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Abstract: Biodiesel is a new and sustainable potential source for bioenergy industry.
Currently, biodiesel is produced using easily available edible vegetable oils from
the agricultural industry but the use of edible oils for the production of biodiesel
being in direct competition with food; it is simply not possible to justify the utilization
of vegetable oils for the production of biodiesel. It is in this context that efforts have
been made to make use of non-edible oil yielding Hemp (Cannabis sativa L.) plant
for biodiesel production. The Free Fatty Acids content of crude Hemp plant oil was
reduced from 47.15 mg KOH/g to 1.01 mg KOH/g by the process of esterification
before the synthesis of biodiesel. The highest conversion percentage of biodiesel
i.e. 83.41% and 85.44% was obtained against NaOH and KOH in concentration of
0.75% (w/w)) and (1.0% (w/w)), respectively. The various reaction of synthesis
parameters such as temperature, time of reaction, steering speed and oil molar
ratio were adjusted to 60 oC, two hours, 600 rpm and 1:6, respectively. Available
analytical techniques were used for qualitative authentication. GC-MS was used for
profiling of various fatty acid methyl esters, FT-IR to monitor the synthesis reaction
and C & H NMR for justification of carbon and proton of the specified compound.
The fuel properties of biodiesel were tested and compared with EN and ASTM
standards.
Keywords: Hemp Plant Oil; FFAs content; Acid-Based catalyze reaction; FAMEs;
Quantitative and Qualitative characterization

1 INTRODUCTION
Today with global oil production approaching its
peak along with billions of tones carbon emissions

into the atmosphere, global temperature rise,
threats of climatic changes and the great obstacles
to further development of conventional energy
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sources, it is very important that due attention be
given to a range of environmental friendly
renewable energy technologies which are too
relevant to the developing countries. It is in this
context that biodiesel is being recognized as a
significant component in many future energy
scenarios. Until recently, biodiesel was produced
from edible feedstock such as sugar can, maize
crops and other vegetable oils, etc. However, the
use of above-cited feedstock created many
problems concerning the food insecurity in most of
the under developed countries thus forcing the
scientific community worldwide to focus their
research efforts to make use of non-edible
feedstock for the production of biodiesel which
were not competing with the edible food crops or
vegetable oil, etc.

Biodiesel is defined as the mono-alkyl ester of long
chain fatty acid derived from various types of
plants and Animals fat. Various type of
conventional and non-conventional crops have
been employed for the production of Biodiesel,
including used oil from frying industry, soybean oil,
rapeseed oil, safflower oil, palm oil [1-3].

The concept of Biodiesel, as an alternative diesel
fuel, has been gaining great importance worldwide
for its good quality, less emission, sustainability
and biodegradability [4]. Mankind is so much
dependent on fossil fuels that it is beyond
imagination to think a world without them. Fossil
fuels are limited and it takes millions of year for
their formation [5]. No doubt, various renewable
and sustainable sources of energy such as solar
energy, wind energy, geothermal energy,
hydropower, etc. have already been exploited
worldwide but currently the role of biofuel,
especially, in the transport sector, is considered to
be of utmost importance. Also, the choices of
potential raw material for biodiesel production,
their availability and cost, etc. are important
aspects that need to be investigated thoroughly.

Amongst potential raw materials available, Hemp
(Cannabis sativa L.) plant belonging to the family
cannabinaceae appears to be an economic option. It
is easily available in the Central Asia as well as
widely cultivated in different parts of the world.
The chemical composition of Hemp plant seeds oil
shows, that it is an important source of oil [6]. The
most important fatty acids of Hemp seed oil, i.e.
linoleic acid and α-linolenic acid as its major
omega-6 and omega-3 polyunsaturated fatty acids,
respectively [6].

Oil seed have been one of the major biomass
sources of fuel [7]. It is renewable and, above all,

compared to petro-diesel, reduces overall global
warming by 78%. In addition, outstanding lubricity,
excellent biodegrability, low viscosity and high
combustion efficiency, are other advantages [8-10].

