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ABSTRACT 

 
The development of energy sources is not keeping pace with spiraling consumption of the world 

population. Hence, concerted efforts are underway to develop sources of energy with no, or 

little, deleterious environmental consequences. 

The capstone project presented in this report deals with the valorization of waste coffee grounds 

into biodiesel and soap. To this end, efforts have been focused into the optimization of the yield 

of coffee oil extraction as well as the design of a medium-sized machine that can perform large 

scale coffee oil extraction. The coffee oil extraction was carried out using n-hexane as the 

solvent. Heating and ultrasonication were included in the oil extraction phase of the 

experimental work to reduce the duration of chemical reactions. The maximum yield of coffee 

oil extraction that could be achieved was 8.9% with 66% solvent recovery. As for the proposed 

mid-sized machine, its draft was inspired by the several steps that are conducted within a small 

scale in the chemistry laboratory, and illustrated in a clear 3D drawing using SolidWorks. 
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1. Introduction 

 

Waste coffee grounds (WCG) is the residue obtained after brewing coffee grounds. It is an oil-

containing material and has the potential to be used as biodiesel feedstock. The goal of this 

capstone project is to extract oil from WCG and valorize it into soap and biofuels. The project 

also attempts to design a medium-sized machine that can extract oil from WCG. The biomass 

energy produced from WCG is of strong interest since it allows us to reduce reliance on fossil 

fuels, a major source of greenhouse gases. The overall consumption of coffee in the coffee 

shops of Ifrane is estimated to be in the range of 917-927 kg/month,1 a quantity which 

eventually produces a large amount of unexploited organic waste. 

The idea of the extraction of biofuel from WCG is recent and has started to become the center 

of interest of some companies, Bio-Bean is a case in point. Bio-bean produces both biomass 

pellets for heating and biodiesel in London where 200 thousand tons of WCG a year are 

produced.  Bio-bean works within the existing waste-energy infrastructure, developing 

sustainable products and solutions to replace conventional fuels and chemicals. It is the first 

company in the world to industrialize the process of recycling waste coffee grounds into 

advanced biofuels.2 

The project contributes to the enhancement of the critical status of the environment that is 

tragically deteriorated because of excessive carbon emissions. Technologies used for the 

project would mainly consist of lab equipment for chemical experiments and some software 

for the 3D design of the machine. The project success can lead ultimately to the physical 

construction of the machine that can be used to produce biodiesel locally (within Ifrane region). 

The remainder of this report is organized as follows. Section 2 presents a general overview of 

the coffee residue, soap and biodiesel. Section 3 details the STEEPLE analysis of the project. 

Sections 4 and 5 presents the methods and materials used to realize the project. Section 6 lists 
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the results followed by a discussion. Section 7 presents the 3D drawing of the machine, and 

finally section 8 concludes this report. 
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2. Background and Context 

2.1 The History of Coffee 
 

The coffee tree or shrub belongs to Rubiaceae family as shown in Figure 1. There are more 

than 70 species derived from the plant Coffea L. from which coffee beans are produced. 

However, only two of these species are commercially explored worldwide: Coffea arabica 

(Arabica), considered as the noblest of all coffee plants and providing 75% of world’s 

production; and Coffea canephora (Robusta), considered to be more acidic but more resistant 

to plagues, and provides 25% of world’s production.3 The origin of coffee beans is uncharted, 

but it traces its heritage back to the Ethiopian Plateau, north east Africa. 

 

Figure 1: The coffee tree belonging to Rubuaceae Family 
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2.1.1 The Ethiopian Legend 

One legendary account involves the Yemeni Sufi mystic Ghothul Akbar Nooruddin Abu al-

Hasan al-Shadhili. The unusual hyper activity of birds, he came across during his journey to 

Ethiopia, triggered him to try the beans those birds were eating from, and eventually 

experienced the same pulse of energy. 4 Another account attributes the discovery of the 

potential of these energizing berries to a goat herder named Kaldi. Back in the 9th century, on 

the Ethiopian plateau, Kaldi noticed that his goats became so energetic and happy after eating 

berries from a certain tree. Kaldi reported his findings to the abbot of the local monastery who 

made a drink out of those berries. Eventually, the drink kept him alert in evening prayers. The 

discovery of the coffee beverage was then shared with the other monks at the monastery until 

later reaches the Arab Peninsula. 5 

 

2.1.2 The Arabian Peninsula 
 

The word coffee traces its heritage back to the Arabic word Kahwa. Indeed, the earliest credible 

evidence of either the coffee drink or the knowledge of coffee appears in the middle of the 15th 

century in Yemen’s Sufi monasteries where coffee cultivation and trade began. By the 16th 

century, coffee was known in Persia, Egypt, Syria and Turkey. India also received its share 

thanks to the pilgrims who brought some coffee beans from Yemen and cultivated them in 

India. 6 

 

2.1.3 Europe and the New World 
 

Brought by travelers, coffee became to be savoured in the old continent in 1615. The soil of 

the Botanical garden of Amsterdam was the first to hold the seedlings of coffee. Then, the 

cultivation of coffee was expanded to the islands of Sandwich and Bourbon with the plant 

offered by the major of Amsterdam to France. 7 The European market growth favored the 
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expansion of coffee plantation in the rest of the European colonies: African countries, Puerto 

Rico, Suriname, Sao Domingos, Cuba and north Brazil. 3  

 

2.2 Waste Coffee Grounds 
 

2.2.1 Properties of WCG 
 

It is important to know the chemical composition and functional properties of waste coffee 

grounds (Figure 2) to identify the characteristics that allow their reutilization. 

