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ABSTRACT

The production of energy from renewable and waste materials is an attractive alternative to
the conventional agricultural feed stocks such as corn and soybean. This project describes an
approach to extract oil from spent coffee grounds which approximately meets the properties
of biodiesel. This process yields 10 -15% oil depending on the coffee species (Arabica or
Robusta). It is projected that 340 million gallons of biodiesel can be produced from the waste
coffee grounds around the world. The extracted coffee oil is further processed and used as bio
fuel in heavy engines i.e. trucks, tractors, earthmoving equipments etc. The coffee ground
that remains after extracting the oil is further converted in to pellets and used as biomass in
boilers replacing charcoal which in turn helps in conserving non-renewable resources to some
extent and supports waste management. The coffee grounds after oil extraction can also be
used as garden fertilizer, feedstock for ethanol.
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Conversion of a spent coffee grounds into renewable energy

CHAPTER 1

INTRODUCTION
1.1 BACKGROUND
Biodiesel is a good alternative for fossil fuel. In recent years, biodiesel production from
vegetable oils and animal fats has gained attention because of its eco-friendly nature,
liquid nature, and easy portability. However, biodiesel is more expensive than fossil fuels,
which limits its applications. The major production cost of biodiesel is from its feedstock.
The foremost problem that the biodiesel industry faces nowadays is the availability of
low-cost and good quality feedstock. To meet this problem, industries use waste
vegetable oil and grease and animal fats from poultry to produce low-cost biodiesel. In
addition, researchers are developing certain crops with high oil content just for the
production of biodiesel. In this work, we have demonstrated that spent coffee grounds can
be a potential source for the production of biodiesel as well as fuel pellets.
Coffee is one of the largest agricultural products that is mainly used for beverages. The
residue after brewing the coffee grounds is oil containing waste material and has a
potential to be used as a biodiesel feedstock. In India total coffee production is 3, 55,600
tonnes, out of which most of the production gain is expected to come from Karnataka
where the total coffee output is pegged at 2, 56,500 tonnes in 2015-16. This is quite
significant as compared to other major biodiesel feed stocks such as rapeseed oil (3750%), palm oil (20%), and soybean oil (20%). This can add approximately 340 million
gallons of biodiesel to the world’s fuel supply. The biodiesel from coffee possesses better
stability than biodiesel from other sources due to its high antioxidant content .The
remaining solid waste can be utilized as compost as a feedstock and as fuel pellets.
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Fig-1 Schematic representation of the biodiesel production process from
spent coffee grounds.
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1.2 Objectives
1. To extract the oil from spent coffee grounds using hexane as a solvent.
2. To analyze the properties of extracted oil.
3. To study energy availability by the conversion of spent coffee grounds to biomass
and bio-fuel.
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1.3 Need of the project
1. Globally 7.28 million tonnes of spent coffee grounds are disposed as waste out of
which 15% to 20 % can be converted to bio fuel and the rest is used as biomass
that helps balance non-renewable resources usage.
2. Biomass of spent coffee grounds will help to reduce charcoal consumption as an
alternative.
3.

Waste management approach.

4. Ready to drink coffee manufacturers or coffee shop chains can meet their fuel
requirement for generators, burners, etc. to an extent by processing the large
amount of spent coffee grounds generated by them.

Civil Engineering Dept., SDMCET
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CHAPTER 2

