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“Microwave Assisted Biodiesel Production from Micro Algae (Scendesmus 

Species) Using Goat Bone Made Nanocatalyst” 

Tadios Tesfaye Mamo 

Abstract 

The production of Biodiesel from Sendesums species is one of the best alternative form of 

energy production forms biomass. In conjunction, it treats a wastewater and plays a 

significant role in CO2 sequestration process during cultivation and it’s non-edible and 

can be abundantly cultivated and grown on non- arable lands not suitable for higher 

plants. The aim of this thesis work is production of biodiesel from Sendesums species oil 

using goat bone calcium oxide (CaO) nanocatalyst which is prepared by calcination at 

900 
o
C using muffle furnace and following by characterization using Electron Dispersive 

X-ray, Fourier Transforms Infrared Spectroscopy, Scanning Electron Magnification and          

X-Ray Diffraction techniques. The result shows an average of 43.96 nm size with an 

irregular shape of particles, porous in structure and possesses many active sites. 

Sendesumus species were isolated and culture in Bold Basal Medium by using non-heat 

relising white florescence (2500lux) for 12:12 hours dark and light cycle. Oil extraction 

was carried from harvested, dried and grinded microalgae through Microwave assisted 

solvent extraction method. The physicochemical properties such as density, viscosity, 

acid value, and free fatty acids were estimated as 0.908 g/ml, 53.7 mm
2
/s, 1.96 mgKOH/g 

of oil and 0.981% respectively. The factors that affect the biodiesel yield in the 

transesterification reaction were investigated. An optimum yield of 92 % biodiesel was 

achieved at reaction temperature of 60 
o
C, 2%(Wt) catalyst and 11:1 methanol to oil 

molar ratio. The physicochemical properties of the produced biodiesel were determined 

and the results were in good agreement with the ASTM D675 standards. The results in 

this study indicate that Sendesums species are a promising source of feedstock for 

biodiesel production as an alternative source of fuel via microwave assisted oil 

extraction and use of waste material, goat bone, as a catalyst. 

 

Key Words: Biodiesel. Microwave digester, nanocatalyst, Sendesums species and 

Transesterification. 
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CHAPTER ONE 

1. Introduction 

1.1 Background 

Almost everything on this planet has been harnessed, farmed, or cultured for human‟s 

various needs. These resources have benefited human in many ways such as providing 

electricity, fuel for transportation and food. However, as population increases, these 

resources decreased proportionally. Because of inappropriate use resources have even 

diminished much faster. It is imperative that for a resource to be sustainable, the pace and 

amount of replenishment should be greater than the speed and volume of consumption, or 

at least, equal the rate of consumption. Humans, in their effort to survive, have designed 

various forms of intervention to ensure the sustainability of very important resources. 

Scientific studies and social research activities have been advanced to find ways of 

developing sustainable projects, which can empower people to meet economic needs 

without relying on methods that can adversely affect the environment. 

Many countries are becoming increasingly dependent upon imported sources of oil. The 

United States, for example, currently imports a full two-thirds of its petroleum from only 

a few countries around the world. The demand for energy is growing worldwide 

especially in many of the rapidly developing countries such as in China and India 

(Ahmad et al., 2011). 

 

.  
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Furthermore, the continued combustion of fossil fuels has created serious environmental 

concerns over global warming due to the increased release of greenhouse gases (GHG) 

(Pienkos et al., 2010). When we see the trend of carbon dioxide (CO2) emission from 

combustion of fuel it doubles its amount within the last four decades (International 

Energy Agency, 2017). 

 

The use of energy accounts for a major fraction of all anthropogenic emissions of 

greenhouse gases and in most industrialized countries the use of transportation fuels and 

electricity accounts for a lion's share of all energy related emissions. It is a known fact 

that at the present moment renewable energy contributes not more than 20% to global 

primary energy, although it is expected that 60% of all our energy will come from 

renewable sources by the year 2070. The transportation sector accounts for 21% of the 

current global fossil fuel CO2 emissions to the atmosphere, second only to emissions from 

power production. With global economic growth assumed to average 3.2% per year to 

2030, growth in energy demand for transport is forecast to increase at an average annual 

rate of 2.1% over the same period. Transport sector contribution to total anthropogenic 

GHG emissions is projected to increase to 23% in 2030 (Ullah et al., 2014). 