Waste coffee grounds is the residual material obtained during the treatment of coffee powder 

with hot water or steam for instant coffee preparation. 8 As the residues are derived from coffee 

beans, they are expected to have properties like these beans and could be therefore exploited 

for different applications. Table 1 shows the lipid fraction of green coffee beans. 9 

 

Table 1: Lipid content of green coffee. 

 

Figure 2: Waste Coffee Grounds 

 

Compounds % dry matter 

Triacylglycerols 75.2 

Esters of diterpene alcohols and fatty 18.5 

acids  

Diterpene alcohols 0.4 

Esters of sterols and fatty acids 3.2 

Sterols 2.2 

Tocopherols 0.04-0.06 

Phosphatides 0.1-0.5 

Tryptamine derivatives 0.6-1.0 
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2.2.2 Importance of WCG 
 

The world calamity towards less dependence on fossil fuels due to the excessive emission of 

greenhouse gases and energy security issues, has led to the strong interest in using biomass 

energy. As an alternative, renewable energy source, biomass absorbs the same amount of 

carbon dioxide CO2 during plant growth, contributing less to global warming. The only 

remaining issue however, is how to produce energy from biomass without competing with food 

supply over the use of arable lands. As such, utilization of waste biomass products especially 

from food and beverage industry is key to solving this problem.10 WCG is an abundant source 

for biomass-to-energy conversion technology. 

 

2.2.3 Existing use of WCG 
 

Waste coffee grounds have undergone many applications: 

• Being a direct power generation via high temperature fuel cell technology. 10 

• WCG can be added to clay ceramics to enhance the mechanical strength due to 

increased water absorption and porosity. 10 

• Several research groups investigated the absorption properties of polyhydroxy 

polyphenol functional groups in WCG and WCG derived char on heavy metals. 10 

• WCG can be used as a fertilizer as it is rich in nitrogen. 11 

• WCG can be used as fuel for industrial boilers due to its high calorific power of 

approximately 5000kcal/Kg. 8 

• WCG can be used as substrate for cultivation of microorganisms. 8 

• Raw material to produce fuel ethanol. 8 

• WCG can be used in distilled beverage with aroma of coffee. 8 
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2.2.4 Potential use of WCG in Biodiesel Production 
 

Biodiesel is a good alternative to fossil fuel. Biodiesel production from vegetable oils and 

animal fats, has been gaining growing attention because of its ecofriendly nature, lipid nature 

and easy portability, but biodiesel is generally more expensive than fossil fuels, which may 

limit its application. The major production cost of biodiesel is its feedstock. The foremost 

problem that the biodiesel industry faces nowadays is the availability, low cost and good quality 

feedstock. Narasimhara Kardamudi et al. demonstrated in 2008 that waste coffee grounds can 

be a potential source for the production of biodiesel. 12 On average, WCG contain 15% oil, 

which can be converted to similar amount of biodiesel using transesterification methods. The 

biodiesel from coffee possesses better stability than biodiesel from other sources dur to its high 

antioxidant content. 12  

 

2.3 Biodiesel 
 

2.3.1 Definition 
 

Biodiesel, Greek bio, life and diesel from Rudolf Diesel, refers to a diesel equivalent, processed 

fuel derived from biological sources. Biodiesel is the name for a variety of ester-based 

oxygenated fuels from renewable biological sources. It can be made from processed organic 

oils and fats. 13 

Chemically, biodiesel is defined as the mono-alkyl esters of long chain fatty acids derived from 

renewable biolipids. Biodiesel is typically produced through the reaction of a vegetable oil or 

animal fat with methanol or ethanol in the presence of a catalyst to yield methyl  or ethyl esters 

(biodiesel) and glycerin. 13  
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2.3.2 History of Biodiesel 
 

Developed in the 1890s by Dr. Rudolph Diesel, the diesel engine has become the engine of 

choice for power, reliability and high fuel economy, worldwide. 

Producing biodiesel from vegetable oil is not a new process. The conversion of vegetable oils 

or animal fats into mono-alkyl esters or biodiesel is known as transesterification. Duffy and 

Patrick conducted transesterification as early as 1853. Life for biodiesel began in 1893, when 

the famous German inventor Dr. Rudolph Diesel published a paper entitled “The Theory and 

Construction of a Rational Heat Engine.” The paper described a revolutionary engine in which 

air would be compressed by a piston to a very high pressure, thereby causing a high 

temperature. Dr. Diesel designed the original diesel engine to run on vegetable oil.  

