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 Abstract: 

 

 

Coffee is one of the most valuable primary products in the world trade, and a central and popular part 

of the Moroccan culture. Very few coffee consumers are concerned with the environmental and social 

impact of their daily beverage consumption. For coffee lovers, myself included, very little thought is 

given to the process of making coffee and whatever waste results of it. This extends to businesses and 

companies.  However, coffee production generates a lot of coffee wastes and by-products, which on 

the one hand, are used for various applications such as a soil conditioner and remover of heavy metals, 

for the pelletizing and compression into briquettes, as a composting material, or even as soil 

replacement for mushroom production, etc. But, on the other hand, it could be of much greater use and 

a valuable source of energy. In this paper, we present an overview of utilizing the waste from the coffee 

industry as a source for the production of personal care products, biodiesel, and the de-oiled WCG as 

a source of heating briquettes and biomass pellets.  

 

Keywords: waste coffee grounds, waste utilization, biodiesel, free fatty acids, biomass, waste to 

energy. 
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1. INTRODUCTION 

1.1 General Context 

According to sustainability researcher Gunter Pauli, the worldwide coffee industry creates more than 

23 million tons of waste every year1. Recently, companies and more times than ever involved 

consumers are leading the change towards environmental sustainability.  

Enabled by caffeinated creative minds and innovative technologies that impede green practices, a new 

paradigm known as the circular economy is emerging, one that stems from balancing a need and a 

surplus, our constantly rising need for energy and our inability to attend to our own waste. According 

to a 2014 report by McKinsey & Company a shift towards an ecological industry and adopting a 

circular business model would not only result in a more sustainable economy but save $1 trillion a year 

in materials expenses by the year 20251. The very same coffee that is dumped in the trash after a fresh 

brew could virtually be a free resource if only we adopt a circular business model that not only 

encourages greater recycling and reduce waste, but creates new value in doing so. With one of the 

largest environmental gatherings COP 22 organized in Morocco, environmental awareness has been 

the topic of 20162. From constructing Africa’s largest wind farm and one the most cutting edge solar 

plants to exist to stopping the production and the use plastic bags, Morocco’s efforts to go green and 

meet its emission targets set in the conference and its goal to boost its renewable energy generation 

capacity by 6,760 MW, have been notable15.. There have been noticeable efforts to encourage greater 

recycling and reduce waste. This extends to coffee grounds. There are numerous and diverse uses for 

coffee grounds, such as a soil conditioner trough compost, through the production of heating pellets or 

briquettes and even for skin care as a skin exfoliator, amongst many others. But with the rise of human 

science and technology it is time to move beyond recycling, and to start creating new value.
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1.1 Project Objectives 

The purpose of this research is to extract and transform coffee oil, to eventually industrialize this 

process, and later on design a 3D on-campus extraction facility capable of processing substantial 

amounts of spent coffee grounds per year. The lab scale extraction unit is designed to automate the oil 

extraction process and eventually turn waste coffee into biodiesel, soap, briquettes and biomass pellets.  

1.2 STEEPLE Analysis 

We can assess through the STEEPLE analysis the socio-cultural, technological, economic, ecological, 

political, legal and ethically effects of the project. 

  

                                  Figure 1– STEEPLE analysis 

Social/cultural: The collection of the WCG is restricted to the
Ifrane region. Certain steps of the project could be a social
entrepreneurship project that would involve population within the
Ifrane region in the production of soap or fire pellets.

Technological: Consists in making use of the equipment
available in the lab for testing and experimenting and it also
extends to the design software Solidworks, for the 3D design of
the machine.

Economic: The project needs to take the financial side into
account as the production of coffee soap and coffee biodiesel
needs to be economically feasible to be a potential source of
revenue and to balance out the production expenses.

Environmental: The project would initiate a waste management
plan that results in the involvement of coffee consumers as well
as business owners.

Political: this project could be a leading step towards reducing 
Morocco's energy need and dependency on other contries and a 
step towards the implementation of waste management 
regulations in the country.

Legal: No legal constraints or regulations could be problematic in
the implementation of this project for lack of govermental
regulations.

Ethically: The implementation of this waste management plan is
our duty to make efforts towards protecting the environment.
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2. LITERATURE REVIEW 

2.1 Valorization of Waste Coffee Grounds into Biodiesel 

Throughout the first capstone in the series of projects taking interest in coffee grounds under the name 

of “Valorization of waste coffee grounds into biodiesel” 3, this work established the feasibility of 

biodiesel production by using WCG as a starting material in addition to the optimized conditions for 

doing so. The results show that WCG should be dried as quickly and gently as possible prior to their 

use. The extraction time should be set to 30 min at a temperature of 70°C, and the solvent used for 

optimal extraction is hexane, not acetone. The yield of biodiesel production from WCG resulting of 

this research is 58.24%, while the yield of oil extraction from unbrewed coffee is 14.8%3 . 

 

2.2 Large-scale coffee oil extraction 

When I initially embarked on this project, the initial best results obtained were a coffee oil extraction 

yield of 8.9% and a solvent recovery of 69%2. It has been confirmed that hexane is a better solvent 

then acetone when it comes to coffee oil extraction at room temperature. Also, a 3D drawing of the 

large-scale coffee oil extraction machine was designed on SolidWorks. 

 

 2.3 Spent Coffee Grounds as a Versatile Source of Green Energy 

A research by the University of Nevada represents an approach to extract oil from the resulting coffee 

powder waste. The oil is extracted through hexane solvent extraction6. A high-performance liquid 

chromatography (HPLC) is performed on the oil and confirms the presence of triglycerides in large 

concentration, in addition to Di-glycerides, Mono-glycerides and free fatty acids in smaller quantities. 

Before the oil is transesterified into biofuel, the free fatty acids (FFAs) in the oil had to be removed 

and themselves repurposed into soap by adding a basic solution. The oil is then centrifuged in order to 

separate it from the soap formed6.  
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3. EXPERIMENTAL SECTION 

3.1 Chemicals and equipment  

 

   Table 1– Chemicals used 

Chemical Supplier Additional details 

 

Hexane 

 

Sigma Aldrich 

 

99% pure  

 

Potassium hydroxide Fluka, Switzerland 86% pure 
 

Potassium permanganate 

(KMnO4) 

Sargent-Welch, USA 1% solution in 4% NaOH 

Ethyl acetate Sigma Aldrich - 

Silica gel Fluka, Switzerland - 

 

Phenolphthalein Sargent-Welch, USA - 

   

     

   Table 2– Equipment used 

Device Model Additional details 

Centrifuge Hettich zentrifugen EBA30 5500 rpm  

 

Balance Model EK610i Readability of 0.05g 
 

Vacuum pump - 0.85 atm  

Stirring hotplate DLab MS-H280-pro - 

 

Vortex shaker Model Zx3 - 

 

Ultrasonication Model 1210-EMT Branson ultrasonic 

 

Sintered funnel BFU3-20B-001 - 

 

Filter flask FFE3-500-002 - 

 

Flasks EFW-500-08 

 

Capacity og 500mL 

Liebig condenser CSS3-600-001 For an 8mm tubing 

 

Coiled condenser CIC3-600-001 For an 8mm tube 

  

TLC plates Silica gel on polyethylene 

terephthalate 

Fluka, Germany 
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3.2 Waste coffee grounds collection and drying 

The Waste Coffee Grounds (WCG) were collected from the university’s cafeteria. They were collected 

weeks prior to the extractions and dried by means of a hot air tunnel; as an alternative to oven heating 

since the long periods and high temperature result in a reduction of the yield of oil extracted. The WCG 

were heated for 6 hours inside a hot air tunnel with wet WCG laid on an elevated latter perforated shelf 

facing two electric fan heaters (2 KW each), one electric convector (2 KW), and three regular fans, 

one of 45 W and two others of 60 W2. In addition to that yet another fan of 40W was placed below a 

ladder.  