 

According to Renewable Energy Policy Network for 21
st
 Century 2017 report global final 

energy consumption in 2015 shows Fossil fuels 78.4%, Nuclear power 2.3%, Renewable 

energy19.3% from this share modern renewables has 10.2% and traditional biomass 9.1% 

(Renewable Energy Policy Network for the 21
st
 Century, 2017). Based on the ever-

increasing energy demand it is predicted that the conventional oil reserves will vanish 

after 2050. So, there is an urgent need to develop alternate energy sources towards the 

mitigation of the energy crisis (Mondal et al., 2017) and a microalgae which is non-edible 
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and that can grow in non-arable land and waste water offer this opportunity.  Microalgae 

have the potential to produce more than twenty percent of oil yield per hectare than good 

performing terrestrial plant. These advantages made it an interesting feedstock for 

biodiesel production. In this study a goat bone waste based nanocatalyst is prepared for the 

production of biodiesel from Scenedesmus species oil through transesterification reaction at 

laboratory scale. Moreover, major reaction parameters for optimal yield were also optimized. 

The oil extraction from Scenedesmus species was carried by microwave assisted chemical 

method.   

1.2. Statement of the Problem and Motivation 

 

Ethiopia is one of the countries that belongs to non-oil exporting but imports all of its 

petroleum products to meet the country petroleum needs which increases by 9.3% per 

year (Asmare et al., 2015). However, the price of oil increase rapidly and the government 

has been forced to develop an alternative biofuels strategy to fulfill the need and alleviate 

the influences of imported oil on the country‟s economy. The strategy encourages the 

diversification of energy supplies in the transport sector; therefore, biodiesel production 

plays an important role in Ethiopia. Apart from it biodiesels are one of the potential 

options to reduce the world„s dependence on fossil fuels with less GHGs emission. 

However, biodiesel production has some limitations. One of the concerns with respect to 

increased biodiesel production from 1
st
 and 2

nd
 generation source is the availability of 

land. It is recognized that the GHG benefits of biodiesel can be balance if land with 

existing high carbon intensity is cleared for the production of biodiesel feed stocks. 

Biodiesel produced without large increases in arable land or reductions in tropical 

rainforests could be very attractive and green algae offer the opportunity (Pienkos et al., 
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2010). Many researchers have proved that use of algal biofuels could reduce the GHGs 

emissions by half (Mondal et al., 2017). 

Green microalgae produce high amount of lipid and this makes them suitable for the 

production of biodiesel. Anabaena, Botryococcus, Chlorella, Chroococcus, Gloeocapsa, 

Haematococcus, Lyngbya, Oedogonium, Oscillatoria, Scenedesmus, Synechoccystis, 

Spirulina, Synedra, etc. are green algae species found in most part of Ethiopia (Asmare et 

al., 2015). Among others Scenedesmus species found to be the potential biodiesel feed 

stocks (Mondal et al., 2017). 

To make biodiesel, cost competitive with petro-diesel fuel use of waste based 

heterogeneous catalyst is promising (Talha and Sulaiman, 2016). Among the catalyats, 

alkaline earth metal oxides such as MgO, CaO, and SrO have the high activity for using 

in the typical process at low temperature and under atmospheric pressure condition. 

Calcium oxides, CaO is readily available in the environmental waste such as eggshell, 

mollusk shell, and bone. Not only eliminating a waste management cost, but also the 

catalysts with high cost effectiveness can be simultaneously achieved for biodiesel 

industry (Ahmad et al., 2011). These advantages made it an interesting choice for the 

preparation of a catalyst. 

 

1.3. Objectives of the Study 

1.3.1. General Objective 

The general objective of this thesis work is biodiesel production from Scenedesmus 

species oil using a goat bone based nanocatalyst and to optimize process parameters. 



5 
 

1.3.2. Specific Objectives 

The specific objectives of this study were: 

 To isolate, culture and harvest Scenedesmus species collected from Beseka lake. 

 To extract Scenedesmus species oil using microwave oven and characterize the 

physicochemical properties of the oil.  