Vegetable oils were used in diesel engines until the 1920s, then petro-diesel,  gained more 

attention than vegetable oil, due to its low viscosity.  

The energy supply concerns of the 1970s, renewed interest in biodiesel, but commercial 

production did not begin until late 1990s. Biodiesel plants have opened in many European 

countries, and some cities have run buses on biodiesel, or blend of petrol and biodiesel. 

 

2.3.3 Biodiesel production 
 

Biodiesel is a renewable fuel that is being increasingly used, alternatively or in addition to 

fossil diesel, with the main goal of reducing the independence on fossil fuels in the 

transportations sector and increase fuel renewability with positive impacts on the    

environment. 14 The advantages of biodiesel are its portability, ready availability, renewability, 

high heat content (about 88% of N° 0.2 petroleum diesel fuel), lower sulfur content, lower 

aromatic content and biodegradability. 13 

The production of biodiesel involves the transesterification reaction. A reversible reaction with 

3 successive steps, where triglycerides are converted to diglycerides, diglycerides to 
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monoglycerides and monoglycerides to esters and glycerol. This reaction results in 3 moles of 

fatty acid, monoalkylester (biodiesel) and 1 mole of glycerol as byproduct. 15 The overall 

transesterification reaction of triglycerides is shown in Figure 3. 

 

 

 

2.4 Potential for Biodiesel Production in Morocco 
 

Morocco is presently making huge efforts to acquire wind and solar farms to increase the share 

of renewable energies in its energetic mix. Political decisions were taken so that in 2020 the 

renewable energies represent around 42% of the global energy balance. The improvement of 

energy efficiency will allow Morocco to achieve energy saving of 15% by 2020, a saving that 

is firmly related to conscientious societal behavior and technological means. 16 

Coffee is the second most consumed soft drink after tea in Morocco with an annual 

consumption of 35,000 tons. 17 It is crucial to the economy of the country because its processing 

and marketing provide employment for thousands of people.  

As for the consumption in Ifrane only, a survey was conducted in 2016 by AUI student Chaima 

Bouladab; it indicates that the total monthly consumption of coffee shops in Ifrane is 

approximately 930 kg. 1 The detailed gathered data is summarized in Table 2 and presented in 

the pie chart below. 

Triglycerides Alcohol Esters Glycerol 
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O 
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OR’ 
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+ 
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OH 

OH 

CH 

CH2 

Figure 3: Equation of transesterification. 
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Table 2: Coffee Consumption in Ifrane, Morocco. 

COFFEE SHOP 
CONSUMPTION 

(Kg) 

La Paix 120 

Salon de Thé 40 

Forest 55 

Beethoven 60 

Café Marché 75 

Igloo 30 

Vittel 200 

Café Akhawayn 

(Local Market) 
45 

Ifrane 80 

Salam 72 

Crystal Palace 60 

AUI Cafeteria 100 

 

 

Figure 4: Pie Chart of Coffee Consumption in Ifrane’s coffee shops, Morocco. 

In 1995, the Euro- Mediterranean partnership was established. A union which goal is to 

increase the north-south and south-north integration in the Mediterranean region. For FEMIP 

countries, this provides a medium to secure technical assistance for the development of the 

La Paix 
13%
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4%

Forest
6%

Beathoven 
6%

Café Marché
8%

Igloo
3%

Vittel
21%

Café Akhawayn 
(Local Market)

5%

Ifrane
9%

Salam
8%

Crystal Palace
6%

AUI Caffetaria
11%
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energy sector. It also provides favorable conditions for EU investment in energy infrastructure 

in the FEMIP region consistent with the EU strategy for securing future energy supplies.  All 

FEMIP countries are Non-Annex I parties to the Kyoto protocol; thus, Morocco is not subject 

to Greenhouse Gas emission restrictions. However, when a greenhouse gas emission reduction 

project is implemented in Non-Annex I countries, the project would receive Carbon-Credits, 

which can then be sold to Annex I buyers. This provides an incentive for foreign investment in 

greenhouse gas emission reduction projects in the FEMIP countries, including investments in 

Biomass. 18 

 

2.5 Soap 
 

A soap is a salt of a compound, known as a fatty acid. A soap molecule has a long hydrocarbon 

chain with a carboxylic acid group on the end, which has an ionic bond with metal ion, usually 

sodium or potassium. The hydrocarbon end is non-polar which is highly soluble in non-polar 

substances and the ionic end is soluble in water. 

The structure of the soap molecule is represented in Figure 5. 

 

 

A good soap is biodegradable when it does not contain chemicals that are not of a natural 

source. Neither does it contain chemicals that can be harmful to the environment or cause undue 

destruction to the environment. 

CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 C 

O 

O
-
Na

+
 

Non-polar hydrocarbon chain 
 

Ionic End 

Figure 5: Structure of sodium palmitate, a soap molecule. 
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A good soap gets dissolved easily and removes stains from clothes, human skin or any 

material being cleaned. 19 

➢ It gets dissolved in water and produces enough suds. 

➢ It gives a clear and sparkling kind of cleanliness. 