 

              

 

 

 

 

  

 

         Figure 2– Modified drying pressure cooker  

The oil was extracted from the fresh non-brewed coffee only three hours’ after grinding it. It is 

important to conduct the extraction of both used and fresh coffee grounds in similar conditions to then 

assess the mass, yield and quality of the oil. In order to have a more energy efficient drying phase, we 

designed a coffee roaster inspired pressure cooker shown in figure 2 with a rotating shaft to heat on a 

low flame and therefore dry the waste coffee grounds. The shaft mixing allows for the bottom layer of 
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waste coffee powder not to get burned in order to maximize the oil extraction yield and prevent it from 

having a burned smell instead of the desired coffee aroma.  

3.3 Oil extraction 

There are various ways for oil removal, the method used in this project is solvent extraction. Once the 

oil is isolated from the WCG, the yield percentage of coffee oil extraction is determined, and the 

composition of that oil can be studied in order to determine how this oil might be valorized. The solvent 

extraction was done through the following steps: 

• Collection and drying of the waste coffee grounds 

• Addition of the hexane solvent to the coffee grounds and reflux for 1 h 

• Filtration  

• Solvent distillation 

• Centrifugation 

 3.3.1 Choice of solvent  

 Previous capstone students have experimented with two solvents for WCG oil extraction. Amongst 

potential solvents for oil extraction: acetone and hexane. Another extraction process is possible trough 

CO2 extraction but it is a more expensive alternative and would result in extracting an economically 

unviable oil. After a comparative extraction in the same conditions with both acetone and hexane, it 

became clear that hexane is more efficient as the process results in oil in addition to a gummy 

substance, while acetone results in mostly water, a gummy substance and minimal amounts of oil. A 

hexane based extraction might not seem as a green and environmentally sustainable process at first, 

but after optimizing the extraction process, no hexane would escape the design. All of it will be 

retrieved for reuse.   

3.3.2 Waste coffee grounds 

 The first step consists of mixing 1000g of WCG with 2L of hexane, inside a modified 11L-pressure 

cooker. After noticing that the entire 2L was soaked by the WCG, we decided to add an additional 2L. 
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With that, the volume/mass ratio solvent/WCG, in kg/L, used is 4:1. Finally, the mixture was heated by 

means of a gas burner. 

After 5 min, we started hearing a bubbling sound of hexane resurfacing; we assumed this moment to be 

the beginning of reflux. Reflux was carried out for 60 min. Very quickly, loss of liquid hexane from the 

top of the condenser was noticeable, and so we had to gradually reduce the flame to avoid any danger of 

fire as hexane is highly flammable. To quantify the amount of hexane escaping, the latter was directed 

towards a large conical flask. Eventually, this amount was estimated to be 912 mL. This abnormal loss of 

hexane shows a design flaw that will be addressed later on. Then, the vessel was cooled with running tap 

water before opening it. 

    

Figure 3– First extraction steps, reflux and filtration 

 

The next step was to separate the dark liquid fraction made up from the mixture (hexane + oil) , shown in 

figure 3, from solid WCG using a vacuum pump and transferring the liquid into a 5L conical flask. The 

resulting suspension, which contained few bits of coffee grounds, was then taken as is to a rotary 

evaporator (Rotovap) in order to distill the solvent (hexane) rapidly. 1918mL of hexane was retrieved. 

The resulting oil consisted of a waxy material as shown in figure 4. Hexane was then added to it then it 
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was heated and centrifuged to get rid of all solids left. Evaporation of hexane from this solid-free solution 

afforded oil fraction F1. The result is shown in figure 5. 

 

    Figure 4– Material obtained after the first extraction (left) and its dissolution in hexane (right) 

 

After this came the second extraction of oil from the waste coffee grounds as summed in table 1. An 

additional 2 L of hexane was added to the soaked WCG in the modified pressure cooker. The entire 

mixture went through the exact same steps as the first extraction. After all the extraction iterations were 

all performed, the final step consisted in retrieving the hexane soaked by the WCG. In order to do so, 4L 

of water were added. The entire mixture was left for four days then went through a reflux for 1h. To fully 

make sure the hexane retrieved does not contaminate the rest of the pure hexane with water, Sodium 

sulfate was added to the hexane as shown in figure 6. 
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 Figure 5– Centrifuged fractions of coffee oil              Figure 6– Use of sodium sulfate as a desiccant  

 

All the extraction steps followed are summarized in table 3, while table 4 represents the mass of oil 

collected from the first extraction and volumes of hexane used. 

Table 3– First extraction steps and fractions of oil collected 

Step Fraction of oil collected 

Step 1: 

 
Addition of 4L of hexane to 1000g of coffee. Reflux for 1 h. Liquid fraction 

collected, filtered and distilled. Warm oil centrifuged for 4min at 5500 rpm to 

isolate white sediments. 

F1 

Step 2: 

Addition of another 2L of hexane.  

Maceration at room temperature for 48h + reflux for 1 h.  

Liquid fraction collected, filtered while warm and distilled.  

Warm oil centrifuged for 5min at 5500 rpm to isolate white sediments. 

F2 

Step 3:  

Addition of another 4L of water.  

Maceration at room temperature for 4 days + reflux for 1 h.  

Liquid fraction connected to a Rotovap, and the hexane soaked by the WCG is 

retrieved  

F3 
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                    Table 4– Mass of oil collected from the first extraction and volumes of hexane used 

 Mass of crude oil 

collected
(a)

 (g) 
Vhexane reclaimed Vhexane 

used 

F1 42.30g V1= 1918 + 912 = 2830 mL 4L 

F2 15.33g V2 = 1320 + 456 = 1776 mL 2L 

F3 - V3= 1135 mL - 

TOTAL:  57.63g 5741 mL 6L 

(a) Mass determined without centrifugation. 

● The total volume of hexane retrieved in the first extraction, V1, includes 912 mL of hexane 

which escaped and was retrieved during the reflux in addition to the 1918 mL retrieved from 

the Rotovap. 

● The volume of hexane retrieved in the second extraction, V2, includes 456 mL of hexane which 

escaped and was retrieved during the reflux in addition to the 1320 mL retrieved from the 

Rotovap. 

● The volume of hexane retrieved in the last extraction, V3, corresponds the hexane soaked by 

the solid WCG. 

In the overall extraction process, out of the 6L (4+2) of hexane used, a total of 5741 mL was recovered. 

                            Equation 1– Volume of hexane recovered 

 

                             Equation 2– Crude extraction yield 

    

 
 
 
  

 

Crude extraction yield 

%76.5100
1000

63.57
100

)(

)(


g

g

groundscoffeemass

extractedoilcrudemass
 

V hexane = V1 + V2 +V3 = 2830 + 1776 + 1135 = 5741 mL 
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         Equation 3– Solvent recovery percentage 

  

 

 

In this particular extraction, the estimated percentage of hexane retrieved is 96%, meaning out of every 

6 L of solvent used only 0.24 L is lost, a negligible amount.  

    Hexane remaining in the vessel was retrieved by adding 4 L of water to the soaked de-oiled WCG. The 

vessel was closed, connected to a Rotovap, and heated in order to distill hexane only. The key is to 

heat it at a temperature higher than the boiling point of hexane (65°C), but less than the boiling point 

of water (100°C) to retrieve hexane but not water. Absence of water in this process would result in 

charring of WCG and slow dissipation of the heat within the vessel. 

    The de-oiled and wet solid left behind could be ideally compressed into fire briquettes.  