 To produce and characterize nanocatalyst prepared from goat bone using advanced 

techniques such as Electron Dispersive X-ray, Fourier Transforms Infrared 

Spectroscopy, Scanning Electron Magnification and X-Ray Diffraction 

 To synthesize biodiesel from Scenedesmus species oil through transesterification 

reaction using nanocatalyst prepared from goat bone in the presence of methanol 

and optimize the reaction parameters.  

 To examine fuel characteristics of the biodiesel produced in this study as per the 

specifications prescribed in the American Society for Testing and Materials (ASTM 

D 6751)  

1.4. Scope of the Study 

The scope of this research is to investigate the possibility of biodiesel production from 

Scenedesmus species. There are five major steps to produce biodiesel from microalgae. 

These are; microalgae cultivation, harvesting, oil extraction and conversion of the oil into 

biodiesel through transesterification using nanocatalyst prepared from goat bone. The 

transesterification process parameters were optimized by varying the parameters; alcohol-

to-oil molar ratio and catalyst loading, to identify their effects on biodiesel yield. Based 

on the final product yield the optimum parameters were determined. Finally, the fuel 

properties of biodiesel produced was analyzed according to ASTM D6751 standards. 
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CHAPTER TWO 

2. Literature Review 

2.1. Biofuels and its Feedstock’s 

The oil crisis of the early1970s triggered the interest in the adoption of land-based 

agriculture-derived fuels known as biofuel (bio-organic fuels) in a bid to augment the 

supply of fossils. Substitution of fossil fuels by biofuel appears to be an effective strategy 

to meet not only future world energy demands but also the requirement for reducing 

carbon emissions from fossil fuels. Nowadays, from all types of renewable energy 

biofuels has the higher portion and it has the capacity to replace the oil demand. 

Biofuels are classified in to three. Namely, Natural biofuels, Primary biofuels and 

Secondary biofuels. Natural biofuels are generally derived from organic sources and 

include vegetable, animal waste and landfill gas. On the other hand, primary biofuels are 

fuel-woods used mainly for cooking, heating, brick kiln or electricity production. The 

secondary biofuels are bioethanol and Bio-Diesel produced by processing biomass and 

are used in transport sectors. The secondary biofuels are sub classified into three so called 

generations. Namely, first generation, Second generation and Third generation (Sheetal R 

and Mahesh M, 2015). 

First-generation fuels refer to biofuel made from sugar, starch, vegetable oil, or animal 

fats using conventional technology. These liquid biofuel comprise the already available 

fuels like pure plant oil from oil crops, biodiesel from etherification of pure plant oil or 

waste vegetable oils and bio-ethanol from sugar or starch crops fermentation. 

Second generation biofuel technologies have been developed to overcome some 

important limitations of first generation biofuel, notably their use as food. Moreover, the 
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first generation energy crops also require high agricultural inputs in the form of 

fertilizers, which limit the greenhouse gas reductions that can be achieved. They are not 

cost competitive with existing fossil fuels such as oil, and some of them produce only 

limited greenhouse gas emissions savings. There is a great deal of interest in using tree 

biomass for second generation biofuel. In addition to being an obvious source of 

sustainable supply when methods are developed for breaking down the plant matter 

cheaply and effectively, trees also contain more carbohydrates, the raw material for 

biofuel, than food crops. 

Impact of second generation biofuel on ecosystems, the carbon cycle and the global 

climate Large-scale use of biomass for second generation biofuel means constant supply 

of large amounts of wood, grasses, and “plant waste”. The removal of organic residues 

from fields will require greater use of nitrate fertilizers, thus increasing nitrous oxide 

emissions, nitrate overloading and its devastating impacts on biodiversity, on land, fresh 

water and in the oceans. It is also likely to accelerate top soil losses. The removal of dead 

and dying trees from managed forests is already leading to large-scale biodiversity losses, 

and also to lower carbon sequestration in forests. On the other hand, growing millions of 

hectares of land under perennial crops for bioenergy will put intense pressure on land 

both for food production and for natural ecosystems. 

In order to ameliorate the problems often associated with land-based biofuel feedstock, 

there have been calls for the adoption of third generation biofuel sources, which require 

much less land and can be applied for reducing CO2 emissions into the atmosphere. 