LITERATURE REVIEW
[1] Abdullah.M, Bulent Koc.A, Oil removal from waste coffee grounds using two-phase
solvent extraction enhanced with ultrasonication, ARPN Journal of Engineering and
Applied Sciences, Volume 50,Sept 2012,pp 965-970.
This study was to investigate the kinetics of ultrasound assisted-two phase oil extraction
from waste coffee grounds with high moisture content. Ultrasound-assisted two phase oil
extraction method successfully extracted 98% of the available oil from the waste coffee
grounds in 30mins.
From this paper we preferred Response Surface Method instead of Ultrasonication and
extracted time as 4hrs.
[2] E.Pichai, S.Krit, Optimization of solid-to-solvent ratio and time for oil extraction
process from spent coffee grounds using Response Surface Methodology, , ARPN Journal
of Engineering and Applied Sciences, Volume 10,Sept 2015,pp 7049-7052.
This study reveals that 14.75 wt% of calculated yield of coffee oil from the predicted
model was obtained, when the optimal condition: the 1:1.22.5 g/g of mass ratio of DSCGto-iso-propanol and 30.4 mins of extraction time under the 30◦c of room temperature was
used. The model was verified by the experiment, the 14.68 wt% experimental yield of
coffee oil was achieved after passing the extraction process under the optimal condition.
From this paper we used Hexane as a solvent instead of Iso-propanol and extraction time
is varied.
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CHAPTER 3

SAMPLE ANALYSIS
3.1 Materials
The materials used in this project work are spent coffee grounds and Hexane. SCG is used
as sample from which oil is extracted whereas hexane is used as a solvent for oil
extraction.

3.1.1 Spent Coffee Grounds (SCG)
SCG is used as a sample in this project work. The residue after brewing the coffee
grounds is called as SCG which is an oil containing waste material. Spent coffee grounds
(SCG) contain large amounts of organic compounds (i.e. fatty acids, lignin, cellulose,
hemi-cellulose, and other polysaccharides) that can be exploited as a source of valueadded products.
The chemical characterization includes elemental analysis, mineral composition and ash
content, summative composition. The spent coffee ground shows the following
compounds.

Table-1: Composition of spent coffee grounds
Compounds

Percentage(w/w)

Carbon

>58

Nitrogen

<2

Low ash

<1

Lignin

20

polysaccharides

26

Hemi-cellulose

36.7

cellulose

8.6

Civil Engineering Dept., SDMCET
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3.1.2 Hexane
In our project work Hexane is used as a solvent for extracting oil from the SCG.

Fig-2 Hexane
Hexane is a chemical commonly extracted from petroleum and crude oil. It is a colourless
liquid that gives off a subtle, gasoline-like odour. Hexane is an alkane of six carbon
atoms, with the chemical formula C6H14. They are all colourless liquids at room
temperature, odourless when pure, with boiling points between 50 and 70 °C. They are
widely used as cheap, relatively safe, largely un-reactive, and easily evaporated non-polar
solvents. The low boiling point of hexane and the high solubility of oils in it are the
properties which makes hexane as the best solvent for extraction of oils compared to other
solvents.
Hexane has about the best characteristics of the many solvents tried over the years. With a
boiling point of 69°C it is a liquid in all but the most extreme climates of the world.
With a fairly high volatility and a low sensible heat of 335kJ/kg, it is relatively easy to
remove from the solids and oil with low energy use. Hexane has a long record of use
without as much irritation of human skin or the immediate or severe toxicity of many
competitive solvents.

Civil Engineering Dept., SDMCET
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3.2 Sample Collection
Spent coffee ground is collected from CCD, Restaurants and hotels where filter coffee is
prepared. It was observed that in all the CCD, on an average 30 cups of 120ml was sold
for the customers. For this amount of sale 1kg of coffee beans was the usage. After
brewing coffee beans 850gm was the wastage, this waste is called as SCG and is used as a
sample in this project work.
Fig-3 Coffee beans and Wet spent coffee grounds

After collecting the wet SCG, it is kept for oven drying at 108◦c for 24 hours.