➢ It gives a pleasant smell. 

➢ It does not leave sticky traces on the clothes or on the skin. 

➢ It has a good and even color. 

➢ It disinfects and kills germs. 

➢ It does not damage the fibers or textiles. 
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3 Steeple Analysis 

 A STEEPLE analysis is conducted to help assess the environmental, socio-cultural, 

technological, economic, ecological, political, legal and ethical (STEEPLE) factors, of the 

addressed project, that influence Moroccans, particularly Ifranians, and the way they behave.  

3.1 Socio-Cultural 

The spatial scope of WCG collection is restricted to Ifrane region. This reflects the 

socio-economic aspect of the project that aims at involving Ifranian community into the 

production of bio-diesel and soap. 

 

3.2 Technological 

Technologies used for the project would mainly consist of lab equipment for chemical 

experiments and SolidWorks, a design software, for the 3D design of the machine. 

 

3.3 Environmental 

The project contributes to the enhancement of the critical status of the environment that 

is tragically deteriorated because of excessive carbon emissions. 

 

3.4 Economic 

The project represents a source to increase the revenues of coffee shops by producing 

biodiesel from their own waste coffee grounds generated daily. Alternatively, an 

income can be generated by selling unexploited WCG to a biodiesel firm. 

 

3.5 Political 
This project helps enhance the eco-friendly image that Morocco reflects to the world. 

This is particularly important now given that Morocco hosted the COP22 conference in 

November 2016. 
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3.6 Legal 

This project could be extended to all coffee shops in Morocco providing there are no 

legal constraints. 

 

3.7 Ethical 

The owners of coffee shops will be clearly informed about destiny of the WCG 

collected, i.e. the project details and objectives. Also, some of the managers in Morocco 

reuse the WCG to make additional drinks instead of directly disposing it as a residue 

from the first use. The project is contributing to reduce this phenomenon by suggesting 

having the WCG for monetary exchange. 
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4 Materials and Methods 

  4.1 Chemicals 
 

• n-Hexane, was 99% pure and supplied by Sigma Aldrich. 

• Silica gel was supplied by Fluka, Switzerland.  

  4.2 Equipment 
 

• Flasks and condensers.  

• Balance. Weights were measured either with a readability of 0.01g with an AND 

balance, model EK610i, or with a readability of 0.05g with a KERN balance, model 

KB10K0.05N or with a readability of 0.0001g, with an OHAUS balance model 

AS120. 

• Vacuum pump. Vacuum filtrations was performed by means of a piston-powered 

vacuum pump capable of generating a pressure of 0.85 atm and an air flow of 38 

l/min. 

• Filter flask. 

• Sintered funnel.  

• Manual seed oil expeller.  

• Graham coiled water condenser and Liebig water condenser.  

Oil samples were centrifuged in a 5500 rpm Hettich zentrifugen centrifuge, model 

EBA 30 or in a 2700rpm clay Adams/ Becton Dickinson centrifuge, model 420227.  

• A digital stirring hotplate. All reactions were heated and stirred by using a digital 

stirring hotplate with external platinum probe. Either a VWR VMS-C7 advanced 

series, or a DLab MS-H280-pro. 

• A vortex shaker. Occasionally, coffee samples were mixed with n-hexane by means of 

a VELP scientific vortex shaker, model Zx3. 
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• An Ultrasonic Cleaner. Ultrasonication was performed with a Branson ultrasonic 

cleaner, model 1210-EMT (50W, 47 kHz). 

• Oven. Water content in waste coffee grounds was determined accurately at 100°C 

with of a VWR oven, model 1300U. 

4.3 Methods 
 

4.3.1 Drying Waste Coffee Grounds 
 

Waste coffee Grounds were supplied from La Paix, a coffee shop located downtown in Ifrane. The 

collected WCG were manually sorted to separate them from the solid waste they contained      

(Figure 6). Then, the resulting WCG were dried by repeated cycles of oven heating at a temperature 

range of 70 - 80 °C; long heating period or high temperature would result in having some of the 

oil evaporate. Conducting the extraction of coffee oil on wet WCG impacts negatively on the 

lipid content of the resulting oil extracted.  According to an experiment conducted by Nı´dia S. 

Caetano et al. in the Polytechnic institute of Porto in Portugal, the presence of moisture in WCG 

significantly hinders the lipid extraction.20 The corresponding results of their experiment are 

shown in Table 3. 

 
 

Figure 6: Solid Waste in Collected WCG. 

 
Table 3: Lipid content of coffee oil extracted from dry versus wet WCG, as reported by Caetano et al.20 

Parameter Lipid Content (%) 

Dry WCG 6 

Wet WCG (67 % of Moisture) 2.9 
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Water may occur as unbound and excess moisture or trapped in the microstructure of the solid 

(bound moisture). The bound moister content depends on the physical nature of the solid, 

drying temperature and time can be a limiting factor to the drying rate.21 Wet waste coffee 

grounds must be dried immediately after their collection and kept in an open container to 

prevent the growth of mold (Figure 7). 

 
Figure 7: Mold generated on moist WCG. 