3.3.3 Freshly ground coffee 

    In the first extraction experiments, both oil extractions were done using waste coffee    grounds (WCG) 

which are the residue obtained after brewing coffee grounds. Both used and unbrewed coffee grounds 

are oil-containing material, but after the first Thin layer chromatography (TLC), shown in figure 9, 

was run it was shown that the two samples extracted do not contain enough triglycerides which are 

necessary for the making of soap and biodiesel. For more details concerning the Thin layer 

chromatography test, refer to the TLC section in page 28. 

There are three reasons that could explain the faint trace of triglycerides in the TLC: 

- The first is that the TLC sample was too diluted, 

- The second is that the exact composition of the solvent used in the TLC changed because of a hole 

in the parafilm covering the beaker. 

- The third is that the poor oil quality is due to the fact that WCG grounds were repeatedly brewed on 

multiple occasions, thus causing formation of free fatty acids. 

% Solvent recovery  100
)(

)(

usedhexaneV

reclaimedhexaneV
%96100

6000

5741


mL

mL
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The goal of this project is to extract oil from WCG and valorize it into soap and biofuels. To determine 

whether the extracted oil has the potential to be used as biodiesel feedstock and can be used for soap 

making, the exact extraction procedure was repeated but from freshly ground coffee beans. 

   Inside a modified 11L-pressure cooker, 2L of hexane was added to 1kg of coffee beans ground three 

hours ago at a grocery store. After the 2L were soaked by the coffee grounds, we added an additional 

2L. The mixture was heated by means of a gas burner. After 5 min of heating, reflux started and was 

maintained for 1h, time upon which the vessel was cooled with running cold tap water.  

At this stage, it was deemed important to determine the cooling water flow rate so as to take it into 

consideration when calculating the cost of the coffee oil extraction process. The water consumed by 

the condenser was determined to be:  

        Equation 4– Initial volume flow rate 

 

 

This flow rate was later optimized to reduce the water consumption. That could be done through the 

use of a barrel filled with chilled water pumped and reused. In order to keep the water cold the same 

cooling system as the one in the fridge can be installed with a copper wire and circulating gas. It could 

also be powered by solar panels or by the same biodiesel generated from the oil extracted.  

The liquid containing the oil and hexane was then pumped out and filtered. In this step, 308 mL of 

hexane was retrieved. An additional 2L of hexane were added to the pressure cooker. After 48h of 

maceration at room temperature, the second extraction took place. Before placing the vessel over the 

flame, the regular copper condenser which was welded was cut off using an electric grinder and 

replaced with a coiled reflux condenser made of glass (Dimroth-type). In this step, no hexane was lost 

due to the significant improvement in the design. The reflux system is a lot safer after having replaced 

the copper condenser with the transparent glass Dimroth-type condenser, also referred to “the cold 

finger”.  With this design improvement, the start of the reflux is more accurately determined since time 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 =   hL
s

mL
/309606010

25.56

5.4830 3  
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zero is no longer arbitrated by the sound of hexane resurfacing in the pressure cooker but rather 

determined when the first drops of hexane appear. Hexane can be visually traced so the risk of it 

escaping and causing a fire, or worse an explosion. Although the modified reflux design is safer and 

more efficient, the water flow rate was brought down to avoid any risk of the tube exploding. 

Unlike the copper condenser, this new system minimized the risk of an explosion as it is no longer 

opaque and we could keep track of the hexane. Due to technical constraints, the cooling water flow 

rate was dropped to:            

Equation 5– Final volume flow rate 

 

 

Again, the liquid containing the oil and hexane was then pumped out and filtered. The filtration this 

time was easier since the mixture was heated beforehand in a bain-marie to minimize the clogging of 

the filter. The filter was also washed using acetone then hexane. The next step was to separate the solid 

WCG left and liquid (hexane + oil) using a vacuum pump and transferring the liquid into a 5L conical 

flask which was then filtered. With each iteration, this liquid gets lighter and lighter, which suggests 

the amount of oil left is decreasing as in figure 7. 

 
 

Figure 7 – Change of color in the liquid fraction [hexane+oil] from first iteration (right) to the last 

(left)  

𝑉𝑜𝑙𝑢𝑚𝑒 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 =   hL
s

mL
/.303606010

69.53

05.4519 3  
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     The resulting solution which no longer contained any solid bits of coffee grounds was as usual taken 

to the Rotovap in order to distill the hexane solvent. The oil retrieved was then heated and centrifuged 

to get rid of any residual solid. 2 L of hexane was added to the soaked WCG then came, after two days 

of maceration at room temperature, the second extraction of oil from the coffee grounds. An additional 

2 L of hexane was added to the soaked coffee grounds in the modified pressure cooker. Four days later, 

a third extraction was performed following the exact same steps as the previous two extractions. 

 

Table 5 – Second extraction steps and fractions of oil collected 

Step Fraction of oil collected 

Step 1: 

Addition of 4L of hexane to 1000g of coffee. Reflux for 1 h. 

Liquid fraction collected, filtered and distilled. 

Warm oil centrifuged for 4min at 5500 rpm to isolate white 

sediments. 

 

F1 

Step 2: 

Addition of another 2L of hexane.  

Maceration at room temperature for 48h + reflux for 1 h.  

Liquid fraction collected, f iltered while warm and distilled.  

Warm oil centrifuged for 5min at 5500 rpm to isolate white 

sediments. 

 

F2 

Step 3:  

Addition of another 2L of hexane.  

Maceration at room temperature for 4 days + reflux for 1 h.  

Liquid fraction collected, filtered while warm and distilled.  

 

F3 

Step 4:  

Addition of another 2L of hexane.  

Maceration at room temperature for 2 days + reflux for 1 h.  

Liquid fraction collected, filtered and distilled. 

 

F4 
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Step 5:  

Addition of another 2L of hexane.  

Maceration at room temperature for 4 days + reflux for 1 h.  

Liquid fraction collected, filtered and distilled. 

 

F5 

Step 6:  

Addition of another 2L of hexane.  

Maceration at room temperature for 3 hours + reflux for 1 h.  

Liquid fraction collected, filtered and distilled. 

 

F6 

Step 7:  

Addition of another 2L of hexane.  

No maceration Reflux for 1 h. Done right after step 5. 

Liquid fraction collected, filtered and distilled. 

 

F7 

Step 8: 

Addition of 4L of distilled water + distillation to recover hexane 

soaked in WCG. 

F8 

 

Table 6–Mass of oil collected from the second extraction and volumes of hexane used 

 Mass of crude oil 

collected(a) (g) 

Vhexane 

reclaimed 

Vhexane used 

Fraction 1 59.15 2139 mL 4L 

Fraction 2 22.81 1512 mL 2L 

Fraction 3 12.75 1660 mL 2L 

Fraction 4 6.18 1658mL 2L 

Fraction 5 5.19 1750mL 2L 

Fraction 6 2.96(b) 1645mL 2L 

Fraction 7 1.88(b) 1740mL 2L 

Fraction 8 - 918mL - 

Table 5 – Second extraction steps and fractions of oil collected 

v 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 – Second extraction steps and fractions of oil collected 
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TOTAL:  110.92g 13 022mL 16L 

(a) Mass determined without centrifugation. 

(b) No oil observed. Solids only. 

 

3.3.4 Comparative study 

As expected, Graph 1 shows how the amount of oil mass extracted decreased as more extractions were 

performed. This was also confirmed with the color of the hexane/oil solution as the yellow color fainted 

after each extraction.  

 

Graph 1– fractions of oil extracted on 1kg of coffee grounds 
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Concerning the yield percentage of oil extracted in the first extraction using waste coffee grounds, only 

5.8% of oil was extracted. This percentage was expected to be around 8%, based on reports of capstone 

predecessors. This can be due to the poor quality of the coffee beans themselves, or the method of 

drying and heating, or the source of the collected coffee is of bad quality or most likely simply because 

the extraction was not finished. As noticed in graph 2, the yield percentage of oil extracted is a lot 

higher and goes up to 11.1% after the seventh fraction using freshly ground coffee. 