Fig-4 Oven and oven dried spent coffee grounds

OVEN
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3.3 Sample Analysis
3.3.1 Determination of moisture content:
The moisture content of the sample is given by the below formula. It is expressed in terms
of percentage. Here the dry weight of the sample is taken after keeping in oven for 24
hours at 108◦C.
MC = (W – D)/W * 100
Where
MC – Moisture content
W – Wet Weight of sample = 4000gm
D – Dry weight of sample= 1856gm
Calculation: MC= (4000-1856)/4000*100
= 53.6%

Therefore the moisture content of the sample is 53.6%

Civil Engineering Dept., SDMCET
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3.3.2 Determination of Particle Size
Sieve Analysis is carried out using sieve shaker

Fig-5 Sieve shaker

Table-2: Particle size determination
Sieve Size

Retained(gm)

DPi

Xi

DPi

Xi/DPi

18

7

0.912

0.07

-

-

22

4

0.767

0.04

0.8395

0.04765

30

46

0.542

0.46

0.6545

0.7028

44

15

0.355

0.15

0.4485

0.3344

Pan

28

-

0.28

0.1775

1.5775

∑=100

∑Xi=1

∑=2.6624

Ds = 1 / (∑Xi/Dpi) = 1/2.6624 = 0.3756 mm
The average particle size is 0.3756 mm
For extraction of oil, we have taken both passing and retained on 0.25mm sieve.

Civil Engineering Dept., SDMCET

Page 9

Conversion of a spent coffee grounds into renewable energy

CHAPTER 4
METHODOLOGY

There are several methods for extraction of the oil from spent coffee grounds such as
Ultrasonication Method, Soxhlet extraction Method, Response Surface Method etc...We
adopted the following two methods:
1) Soxhlet Extraction Method.
2) Response Surface Method (Magnetic Stirrer).

4.1 Soxhlet Extraction Method
4.1.1 Experimental Setup
The experimental setup of Soxhlet Extractor consists of:
1. Soxhlet Extractor
2. Mantle Heater (Electric)
3. Water Condenser
4. Flash Evaporator

Civil Engineering Dept., SDMCET
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Fig-6 Diagram of Soxhlet Apparatus

Principle
Soxhlet Extraction is a continuous solid/liquid extraction .A solid which contains the
material to be extracted is placed in what is called a thimble .A thimble is made out of a
material which will contain the solid but allow liquids to pass through a lot like filter
paper. The thimble containing the material is placed in the Soxhlet extractor .The solvent
is then heated at reflux. As it boils its vapours rise up and are condensed by a condenser.
The condensed solvent then fills up the thimble .After it fills with enough solvent it
automatically siphons back down into the container of solvent. This process takes place
over and over again until all the material to be extracted from the solid in the thimble is
extracted into the solvent.
After extraction the solvent is removed, typically by means of a rotary evaporator,
yielding the extracted compound .The non-soluble portion of the extracted solid remains
in the thimble.

Civil Engineering Dept., SDMCET
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4.1.2 Procedure
•

Spent coffee grounds (SCG) are kept in an electric oven for 24 hours at 104°C to
remove moisture content.

•

10 gms of dried SCG is weighed and is installed in Soxhlet apparatus.

•

Required quantity of hexane is put into RBF and is boiled. Hexane vapors travels
up and condenses back to liquid in the cooled condenser at the top. Hexane drips
down on a container full of SCG. The hexane dissolves the coffee oil. Once the
container is full of hexane, a small glass tube on the left automatically siphons out
the hexane with the dissolved coffee oil. That goes back into the bottom flask.

•

The process repeats as more hexane vapour condenses and washes the coffee
grounds. This setup allows the hexane to extract the coffee oil several times. Each
time the thimble fills with hexane, the hexane/coffee oil mixture gets lighter
because less and less coffee oil is left.

•

Now that all the coffee oil is extracted and in the hexane in the bottom flask, the
task is to distil off the hexane leaving just the coffee oil.

