly soap that is recycled from the by-product (Glycerin) obtained from 

biodiesel fabrication. 

8.6.3 The Product offered:  

1. The liquid soap 

2. The hard soap  
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         Design of the poster:  

 

 

 

Figure 9: A poster that serves as a publicity for the soap 

The Logo of the soap:  
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Figure 10: The logo of the soap 

 

 

8.7 Suppliers, Customers and Competitors 
▪ Raw material suppliers 

Waste Cooking Oil supplies will be the only form of oil used to produce biodiesel in 

our project. Therefore, the Glycerin produced will be based on waste cooking oil. 

Restaurants inside and outside the university are the suppliers. In this case, after making 

the biodiesel we will be supplying ourselves from the by-product.  

. 

▪ Chemical suppliers:  

 We need to select our suppliers based on their geographic location and the price of 

their product; I selected some suppliers in Morocco:  
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Table 6: List of suppliers of chemicals in Morocco 

 

▪ Customers 

 

In order to understand the expectations of the customers, I created a survey including different 

people from different backgrounds. The purpose of the survey is to get an idea about the people 

who are interested in the bio soap, their expectations, and their knowledge about biodiesel. I 

interviewed 630 people. 73.02 % are between the age of 18 and 25, while 14.29% are between 

26 and 29. Finally, 12.70 % are above 30. 49.21% are females and 50.79% are males. 
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Figure 11: The percentage of females and males who took the survey 

 

 

 

 

 

 

 
Figure 12:  the age range of the interviewees 

 

Targeted segment: Our targeted segment will be educated people. After lancing the survey, I can 

make some assumptions about the costumer’s background. According to the survey, 0 percent of 

the people who took the survey were non -educated people. The majority is representing around 

53.97%, and they have a bachelor degree. Followed by 25.40% that have a master degree.19.05 

% have only a high school diploma, and finally, 1.59 percent have a doctorate. 
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Figure 13: The level of education of the people who took the survey 

 

 

 

 
Figure 14:  The employment status of the interviewees 
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As the figure shows 58.73 % of the people who took this interview are student. Followed by 

22.22 % who are currently employed.14.29 % said that they still looking for a job. Finally,4.76 

% referred to their job status as other. 

 

 

Figure 15:  The knowledge of the interviewees about biodiesel 

 

The figure shows that 30.16 of the people who took the survey affirmed that they are not really 

very knowledgeable about the biodiesel technologies.22.22 % said that they are 

knowledgeable.26.98% define their knowledge about biodiesel as average.20.63 % have 

absolutely no idea about biodiesel. 
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Figure 16: How often the interviewees are using soap 

 

In order to know whether our product will be successful, we need to start by asking the 

costumers about how often they use the soap. According to the survey,88.89 % that represent the 

majority in our case are stating that they use the soap one or more times per day.3.17 % affirm 

that they use it less than once per day. Finally,7.94% answered that they use it less than once per 

week. 

 

 

 

 
Figure 17:  The percentage of the use of bio-soap and commercial soap 

According to the survey, only 6.35 % of the people who took the interview answered that they 

use only bio-soap.46.03% affirmed that they use only commercial soap. Finally,47.62 % 

explained that they use both commercial soap and bio-soap. 
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Table 7: Table representing the attributes that the costumers are based on to buy their soap 

 

 

According to the survey, the people care a lot about the shape, color and flavors of the soap. 

Also, they care about the packaging. So, the marketing of the product is really important (how 

we represent our product and how attractive is the packaging). Since we can’t really change the 

color of the soap, we need to focus on how the soap smells like and the colors of the logo and the 

packaging. 

 

 
Figure 18:The percentage of people ready to use a soap based on waste cooking oil. 

 

 

The survey revealed that 64.52 % of the people who took the survey are ready to use the soap 

based on the glycerin coming from the biodiesel production (transformation of waste cooking oil 
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into biodiesel). While, 35.48 % are not really ready to use it. This shows that we need to explain 

to the people that the soap is totally safe and has a high quality. 

 

 

 

 
Figure 19: the price that the costumers are ready to pay for a bio-bar of soap 

 

 

 

According to the figure,50% affirmed that they are willing to pay around 10 to 20 Dirhams per 

bar of soap.41.94% revealed that they can pay between 30 and 40 Dirhams. Finally, only 8.06% 

wanted to pay less than a 100 Dirhams for the soap. 
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8.8. Design of the soap and the packaging:  
 

 
Figure 20: Design of the soap and the packaging 

 

 

 

 

 
 

Figure 21:a poster representing different kinds of packaging 
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8 CONCLUSIONS AND FUTURE WORK 

 
The development of economy and the growth of industries is generally depending a lot of energy 

sources and essentially the one coming from fossil fuels. The world is facing a drastic reality which 

that the oil reserves are decreasing. Also, the utilization of fossil fuels is causing many 

environmental problems which lead the scientists to develop carbon-unbiased alternatives to fossil 

fuels. Biodiesel is one of the solutions prepared that gained a huge popularity. The huge growth of 

biodiesel fabrication resulted in massive amount of glycerol by-product that is considered as a 

waste. The glycerin consisted in about ten percent of the total biodiesel production.  The disposal 

of this material contaminated with methanol, free fatty acids and salt can affect the environment 

and the economy.  

Which obliges us to find no solutions to value the product. Nevertheless, the high of purification 

urges the producers of biodiesel to search for other cheaper solution.  The by-product can 

contribute to a sustainable environmental circular economy that turns the biodiesel industry into a 

profitable business if we can transform it to soap or chemicals coming from the purification process 

that can somehow balance the cost of the production of the bio fuel. The technologies regarding 

biodiesel production and the purification of the glycerin along with the transformation of the 

glycerin to soap are new to the Moroccan context. Efforts needs to be done to develop this area 

that is very important to lower the dependency to petroleum fuel and the emissions of CO2. 
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