  

Graph 2 – Cumulative yield in the extraction of oil from 1kg of coffee grounds 

 

3.3.5 Solvent recovery 

It is crucial for this project to not only be green but economically sustainable and therefore to retrieve 

as much hexane as possible for reuse in future extractions. It is important to pinpoint all steps at which 

hexane might be in order to minimize the losses. As previously calculated the hexane recovery 

percentage in the first extraction from WCG was 96%, while in the second extraction it is dropped to 

81%. This drop clearly shown in graph 3 could be explained by the fact there has been only two 
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completed and therefore more loss through physical transfer of hexane, which is a loss ranging from  

-2% to -2.71% of solvent per extraction. 

 

Graph 3 – Overall solvent recovery  

One way this could be fixed is through a design improvement in which hexane is not poured into the 

container but rather pumped through a tube into the pressure cooker. Hexane loss could also be 

explained by the filtration step in the second extraction using the pump. During the experiment, it was 

noticed that some of the liquid escaped into the pump.  
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This could easily be fixed by introducing a coiled condenser instead of the Liebig condenser, in 

addition to a cold trap to make sure all of the solvent stays in liquid form and as a result out of the 

pump. Graph 4 gives a visual representation of all the hexane volumes used during both extraction SF1 

and SF3 and their percentage of recovery. 

 

Graph 4 – Solvent recovery by fraction 

3.4 Oil quality assessment 

3.4.1 Thin layer chromatography 

 

Thin layer chromatography, more commonly known as TLC is one the most commonly used separation 

technique, it is a rapid yet cheap way to examine the composition of a mixture.  

This test will allow us to access the purity and therefore quality of the oil extracted.  This will be done 

by placing a sample on a silica coat bound to a plastic solid support referred to as a TLC plate. The 

property of the silica and the solvent are used to draw the components up the plate by capillary action, 

each component travels at a different rate and hence are separated. The solvent will gradually start past 

the line in which it was spotted, this continues until it reaches an equilibrium. When the solvent reaches 
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different components of the sample be visually clear. The result of the first extraction (SF1) consisted 

in two samples of coffee oil extracted from WCG, in addition to a sample of solid WCG and a gummy 

substance which will be determined later on. After having extracted enough oil from the waste coffee 

grounds, the next step was to test the quality the oil. This was done by running a TLC. A pencil line is 

drawn near the bottom of a plastic plate covered with silica gel and a small drop of a solution of hexane 

and the oil samples is spotted on that line with a capillary tube. When the spot of mixture is dry, the 

plate is stood inside a beaker containing 22mL of eluant made of a mixture hexane/ethyl acetate 15/85 

by volume. As the solvent slowly travels up the plate, the different components of the mixture travel 

at different rates and the mixture is separated into different spots. The spots noticed showed that the 

two oil samples were deemed to contain more free fatty acids than triglycerides as shown in figure 9. 

       
 

Figure 9 – TLC result of the first (SF1-F1) and second (SF1-F2) oil extractions 

 

     After the first centrifugation of SF3, a solid was separated from the mixture. This waxy solid was 

found to be highly soluble in acetone, yet only soluble in hexane when heated. This can be backed by 

a previous capstone project in which acetone was used as a solvent instead of hexane and the extraction 

Triglycerides 

Free fatty acids 
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result consisted of water, a small amount of oil and undetermined gummy substance (Chergaoui, 2016). 

In addition to that, the cleaning of used test tubes was much more efficient when using acetone than 

when using hexane. We can conclude that this gummy substance is polar. 

     During the first and second extraction (SF1 and SF2), this substance was not noticed because the 

mixture was not filtered and therefore opaque. In SF3, due to the filtration, it was visually possible to 

perceive the solid formed. These solids are also suspected to be clogging the filters. After the second 

and third centrifugations, even more solids were removed. This substance is suspected to be free fatty 

acids (FFA) or saturated triglycerides.  

The conclusion deduced from the TLC result in figure 9 is that the first and second oil fractions 

extracted, [SF1-F1] and [SF1-F2], were most likely to be were most likely to be free fatty acids, after 

preforming yet another TLC on (SF3-F1 / SF3-F2 / SF3-F3) as shown in figure 11 while using oleic 

acid as an FFA reference. It became clear that there is a high likelihood that what showed in the 

previous TLC were not FFAs, but rather saturated triglycerides. If this is the case, triglyceride in liquid 

or solid form can both fully be used for biodiesel production. This can only be verified through an FFA 

titration. 

 

   Figure 10 – TLC result of the second oil extraction (SF3-F1 / SF3-F2 / SF3-F3) 
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Figure11 –Refining of coffee oil by a series of centrifugation 
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3.4.2 FFA content in coffee oil 

Free fatty acids (FFAs) in coffee oil consists of derivatives of the triglyceride parent molecule, they 

are glycerides partially broken down into mono-glycerides and di-glycerides. FFAs are one the most 

obvious indicators of the quality of an oil, since simply put the presence of too many FFAs is proof of 

the oil’s degradation. Because of repeated heat cycles, existing water leftover, triglycerides are broken 

into diglycerides and mono-glycerides, free fatty acids are produced as shown in figure 121.   

 
 

Figure 12 – FFA production 

Transesterification is the reaction of an oil, specifically the triglyceride, with an alcohol, usually 

methanol, to form an ester which is the biodiesel in addition to glycerin. The ester and glycerin do not 

mix. A catalyst, typically NaOH or KOH, is added for optimal results. This transesterification reaction 

is visually represented in figure 13.  

 
 

Figure 13 – The transesterification chemical equation 
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The quality depends on the extent to which the extraction has liberated fatty acids from the parent 

triglyceride molecule. In the biofuel production process, it is important to ensure the absence of free 

fatty acids as the more FFAs are being produced, the more the oil turns acidic and becomes rancid. For 

biodiesel production, this is precisely why it is important to make sure the free fatty acids (FFAs) are 

removed before the oil turns to a biofuel through transesterification.  

The acid value is defined as the amount of KOH required to neutralize the fatty acids contained in 1g 

of oil. The FFA content is calculated according to Eq(6): 

Equation 6– FFA content in terms of the acid value 

 

 

We prepared the KOH solution, using 13.33g of crushed KOH, then adding 350mL of ethanol to it. 

The mixture was stirred, heated, then poured into a 500mL volumetric flask. Ethanol was added instead 

of water until the entire flask was filled as ethanol can dissolve oil. Since water is non-polar and oil is 

polar, oil and water would not mix.  

We mixed 5mL of the KOH solution with 50ml of water, in addition to 20 drops of phenolphthalein 

as a color indicator to know when the pH goes from acidic (colorless) to basic (pink). 

This solution itself was titrated in order to find the exact concentration of the KOH used. To this end, 

a 100-fold dilution of a 11.54M HCl was done to prepare the titrant. 

The expected concentration of KOH was approximately 0.5 M, yet. The titration showed the actual 

concentration to be 0.439 M. This can be explained by the fact that not all of the 13.3g of KOH used 

were dissolved in the solution. 

For biodiesel production, the acid value and FFA content is necessary to determine how to proceed 

with the biodiesel production. 

 If the FFA content is > 1%, the biodiesel production can only be done following the order shown 

in figure 14. 

FFA =
Acid value

1.99
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                Figure 14 – Biodiesel production out of coffee oil with high FFA  

     The order is very important to maintain; otherwise soap is formed. Soap has both ability to consort 

both polar and non-polar substances, both sides of the molecule are shown in figure 15. Simply put, 

soap molecules will be attracted to non-polar biodiesel and to polar glycerin. As a result, the glycerin 

and biodiesel cannot be separated. 