 

 

Drying Systems Tested 

  

A) Wet WCG laid on the floor, below an electric heater. 

WCG were placed on the floor below an electric heater installed on the wall of the chemistry 

lab. This experiment has been performed for two weeks and dryness has not been reached fully. 

Eventually, this system results in poor drying. 

 

B) Hot air tunnel with wet WCG laid on the floor. 

Forced hot air was generated by means of two electric fan heaters (2 KW each), one electric 

convector (2 KW), and three regular fans of 45 W, 60 W and 60 W respectively (Figure 8). 

After 6 hours of operation, cardboard was wet and water was found on the floor underneath. 

Table 4 details temperature specifications of the system. 
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Table 4: Temperature specifications of the tunnel drying system. 

Room Temperature. 19 to 20 °C 

Air Temperature in the tunnel. * 29 °C 

Temperature of wet WCG. * 19 °C 
     * Measured at the end of the tunnel. 

 

  
Figure 8: A hot air tunnel designed with various fan heaters to dry WCG. 

 

C) Tunnel with wet WCG laid on a perforated shelf. 

To overcome the problem of water generation beneath cardboard in the tunnel heating system, 

the latter was elevated above the floor by means of chairs. Hot air was generated with same 

heating fans, but an extra regular fan (40W) was placed below the shelf (Figure 9). The 

temperature specifications of the system are illustrated in Table 5. 

Table 5: Temperature specification of the elevated hot air tunnel to dry WCG. 

Room Temperature. 21 °C 

Air Temperature above the shelf. * 31 °C 

Air Temperature Below the shelf. * 27 °C 

*Measured at the end of the tunnel. 
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Figure 9: Elevated hot air tunnel to dry WCG. 

 

 

 

 

D) Electric Pizza Pan 
 

The electric pan has a diameter of 32 cm, an adjustable temperature ranging from 0 to 240 °C 

and needs an input power of 1500 W One key feature of the electric pan is that the heating 

surface in non-stick (Figure 10). 

The pan was loaded at full capacity with wet WCG. After 15 minutes of drying at 240 °C, 

WCG became fully dry (Figure 11).  

The electric pan is inexpensive (270 Dhs) and allows control of heating temperature. However, 

it is not convenient for large scale drying of WCG, it requires frequent stirring and close 

attention from the operator and the heating is not evenly distributed throughout the pan. 
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Figure 10: Dry WCG after 15 min of heating on an electric pan.         Figure 11: Electric pan loaded with WCG. 

     

 

4.3.2 Refluxing 
 

Refluxing increases reaction rate so that equilibria are reached more rapidly by boiling the 

liquid indefinitely without losing significant volume. It involves recollecting condensed 

solvent vapor in the same boiling flask from which it originated. 

First, a flask is charged with volatile solvent (Hexane) and non-volatile solute (Waste Coffee 

Grounds). The flask is placed on a thermal well and clamped in place since it’s the lowest piece 

of glassware and a reflux condenser is also secured with a second clamp. Another key feature 

of this apparatus is that the top of the reflux condenser is open to the atmosphere. This is to 

prevent pressure rising when the system is heated. Closing the top by placing a thermometer 

adapter or stopper, or other device into it would be to invite an explosion or a flash boiling 

event which would cause a great deal of potential damage and possibly injury. A water hose is 

attached to the condenser and cold water is turned on flowing through the outer jacket. The 

effect of this is to condense the vapor of the solvent sending it back to its original location. 

Thus, the net changing of solvent should be zero.  
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Choice of Solvent 

As different solvents give different quantitative and qualitative yields of lipids, hexane has been 

chosen among other possible solvents (polar and non-polar). In general, non-polar solvents perform 

better in lipid extraction that polar ones. This is due to the fact that non-polar solvents carry only 

low or no charges. The extraction process is based on Van der Waals forces and thus they can 

penetrate into the matrix of the feed.22 

n-hexane is a clear colorless liquid with a petroleum-like odor. It is less dense than water and 

insoluble in water. Figure 12 shows the 2D structure of hexane and Figure 13 shows its equivalent 

3D structure. As for its properties, they are summarized in Table 6. 

Table 6: Properties of Hexane. 

Title n-Hexane 

Molecular Formula C6H14 

Odor Gasoline-like odor 

Color Colorless 

Boiling Point 68.73 °C 

Density 0.659 at 20°C 

Molecular weight 86.178 g/mol 

 

 

 

           

Figure 12: 2D structure of Hexane.                         Figure 13: 3D structure of Hexane. 

  

4.3.3 Ultrasonication 
 

Ultrasonication is performed by an ultrasonic cleaner (Figure 14). In their investidation of the 

kinetics of ultrasound oil extraction from waste coffee grounds, Mudafer Abdullah et al. 
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concluded that ultrasonication optimized the quantity of hexane needed.23 The influence of 

ultrasonication on  the oil extraction yield was significant. Ultrasound waves destroy the 

particle cell walls thus assisting the hexane penetration into material cells and allow 

ultracellular oil release. The particle size of the waste coffee grounds was reduced after 

ultrasoncation. This resulted in larger interfacial area between the solvent and waste coffee 

grounds. 