It has been noticed from the literature survey that
quantitative studies of hemp plant oil have already
been conducted [11,12]. Method used in the
quantitative analysis of hemp plant Biodiesel, have
also been described. Attempts have been made to
describe the methods for qualitative determination
of hemp plant biodiesel, an important issue for
commercialization of biodiesel as compared to
petro-diesel. Accordingly, the quantitative and
qualitative analysis of biodiesel has been the
subject of various recent publications.

In the present research paper, major fuel properties
such as Density, Kinematics Viscosity, Cloud point,
Pour point, Cold filter plug point, Freezing point,
Flash point, Sulfur content, Acid number, etc. have
been studied quantitatively. Analytical procedure,
i.e. Gas Chromatography and Mass Spectrometry,
Carbon & Proton Nuclear Magnetic Resonance and
Fourier Transfer Infrared Spectroscopy, have been
used for their qualitative verification.

2 MATERIALS AND METHODS
The Hemp plant seeds collected from the field were
washed with moderate warm distilled water to
remove the impurities and later dried in oven at 70
oC till constant weight. The oil was extracted by
German made electric oil expeller (KEK P0015-
10127) and subsequently organic solvent extraction
was used for accurate oil content [13]. Through
digital hot plate/stirrer (VWR), electrical balance
(GF-3000) and thermometer. Using methanol,
sulphuric acid, it was possible to obtain 99.9% pure
acetic acid. Also, sodium hydroxide (NaOH),
potassium hydroxide (KOH) and anhydrous sodium
sulphate (Na2SO4) were of analytical grade and
used as such without any purification.

3 EXPERIMENTAL SECTION
3.1 Oil Extraction
10 gm of Hemp plant seeds were crushed in to fine
powder through pastel and mortar. Fine powder
was subjected in a Soxhlet extractor fitted with a
250 ml round-bottom flask and a reflux condenser.
After extraction for 8 hours by 250 ml refluxing
petroleum ether, the solvent was removed at 50 oC
under a moderate vacuum using a rotary evaporator.
Accurate weight of the remaining oil in a flask was
determined by the expression (1) given below [13].

Percentage of crude oil extracted,
W4 = {(W3 - W1) / W2} X 100 (1)
Where W1 = weight of empty flask
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W2 = weight of powder sample
W3 = weight of flask and oil extracted, and
W4 = weight of oil.

3.2 Esterification Reaction
Prior to biodiesel production, mainly due to high
number of free fatty acid content, filtered crude
hemp plant oil was esterified. The main objective
of acid catalyzed esterification was to reduce the
acid value of the oil. The reduction of acid value
was studied using 1% (w/w) H2SO4 as a catalyst
[10].

3.3 Transesterification Reaction
The transesterification process was carried out in
0.5 liters round bottom flask equipped with reflux
condenser, magnetic stirrer, thermometer and
sampling outlet. Approximately, 250 ml Hemp
esterified filtered crude oil was heated up to 120°C
for one hour. The purpose was to remove moisture
and degrade triglyceride in to Mono and
Diglycerides. The base catalyst transesterification
reaction of hemp crude esterified oil was carried
out at 1:6 molar ratio of oil/methanol, respectively
using 0.25%, 0.50%, 0.75%, 1.0%, 1.25%, 1.50%,
1.75%, 2.0% and 2.25% (w/w) NaOH / KOH as
solid base catalyst for optimization. The
temperature and reaction time was maintained at
60°C and stirred for two hours with stirring
velocity of 600 rpm. The resultant mixture was
cooled at room temperature for separation of
different phases. The upper phase contained spotted
soap, middle one biodiesel and lower phase
contained gelatinous mass of glycerin (by-product)
and the same was separated by simple decantation.
After separation of the three layers, hemp crude
biodiesel contains the excess methanol; this crude
hemp biodiesel was purified by distilling the
residual methanol at 55°C for 30 minutes by rotary
evaporator. The remaining catalyst together formed
soap during the reaction and some catalyst was
removed by successive rinsing with distilled water
by adding 1-2 drops of acetic acid to neutralize the
catalyst. The residual water was eliminated by
treatment with anhydrous sodium sulphate
(Na2SO4) followed by filtration (Whatmann No.
42).