Civil Engineering Dept., SDMCET

Page 12

Conversion of a spent coffee grounds into renewable energy

4.1.3 Figures
Fig-7 Soxhlet Apparatus (laboratory)

SOXHLET EXTRACTION APPARATUS

Fig-8 Distillation Apparatus

Civil Engineering Dept., SDMCET
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4.1.4 Trials
Table-3: Trial details of soxhlet extraction method

DURATION OF

TIME IN MINTS

CYCLES

OUT
PUT
(gm)

1

20

2

7

3

8

4

7

5

8

¦

¦

¦

¦

17

8

Civil Engineering Dept., SDMCET
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CHAPTER 5
RESPONSE SURFACE METHOD (MAGNETIC STIRRER)
5.1 Experimental Setup
Principle
Magnetic stirring is a widely used method of stirring and mixing in liquid media. This
process can be used over a broad temperature range and with virtually any chemical
agent, as well as in open and closed systems, under pressure or vacuum.
The basic system consists of a stirrer magnet placed in a liquid and a magnetic drive
located outside the vessel. Both, stirrer magnet and magnetic drive form a magnetic
circuit. For trouble-free stirring in liquids with different viscosities the magnetic drive
shall have a wide range of different speeds.
The stirrer magnet is a bar magnet encapsulated in a material which protects the magnet
and prevents contamination of the liquid medium. The core of the stirrer magnet is
usually Alnico V. Due to its exceptional chemical and thermal properties
Polytetraflouroethylene is the most preferred encapsulate.
The second part of this stirring system is the magnetic drive that consists of speed
controlled induction motor. Normally, the drive magnet is a simple square bar magnet, a
U-magnet. Its rotation induces rotation of the stirrer magnet in the liquid.
Braking: A very powerful force between drive and stirrer magnet can result in a braking
effect. Due to the pressure of the stirrer magnet on the bottom of the vessel, the speed of
rotation is reduced and rotation can even be prevented.

Civil Engineering Dept., SDMCET
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Fig-10 Magnetic Stirrer

5.2 Procedure
•

In this method mass ratios of Dried Spent Coffee Grounds (DSCG) to hexane are
varied under the Experimental design matrixes.

•

The magnetic bar is instantaneously put into the flask to mix the DSCG with
hexane.

•

In the coffee oil extraction process, the flask is placed on the digital magnetic stir
plate to mix the DSCG with solvent by the magnetic stirrer at room temperature.

•

Immediately start the timer to monitor the extraction time.

•

After complete Extraction oil, the Oil Free Spent Coffee Grounds (OFSCG) will
rapidly fall to the bottom of the flask and the solutions of Hexane-to-coffee oil is
on the top layer.

•

The suspensions are filtered by the filter paper to separate the OFSCG and
solutions.

•

In hexane distillation process, the solutions of Hexane-to-coffee Oils are stilled by
simple distillation process to remove the most hexane.

•

In the final process the coffee oil from the distillation process will be heated to
remove the residual hexane which might also be left in the coffee oil.

Civil Engineering Dept., SDMCET
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5.3 Related Figures

HEXANE WITH COFFEE OIL

RESPONSE SURFACE
METHOD

DISTILLATION PROCESS

Civil Engineering Dept., SDMCET
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Fig-11 Hot plate and extracted oil

HOT PLATE

EXTRACTED OIL

5.4 Trials Conducted
We carried out various trials using both home sample and CCD sample. The results of
these trials are as below

Table-4: Trials using home sample
Trial No.

SCG

Ratio

Hexane used

Time

Hexane

(ml)

(Hrs)

recovered

(gm)

Out put
(gm)

(ml)
1

10

1:20

302

4

180

0.65

2

10

1:20

302

4

190

0.69

3

25

1:20

971

4

700

2.93

Civil Engineering Dept., SDMCET
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Table-5 Trials using CCD sample
Trial No.