 

                    Polar end: glues to glycerin                               Non-polar end: glues to biodiesel                                   

 

                          Figure 15 – Chemical structure of soap 

 

 If the FFA content is < 1, then the biodiesel production can only be done following the order 

shown in figure 14. 

• OIL (FFA>1%)
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                 Figure 16– Biodiesel production out of coffee oil with low FFA  

The saponification however is not affected by the FFA content, and will always be performed by 

adding a strong base like sodium hydroxide. As a result, soap is formed and no side reaction will affect 

the biodiesel we wish to extract. 

3.4.3 GC analysis 

Although, there is no evidence to prove that hexane has harmful effect, it is still important that the 

resulted oil goes through an hour of Rotavap to ensure it is completely solvent free, for it to be a viable 

marketable product for different uses. It is crucial to run a reliable analysis method to measure overall 

chemical purity and the content.  

There are two analysis techniques that could be used which are: 

 Gas Chromatography (GC)  

 High Performance Liquid Chromatography (HPLC).  

However, we choose the option of gas chromatography as it the cheapest option and will keep the oil 

price-competitive.  
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4. OPTIMIZED EXTRACTION SYSTEM  

The objective of this capstone project is to repurpose coffee waste and design a lab scale pilot that 

extracts coffee oil from waste that would have been placed in a landfill otherwise. Before having a de-

oiled solid waste, the used coffee will go through a series of steps processes all incorporated with a 

lab-scale design in order to meet our objective of extracting half a liter for every 5 kg of waste 

processed. The capacity of our design for a month, assuming six working days and two batches are 

processed a day, is 240kg.  The monthly waste production in Ifrane is over 1 ton of coffee as 

represented in the graph below. We can clearly see that our lab scale design would not cover all of 

Ifrane’s monthly consumption and will be only limited to the on-campus waste production.  

 
 

            Graph 5–Population in the Ifrane region  

 

4.1 Extraction process 

The extraction system that we devised is composed of 3 interconnected tanks named tank 1, tank 2 and 

tank 3. Tank 1 is fitted with a condenser and an ultrasonication probe. Tank 1 and 2 are both placed on 

gas burner and tank 3 is also fitted with a one coiled condenser and one Liebig condenser. The 

extraction will be performed through the following steps: 

o Step 1: Open Tank 1, and load with WCG. Close Tank 1. 

o Step 2: Load Tank 1 with hexane by sucking it by means of vacuum. 

o Step 3: Turn on the water for the condenser, then turn on the ultrasonic probe, and heat 

for 30min for the first extraction. 
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o Step 4: Stop heating. Let content of tank 1 settle for 10 min.  

o Step 5: Transfer the liquid fraction « hexane/oil/WCG bits » from tank 1 to tank 2 by       

means of a vacuum pump. In tank 2, WCG bits are trapped in a mesh filter. 

o Step 6: The second, third, fourth, fifth and sixth iteration are just repetition of the third 

and fifth step. A new portion of hexane is sucked into tank 1 by means of vacuum. 

o Step 7: Transfer hexane from tank 2 to tank 3 by distillation under vacuum, with gentle 

heating to protect the oil. Cool tank 3 with an ice bath if necessary. Stop distillation 

when thermometer of tank 2 no longer detects vapors. 

o Step 8: Load tank 1 with water and heat to transfer soaked hexane from tank 1 to tank 

3, by distillation. Turn off condenser in Tank 1. Stop distillation when thermometers in 

tank 1 no longer detect vapors. 

o Step 9: Unload hexane in tank 3 by aspiration with vacuum. 

o Step 10: Empty Tank 1 of the de-oiled waste coffee grounds to be made into logs using 

the hydraulic press, or into pellets using a pelletizer. 

4.2 Design improvements: 

This finalized design also includes: 

• A chiller: a cooling liquid is circulated through the system as a replacement for water.  

• A cold trap unit: a device that condenses all vapors including hexane vapor to prevent any of it from 

going into the pump. Hexane should not be lost at all since the system was never opened and the 

transfer is done through the vacuum pump. The cold trap is yet another safety measure and should not 

trap any hexane, otherwise there is a flaw in the design that should be improved.  

• A coiled copper condenser in the third tank: This condenser serves as a safety measure, not to flood 

the cold trap. Glass is fragile, unlike copper which is heavy duty. A coiled condenser has much more 

surface area and is therefore much more efficient. 
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• A Liebig copper condenser mounted on the third tank: reserved for the hexane vapor that remains at 

the center of the tank, thus not being in contact with the cold walls of the tank. 

• A welded jacket to the third tank fed by the chiller’s cooling liquid to ensure the hexane transferred 

to it is maintained in liquid form. 

•A fourth tank with a Sodium sulfate filter: As it is extremely important to retrieve water-free hexane 

during distillation not to contaminate the rest of the stored hexane for later reuse. 

• Roller opening valves: To ensure the vacuum is only created when needed to make the extraction 

process energy effective.  

• A small sample valve in between the two tanks: If the sample is still yellow that means the number 

of extractions performed are not enough and more extractions should be done. 

• A mesh basket inside the tank: it reduces the solid particles that are transferred from the first tank to 

the second. 

 

4.3 Safety measures:  

This extraction process to get coffee oil could potentially be dangerous if suitable precautions are not 

taken, as it involves pressure and the handling of flammable substances. Although this system is 

designed to be used by a trained employee, to avoid any serious accidents and injuries, safety measures 

are to implemented to ensure a safe oil extraction.  

 The extraction design is never closed; it is either connected to vacuum or open to the air. 

Therefore, a risk of pressure build up, or worse an explosion, is avoided 

 The tanks are all equipped with safety valves.    

 Sight tubes are to be added to all tanks to monitor the level of liquid inside since these metallic 

tanks do not offer the advantage of glass which is a transparent material.  
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5. VALORIZATION OF COFFEE OIL:  

There are a variety of ways waste coffee grounds could be repurposed, and go from a liability to an 

asset, all of which are visually represented in figure 17. 

 

 
 

Figure 17 – Various routes of valorization of waste coffee grounds 

 

5.1 For personal care and cosmetic use:  

Coffee oil can be used in a variety of personal care formulations, some of which are shown in figure 

18. As it is made of beans of coffee, it still holds some of its regenerative power and health benefits 

such as its antioxidant, anti-depressant and anti-inflammatory activity and ability to boost the immune 

system as it is rich in linoleic acids such as C18:2 and Omega-612. It also improves the respiratory 

system and can combat nausea. 
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Coffee oil can also delay aging and vitalizes the skin by boosting the collagen and elastin production 

and other hygroscopic properties12. Coffee can also be incorporated to skin care products as it inhibits 

cellulite, and hair products for its strengthening abilities.  

 

  Figure 18 – Commercial coffee-based products  

 

5.2 Biodiesel production:  

Due to our dependency on oil, the continuous rise of its price and the by the day pressing need to find 

a greener alternative for transportation, biodiesel has become a great topic of interest to researchers 

over the past decade. As there is an already existing market for edible oil from vegetal sources, the oil 

extracted from waste coffee ground is the perfect starting material for biodiesel production as it is 

virtually free and a repurposed waste that would have otherwise ended up in a landfill. This oil can be 

transformed to biodiesel through transesterification7. As previously mentioned, depending on the FFA 

content of the oil it could either be subjected to a basic transesterification alone, or an acid 

transesterification followed by a basic transesterification to avoid any formation of soap. 
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         Figure 19 – Composition of coffee oil 

 

This reaction is possible due to the high concentration of triglycerides in coffee oil7, as shown in figure 

13. In a transesterification reaction, oil triglycerides react with an alcohol, either ethanol of methanol, 

to form ester molecules being the biodiesel and glycerol which can itself be repurposed for soap, 

detergents of self-care products.  

