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Abstract The decreasing availability of fossil fuels and environmental issues asso-
ciated with their use has placed a greater emphasis on biofuels production as a
competent alternative source to produce energy in the current era. Production of
biofuels from plant-based oil has a good prospect as a competent alternative to fossil
fuels. The concept of utilizing waste date pits for biofuels production is promising
due to its abundant availability in Oman. Present work reports, a better way to
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valorize the waste biomass (Date pits) is adopted in order to get environment friendly
catalyst which will be effectively used for producing biodiesel. The produced carbon
material was impregnated with KOH to enhance the efficiency and analyzed by
SEM, XRD, EDX and BET. The production of biodiesel was analyzed by parametric
studies involving following process parameters which include process temperature,
reaction time, type of catalysts along with methanol to oil ratio. The maximum yield
obtained was 91.6% for following parametric value such as temperature 65 �C, for
C3 (6 wt% KOH on carbon) catalyst when 9:1 methanol to oil ratio was used.
Moreover, the verification for quality of produced biodiesel was done by comparison
with standards recognized internationally (ASTM and EN). The produced biodiesel
possessed a cetane number of 60.31, density 881 kg/m3, flash point 141 �C, viscosity
was measured to be 4.24 mm2/s, low temperature properties which includes cloud
point, cold filter plugging point and pour point were 3.9 �C, �0.62 �C, �1.4 �C
respectively thus these properties identify the quality of produced biodiesel. Thus, all
properties were within the ranges provided standards of ASTM and EN. Thus, it can
be concluded that Date pits biomass is potential alternative source for catalyst
synthesis along with biodiesel.

Keywords Waste biomass, carbon catalyst · Biodiesel · Energy source

6.1 Introduction

Currently, fossil fuels are sources for energy production and only source for energy
supply (Bae and Kim 2017; Abas et al. 2015; Mohr et al. 2015). As in the last
century world observed the industrial revolution, this enhanced the economic activ-
ity which lead toincrease the energy demand and utilization (Vertes et al. 2010),
carbonaceous fuel which are fossil-based emerged as a main source for production of
energy and in transportation (Fig. 6.1) (Shafiee and Topal 2009). In 2014, oil
consumption was approximately 92 million barrels per day worldwide (2015) and
is expected to reach 116 million barrels per day in 2030 (Cherubini 2010). This hasty
upsurge in oil usage has led to questions regarding its readiness and issues related to
environmental caused by combusting fossil fuels.

As shown in Fig. 6.2, the depletion of fossil oil reserves is due to rapid industrial
growth and population growth which caused the increase in demand for fossil fuel.
42% of the world’s energy is produced by consuming fossil oil indicating the
importance of fossil fuel as the major source for economic development. According
to the 2016 report of the Energy Information Administration (EIA) report, it is
estimated that the world’s total energy consumption will increase by 71% between
2000 and 2030 based on population increment and welfare. The usage of oil, coal
and gas will increase by 30–50% of current value and 75% of energy produced will
be from coal, gas and oil in 2040 (Grammelis et al. 2016; Di Gianfrancesco 2017).
Oil production may its maximum in 2030. Meanwhile, conventional fossil oil is
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expected to be constrained by reduced supply owing to physical depletion and
decreased accessibility to oil possessing area (Capellán-Pérez et al. 2014; Utama
et al. 2014). Due to depletion of fossil fuel reserves the transportation sector may be
affected to a large extent as it consumes more than 50% of oil being produced
worldwide (Dewulf et al. 2005; Vertes et al. 2010; Panwar et al. 2011). Similarly, the
chemical industry is expected to be second most affected sector due to a decreased
supply of fossil oil. The demand for fuel increases ostensibly due to increasing need
for fertilizers, plastics, electricity and chemicals which puts pressure on the available
energy supply and infrastructure.

Fig. 6.1 Worldwide fossil fuel energy consumption from 2012 to 2040 (EIA 2012)
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Fig. 6.2 Fossil reserves exploration and usage worldwide and their consumption (Archibald 2014)
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Based on the trend followed by oil consumption, it can be concluded that fossil oil
supply will not be able to meet demand in the coming era. Therefore, environmental
and availability concerns related to the usage of fossil-based fuels can be overcome
by utilizing alternative energy sources. Hence, renewable and sustainable resources
such as wind, biomass and solar energy can counterpoise the concerns related to
fossil fuels (Tiwari and Mishra 2011). Moreover, among all alternative energy
resources mentioned, biomass is the most suitable alternative based on the fact that
it is an enriched source of carbon. Also, it can serve as a source of energy as well as
biochemicals and catalysts. In spite of this solar and wind can only serve as a source
of energy (Demirbas 2007; Maczulak 2009).