 

 

Figure 14: Ultrasonic cleaner used to emit ultrasound waves in flask filled with hexane and WCG. 

 

 

 

 

 

4.3.4 Filtration 
 

Filtration technique is used to separate waste coffee grounds (solid) from hexane (solvent/ 

liquid). Filtration is accelerated with the aid of vacuum. A sintered funnel, which is used to 

collect WCG, is placed above a filter flask. The latter is connected to a vacuum pump which 

accelerates the filtration process. 
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4.3.5 Distillation 
 

Distillation is performed using a rotary evaporator -or rotovap for short- which is an expensive 

piece of apparatus that needs to be used with great care. It is the most efficient way of removing 

a volatile solvent (hexane) from non-volatile sample (e.g. coffee oil). The rotary evaporator 

works by reducing the boiling point with lowering the pressure, heating the solution and 

rotating the sample to increase the effective surface area. Figure 15 shows the rotary evaporator 

used to distill coffee oil from hexane.  

 

Figure 15: Rotary evaporator to separate coffee oil from solvent hexane. 

 

 

 

 

 

 

 

Rotation 

speed control 

Condenser 

Receiving 

Flask 

Evaporation 

Flask 

Water Bath 

Vacuum 

Pump 



24 
 

 

5 Experimental 

 

5.1 Experiment 1: An Attempt to Extract Coffee Oil Mechanically 
 

Several attempts to extract coffee oil mechanically, by means of a seed oil expeller (Figures 16 

and 17), were made. Wet coffee grounds, dry coffee grounds and coffee beans were all tested. 

To rule out the possibility that the oil expeller is faulty, tests to extract oi from peanuts       

(Figure 18) and sesame (Figure 19) were performed equally.  

 

1 Crank 

2 Conveyor 

3 Fixing Screw. 

4 Adjustment Bolt 

5 Frame 

6 Press Cage 

7 Screw Shaft 

 

Figure 16: Oil press machine before assembly. 
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5.2 Experiment 2: Chemical Extraction of Oil from WCG 

 

5.2.1 Small Scale Solvent Extraction with n-hexane 
 

In a 1 L conical flask, with ground glass, 613 mL of n-hexane was added to 122.6 g of dry 

waste coffee grounds. The mixture was stored in the dark for a week, time upon which it was 

refluxed at 75°C on a hotplate for 50 min. To this end, the flask was fitted with water 

condensers. Once the reflux completed, the flask was subjected to ultrasonic radiation for 15 

min at 66 °C. Finally, the hexane-oil mixture was isolated by vacuum filtration over a sintered 

funnel. 

Figure 17: Oil press machine after assembly. 

Figure 19: Sesame seeds. 

Figure 18: Peanut seeds. 
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A week later, the hexane contained in the hexane-oil mixture was evaporated by means of a 

rotary evaporator.  

Following the same procedures, another extraction was carried out during the next lab session 

by using this time 122.6 g of dried waste coffee grounds and 400.3 g of hexane. However, due 

to time constraints, reflux time (at 70°C) and ultrasonication time (at 39°C) had to be limited 

to 20 min and 10 min respectively. 

5.2.2 Large Scale Solvent Extraction with n-hexane   
 

5.2.2.1 First attempt to large scale extraction of coffee oil 
 

 

Figure 20: Steamer used in the attempt to perform a large-scale extraction of coffee oil 

 

Large scale extraction of coffee oil from WCG collected from La Paix was first attempted by 

means of a 20L aluminum couscous steamer (Figure 20). The two parts of the steamer were 

firmly connected and sealed with Clingfilm and tape to make the system as vapor tight as 
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possible. To the same end, the top compartment was weighted with an aluminum round tray 

containing stones.  

The mass of dried WCG used was 1458 g, and the volume of hexane used was 3 L. These 

quantities give a ratio of 2
1458

3000


g

mL

m

V

WCG

hexane . This ratio is much lower than the usual ratio 

of 5 used in our previous experiments; this reduction of the ratio was done because of the very 

limited amount of hexane available in the lab then. 

 

5.2.2.2 Second attempt to large scale extraction of coffee oil 

Large scale extraction of coffee oil was performed by means of two 5L Erlenmeyer flasks that 

were each filled with 1 kg of dry waste coffee grounds and 2L of hexane. First, refluxing for 

30 minutes was performed at 75°C, then decantation to separate hexane and oil from waste 

coffee grounds. The liquid mixture represents the first fraction F1 which is kept in an 

Erlenmeyer flask. Similarly, refluxing and decantation under the same conditions, with another 

2L of hexane, were performed to get a second fraction F2. Third, 1L of hexane was used to 

wash the waste coffee grounds at room temperature, a third fraction F3 resulted with 

decantation.  The remaining waste coffee grounds were filtered under vacuum with a filter 

flask, the resulting liquid is fraction F4. Each fraction was filtered to remove the residual free 
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particles of coffee grounds it contained. Finally, distillation by means of a rotary evaporator 

was performed to separate the solvent - hexane - from coffee oil. 