SCG

Ratio

Hexane used

Time

Hexane

Out put

(ml)

(Hrs)

recovered

(gm)

(gm)

(ml)
1

10

1:20

302

8

292

5.8

2

10

1:20

302

8

290

6

3

10

1:20

302

8

290

6.2

4

10

1:20

302

4

291

6.08

5

10

1:20

302

4

290

6.48

6

25

1:20

971

4

958

14

7

25

1:20

971

4

958

15

8

25

1:20

971

4

958

14.2

9

25

1:20

971

4

957

15.2

10

25

1:20

971

4

958

14.9

11

25

1:20

971

4

957

14.8

12

25

1:20

971

4

958

15

13

25

1:20

971

4

958

14.5

14.

25

1:20

971

4

958

15.4

15

25

1:20

971

4

958

15.5

16

25

1:20

971

4

956

15.8

17

25

1:20

971

4

957

16

18

25

1:20

971

4

958

16.1

19

25

1:20

971

4

958

16.2

20

25

1:20

971

4

958

15.8

21

25

1:20

971

4

958

16

Civil Engineering Dept., SDMCET
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CHAPTER 6

EXTRACTED OIL ANALYSIS
6.1 Viscosity
Viscosity is one of the most important properties of oil. Viscosity is a measure of the
internal resistance to the motion of a fluid and is mainly due to the forces of cohesion
between the fluid molecules. Viscosity of the fluid may be measured in several ways, one
of which is determining time required for a definite amount of the liquid to flow through a
capillary. Such method includes the use of Saybolt, Engler and Redwood Viscometers.
Viscosity may be expressed as dynamic (or absolute) viscosity, kinematic viscosity or the
viscosity called after the name of the apparatus used for its determination

Fig-12 Redwood Viscometer

Civil Engineering Dept., SDMCET
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6.1.1 Procedure
1) Viscosity determination is made in a room free from rapid changes in temperature.
2) Clean the oil cup with a suitable solvent and then dry it.
3) Fill the bath with water at least 5mm above the tip of the level indicator.
4) Clean the receiving flask with suitable solvent and dry it.
5) Two thermometers are fixed in the cup one for water bath and another for oil.
6) The bath is well stirred until temperature of the sample remains constant at room
temperature.
7) The graduation mark on the receiving flask should be between 150-130 mm from
the bottom of bath.
8) The ball valve is lifted and at the same instant clock is started.
9) The time elapsed in seconds is recorded and flask having oil is weighed.
10) Calculate the kinematic viscosity, density, specific gravity and relative viscosity
using formulae. Repeat the experiment for two more temperatures higher than
room temperature.

6.1.2 Observations
Table-6: Observations of viscosity test
Sl No

Temperature Time 50ml

Weight of empty

Weight of oil,W2

(◦C)

T (sec)

1

28

28

49.97

141.81

2

36

30

49.97

143.84

3

40

32

49.97

142.96

Civil Engineering Dept., SDMCET
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6.1.3 Specimen calculation at 28◦C
1) Density of oil = (W2-W1)/50 ..........gm/ml
2) Absolute Viscosity,µ = (AT-B/T)*Density*100
Where A and B are constants
A=0.0026
B=1.79
3) Kinematic Viscosity, V= (AT-B/T)*100
4) Relative Viscosity, RV= 100*(T/535)*(density/0.915)

6.1.4 Results
Table-7: Results of viscosity test
Sl.no

Temperature Density
(◦C)

of Absolute

Kinematic

Relative

oil

viscosity,µ

viscosity, V

viscosity, RV

(gm/cm3)

(mm2/sec)

(mm2/sec)

(mm2/sec)

1

28

1.837

1.629

0.887

10.507

2

36

1.877

3.441

1.833

11.502

3

40

1.859

5.068

2.726

12.152

6.2 Flash and Fire point
Flash Point – The flash point of a material is the lowest temperature at which the
application of test flame causes the vapours from the material to momentarily catch fire in
the form of a flash under specified conditions of the test.

Fire Point – The fire point is the lowest temperature at which the application of test
flame causes the material to ignite and burn at least for 5 seconds under specified
conditions of the test.