6.2 Biomass as an Alternative Source

Biomass is the material resulting from resources naturally present in the environment
or biological matter derived from living organisms (Klass 2006; Vertes et al. 2010).
It possesses a complex chemical nature and its composition relies on factors such as
location and environment of its growth. Biomass is regarded as renewable as its
production is the result of photosynthesis as a result of energy captured from
sunlight, which leads to the growth of plants (Ptasinski 2016; Ringsmuth et al.
2016). Meanwhile, when biomass itself or its derived products are combusted, CO2

is released into the environment where it may be recaptured as seen in Fig. 6.3,
which shows the complete carbon cycle (Rosillo-Calle and Woods 2012). It is
thought to be the best potential alternative to fossil-based fuels based on its sustain-
ability and reliability as a competent source of organic compounds, which can be
utilized as green fuels, chemicals and materials. Thus, moving towards the
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Fig. 6.3 Carbon cycle for all kinds of emissions and use of CO2 for photosynthesis (Carbon-Cycle
2018)
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sustainable energy sources causes the urgent need for the valorization of biomass.
Therefore, bringing biomass-derived fuels, chemicals and materials to the commer-
cial level requires the development of efficient technologies and this leads this to be
one of the main research domain of current era.

Sustainability and environmental related issues regarding biomass usage have
been considered in terms of industrial-scale production of biofuels based on the first
generation biofuels. First generation biofuels were derived from edible feedstocks
which may lead to food versus fuel controversy and reduce biodiversity (Vertes et al.
2010). Thus, this is considered to be the major drawback for the biofuels production
that may increase the edible oil prices and causes food scarcity in a specific area of
biofuel production and it can be overcome by using non-edible feedstocks.

The sustainability of biomass depends on its source type and it should be
abundantly available for producing biofuels and chemicals. One can prove the
sustainability of biomass based on some parameters such as growth on abandoned
agricultural land, crop waste, harvested plants from forests and organic waste
generated from industrial and domestic purposes (Tiwari and Mishra 2011; Toka
et al. 2014). Moreover, biomass used for biofuels production should have high
energy density. Biomass processed auxiliaries and produced fuels along with
waste are considered to biodegrade either by bacteria or other biological means
more rapidly as compared to fossil-derived products and waste (Ptasinski 2016).

6.3 Feedstock Selection

Almost 90% of biofuels are being produced from edible oils due to a global
imbalance in the market demand and food supply by their high prices and the
reduction of food sources it should be shifted towards non-edible oils sources
(Mofijur et al. 2013). Due to the presence of some toxic components in non-edible
oils such as protein curcin and purgative in jatropha plants, castor plant contains
protein ricin, glucoside cerberin in fruits of sea mango and flavonoids pongamiin and
karajiin in karanja oil, they are not considered good for health (Banković-Ilić et al.
2012). Non-edible oil-producing plants are grown all over the world but of different
types. Also, while considering the plantation of non-edible plants, they can be grown
over barren lands not suitable for cultivation and moreover, help to reduce CO2 as
well from the environment. Worldwide production of different kinds of feedstocks is
shown in Table 6.1. In addition, biofuels produced from non-edible resources can
become a major poverty alleviation program for rural areas by providing them with
energy security and upgrading the non-farm rural sector (Jamil et al. 2018). Finally,
all these factors lead to the feasibility of considering the sustainability of biofuels
production.

There are some issues also related to the non-edible oils for biofuels production
such as they have a high acid value which refers to high contents of free fatty acids,
high viscosity and high oxygen contents which can affect the engine performance
during their combustion (Yusuf et al. 2011). However, it must be pointed out that
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global biofuel feedstocks should not rely on certain sources as it could bring harmful
influence in the long run. The world’s dependence on the fossil fuels is the perfect
example. Therefore, biofuels feedstock should be as diversified as possible,
depending on their geographical locations in the world.