 

 5.3 Coffee waste briquettes:  

Coffee waste could be of use for multiple applications, one of which is the production of fuel pellets 

or briquettes. After obtaining the de-oiled and wet solid left behind, it could ideally be compressed 

either on its own or added to saw dust into fire briquettes. In order to do so, the press in the figure 20 

and 21 was drawn using Solidworks. The 3D modelled design was taken to the welder to be recreated, 

the result is shown in figure 22 and 23. This design could be improved by incorporation a preheating 

phase to the briquetting of the WCG mixed with saw dust for a more compact log. 
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Figure 20 – 3D Front view of the manuel press          Figure 21 – 3D Global view of the manuel press 

     

 

 

 

Figure 22– 3D Front view of the manuel press           Figure 23 – 3D Global view of the manuel press 
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While first testing the press the following problems were encountered: 

 The holes in the press were too big and coffee was lost through them  

 The press was set on a horizontal surface and water was spilled on the user. 

 The press required too much mechanical effort. 

To solve the design flaw in the first prototype it was suggested that 

 Three layers of mesh are to be added on each of the press sides to minimize the amount 

of solid WCG lost through the holes. 

 The press is to be installed on a tilted surface to avoid spilling the water, pressed out of 

the WC, on the user.  

 For a manually operated press with minimal effort, a hydraulic press is to be introduced 

to the design as in figure 24 and 25.  

      
Figure 24– Exploded view of the hydraulic press    Figure 25– Side view of the hydraulic press                        
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5.4 Coffee waste pellets:  

In this project, we analyze the possibilities of repurposing waste coffee grounds, not only as biodiesel 

but also as biomass pellets, and therefore go full circle and use 100 % of the waste produced. After 

being dried at room temperature and mixed with grinding dust, the biomass pellets are made by a 

mechanical process, using a pellets maker under a pressure of 15 bar. The overall vision of the company 

bio-bean is to use all of the waste resulting from coffee consumption. Their used process for oil 

extraction and biodiesel production is patented and therefore not available to the public. This process 

starts with the collecting of WCG which are then dried. The oil is extracted out of them through an 

organic solvent, this oil is then converted into biodiesel. The solid material left is then dried and 

pelleted. 

 
 

 Figure 26 – Potential use of WCG pellets 

6. PROFITABILTY STUDY 

6.1 Industry outlook and market analysis  

Coffee comes second to oil when it comes to its weight as an export commodity, and is therefore of 

high economic importance. According to the international coffee organization, the demand is predicted 
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to reach 10.55 million tons a year by 20203, in other words, an increase of nearly 25% over the coming 

5 years is expected. Regarding Morocco, the coffee consumption is estimated to be 27 000 tons yearly, 

which leaves us with tons and tons of coffee waste every year2. Unfortunately, only one company , 

bio-bean, has successfully implemented a circular economy model in which this waste is a potentially 

free resource to utilize and create value products out of. All companies that sell coffee oil extract it 

from fresh coffee beans which is highly demanded and is an expensive raw material. They also resort 

to either steam distillation or Co2 extraction and as the production cost increases, naturally the price of 

the extracted oil increases as well. 

6.2 Benchmark  

   

Out of all companies worldwide that sell coffee oil, virtually none of them sell by the liter. Most 

companies offer small bottles of 10 to 100 ml, with a droplet applicator as shown in figure 27. 

Depending on the method of extraction, the price of each of these products differ and can range from 

180 US dollars to 2300 US dollars a liter. Since the price of the good is determined by supply and 

demand in a market, it is also important to point out that there is a high demand for coffee oil from 

individual customers, as well as spas and massage treatment facilities. Having said that, the economy 

of scale also affects the oil’s price. The largest companies in graph 6 have some of the lowest prices. 

 

     Figure 27 – Commercially available coffee oils for purchase 

 



46 

 

       Graph 6 – Coffee oil benchmark  

        

Coffee Logs are ecological briquettes made out of pressed de-oiled WCG, and could be of use for 

stoves, open fires, as well as chimneys. Prior to the log making process, the coffee is de-oiled by bio-

bean, a green energy company that has successfully industrialized WCG recycling. However, these 

logs reportedly contain a lot of energy, exactly 20% more energy than regular wood logs, so they burn 

not only hotter but also longer than wood5. 

There are only two companies known to sell coffee logs: 

 Bio-bean: Each year Bio-bean goes around London and all of the UK coffee shops to collect 

500,000 tons of waste coffee grounds. It is the world’s first coffee recycling factory in 

Cambridge to be making millions out of a waste. 

 Coffee coals: Coffee Coals are charcoal briquettes made from used coffee grounds for grilling 

purposes. It is specified on the product label that one serving burns for about an hour at grilling 

temperature. 
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     Figure 28– Screenshots of commercially available WCG logs and coal briquettes  

 

 

 

6.3 Cost analysis  

 

It is equally important to have a good quality oil as it is to have a cost-effective product and be able to 

compete with all previously mentioned products and companies. Two scenarios were taken into 

consideration, an optimistic scenario referred to in the excel sheet as minimum price and a negative 

scenario referred to as maximum price. Our cost analysis will be based on the following assumptions. 

We will be adopting the negative scenario and therefore the maximum price into consideration when 

deciding the price of the oil per liter. 
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    Table 7 – Cost analysis assumptions 

 

 Non-Recurring costs: 

 

The cost of equipment per batch was estimated by the sum of all equipment needed to be divided by 

the number of batches that equipment can produce within its lifetime. Assuming a lifetime of 20 

years and for 6 working days, this equipment can produce in 52 weeks up to 20∗ 52 ∗ 6 ∗ 2 =

12480 Batches. All the equipment expenses are enumerated in the chart in figure 29 and in further 

details in table 10 page 52. All non-recurring expensive are listed in detail in table 11. 

 

                   Figure 29 – Non-recurring costs of coffee oil extraction 

94%

5%
1%

NON-RECURRING COST

Total cost of equipement
per batch

Total cost of TLC per batch

Total cost of FFA
equipement per batch

We assume the frequency of the analysis's to be every 10 Batchs 

We assume this material's life cycle to be  20 Years 

We assume the numbers of batchs done a day for an optimized          
system (1L) 

2 Batchs 

We assume the numbers of working days is  6 Days 

We assume the numbers of batchs done in the design's lifetime 12480 Batchs 

The gross margin is estimated to be the cost number by 1.5 Times 
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 Recurring costs:  

 

Labor and Management: Assuming a monthly salary of 4000 MAD, Labor and Management per batch 

are estimated for 6 working days to be =  (4000 MAD/ (6 working days ∗ 4weeks) ) / 2 =  

    = 83.33MAD/batch. 

WCG collection: It is free at the moment since in our simulation, WCG are collected from the AUI 

campus free of charge. 

Transportation The capacity of the unit is 120 kg which is covered by onsite waste production, 

transportation fees are zero. 