Transparent yellowish liquid was obtained as the
final product (biodiesel). The yield of biodiesel
formed was calculated by using the expression (2)
[14].

Yield of  biodiesel (%) 
Grams of  biodiesel produced=   ×  100

Grams of  oil taken for the reaction

(2)

3.4 Qualitative Analysis

Qualitatively, the various fatty acid composition of
Hemp plant biodiesel (FAMEs) was determined by
Gas chromatography, model GC-6890N coupled
with mass spectrometer [model MS-5973 MSD
(mass selective detector)]. Separation was
performed on a capillary column DB-5MS (30 m
×0.32 mm, 0.25µm of film thickness). The carrier
gas was helium with flow rate of 1.5 mL/min. The
temperature in the column was programmed in the
range 120-300 oC at constant increment of 10
oC/min. A 0.1µL Hemp plant Biodiesel in
chloroform sample was injected in a split mode at
split ratio of 1:10. The mass spectrometer was set
to scan in the range of m/z 50-550 with electron
impact (EI) mode of ionization.

FT-IR Spectroscopy was used to monitor the
transesterification reaction of Hemp plant biodiesel,
using Bio-Rad Excalibur Model FTS3000MX, in
the range 4000 - 400 cm-1. The resolution was
1cm-1 and 15 scans.

Carbon and Proton NMR analyses were performed
at 7.05 T using Avan CE 300 MHz spectrometer
equipped with 5mm BBO probes. Deuterated
chloroform and tetramethylsilane were used as
solvent and internal standard respectively. 1H (300
MHz) spectra were recorded with pulse duration of
30o, a recycle delay of 1.0 s and 8 scans. The 13C
(75 MHz) spectra were recorded with a pulse
duration of 30o, a recycle delay of 1.89 s and 160
scans.

Mathematically, Proton NMR was also used for the
determination of hemp plant oil conversion ratio to
fatty acid methyl esters by using the equation (3)
[15, 16].

Percentage conversion ratio of triglyceride to
biodiesel,
C = 100 x 2AMe/3ACH2 (3)
Where, C = percentage conversion of triglycerides
to methyl esters;
AMe = integration value of the methoxy protons of
the methyl esters and
ACH2 = integration value of α-methylene protons.

3.5 Quantitative analysis
Quantitatively, the fuel properties such as Density,
Kinematic viscosity, Cloud point, Pour point,
Cloud filter plugging point, Freezing point, Flash
point, Acid number and Cetane number of
synthesized hemp plant biodiesel analyzed and
were matched with EN and ASTM standards [17,
18].

4 RESULTS AND DISCUSSION
4.1 Synthesis of Biodiesel
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The present study provides quantitative and
qualitative analysis of hemp plant biodiesel. In this
research work, conversion of hemp crude oil to
biodiesel was done using process of esterification
followed by transesterification. But before
processing the biodiesel synthesis, accurate values
for hemp seed oil extraction and free fatty acid
contents of the crude oil were determined. The
calculated accurate extraction value of hemp plant
oil using expression (1) was recorded to be 60.82%.

Anggraini et al [19] stated that the conversion
efficiency decreases gradually in case the free fatty
acid content of crude oil is more than 3%. Here,
the free fatty acid content of crude hemp plant oil
was 47.15 mg KOH/g. However, Dorado et al [20]

found that with free fatty acid content in the crude
vegetable oil of more than 3%, transesterification
would not occur. Viewing the above mentioned
statement, the free fatty acid content of crude oil
was reduced to 1.01 mg KOH/g by the process of
esterification.