Civil Engineering Dept., SDMCET
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6.2.1 Outline of the method:
The sample is placed in the oil cup of apparatus and heated at a slow uniform rate about
20◦C. A small test is directed into the cup at regular intervals, and the lowest temperature
at which application of the test flame causes the vapour to ignite momentary, with a
distinct flash inside the cup, is recorded as Abel’s Flash Point.

6.2.2 Description of the apparatus:
The Abel’s apparatus consists of the following essential parts: SAMPLE CUP: This is a cylindrical vessel with a lid. Within the cup, near the top; there
is a sample level mark.
COVER: The cup is provided with a close fitting cover. The cover is provided with a
thermometer socket, to support an oil test lamp, a movable metal bead. The top of the
cover has three rectangular holes which are covered or uncovered by moving the slide
which has two perforations to allow air to enter the oil up and bring contact between
vapours of the oils and flame of the test-lamp when in open position. A metal bead, the
dimension (4mm) of which represents the size of test flame, is mounted in the cover. The
apparatus is also provided with a stirrer.
HEATING VESSEL: - The heating vessel consists of copper vessels and placed
coaxially, one inside the other. The space between the two vessels is used as a water
jacket. When the oil cup is placed into the hole at the top of the vessel, it fits into it and
leaves an air gap between itself and outer copper water vessel. The water can be heated
electrically or with a burner or spirit lamp. Thermometer is provided with the apparatus
for the measuring the temperature of the oil sample.

Civil Engineering Dept., SDMCET
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6.2.3 Procedure
Fill the given sample in such a way that the sample level is exactly up to the mark in the
cup. Fix the cup in to the apparatus and cover with lid. Insert thermometer in the
thermometer holder given in the cup in such a manner that it will not directly touch the
lower bottom of the cup and the paddle stirrer inside the cup. Fill the water bath with the
cold water. Close the sliding shutter and light the standard flame. Adjust the size of flame
(4mm diameter) with respect to the metal bead. Stir the oil using paddle stirrer. Introduce
the flame by opening the shutter and check the appearance of the flash. Now heat the
apparatus and set the rate of temperature increase at the rate of 1 to 2 0C per minute.
Check the flash point of given sample at the interval of 3 0C rise in the temperature.
Discontinue the stirring the sample during the introduction of the test flame. On observing
a flash, stop the heating process and allow the temperature to decrease. Check the
occurrence of a flash at every 10◦C drop in temperature at which the flash is observed as
the flash point of the sample.

Fig-13 Abel’s Apparatus

Civil Engineering Dept., SDMCET
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6.2.4 Results
1) The Flash point of the given sample of oil is 45◦C.
2) The Fire point of the given sample of oil is 48◦C.

6.3 Calorific Value
Calorific value of the fuel is the quantity of heat liberated when unit quantity of fuel is
burned completely. When hydrogen is present in the fuel, it is converted to stream. Thus,
higher heating value (also called gross calorific value) is the total amount of heat liberated
when one unit of fuel is burnt completely and the combustion products are brought to
their standard state (25oC). Lower heating value (also called net calorific value) is
Net calorific value = Gross calorific value – latent heat of condensation
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6.3.1 Outline of the method
Bomb Calorimeter experiment to measure calorific value of fuel:

Fig-14 Bomb Calorimeter



It is used to measure the calorific value (CV) of solid as well as liquid fuel. But
to determine the CV of gas, one needs to choose Junker's calorimeter.



Calorimeter contain thick walled cylindrical vessel and it consists of lid which
supports two electrodes which are in contact with fuse and fuel sample of
known weight.



Lid also contain oxygen inlet valve through which high pressure oxygen gas is
supplied.



Entire lid with fuel sample is now held in a copper calorimeter containing
known weight of water. Mechanical stirrer is provided to stir well for uniform
heating of water.
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A thermometer is also provided to measure the change in temperature of water
due to combustion of fuel in Lid.