 

Figure 21: Four fractions of coffee oil in hexane. 

 

5.3 Investigation of Solvent extraction with Acetone   
 

Two experiments were conducted to investigate the extraction of oil from WCG using acetone 

on one hand and hexane on the other, both at room temperature.  

The first experiment was performed by filling two 15-mL centrifuge test tubes with wet WCG. 

Each one was filled with 4 mL of solvent, one with acetone and the other with hexane. The 

tubes were shaken by means of a vortex shaker for 5 seconds, then centrifuged for 1 minute at 

5500 rpm. After centrifugation, the liquid fraction of the tube was separated from WCG by 

decantation and transferred in a separate tube. This operation was repeated 6 times.  
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The centrifuge tubes for the second experiment were filled with unused coffee grounds having 

a water content of 32%. The tube was loaded with 1.5 g of wet coffee grounds and 8 mL of 

solvent. First, the tubes were shaken by alternating between hand shaking and 10 s of Vortex 

shaking. Then, the tubes were centrifuged for 1 minute for the first 6 iterations and two minutes 

for the remaining 4. Similarly, the liquid fraction was isolated from the solid part, which 

resulted in 10 test tubes per solvent. Finally, determination of the absorbance of the samples 

was attempted by visible spectroscopy (λ=380nm). 
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6 Results and Analysis 

6.1 Experiment 1: Attempt to mechanically extract coffee oil 
 

No oil could be extracted from neither wet coffee grounds, dry coffee grounds nor coffee beans. 

However, the seed oil expeller was successful in extracting peanut oil and         sesame oil 

(Figure 22), thus confirming that the oil expeller is functional, but not suitable for coffee.  

 

Figure 22: Sesame oil (left) and peanut oil (right). 

6.2 Experiment 2: Chemical extraction of coffee oil 
 

6.2.1 Small-Scale Solvent Extraction 
 

Two attempts to perform the chemical small-scale coffee oil extraction (Figure 23) were 

conducted at room temperature. For the first experiment, the refluxing period was 30 minutes 

longer than in the second experiment. Also, the ultrasonication duration was 5 minutes longer 

in the first experiment than in the second one. This resulted in a yield of oil extraction of 8.9% 

in first experiment compared to 8% in the second one. However, the yield of hexane recovery 
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was 3% greater in the second oil extraction experiment compared to the first one. Table 7 

summarizes the results obtained. 

 

Figure 23: SC1 -Coffee Oil resulting from the first experiment- SC2-Coffee Oil resulting from the second experiment. 

 

Table 7:Yield of coffee oil resulting from the small-scale extraction. 

Entry 

WCG

hexane

m

V
 Reflux 

conditions 

Sonication 

conditions 

Yield of oil 

extraction 

(w.%) 

Yield of solvent 

recovery 

1 
5

6.122

613


g

mL
 50 min 15 min 

 at 66°C 

8.9%(a) 66% 

2 
5

6.122

616


g

mL
 20 min 10 min 

 at 39°C 

8.0% 69% 

(a) Due to time constraints, mixture WCG/hexane was stored in the dark at room temperature for one week prior to reflux. 

Mixture oil/hexane was also stored in the dark at room temperature for one week prior to evaporation of hexane. 
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The variation of coffee oil yield obtained with n-Hexane as a solvent might be due to the different 

brewing methods of the fresh ground coffee beans, i.e., boiling, drip-filtering or percolating 

which lead to different compositions waste coffee grounds. Different types of fresh coffee have 

different lipid content and hence the waste coffee grounds will also have various lipid fractions. 

It is reported that oil extracted from waste coffee grounds may correlate closely with polarity of 

the extraction solvent which makes polar solvents extract greater amounts of free fatty acids and 

in return greater crude oil yield21. Hence when polar solvents are used, a black gummy material 

is observed in the extraction flask beside the extracted oil. Such material could be protein, 

carbohydrates, and other compounds produced due to complex formation between fatty acids and 

carbohydrate breakdown components. 

6.2.2 Large-Scale Solvent Extraction 
 

 

6.2.2.1 Coffee Oil Extraction Using a 20 L cousous steamer. 

The hexane was mostly evaporated and soaked by the WCG. Therefore, refluxing could not be 

performed with the resultant wet WCG. 

6.2.2.2 Coffee Oil Extraction with 4 L-flasks 

Table 3 summarizes the results obtained for oil extraction. The extraction yield that could be 

achieved is 8%. 
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Table 8: Yield of coffee oil after large-scale extraction. 