6.4 Biomass Availability

Date palm is considered the main crop in Oman which occupies 54 percent of total
agricultural land in the country (El Hag et al. 2002, 2014). Date palm exists in large
amounts in Oman with around 200 cultivated varieties and a production rate of about
270,000 metric tons per year from an area of 31,500 hectares. The total production of
dates in Oman reached 308,000 tonnes in 2013 from 281,000 tonnes in the previous
year, according to the latest data released by the Ministry of Agricultural and
Fisheries (2014). The ministry had conducted a detailed survey of the most important
crop of the country during 2013. It revealed that out of the 308,000 tonnes, only
7000 tonnes were exported. According to the statistics, the local consumption within
the country was 164,000 tonnes when the population of the country was 2,159,000

Table 6.1 Different kind
feedstocks available in
different regions

Country Feedstock

USA Waste oil/soybeans/peanut

Canada Rapeseed/animal fat/soybean/yellow grease

Mexico Waste oil/animal fat

Germany Rapeseed

Italy Rapeseed/sunflower

France Rapeseed/sunflower

Spain Lin seed/sunflower

Greece Cotton seed

UK Waste cooking oil/rapeseed

Sweden Frying oil/animal fat

Ireland Rapeseed

India Jatropha/rapeseed/sunflower

Malaysia Palm oil

Indonesia Palm oil/jatropha/coconut

Singapore Palm oil

Philippines Coconut/jatropha

Thailand Palm oil/jatropha/coconut

China Waste cooking oil/rapeseed/jatropha

Brazil Soybeans/palm oil/castor/cotton oil

Argentina Soybeans

Japan Waste cooking oil

New Zealand Waste cooking oil/tallow

GCC Date palm
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(2014). On average, a single person consumed 60 kg of dates annually. This is in
addition to 1,710,000 expatriates, who, on average consumed around 20 kg of dates
per person. Oman ranks ninth in the world dates production, however, its export
share is only around 4% of all dates produced (Manickavasagan et al. 2012).
Majority of dates are used for human consumption (51%), while animal consump-
tion constitutes 22%. This would deliver around 62,000 metric tons of residues that
represent 23% of the total date production.

6.4.1 Potential of Utilizing Waste Date Pits for Biofuel
Production

Based on Date palm production it can be reported that Oman can potential candidate
for supplying biomass waste for biofuel production. Date palm waste (pits) has
outstanding potential as an substitute energy supply as it evades the use of the edible
parts of the plant, hence does not compete with the food supplies for biodiesel
synthesis. The by-product from dates is date pits. They are largely available in Oman
and are usually very cheap. They can, therefore, be used as a source for producing
biofuel. The residues of date palm tree and spoiled dates comprise economic and
environmental burden to be managed. Interestingly, date pits contain 15–20%
volatile compounds that can be a potential source for biofuel production. There are
two main pathways used to obtain oil such as fermentation for bioethanol production
and oil extraction and transformation of that oil to biofuel. The fermentation process
could be time-consuming while the yield is low. For these reasons, obtaining biofuel
from oil extracted from date pits is a preferred method and so the biofuel production
from date pits would be a very attractive option. Amani et al. (Amani et al. 2013)
produced biodiesel from the oil extracted from date pits by transesterification and
reported that the biodiesel produced fulfilled international standards for biodiesel.
Azeem et al. (2016) studied the potential of various varieties of date pits for biodiesel
production. They found that biodiesel from waste date pits possesses the fuel
properties which meet the international standards. Biofuel production from renew-
able resources in Oman such as date pits will not only help in recycling the vast
amount of waste materials produced in the country but will also provide the local and
governmental authorities with the economic and technical benefits of biofuel. The
use of biofuel may replenish any future shortage of fossil fuels due to continuous
population growth and will decrease the greenhouse gas emission.

6.4.2 Waste Date Pits

Date pits (Phoenix Dactylifera L.), were collected from a local “Dates” farm in
Muscat. The pits were brown in visual appearance as shown in Fig. 6.4. As pits were
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collected from the farm, they were treated as waste. So, first of all, they were cleaned
and then washed with water in order to remove dirt and pulp. The pits (15–20 wt%
moisture content) were then sun-dried for 6–7 days, followed by overnight drying in
an oven at 70 �C to completely remove the moisture content from date pits. The dried
pits were rigid and hard. Hence, the strong mechanical grinder was used to grind
them into powder form. The powdered material obtained after grinding was sealed so
as to avoid moisture contamination and open just before use. The grinder used for
grinding the waste date pits is shown in Fig. 6.4c. Ground date pits were used to
extract the oil in a Soxhlet apparatus in which hexane was used as a solvent. Standard
method AOCS was adopted for extraction.