Particularly, biofuel derived from Aquatic Microbial Oxygenic Photoautotroph 

(AMOPS), more commonly referred to as algae have been advanced as a more 
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sustainable resource that could address the global fuel demands without affecting food 

supply. Of these, biofuel from algae appear to have greater prospects being the only 

renewable energy source that could meet global demand for transport fuels while 

addressing the carbon build- up and global warming issues at the same time (Ullah et al., 

2014). 

2.2. The Algae Biofuels Opportunity 

Algae belong to a large group of simple photosynthetic organisms. They are subdivided 

into two major categories based on their size as Micro and Macroalgea (Pienkos et al., 

2010). Microalgae are prokaryotic or eukaryotic photosynthetic microorganisms that can 

grow rapidly and live in harsh conditions due to their unicellular or simple multicellular 

structure. Examples of prokaryotic microorganisms are Cyanobacteria (Cyanophyceae) 

and eukaryotic microalgae are for example green algae (Chlorophyta) and diatoms 

(Bacillariophyta) (Martins et al., 2010). It has been estimated that more than 100,000 

strains of algae exist, of which about 35,000 species are described (Munir et al., 2013).  

 

The main advantages of using microalgal organisms as a Renewable Energy Options in a 

variety of industrial applications are they grow rapidly with cell doublings of 1-4 per day 

and have higher solar conversion efficiency than most terrestrial plants, they can be 

harvested batch-wise or continuously almost all year round, they can use waste CO2 

sources thereby potentially mitigating the release of GHG into the atmosphere and they 

can produce a variety of feedstock‟s that can be used to generate nontoxic, biodegradable 

biofuels and valuable co-products (Pienkos et al., 2010; Martins et al., 2010).  

More than 50 years of research have demonstrated the potential of various microalgae 

species to produce several chemical intermediates and hydrocarbons that can be 
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converted into biofuels. The three major macromolecular components that can be 

extracted from microalgae biomass are lipids, carbohydrates, and proteins (Table 1). 

These chemical components can be converted into a variety of fuel options such as 

alcohols, diesel, methane, and hydrogen. Of the three major microalgae fractions, lipids, 

by far, have the highest energy content (Pienkos et al., 2010). Several species of 

microalgae are rich in oil; the oil content of some microalgae is around 75% of their dry 

weight in perfect harvest conditions (Martins et al., 2010; Shumbulo and Demeke, 2018). 

 

The most significant distinguishing characteristic of algal oil is its yield and hence its 

biodiesel yield. Microalgae have the potential to produce 5,000-15,000 gallons of 

biodiesel per acre per year (Medipally et al., 2015). Many species exhibit rapid growth 

and high productivity and many microalgae species can be induced to accumulate 

substantial quantities of lipids, often greater than 60% of their dry biomass (Ahmad et al., 

2013). Among potential algal species, Scenedesmus species microalgae have been proved 

to have high lipid content (55%) of its dry weight as well as its nutrient removal potential 

to treat wastewater (Shumbulo & Demeke, 2018). 
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Table 1: Chemical composition of biofuel source microalgae (% of Dry Matter) 

source:(Shumbulo and Demeke, 2018)  

 

2.3. Biodiesel Production from Microalgae 

Biodiesel is produced by a mono-alcoholic transesterification process, in which 

triglycerides reacts with a mono-alcohol (most commonly methanol or ethanol) with the 

catalysis of alkali, acids, or enzymes It has combustion properties similar to those of 

diesel and has been produced commercially or in backyard facilities to fuel vehicles. 

Significant technical advances have been achieved to optimize the transesterification 

process. Currently, biodiesel production relies on animal fats and plant oils. This 

agricultural approach will eventually compete for land resource against food industry 

(Demirbas and Demirbas, 2010). 
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Algae was initially examined as a potential replacement fuel source for fossil fuels in the 

1970s but prohibitive production costs and limitations discouraged the commercial 

development of algae-based fuel production. Subsequent studies, continued through the 

1980s and heightened in the last 15 years, illustrate that research developments are 

enabling the commercial potential of microalgae to shift from aquaculture, fine 

chemicals, and health food to fuel production. Biodiesel production from Microalga 

needs Two Major process that encompasses Upstream Process from isolation of Algae to 

Biomass production and downstream process from drying of algae biomass to diesel 

production. In conjunction, there is a sequence of activities and material needs for it as 

discussed below. 