FRACTION 

VOLUME 

BEFORE 

DISTILATION 

(mL) 

HEXANE AFTER 

DISTILATION (mL) 

OIL AFTER 

DISTILATION  

Hexane + Oil Hexane 
Hexane 

Recovery 

Volume of 

Oil (mL) 

Mass of 

Oil (g) 

F1 1658 1490 94% 66.6 58 

F2 3700 3410 94% 69.5 62 

F3 1680 1555 94% 21 18 

F4 1960 1797(a) 93% 25.0(a) 22 

  660 605 (b) 93% 8.5(b) 7.40 

F5(c) 1002         

Total   8252.0 83%   182.1 160.6 

Extraction Yield:  8% 

 

6.3 Investigation of Solvent extraction with Acetone 
 

Acetone showed a greater ability to extract material from the sample of WCG. The color of 

acetone fractions was brownish and diminishing after each iteration (Figure 24), unlike hexane 

fractions which remained almost colorless (Figure 25). However, acetone could have extracted 

more substances that contributed to the brownish color than coffee oil only. 

 

 
Figure 24: 6 fractions of coffee oil and acetone. 

 

(a) Values obtained by 

extrapolation. 

(b) Measured values after 

experiment. 

(c) Fraction lost by evaporation 

before distillation. 
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Figure 25: 6 fractions of coffee oil and hexane. 
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7 3D Drawing of a Mid-Sized Coffee Oil 

Extraction Plant 
 

The proposed design of the coffee oil extraction machine consists of 4 main functions: drying 

wet WCG, oil extraction, solvent recovery and pelletization. The residual coffee left after the 

oil extraction is charged to a pelletizer to produce fire pellets. A 2D sketch of the coffee oil 

extraction machine is shown in Figure 35 and different side views of the 3D design are shown 

in Figures 36 to 39. 

The National Coffee Research, Development and Extension Center (NCRDEC) in Philippine 

developed a microcontroller-based integrated spent coffee procession system for oil extraction, 

but its operations aim to dry WCG only. 24 

The following describes the different parts of the mid-sized coffee oil extraction machine: 

Tank1: It is a cylindrical tank with a radius of 60 cm and a height of 80 cm, which 

gives it of a volume of approximately 904 L (Figures 26 and 27).  

On one side of the tank, there is a sight gauge, a tube that indicates the level of the mixture 

inside the tank. There is also a circular inlet from where the solvent hexane could be poured. 

On the other side, there is a circular outlet, connected to a pipe; it has a fine mesh screen of a 

thickness of 1 mm that separates waste coffee grounds from the liquid (oil and hexane). There 

is also a circular opening connected to a condenser via a tube, through which gas could escape 

to be condensed. At the bottom of the tank, there is another circular outlet for hexane and oil 

that is also fitted with a fine mesh screen. 

The cover is detachable, where a circular hole is made to connect the shaft to a motor which is 

installed on the cover (Figure 26).  

Tank2: It is a cylindrical tank with a radius of 50 cm and a height of 130 cm, which gives it a 

volume of approximately 255 L.  



36 
 

The top of the tank is equipped with a circular opening where hexane in the gaseous state could 

escape to be recovered after condensation. One of the sides has an inlet that is connected to 

Tank 1 through a large pipe. On the other side, there is the coffee oil circular outlet that results 

after the completion of distillation (Figure 28).  

A compressor: Waste coffee grounds may cause the fine mesh screen to get clogged; thus, an 

air compressor injects air to unclog it (Figure 29).  

A vacuum pump to accelerate the distillation performed in Tank 2 (Figure 30).  

A condenser is installed to transform either water or hexane from the gaseous to liquid state.  

Recovery Tanks: tanks connected to the condenser to collect either water (Figure 31) or liquid 

hexane (Figure 32). 

Gas Bottle: Connected to the heater (Figure 34) at the bottom of Tank 1 via tubing.  
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Figure 26: Cover of the main reactor connected to a motor and a shaft. 
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Figure 27: Main reactor. It takes WCG and hexane as input and delivers hexane and oil. 

 

 



39 
 

 
Figure 28: Distillation Tank to separate coffee oil from solvent hexane. 
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Figure 29: Air Compressor. 
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Figure 30: Vacuum Pump. 
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Figure 31: Water Recovery Tank. 
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Figure 32: Hexane Recovery Tank. 
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Figure 33: Gas Bottle. 
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Figure 34: Heater connected via a tube to the gas bottle. 

 

 



46 
 

 
Figure 35: 2D design of mid-sized coffee oil extraction machine. 

 

 

 

 

 

Figure 36: Assembly of mid-sized coffee oil extraction machine (Side 1) 
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Figure 37:Assembly of mid-sized coffee oil extraction machine (Side 2). 
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Figure 38: Assembly of mid-sized coffee oil extraction machine (Side 3). 

 

 

 

Figure 39: Assembly of mid-sized coffee oil extraction machine (Side 4). 
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8 Conclusion 

The valorization of WCG cleans the environment by reducing the large volumes of air toxins 

that are produced by fossil fuels.  

Throughout this project, it has been possible to extract coffee oil with a yield of 8.9% and 69% 

of hexane recovery. It has been shown that acetone performs better than hexane when it comes 

to coffee oil extraction at room temperature. Also, a 3D drawing of the mid-sized coffee oil 

extraction machine was drafted on SolidWorks.  

The realization of the project goes hand in hand with the enhancement of the economic and 

political status of Morocco which objective is maintaining an eco-friendly piece of the planet. 
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