For high conversion yield of hemp plant crude oil
to biodiesel, various types and concentration of
base catalyzed were used on the bases of the weight
of crude oil (w/w). The conversion of biodiesel in
percent ratio was different on the bases of various
types and concentration of catalyst Sodium
hydroxide (NaOH)/Potassium hydroxide (KOH), as
shown in Table 1.

Table 1. Synthesized biodiesel yield of Cannabis sativa L. by various concentration of
NaOH & KOH catalyst with constant oil alcohol molar ratio (1:6), temperature (60 oC), reaction time (2 hrs.) and steering (600 rpm).

Plant Species Molar ratio Catalyst Concentration Temperature Time Steering Yield
(Cons.) (Variable) (W/w) (Cons.) (Cons.) (Cons.) (%)

Cannabis 1:6 NaOH 0.25 60 2 600 14.72
sativa L. 1:6 KOH 0.25 60 2 600 0.00

do- NaOH 0.50 do- do- do- 48.09
do- KOH 0.50 do- do- do- 50.49
do- NaOH 0.75 do- do- do- 83.41

Sample oil do- KOH 0.75 do- do- do- 62.08
do- NaOH 1.00 do- do- do- 78.11
do- KOH 1.00 do- do- do- 85.44
do- NaOH 1.25 do- do- do- 43.91

Scale: 250 ml do- KOH 1.25 do- do- do- 64.67
do- NaOH 1.50 do- do- do- 22.05
do- KOH 1.50 do- do- do- 33.45
do- NaOH 1.75 do- do- do- 18.22
do- KOH 1.75 do- do- do- 27.99
do- NaOH 2.00 do- do- do- 0.00
do KOH 2.00 do- do- do- 16.17
do- NaOH 2.25 do- do- do- 0.00
do- KOH 2.25 do- do- do- 0.00

The effect of various base catalysts and their
concentration on biodiesel yield of hemp plant oil
was checked (Table 1). In case of Sodium
hydroxide (NaOH) catalyst, by increasing the
catalyst concentration from 0.25% to 0.50% and
0.75%, the percentage yield of biodiesel increase
but when catalyst concentration increases to 1.0%,
1.25%, 1.50% till to 1.75%, the percentage yield of
biodiesel decrease gradually but at 2.0% and 2.25%,
there was no productive result. This might be due

to soap and emulsion formation. While in case of
Potassium hydroxide (KOH), by increasing the

catalyst concentration from 0.25% to 0.50%, 0.75%
and till to 1.0%, the percentage yield increase step
by step but further increase concentration to 1.25%,
1.50%, 1.75% and 2.0%, cause decrease in yield of
biodiesel and at 2.25 %, the result was negligible.
This was in accordance with the result of Dorado et
al [21] and Encinar et al [22] reported that the
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formation of soap in the presence of high
concentration of catalyst increase the viscosity of
the reactant, thus result in a lower yield.

It could be observed from the data that the
maximum fatty acid methyl ester yield 83.41% and
85.44% were achieved using 0.75% NaOH and
1.0% KOH, respectively. Qualitatively result
appears to be similar to our previous work done by
Ahmad et al [23] Ahmad et al [12] and those of
Dorado et al [21] and Encinar et al [22].

4.2 Profiling of Hemp plant Biodiesel (CSMEs)
Via GC-MS study

Gas Chromatography and Mass Spectroscopy was
used to determine the chemical composition of
hemp plant biodiesel. Freedman et al [24] reported
first time the use of Gas chromatography for the
quantification of ester as well as mono, di and
triacylglycerol. Later on, Cevengrosova et al [25]
used Gas chromatography for the analysis of
rapeseed ethyl ester. In hemp plant biodiesel, nine
major peaks were observed in GC spectrum (Fig. 1).

Each peak corresponds to a fatty acid methyl ester
and was identified from the library match software
(NO. NIST 02). The identified FAMEs with their
retention time and corresponding acid are shown in
Table 2.