6.3.2 Procedure of bomb calorimeter experiment


A known quantity of fuel sample is added in crucible.



Start the stirrer and not the initial temperature of water.



Start current through crucible and let fuel sample to burn in presence of oxygen.



Heat release during combustion of fuel is taken by water and temperature of it
rises.



Note final steady state temperature of water.

Higher Calorific value of the fuel = (m1+m2) x (Tc + T1 - T2) x Cw / mf
Where, m1 and m2 are mass of water in copper calorimeter and water equivalent of bomb
calorimeter respectively, mf is mass of fuel sample whose calorific value is to be
determined.
T1 and T2 are final and initial temperature of water sample.
Tc is temperature correction for radiation losses.
Cw is specific heat of water
Water equivalent of bomb calorimeter can be found out for particular bomb
calorimeter by first by doing experiment based on known fuel sample whose calorific
value is already known. It depends on the manufacturer of the Bomb calorimeter.

6.3.3 Results
The calorific value of the given sample is 39 MJ/kg.

6.4 Gas Chromatography
A gas chromatograph (GC) is an analytical instrument that measures the content of
various components in a sample. The analysis performed by a gas chromatograph is
called gas chromatography. Typical uses of GC include testing the purity of a particular
substance, or separating the different components of a mixture (the relative amounts of
such components can also be determined). In some situations, GC may help in identifying
a compound.
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In gas chromatography, the mobile phase (or "moving phase") is a carrier gas, usually
an inert gas such as helium or an unreactive gas such as nitrogen. Helium remains the
most commonly used carrier gas in about 90% of instruments although hydrogen is
preferred for improved separations. The stationary phase is a microscopic layer
of liquid or polymer on an inert solid support, inside a piece of glass or metal tubing
called a column (an homage to the fractionating column used in distillation). The
instrument used to perform gas chromatography is called a gas chromatograph (or
"aerograph", "gas separator").

Fig-15 Schematic diagram of Gas chromatograph

6.4.1 Principle of gas chromatography:
The sample solution injected into the instrument enters a gas stream which transports the
sample into a separation tube known as the "column." (Helium or nitrogen is used as the
so-called carrier gas.) The various components are separated inside the column. The
detector measures the quantity of the components that exit the column. To measure a
sample with an unknown concentration, a standard sample with known concentration is
injected into the instrument. The standard sample peak retention time (appearance time)
and area are compared to the test sample to calculate the concentration.

RESULTS
Compound Name

Area (%)

2,4-Decadienal,(E,E)-$$(E,E)-2,4-Decadienal

43.32

2,4-Dodecadienal,(E,E)-$$(trans,trans)-2,4-D

31.39

Pentalene,octahydro-2,5-dimethyl-$$ 2,5-Dim

9.10
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Table 8: Extracted Oil Analysis Results
The quality of the obtained biodiesel was evaluated according the ASTM standard,
showing that the biodiesel

obtained is within

the

standard limits for all the

Results

Unit

evaluated parameters.

Sl No

Parameters

1

Density(at 28◦C)

1.837

gm/cm3

2

Viscosity(kinematic at 40◦C)

2.73

mm2/sec

3

Flash point

45

◦

4

Fire Point

48

◦

5

Calorific value

39

MJ/kg

6

Carbon content

0.042

%

7

Sulphur content

0.029

%

C
C

Table 9: Comparison of coffee oil and diesel
Sl
No
1
2
3
4
5

Properties
◦

3

Density @ 15 C (gm/cm )
◦

2

Kinematic viscosity @40 c (mm /sec)
Calorific value(MJ/kg)
Flash point (◦c)
Fire point (◦c)
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Coffee Oil

Diesel

0.89

0.86-0.9

2.73

1.9-6

39
45
48

40
50
52
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CHAPTER 7

BIOMASS
7.1 General
Biomass is fuel that is developed from organic materials, a renewable and sustainable
source of energy that is used to create electricity or other forms of power. Biomass made
from coffee grounds is a much cleaner and greener type of fuel than many other kinds of
biomass, where a feedstock material is grown in order to use as fuel, because the grounds
are essentially a waste product of making coffee, so a waste-based biomass pellet is much
more sustainable. It's a carbon-neutral fuel that not only happens to have a higher calorific
value than wood, making it a great fuel option, but that is also cheaper than most of the
alternatives.
From the SCG 15-20% can be converted to bio-fuel and the rest 80% is converted to
biomass which can be a better substitute for wood and charcoal.