2.3.1. Isolation and Culturing of Algae Species  

The material used for culturing Algae determine by the quantity of the culture. For small 

scale experiments erlenmeyer flasks fitted out with inlet and outlet tubes for aeration are 

used. Like all plants, micro-algae photosynthesize, i.e. they assimilate inorganic carbon 

for conversion into organic matter. Light is the source of energy which drives this 

reaction and in this regard intensity, spectral quality and photoperiod need to be 

considered. Light intensity plays an important role, but the requirements vary greatly with 

the culture depth and the density of the algal culture: at higher depths and cell 

concentrations the light intensity must be increased to penetrate through the culture (e.g. 

1,000 lux is suitable for erlenmeyer flasks; 5,000-10,000 is required for larger volumes). 

Light may be natural or supplied by fluorescent tubes.  

Temperature usually affects an organism's metabolic rate. The optimal temperature for 

phytoplankton cultures is generally between 20 and 24°C, although this may vary with 
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the composition of the culture medium, the species and strain cultured. Most commonly 

cultured species of microalgae tolerate temperatures between 10 and 27°C. Ethiopia has 

suitable temperature for algae cultivation as shown Figure 1. 

 

Figure 1: Global climate - Number of Months with Average Temperatures Exceeding 10 

°C (FAO-SDRN, 1997a) 

 

Temperatures lower than 16 °C will slow down growth, whereas those higher than 35 °C 

are lethal for a number of species.  

Providing the algae with extra carbon, in the form of the gas CO2, will give much faster 

growth. CO2 is supplied from compressed gas cylinders, and only a very little is needed 

(about half of one percent) in the air supplied to the culture. Both the air and the CO2 

should be filtered through an in-line filter unit of 0.3 microns to 0.5 microns before 

entering the culture, as this helps to prevent other, possibly contaminating, organisms 

from getting into the cultures. 
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In laboratory cultures, however, natural waters themselves are unsatisfactory for 

sustained algal growth mainly because some essential nutrients are usually present only 

in trace amounts. The concentration of these elements largely depends on dynamic 

equilibrium which is disturbed as soon as water is collected. Waters of lakes, ponds and 

sea could not support in the laboratory continued and luxuriant growth of algae. Natural 

waters had to be enriched by the addition of some mineral salts. This marked the 

beginning of the use of enriched culture media where specific conditions are imposed to 

encourage growth of particular organisms (Kumar et al., 2012). The isolation of the 

required species can be done by Washing method , micropipette and agar-plating method 

(Chen et al., 2013). 

2.3.2. Microalgae Harvesting Technologies 

The growth of an axenic culture of micro-algae is characterized by five phases. Growth 

usually refers to changes in the culture rather than changes in an individual organism. 

Growth denotes the increase in number beyond that present in the original inoculums. 

Four distinct phases of growth are described in Figure 2. 

The lag phase - after the addition of inoculums to a culture medium, the population 

remains temporarily unchanged. The logarithmic or exponential phase - the cells begin to 

divide steadily at a constant rate. Given optimum culture conditions, growth rate is 

maximal at this stage. The stationary phase - at this point, the logarithmic phase of 

growth begins to taper off after several hours (or days) in a gradual fashion. The 

population more or less remains constant for a time, perhaps as a result of complete 

cessation of division or the balancing of reproduction rate by an equivalent death rate. 
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The phase of decline or death - Cell division slows down when nutrients, light, pH, 

carbon dioxide or other physical and chemical factors begin to limit growth. Hence, the 

rate at which some cells die is faster than the rate of reproduction of new cells. The 

number of viable cells decreases geometrically. 

 

Figure 2: Schematic diagram of algal growth stages 

 

Harvesting of microalgae should be done before the starting of Death phase in order to 

get high amount of biomass. Efficient harvesting of biomass from cultivation froth is 

essential for mass production of biodiesel from microalgae. The major techniques 

presently applied in the harvesting of microalgae include centrifugation, flocculation, 

filtration and screening, gravity sedimentation, flotation, and electrophoresis techniques. 