Table 2. FAMEs composition of hemp plant biodiesel (CSMEs) by GC chromatogram

Peak no. R.t., min Identified compounds & their formulae Corresponding acid
1 10.53 9-Hexadeceoic acid, methyl ester C16:1
2 10.73 Hexadecaoic acid, methyl ester C16:0
3 12.42 8,11-Octadecaoic acid methyl ester C18:2
4 12.47 9-Octadecenoic acid, methyl ester C18:1
5 12.65 Octadecanoic acid, methyl ester C18:0
6 14.21 11-Eicosenoic acid, methyl ester C20:1
7 14.41 Eicosanoic acid, methyl ester C20:0
8 15.87 13-Docosenoic acid, methyl ester C22:1
9 16.05 Docosanoic acid, methyl ester C22:0

The identity of FAMEs was made by the retention
time data and verified by mass spectrometric
analysis. The mass spectrum was obtained by an
electron impact (EI) ion source.

4.3 NMR Studies
4.3.1 1H NMR analysis:
The hemp plant biodiesel was characterized by 1H
NMR spectroscopy and its spectrum is shown in
Fig. 2a. The characteristic peak of methoxy protons
was observed as a singlet at 3.669 ppm while triplet
of α-CH2 protons, at 2.308 ppm. These two peaks
were the distinct peaks for the confirmation of
methyl esters presence in biodiesel. Other observed
peaks were at 0.895 ppm of terminal methyl
protons, a strong signal at 1.314 ppm related to
methylene protons of carbon chain, a signal at

1.625 ppm from β-carbonyl methylene protons and
at 5.399 ppm due to olefinic hydrogen [15, 16].

1H NMR can also be used, to quantify the
conversion of vegetable oil to methyl esters by
transesterification reaction [15, 16]. The relevant
signals chosen for integration were those of the
methyl group in the methyl esters (3.65 ppm) and
α -carbonyl methylene protons (2.308 ppm). The
highest percentage conversion of hemp plant
triglycerides to corresponding methyl esters by
using eqn. (3) was 92.16% while, practically
observed, the highest yield was 85.44% with KOH
through eqn. (2). The practically observed low
yield value was due to inefficient separation of
biodiesel from glycerin and soap.
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Fig. 1. GC Chromatogram showing various methyl esters of CSMEs biodiesel

Fig. 2a. 1H NMR Spectrum of Cannabis sativa L. methyl esters (CSMEs)
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4.3.2 13C NMR analysis
The 13C NMR spectrum of the hemp plant
biodiesel (Fig. 2b) represents the characteristic
peaks of ester carbonyl (–COO–) and C–O at 174.2
and 51.4 ppm, respectively. The peaks at 131.92

and 127.10 ppm indicated the unsaturation in
methyl esters. Other peaks are related to terminal
carbon of methyl groups at 14.0, and methylene
carbons of long carbon chain, in the range of 20.5–
34.0 ppm [26].

Fig. 2b. 13C NMR Spectrum of Cannabis sativa L. methyl esters (CSMEs)

4.4 FT-IR spectroscopy
The FT-IR spectrum, in the mid-infrared region,
was used to identify the functional groups and the
bands corresponding to various stretching and
bending vibrations in the samples of hemp plant
biodiesel. The position of the carbonyl group in
FT-IR is sensitive to both substituent effects and
the structure of the molecule [27].
Characteristically, the esters have two strong
absorption bands arising from carbonyl (vC=O)
around 1,750–1 and 730 cm-1 while that of C–O
(anti-symmetric axial stretching and asymmetric
axial stretching) at 1,300–1 and 1,000 cm-1. The
stretching vibrations of CH3, CH2, and CH appear
at 2,980 – 2,950, 2,950 – 2,850, and 3,050 – 3,000
cm-1, whereas the bending vibrations of these
groups appear at 1,475 – 1,350, 1,350 – 1,150, and
722 (ρCH2) cm-1, respectively [28].