6.5 Biodiesel

The term biodiesel refers to the alkyl esters of plant oils and animal fats produced by
transesterification (Bart et al. 2010a, b, Knothe 2010). Biodiesel ought to be a
combination of saturated and unsaturated fatty acids and monoalkyl esters derived
from edible and non-edible sources. It is considered as an alternative fuel to
conventional diesel if it complies with international standards (American Society
of Testing and Materials ASTM D6751 and European standard EN 14214) (Bart
et al. 2010a, b; Chen et al. 2013, Aransiola et al. 2014, Baroi and Dalai 2015). The
increasing trend of adopting the biodiesel as a competent alternative to fossil diesel is
due to its physiochemical properties and energy content which allows it to be used
directly or in blended form with conventional diesel in compressed-ignition engines
without modification (Gerhard et al. 1997).

Fig. 6.4 Waste date pits (a) original form, (b) powder of waste date pits and (c) grinder used for
grinding
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Transesterification refers to the reaction in which triglycerides react with alcohol
in the presence of suitable catalysts and give monoalkyl ester (Demirbas 2007;
Demirbas 2008) as shown in Fig. 6.5. This is also known as alcoholysis and
considered to be most suitable technique compared to others used for upgrading
plant-based oils and animal fats to consumable fuel for energy production or
transportation purposes (Jitputti et al. 2006; Meher et al. 2006). The product fuel
obtained from this process is known as biodiesel and is one of the most commonly
used and commercialized products from plant-based oils and animal fats.
Transesterification is not a new method; it was first reported in 1853 in which
alcoholysis of castor oil was done with ethanol, but the desired product was glycerol
(Demirbas 2005). It is considered to be cheapest among other techniques used for
upgrading plant-based oils and animal fats and to overcome the major problem of the
higher viscosity of oils (Yan et al. 2007; Liang et al. 2009a, b). The important
factors, which one should consider before applying transesterification for upgrading
oils are fatty acid content, the water content in oil, amount of saturated component in
fatty acids and components which cannot be converted such as sterols, hydrocarbons
and tocopherols. The water content of oil should be less than 0.5% because it leads to
hydrolysis of oil to generate FFAs, which cause soap formation in the presence of
alkaline catalysts (Chouhan and Sarma 2011; Lin et al. 2011). The amount of
saturated components does not affect the process as such but it can lead to poor
properties of biodiesel produced. Meanwhile, the percentages of non-convertible
should not exceed 1.5%. If they are more than that, this indicates that there is some
contamination in oil and it should be filtered before transesterification (Mofijur et al.
2013).

6.5.1 Biomass Collection and Catalysts Synthesis

Date pits were gathered from nearby food processing factory located in Muscat,
Oman. Firstly the date pits were grinded and powdered material was washed in order

CH2COOR1
CH2OH

CH2OH

CHOH

GlycerolAlkyl Esters
(Biodiesel)

R1COOR

R2COOR(3ROH)

R3COORCH2COOR3

CHCOOR2

Alcohol

Reversible

Triglycerides

+ +

Fig. 6.5 Transesterification of triglyceride to form alkyl ester and glycerol as a by-product
(Demirbas 2008)
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to remove all impurities. The washed material was placed in oven for 6 h at 110 �C
so as to remove moisture from powdered biomass. After drying the material was
carbonized in muffle furnace at 500 �C in absence od oxygen for 4 hand heating rate
applied was 3.5 �C/min. Further on the the carbonized material was further washed
to remove all kind of impurities and obtained pristine carbon. The pristine carbon
was dried in oven for four hours at 110 �C. The pristine carbon was further modified
by imprehnating with KOH solution in different amounts (2 wt%, 4 wt% and 6 wt
%). Pristine carbon was mixed with aqeous solution of KOH for almost 24 h at
atmospheric conditions so as to impregnate KOH in carbon. The pristine carbon
material modified with KOH in several ratios was first filtered and then dried. The
produced catalysts were denoted as C1 (2 wt% KOH with carbon), C2 (4 wt% KOH
with carbon) and C3 (6 wt% KOH with carbon).