Water cost Assuming 6hours of reflux and 1h of distillation, the water cost is estimated as follows: 

303L/batch  water flow rate ∗ (6 reflux hours + 1 distilation hour)  = 2100L/batch  
2100L/batch ∗ 6 working days ∗ 4 weeks = 50400 l per month = 50.4 m3  

 

Water cost per batch =  
(50.4 ∗ 16.48 MAD water price ∗ 1.07 MAD tax)

(6 working days ∗ 4 weeks)
       

 

                                       = 𝟑𝟕. 𝟎𝟑 𝐌𝐀𝐃/𝐛𝐚𝐭𝐜𝐡 
 

Gas: assuming a gas tank refill is 42 MAD and one tank takes a year to be consumed as it is run on a 

low flame. =  42 𝑀𝐴𝐷 /(52 𝑤𝑒𝑒𝑘𝑠 ∗ 6 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑑𝑎𝑦𝑠 ∗ 2 𝑏𝑎𝑡𝑐ℎ𝑠 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 𝑝𝑒𝑟 𝑑𝑎𝑦  ) 

=  𝟎. 𝟎𝟕 𝑴𝑨𝑫/𝒃𝒂𝒕𝒄𝒉 

Electricity for ultrasonication: The electricity cost per batch for 1h of reflux is estimated as follows: 

=  (1𝐾𝑊 ∗  6ℎ 𝑜𝑓 𝑢𝑠𝑒 ∗ 1.3157 𝑀𝐴𝐷 𝑓𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑖𝑐𝑒 ∗ 1.14 𝑀𝐴𝐷 𝑓𝑜𝑟 𝑡𝑎𝑥)

= 𝟗 𝑴𝑨𝑫/𝒃𝒂𝒕𝒄𝒉 

Electricity for the vacuum: The cost per batch for 15 min for hexane and water pumping, and for 

another minute and a half to transport the liquid from one tank to another is:  

    =  60 𝐾𝑊 ∗ (
1

100
) ∗ (

16.5 𝑚𝑖𝑛

60 𝑚𝑖𝑛
) ∗  1.3157𝑀𝐴𝐷 𝑓𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 ∗ 1.14 𝑀𝐴𝐷 𝑓𝑜𝑟 𝑡𝑎𝑥      

=         = 𝟎. 𝟐𝟓 𝑴𝑨𝑫/𝒃𝒂𝒕𝒄𝒉 

Electricity for drying: The cost per batch for 18 hours using a 40W and a 1 kW dryer is: 
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=  6 𝑑𝑎𝑦𝑠 ∗  ((1000𝑊 + 40𝑊 + 40𝑊) ∗ (1/1000) ∗ 18𝐻𝑜𝑢𝑟𝑠 ∗

1.315 𝑀𝐴𝐷 𝑓𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦  ∗ 1.14 𝑀𝐴𝐷 𝑓𝑜𝑟 𝑡𝑎𝑥) / 30= 

                             = 𝟓. 𝟖𝟑 𝑴𝑨𝑫/𝒃𝒂𝒕𝒄𝒉 

The cost of chemicals for the TLC for every batch is estimated to be: 49.65 MAD/batch 

The cost of chemicals for the FFA test for every batch is estimated to be: 13.26 MAD/batch. 

We estimate a monthly cost of maintenance and needed repairs or spare parts to be 500 MAD/batch. 

To ensure that oil extracted is of good quality, it was deemed important that for every 10L of oil 

extracted, meaning for every 5 batches processed, to do a Thin Layer Chromatography, Free Fatty 

Acid and Gas chromatography analysis. All recurring expensive are listed in detail in table 12. 

 The total cost of TLC equipment is 1022.25 MAD. The total cost of TLC per batch is  

              1022.25 MAD/ 12480  batchs + ( 0.95 +  0.67)MAD/ 5 =  0.34 MAD   
 

 4 beakers = 8.25*4 = 33 MAD 

 Micro capillary tube = 989.25 MAD 

 Vial for chromatography = 0.95 MAD/unit 

 pipette = 0.67 MAD/unit 

 

 The total cost of FFA equipment is 1323.25 MAD. The total cost of TLC equipment is   

 
1323.25

12480
=  0.11 MAD  

𝑤ℎ𝑖𝑙𝑒 12480 the number of batchs done in the design′s lifetime 
. 

 Burette= 174 MAD 

 Stirrer= 20 MAD  

 Hot plate= 1121 MAD  

 Beaker=8.25 MAD 

 

 The total cost of GC per batch is = 100/ 10 =10 MAD 
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        Figure 30 – Recurring costs of coffee oil extraction 

The following table sums all expenses including the non-recurring and recurring, as well as cost 

avoidance through the process improvements and the WCG briquettes. 

Table 8 – Cost summary of coffee oil extraction 

38%

0%0%0%
17%

23%

6%

7%

4%

5% RECURRING COSTS

Labor and Management

WCG Collection

Transportation

Gas

Water

Cost of TLC chemicals

Cost of FFA chemicals

Electricity

Cost of GC analysis 10 L

Repair and maintenance

QUANTITATIVE ANALYSIS 
 Maximum cost 
per batch   

 Minimum cost 
per batch  

 Maximum cost 
per Liter  

 Minimum cost per Liter  

COSTS         

Non recurring  MAD         7.54   MAD          3.95   MAD        15.08   MAD                           7.90  

Recurring  MAD     404.77   MAD      291.68   MAD      809.54   MAD                        583.36  

Design improvement  MAD         3.82   MAD          2.40   MAD          7.64   MAD                           4.80  

TOTAL COSTS  MAD      416.13   MAD      298.03   MAD      832.26   MAD                        596.06  

BENEFITS         

COST AVOIDANCE  MAD        41.89   MAD        41.89   MAD        83.87   MAD                          83.87  

OIL PRICE  MAD      526.17   MAD      492.15   MAD   1,052.34   MAD                        984.30  

WCG BRIQUETTES  MAD      220.00   MAD      306.94   MAD      440.00   MAD                        613.88  

TOTAL BENEFITS IN MAD  MAD      746.17   MAD      799.09   MAD   1,492.34   MAD                     1,598.18  
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6.4 Pricing and projections  

Based on our calculations, the price of the oil extracted by the liter is 46.94 $/L, only if it is extracted 

on campus meaning excluding all costs for infrastructure, collected for free, while having one 

employee working 6 days a week and assuming the equipment’s lifetime is 20 years. We have also 

accounted for account the reduction of the oil production cost by making coffee briquettes as shown 

in table 9. If we choose a gross margin of 1.5, then the projected price of one liter is 124.39 $/L.  Our 

estimate price is below the lowest cost in the market which is 180 $/L. 

 
Figure 31 –50 mL commercial oil bottle 
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Table 9 – Oil price 

 

   Maximum cost per batch    Minimum cost per batch  

 TOTAL COST     MAD                 412.32   MAD                           295.65  

    

WCG briquettes    Maximum cost per batch    Minimum cost per batch  

TOTAL REVENUES IN MAD    MAD             220.00   MAD                           484.00  

TOTAL REVENUES IN DOLLARS  $                     23.47   $                                  51.61  

        

    
Maximum cost per batch  Minimum cost per batch  

 FINAL  COST     MAD                         388.85   MAD                           244.04  

Price / Batch in MAD    MAD                        583.27  
 MAD                         

366.07  

Price / Batch in DOLLARS    $                            62.20   $                                39.03  

 

   Maximum cost per Liter   Minimum cost per Liter  

 TOTAL COST     MAD                         824.63  
 MAD                                 
591.31  

    

       WCG briquettes    Maximum cost per Liter   Minimum cost per Liter  

       TOTAL REVENUES 
IN MAD 

  MAD                         440.00   MAD                           968.00  

TOTAL REVENUES IN  
DOLLARS 

 $                                46.94   $                                 103.22  

        

    
 Maximum cost per Liter   Minimum cost per Liter  

 FINAL  COST     MAD                      777.69   MAD                        488.09  

Price  / Batch in MAD   
 MAD                    

1,166.54  
 MAD                         732.13  

Price  / Batch in 
DOLLARS 

   $                            124.39   $                                78.07  
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Concerning the Design improvements, there are multiple strategies to implement in order to make 

this process greener, while reducing the cost. The two options we have opted for would not only 

reduce the electrical consumption and water usage, but also cut down on the cost of extraction by 

83.87 MAD for each liter produced. The improvements to be implemented are : 

 A cold trap unit that would replace the water used by a cooling fluid needed for the reflux 

and distillation. 

 An ecological solar powered dryer.  

 

The price will have dropped to 112.21 US dollars per liter in a negative scenario. 