As shown in Fig. 3, the methoxy ester carbonyl
group in hemp plant biodiesel appeared at 1,743
cm-1. The band, which appeared at 3,465 cm-1,
showed the overtone of ester functional group [29].
The C–O stretching vibration was observed for two
asymmetric coupled vibrations at 1,170 cm-1 due
to vC–C (=O)–O and 1,016 cm-1 due to O–C–C.
The stretching bands of methane and methylene
appeared at 3,006 , 2,925 and 2,854 cm-1,
respectively. The bending vibrations of methyl
groups appeared at 1,436, 1,462 and 1,361 cm-1
while that of methylene appeared at 723 cm-1. C=C
unsaturation in hemp plant biodiesel was noticed in
the band at 1,641 cm-1.
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Fig. 3. FT-IR Spectrum of Cannabis sativa L. methyl esters (CSMEs)

Table 3. Fuel properties values of hemp plant biodiesel (CSMEs)

S/. Fuel properties Biodiesel standard Petro-diesel standard CSMEs
No. ASTM D6751 ASTM D975 B100 %

a. not fixed
b. not fixed
c. not applicable

1 Density (15 oC, cm-3) 0.86 – 0.90 0.834 0.864

2 Kinematic viscosity(40 oC, cSt) 1.9 – 6.0 1.9 – 4.1 4.73

3 Cloud point (oC) -3.0 to 12 -15 to 5 1 oC

4 Pour point (oC) -15 to 16 -35 to -15 -7 oC

5 Cold filter plug point (oC) a b -6 oC

6 Freezing point (oC) a b -8 oC

7 Acid number (mg KOH m-1) 0.5 0.00 0.47

8 Flash point (oC) 100 – 170 60 – 80 120

9 Cetane number 47 min c 57.04
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5 FUEL PROPERTIES ANALYSIS
Quantitatively fuel properties analysis of hemp
plant biodiesel such as Density, Kinematic
viscosity, Cloud point, Pour point, Cloud filter
plugging point, Freezing point, Flash point, Acid
number, Cetane number, etc. are reported in the
Table 3. The values reported are comparable to
ASTM and EN standard for biodiesel and petro-
diesel. In fact, the process of transesterification
though reduces both the molecular weight of crude
oil (one-third) and viscosity (approx. one-eight
percent) but it however increases its volatility. The
fuel density, sound velocity and bulk modulus of
elasticity influence the injection characteristics
significantly [30, 31]. It is worth to note that the
presence of oxygen enhances the combustion
process in an engine. Further, biodiesel having both
the high cetane number and a high flash point,
increases ignition quality of biodiesel but without
any negative effect. The cloud point and flash point
of biodiesel are 15-25% higher than those of petro-
diesel [32].

6 CONCLUSIONS
In this research work, hemp plant oil was
investigated quantitatively and qualitatively for
biodiesel production. The FFAs content of crude
Hemp plant oil was noted 47.15 mg KOH/g. The
high FFAs content of crude oil was reduced up to
1.01 mg KOH/g by the process of esterification.
The highest conversion percentage of biodiesel i.e.
83.41% and 85.44% was obtained against NaOH
and KOH in concentration of 0.75% (w/w)) and
(1.0% (w/w)), respectively. Analytical techniques
(GC/MS, C&H NMR and FT-IR) were used for
qualitative authentication. The fuel properties of
biodiesel were tested and compared with EN and
ASTM standards.

The main theme of analytical and fuel properties
assessment of biodiesel is both to monitor the
quantity and quality of hemp plant biodiesel and its
potential for reliable commercialization. Results
obtained from the present investigations clearly
demonstrate that the Hemp plant that is easy to
grow and to be considered as alternative potential
source for biomass energy. Moreover, based upon
both the quantitative and qualitative finding
together with high quality oil content, it is evident
that methyl ester of hemp plant can successfully be
used as petro-diesel.
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