X-ray powder diffraction (XRD) patterns were measured on PANalytical (Xpert
PRO instrument, USA) fitted out with revolving anode and CuKα radiations. The
analysis were carried out in continuous θ/2θ scan refraction mode for synthesized
catalysts. The results of XRD for pristine carbon along with modified carbon with
KOH are given in Fig. 6.6. Two prominent peaks are seen in pattern for pristine
carbon such as 21�-24� and 35�–43� whixh relates to pure carbon and graphite
respectively. Thus there were several peaks present in paterns given for modified
form of catalysts which can be related due to impragnation of KOH. The peaks
which ranges between 26�– 35� can be due to KOH in modified forms of pristine
carbon derived from waste Date pits biomass. Thus it can be concluded based on
patterns given by XRD that KOH has been succesfully impregnated in presitine
carbon.

Scanning Electron Microscope (SEM) was used to measure crystal and surface
morphology in SEM (JEOL JSM-7900F instrument, Japan). Images shown in
Fig. 6.7 are for pristine carbon alond with its modified forms. It was observed
from images that there was not any margin change between images. Moreover the

5 15 25 35 45
2Θ 2Θ

55 65 5

KOH
Carbon

(a)

(b)

(c)

(d)

15 25 35 45 55 65

Fig. 6.6 XRD results: (a) catalysts C1; (b) catalysts C2; (c) catalysts C3 and (d) pristine carbon
(Abu-Jrai et al. 2017)
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images shows that there are not agglomerates present which lead to observation that
KOH is dispersed uniformly on the waste date pits carbon and small changes in the
images as shown in Fig. 6.7a, b and c might be due to increment in the concentration
of KOH. Further EDX results gave assurance of well distribution of KOH on parent
carbon material.

The catalysts were further analyzed through BET analyzer (ASAP 2020,
Micromeritics Instruments Inc., Norcross, GA, USA) using nitrogen gas (99.995%
pure) to determine surface properties such as surface area, size of pores and volume
of pores as carbon material is highly porous. The measurements done in BET are
shown in Table 6.2. It was observed that significant decrement in surface area and
pore volume in modified form of pristine carbon which can be attributed to the fact
that KOH articles occupied the pores up to some extent which affect the activity of
catalysts. However, the final shows that pore size is up to marks so that it can support
trans esterification.

So, it can be concluded based on all characterization that efficient catalysts have
been synthesized with uniform distribution of KOH on parent carbon material.
Moreover, it can stated that as amount of KOH is being increased tends to enhance
the active site for trans esterification to produce biodiesel. Pore channel is basic
requirement for biodiesel formation based on BET results it can be concluded that

Fig. 6.7 SEM images for (a) pristine carbon with 2 wt% of KOH (C1); (b) EDS of C1; (c) carbon
with 4 wt% of KOH; (d) EDS of C2; (e) carbon with 6 wt% of KOH and (f) EDS of C3. (Abu-Jrai
et al. 2017)

Table 6.2 BET results for pristine carbon along with its modified forms

Sample ID SBET (m2/g) Pore Volume (cm3/g) Pore Diameter (nm)

C 432.1 0.22 6.62

C1 229.5 0.17 6.41

C2 218.2 0.15 6.19

C3 210.5 0.14 5.98
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synthesized catalysts have definite pore channel along with active sites. As shown
that all catalysts possess pore diameter even higher than the diameter of triglyceride
molecule 5.8 nm (Wan Omar and Amin 2011). Thus it can be concluded that C3 can
be more active attributed from the fact that it can provide more basic sites and
suitable pore channel.

6.5.2 Biodiesel Production

Oil was extracted using a paper thimble (43 mm, Whatman International Ltd.,
Maidstone England), Firstly the powder biomass was placed in thimble and cotton
was used to cover it from top and placed in Soxhlet assembly for oil extraction.
Extraction process was done for 7 h while using n-hexane as solvent and once
extraction time is over the mixture of oil and solvent are separated by using rotary
evaporator (Buchi, Switzerland). To produce transesterification was carried out in
two neck flask and experiments were done according to plan developed by using
RSM software using Taguchi’s method as mentioned in Table 6.3. Parameters under
consideration were temperature, methanol-to-oil ratio, time, and catalysts type
against the yield of biodiesel which set as response factor calculated experimentally
based on Eq. 6.1.