The selection of harvesting technique is dependent on the properties of microalgae, such 

as density, size, and the value of the desired products (Chen et al., 2011). A comparative 

study was done among harvesting techniques and they concluded that only centrifugation 

and chemical precipitation are economically feasible options specifically Alum and ferric 

chloride was utilized for harvesting of Scenedesmus and Chlorella via charge 

neutralization (Chen et al., 2013). An optimal harvest method of algae for biofuel 

production should be species independent, use minimal chemicals and energy, and, if 
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possible, preferentially release intracellular materials for collection. Gravity 

sedimentation is only suitable for harvesting of large size microalgal, such as Spirulina. 

In order to enhance the separation of microalgae and the sedimentation rate, a flocculant 

can be added to the system. If land is available and product contamination by coagulants 

is not a concern, gravity sedimentation alone concentrates microalgal suspension to 1.5 % 

w/w solids at minimal cost (Chen et al., 2011). 

 

2.3.3. Algae Oil Extraction  

Lipids extract from algae has majorly two parts polar and non-polar lipids as shown 

Figure 3. The essential oil that is used for the production of biodiesel is found in the non-

polar part specifically the fatty acids (Kumar et al., 2015). 

 

Figure 3: Different classes of microalgae lipids with example. Source: (Kumar et al., 

2015) 

Generally oil extraction teqeniques were divide as Mechanical and chemical methods 

with their advantage and dis advantage and there are also a combination of the two 
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approach to maximize the advantages of the two methods. One of the methods is 

Microwave assisted extraction of oil. 

Microwaves are electromagnetic radiation that heating is carried in a non-contact heat 

source, which can penetrate into the biomaterials, interact with polar molecules like water 

in the biomass, and heat the whole sample uniformly. The higher oil yield with superior 

quality and reduced extraction time are the main advantages of microwave-assisted 

extraction (MAE). A resonant continuous microwave processing system was used for 

extracting oil from microalgae, Scenedesmus obliqus with hexane as solvent and 77% of 

the total lipid content was extracted at 95°C in 30 minute (Mubarak et al., 2014).  

2.3.4. Biodiesel Production Processes 

Vegetable oil can directly be used as biodiesel, by blending them in a suitable ratio with 

conventional diesel. Due to their high viscosity, direct use of vegetable oil in diesel 

engines in isolation is technically not possible. High viscosity results in poor fuel 

atomization; low stability against oxidation due to poly unsaturated nature causes low 

stability against oxidation and subsequent polymerization reactions, low volatility causes 

in complete combustion and thus forms high amount of ashes. Therefore, for direct 

application in diesel engines, vegetable oils must be processed to acquire the necessary 

properties. Micro-emulsification, pyrolysis (cracking) and transesterification are few 

possible processes (Hoekman et al., 2012; Pragya et al., 2013). 

2.3.5. Transesterification Reaction 

Micro-emulsification, pyrolysis or catalytic cracking, both are cost intensive and produce 

a low quality biodiesel. Transesterification is the most usual method to convert oil into 
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(Biodiesel) 

biodiesel, and is the best choice as fatty acid methyl esters (biodiesel), produced by this 

process have their physical characteristics very close to those of diesel fuel. Moreover, it 

is a relatively simple process. Transesterfication converts raw and viscous micro algae 

lipid fatty acid alkyl esters as shown in Figure 4. in the presence of a catalyst.  

 

  

  

 

Figure 4: Transesterification of Triglyceride process 

 

Although biodiesel fuel produced from transesterification of triglycerides contains 

numerous individual FAME species such as palmitic acid (16:0), stearic acid (18:0), oleic 

acid (18:1), linoleic acid (18:2), and linolenic acid (18:3). Some algal-derived lipids are 

dominated by these same fatty acid groups, while other algae are more diverse in their 

composition, containing significant amounts of several other FA groups (Hoekman et al., 

2012). 