Table 10 – Cost of improvements 

 

 

QUANTITATIVE 
ANALYSIS 

Maximum cost 
per batch 

Minimum cost 
per batch 

Maximum cost 
per Liter 

Minimum cost per 
Liter 

Water usage:          

Chiller-Cold trap unit MAD             2.16  MAD      2.16   MAD   53,800.00   MAD   53,800.00  

Ice maker  MAD            1.34   MAD         -     MAD         2.69   MAD                         -    

Drying          

Solar can dryer  MAD            0.32   MAD          0.32   MAD    0.32   MAD     0.32  

Total cost with    
improvement 

 MAD        392.67   MAD      246.52   MAD    785.34   MAD      493.03  

      

COST SAVINGS / Batch            

Savings from design    
Changes 

Maximum cost 
per batch 

Minimum cost 
per batch 

Maximum cost 
per Liter 

Minimum cost per 
Liter 

Reduced electricity Cost MAD          4.86   MAD          4.86   MAD        9.81   MAD            9.81  

Savings from decreased 
water  usage 

 MAD         37.03   MAD        37.03   MAD      74.06   MAD          74.06  

TOTAL COST 
AVOIDANCE 

 MAD         41.89   MAD       41.89   MAD      83.87   MAD             83.87  

          

         

 FINAL  COST  MAD      350.78  MAD       204.63  MAD         701.56   MAD               409.25  

  
Maximum cost 

per batch 
Minimum cost 

per batch 
Maximum cost 

per Liter 
Minimum cost per 

Liter 

PRICE in MAD MAD      526.17   MAD       306.94   MAD      1,052.34   MAD               613.88  

PRICE in DOLLARS  $            56.11   $               32.73   $               112.21   $                     65.46  
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QUANTITATIVE ANALYSIS QTY Price/unit Maximum cost   Minimum cost 

NON-RECURRING COSTS          

This cost analysis ignores infrastructure         

Cost of needed equipment during its lifetime         

Pressure Cooker 4 700  MAD                       2,800.00   MAD                        2,800.00  

Thermometers 5 377  MAD                       1,885.00   MAD                        1,885.00  

Ultrasonication probe 1 30000  MAD                     30,000.00   MAD                      30,000.00  

Medium Sized Copper Liebig condenser  1 526.59  MAD                          526.59   MAD                           526.59  

Medium Sized Copper Coiled condenser  2 890.95  MAD                       1,781.90   MAD                        1,781.90  

Safety Erlenmeyer Flask  1 442  MAD                          442.00   MAD                           442.00  

Hexane container 1 558  MAD                          558.00   MAD                           558.00  

Rubber pipes 1m 5 62  MAD                          310.00   MAD                           310.00  

Glass pipes 12inchs 3 136.7  MAD                          410.10   MAD                           410.00  

Copper pipes 10 feet 1 91.02  MAD                           91.02   MAD                             91.02  

Valves 9 113.88  MAD                       1,024.92   MAD                        1,024.92  

Gas burners 2 309.17  MAD                          618.34   MAD                           618.34  

Mesh filter 1 111.91  MAD                          111.91   MAD                           230.53  

Vacuum 1 12603  MAD                     12,603.00   MAD                                  -    

Na2SO4 Filter 1 200  MAD                          200.00   MAD                           970.00  

Rotavap 1 32900  MAD                     32,900.00   MAD                                  -    

T tubing connectors 2 260.95  MAD                          521.90   MAD                           521.90  

Jacket Tank Welding  1 600  MAD                          600.00   MAD                           600.00  

Hydraulic Press 1 1200  MAD                       1,200.00   MAD                        1,200.00  

Cost of needed equipment per batch      $                                   7.10   $                                    3.52  

     

Table 11– Non-recurring costs spreadsheet 
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   Maximum cost per batch    Minimum cost per batch   Maximum cost per Liter   Minimum cost per Liter  

 
Total cost of equipment per batch 
 

  MAD                             7.10   MAD                               3.52   MAD                          14.20   MAD                           7.05  

 
Total cost of TLC equipment  in its 
life cycle 

  MAD                     1,022.25   MAD                      1,022.25   MAD                      2,044.50   MAD                     2,044.50  

 
Total cost of TLC per batch 
 

  MAD                           0.34   MAD                            0.34   MAD                            0.68   MAD                           0.68  

 
Total cost of FFA equipment  in its 
life cycle 
 

  MAD                     1,323.25   MAD                      1,323.25   MAD                      2,646.50   MAD                     2,646.50  

 
Total cost of FFA equipment per 
batch 
 

  MAD                             0.11  MAD                               0.11   MAD                            0.21   MAD                           0.21  

TOTAL NON-RECURRING COSTS  MAD                             7.54   MAD                               3.97   MAD                          15.09   MAD                           7.94  

Table 11 continued – Non-recurring costs spreadsheet 
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Table 12– Recurring costs spreadsheet 

 

 

 

 

QUANTITATIVE ANALYSIS QTY Price/unit Maximum cost   Minimum cost 

Labor and Management  1  MAD             83.33   MAD                           83.33   MAD                             83.33  

WCG Collection 1  MAD                  -     MAD                                -     MAD                               5.00  

Transportation 1  MAD                  -     MAD                                -     MAD                                  -    

Gas 1  MAD               0.07   MAD                             0.07   MAD                               0.07  

Water 1  MAD             37.03   MAD                           37.03   MAD                             37.03  

Electricity for ultrasonication 1  MAD               9.00   MAD                             9.00   MAD                               9.00  

Electricity for vaccuum   1  MAD               0.25   MAD                             0.25   MAD                               0.25  

Electricity for drying  1  MAD               5.83   MAD                             5.83   MAD                               5.83  

Hexane (81% - 96% recovery)  1  MAD            115.20   MAD                          109.44   MAD                               4.61  

Sodium sulfate (500g) 1  MAD             76.50   MAD                           76.50   MAD                             76.50  

Cost of TLC chemicals      MAD                           49.65   MAD                             36.40  

TLC plates 1 0.78  MAD                             0.78   MAD                               0.78  

Hexane 18.5 ml 1 13.3  MAD                           13.30   MAD                             13.30  

Ethylacetate 3.5 ml 1 2.00011  MAD                             2.00   MAD                               2.00  

NAOH 12 g 1 10.70304  MAD                           10.70   MAD                             10.70  

KMNO4 1.5g 1 9.61395  MAD                             9.61   MAD                               9.61  

Cost of FFA chemicals      MAD                           13.26   MAD                             13.26  

KOH 13g 1 4.26803  MAD                             4.27   MAD                               4.27  

Ethanol 500ml 1 8.98734375  MAD                             8.99   MAD                               8.99  

Cost of GC analysis 10 L      MAD                           10.00   MAD                             10.00  

Repair and maintenance 1  MAD             10.42   MAD                           10.42   MAD                             10.42  

TOTAL RECURRING COSTS     
PER BATCH 

     MAD                          404.77   MAD                           291.68  
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7. CONCLUSION 

 

 

Throughout this project, I performed two solvent extractions of coffee oil using both waste coffee 

grounds and fresh coffee, followed by a thin layer chromatography (TLC) to test the quality of the oil 

retrieved. The obtained extraction yield of oil from waste coffee ground is 5.76% for WCG and the 

yield of oil extraction from fresh unbrewed coffee is 11.1%. Additionally, by using a minimum water 

flow rate of 303 L/h during reflux, the percentage of solvent recovery varies from 81% to 96%. The 

TLC result showed that the two oil samples from both the first and second extraction have some free 

fatty acids in addition to triglycerides. To investigate the FFA content in the coffee oil, a titration was 

performed. 

In order to ensure that the oil extracted is cost-effective, we conclude through the cost analysis that the 

cost of extracting one liter is 46.94 US dollars. If we choose a gross margin of 1.5, then the projected 

price of one liter is 112.21 US dollars. Our estimate price is below the lowest cost in the market which 

is 180 US dollars. 
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