Yield ¼ wt of methyl produced

wt of oil as feed
� 100 ð6:1Þ

6.5.3 ANOVA Analysis

Significance of all process variables was determined through statistical analysis
known to be ANOVA. First of all a model is predicted based on experimental data

Table 6.3 Plan for experiment developed using RSM

Time (min) Temperature (�C) Catalyst type Alcohol: Oil Yield (%)

80 65 1 15 82.1

80 60 3 12 70.1

40 70 3 15 77.4

80 70 2 9 83.7

60 65 3 9 91.6

60 70 1 12 84.8

40 60 1 9 75.3

60 60 2 15 73.1

40 65 2 12 82.9
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obtained by RSM and p-value test predicts which model is most suitable for current
process. For p-value test the value should be less than 0.05 then it is significant with
more than 95% confidence level. Further on coefficient of determination (R2) gave
another prediction for most significant model for current process and its variance
from experimental data. In order to examine the current process ANOVA analysis is
performed and shown in Table 6.4.

As discussed earlier that for significant model p-value should be less than 0.05
thus for current process model p-value is 0.015 which gave the understanding that
model is significant with more than 95% level of confidence. In similar value this
p-value also indicates the significance for each parameter along with interaction
parameter and cross products. Thus, ANOVA study told that how nominal affect is
of parameters on yield of biodiesel and based on results it can be revealed that the
most significant effect was of temperature on yield of biodiesel. The predicted model
is shown in Eq. 6.2.

Yield ¼ 80:11� 1:58A 1½ � þ 3:06A 2½ � � 7:28B 1½ � þ 5:42B 2½ � þ 3:42D 1½ �
� 0:84D 2½ � ð6:2Þ

High level of accuracy is obtained when CV is low which is the actual indicator
for good agreement between experimentally determined values of biodiesel yield
and values taken based on model predicted from ANOVA analysis. Moreover this
was further justified by high value near to 1 of R2 which gave good fitting of
experimental value with model predicted value. Thus this can be also observed
from the plot shown in Fig. 6.8 as actual yield and predicted yield has good
coincidence between each as they are almost linear with each other. Similarly, it
can be seen in Fig. 6.8 that response values calculated based on the predicted and
actual experimental value were in good agreement.

Table 6.4 ANOVA analysis
for transesterification of date
pits oil

Source F-value p-value Prob > F

Model 65.97 0.015

Time (min) 23.32 0.041

Temperature (�C) 142.8 0.007

Alcohol: Oil 31.74 0.033

ANOVA analysis
Standard deviation 0.95

Corrected value (%) 1.18

R-squared 0.995

Signal/noise 25.682
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6.5.4 Parametric Study

In order to examine the effect of process parameters on biodiesel yield a detailed
parametric is conducted as shown in Fig. 6.9. First of all process time was considered
and other parameters were constant. It can be observed from figure that as the time is
increased biodiesel yield start increasing but this behavior was upto certain time and
after that the decreasing trend was observed. Thus trend the of time can be attributed
to fact that initially time was not enough for reactants to interact and form the
product. Moreover as time start increasing the yield increased lead to observation
that reactants got enough time to interact and form the product but the decrement in
yield may be attributed to the observation that due to difficulty in separation of
downstream process while the reaction is reversible thus cause the decrement in
yield of biodiesel. Process temperature is one of the important parameter to be
analyzed and as shown in figure it can be observed that initially at low temperature
biodiesel yield was quite low. However with the increment in temperature a signif-
icant increase in yield was observed. Similarly to time temperature also gave similar
kind of trend. The yield increased up to certain limit and after that the yield decreased
by increasing temperature. This observation can be related to the fact that but
increasing the temperature the affinity of reactants increases and they react to form
biodiesel. However, as the temperature is increased further the availability of
methanol in reaction vessel starts decreasing thus causing the reversible reaction
and tending to decrease the biodiesel yield. (Gurunathan and Ravi 2015). Another
parameter studied was methanol to oil ratio and its effect on biodiesel is shown by
Fig. 6.9c. As the reaction is reversible based on this fact excess methanol is provided
so as move reaction into forward direction and according to stoichiometric calcula-
tion, molar ratio of methanol to oil 3:1 is required only for transesterification
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Fig. 6.8 Biodiesel yield actual vs predicted values (Abu-Jrai et al. 2017)
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reaction. Based on the trend shown in the figure it can be said that by increasing ratio
tend to increasing the yield of biodiesel but increasing the ration further yield of
biodiesel decreased tending to the observation that higher ratio may obstruct the
separation of byproducts and leading to decrement in biodiesel yield. In the last
effect a catalyst loading was studied and tend in shown in Fig. 6.9d. It can be
observed that both catalyst C1 and C2 gave lower yield of biodiesel as compared to
C3. This can be related to the fact that in C3 there was more quantity of KOH and
thus this tends to provide more active sites for the reaction. Based on the parametric
study conducted it can be suggested that optimum conditions are 65 �C process
temperature, for 1 h reaction time when C3 catalysts was used with methanol to oil
ratio 9:1 and biodiesel yield was 91.6%.