Fig-16 Coffee pellets

Engineering properties of biomass are important for the design and operation of
processing facilities for handling, storage, transportation, and conversion to fuels, heat,
and power. These properties include bulk density, particle density, particle size, colour,
moisture content, ash content, heating value, and flow ability.
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7.2 Moisture Content
Moisture content of biomass is one of the important physical properties for the design of a
drying process. The sample must be dried and processed to produce feedstock for heat
and power and chemical production. Dried biomass is also preferred during handling and
storage to minimize the mould formation, self-heating issues.

7.3 Bulk Density
Density of a biomass is defined as the mass over its volume (kg/m3). In the context of bio
energy, density is divided into two groups: bulk density and particle density.
Bulk density is an important characteristic of biomass that influences directly the cost of
feedstock delivered to a bio-refinery and storage area. The non-uniform particle size and
shape of the raw biomass lead to the high cost for transportation, storage, and feeding of
the particles into each unit operation. Bulk density of a biomass varies with its moisture
content and particle size. Therefore, the bulk density of a measured product should be
specified with moisture content.

7.4 Calorific Value
Calorific value of biomass is crucial to determine its energy that can be recovered during
thermo-conversion. From recent studies, it was found that thermally treated biomass with
increased calorific value could be a suitable candidate to blend and co-fire with coal for
power generation with reduced greenhouse gas emissions.

7.5 RESULTS AND COMPARISION
Sl.No Parameters

Units

Results

Wood

1

Moisture content

%

7.00

<10

2

Bulk Density

gm/cm3

0.43

0.3-0.55

3

Calorific value

Cal/gm

4097.28 3611.1094
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7.6 Cost Estimation
The following details provides the cost estimation for 25gms of sample (SCG)
Ratio: 1:20 (SCG:Hexane)
Sample: 25gms of SCG
Solvent: 971 ml of hexane
Hexane recovered (After distillation): 958 ml
Extracted oil: 15.27gms = 17.16 ml
Density of Hexane = 0.51g/cc
1kg of Hexane=1960ml = Rs 70
Therefore, 1ml of Hexane = Rs 0.03
Cost of Hexane used = 971*0.03 = Rs 29.13
Cost of Hexane recovered = 958*0.03= Rs 28.74
Selling price of spent coffee oil = Rs 55 per litre
Cost of extracted oil=17.16ml*0.055 = Rs 0.9438
Cost of Hexane consumed = 12 ml *0.03 = Rs 0.36
Profit = 0.9438-0.36 = Rs 0.5838
Therefore, Total profit for 1kg of sample = Rs 584
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CHAPTER 8

CONCLUSION
1. The spent coffee grounds have been successfully converted into a potential source
to produce biodiesel and its by-products as fuel pellets.
2. Oil extraction with a mixture of SCG/hexane (1:20) (wt/wt) that allowed for
the higher oil recovery

at a relatively

lower

cost was converted to

biodiesel with 15-20 % yield and remaining 75-80% as a biomass.
3. The extracted oil was analyzed and obtained results as per ASTM standards.
4. The solid waste remaining after oil extraction , which is the by-product from the
biodiesel production, is experimentally proven to be promising raw material
for producing fuel pellets.
5. The production of the solid waste after oil extraction can also promote a
zero waste approach for the biodiesel production process.
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Treatment and Disposal’ conducted by The Institution of Engineers (India)
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