6.5.5 Quality of Biodiesel

Quality of any fuel synthesized is to be determined before claiming its suitability to
be used as fuel. Thus several techniques given by international standards ASTM and
EN were considered for evaluation f produced biodiesel. It was observed that
biodiesel produced gave cetane number 60.31 that fulfill the minimum requirement
defined by standards. One of major drawback of biodiesel to be used as a fuel is its
bad low temperature properties in colder regions. But the produced biodiesel gave
better low temperature properties which were cloud point 3.7 �C, pour point is
�1.6 �C and cold filter plugging point �0.62 �C. Thus for Phoenix dactylifera
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Fig. 6.9 Biodiesel yield with respect to temperature, time, catalyst type and methanol to oil ratio
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kernel oil, low-temperature properties are quite considerable. Moreover, other mea-
sured properties include flash point and calorific values which were 141 �C and
43.24 MJ/kg respectively. As flash point refers to the temperature above which fuel
may ignites thus for produced biodiesel flash point is hgher than the minimum limit
defined by standards. Further on kinematic viscosity and density of produced
biodiesel was observed to be at 40 �C was 4.24 mm2/s and 881 kg/m3, respectively.
One of major property which can help to establish the observation that either fuel
storage is safe or not in terms of corrosion is acid value and for produced biodiesel is
0.32 mg KOH/g and this less than the limit defined by ASTM and EN standards thus
enables its storage and transportation safe.

6.6 Conclusions

All parts of the world are facing issues regarding the depletion of fossil reserves due
to excess usage and ever-increasing demand. Moreover, combustion of fossil fuels
causes environmental pollution due to emission of excess CO2, thus all these issues
lead the search for an alternative source for energy production and transportation
sector. Biomass is considered to be a promising alternative for reducing demand and
consumption of fossil-based fuel reserves. In Oman, abundantly available biomass
from agricultural waste is date pits which are valorized in present research work to
biofuels and catalysts. First of all, grinded date pits were used to extract the oil in
Soxhlet apparatus in which hexane was used as solvent. Standard method AOCS
was adopted for extraction.

Date palm waste (pits) were effectively engaged for oil extraction and carbon post
oil extraction wss engaged in catalysts synthesis successfully to produced biodiesel.
Moreover, it was revealed based on characterization that impregnated material was
uniformly distributed and gave equal number of active sites for biodiesel production.
Based on the parametric study conducted it can be suggested that optimum condi-
tions are 65 �C process temperature, for 1 h reaction time when C3 catalysts was
used with methanol to oil ratio 9:1 and biodiesel yield was 91.6%. Moreover
produced biodiesel was suitable for commercial usage as fuel based on fuel proper-
ties measurement and there comparison with standards ASTM and EN.

So, the conclusive remark for overall research work reported was to valorize
waste date pits which are abundantly available in Oman. All aspects were consid-
ered, such that the oil extracted was subjected to the production of biofuel such as
biodiesel. Moreover, biodiesel was produced in the presence of heterogeneous
carbon catalysts which help to overcome issues related to usage of conventional
homogeneous catalysts. The synthesized catalyst was highly active which makes
biodiesel production economical.
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