 

2.3.6. Possible Ways of Transesterification Reaction 

Transesterification is defined as the reaction of a fat or oil with an alcohol in the presence 

of catalyst to form esters and glycerol. The type of catalyst used determine the yield of 

biodiesel, the reaction duration length, waste minimization and separation process 

easiness.In general, there are three categories of catalysts used for biodiesel production 
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known as alkalis, acids and enzymes. As compare to enzyme catalysts, alkali and acid 

catalysts are more commonly used in biodiesel production. They were then categorized 

into homogeneous and heterogeneous catalysts (Adeyemi et al., 2011).  

2.3.6.1. Homogeneous catalyzed transesterification 

Homogeneous alkaline catalysts are more preferable and commonly used since 

transesterification reaction using its acid counterpart has slower rate. The most common 

basic catalysts are potassium hydroxide (KOH) and sodium hydroxide (NaOH). These 

catalysts are commonly used because of several advantages such as able to catalyze 

reaction at low reaction temperature and atmospheric pressure, high conversion in shorter 

time, and economically available Alkaline catalyst is more commonly used in 

commercial biodiesel production because it do not form water during transesterification 

reaction (Adeyemi et al., 2011; Talha and Sulaiman, 2016). 

2.3.6.2. Heterogeneous catalyzed transesterification 

Numbers of research have been conducted on heterogeneous catalysts to overcome the 

problems caused by homogeneous catalyst in biodiesel production. Most of the 

heterogeneous catalysts developed for production of biodiesel are either alkaline oxide or 

alkaline earth metal oxide supported over large surface area. Heterogeneous basic 

catalysts are more active than heterogeneous acid catalyst, similar to their homogeneous 

counterparts. In addition, solid alkaline catalysts, for instance, calcium oxide (CaO) 

provide many advantages such as higher activity, long catalyst life times, and could run 

in moderate reaction condition. Nonetheless, CaO as catalyst can also slow down the 

reaction rate of biodiesel production. Most of the literature reported on heterogeneous 
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base catalyst used lower reaction temperature (< 65 ˚C). As a matter of fact, temperature 

above 70˚C will resulted in lower yield as methanol evaporates at 65 ˚C. 

Generally said, the low activity of acid catalysts relative to the counterpart basic ones is 

due to different reaction mechanism. However, efforts to utilizing heterogeneous acid 

catalyst for transesterification of triglycerides are limited due to discouraging point of 

view for its low reaction rates and possible adverse side reaction. Consequently, the 

mechanisms and factors influence the reactivity of the solid acid catalysts have not fully 

understood. Not many works were reported on heterogeneous acid catalyst as compared 

to heterogeneous base catalyst. Types of solid acid catalysts that were commonly used in 

esterification and transesterification reaction works include tungsten oxides, sulphonated 

zirconia (SZ), etc. 

It is believed that heterogeneous acid catalysts have the potential as alternative to 

homogeneous acid catalysts and waste-derived heterogeneous catalyst is promising to 

reduce the present high production cost of biodiesel making it competitive with petro-

diesel fuels. Therefore, research is being directed towards the development of 

environmental friendly and cost-effective heterogeneous catalyst for biodiesel 

production. In order to make the biodiesel production more sustainable, the utilization of 

waste heterogeneous catalysts has become recent interest (Talha & Sulaiman, 2016). 

The alkaline earth metal oxides such as CaO is close on the environmental material. 

Generally, Ca(NO3)2, CaCO3, or Ca(OH)2 is the raw material to produce CaO catalysts. 

As alternative way to synthesize CaO catalyst, there are several natural calcium sources 

from wastes, such as eggshell, mollusk shell, and bone. Not only eliminating a waste 
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management cost, but also the catalysts with high cost effectiveness can be 

simultaneously achieved for biodiesel industry (Adeyemi et al., 2011). 

2.3.6.3. Enzyme (Biocatalyst) catalyzed transesterification 

Enzymatic transesterification has drawn researcher‟s attention due to the downstream 

processing problem posed by chemical transesterification. Huge amount of wastewater 

generation and difficulty in glycerol recovery are some of the problems that eventually 

increase the overall production cost of biodiesel and being not environmental kind. In 

contrast, enzyme catalysis occurs without the generation of by-products, easy recovery 

product, mild reaction condition, insensitive to high FFA oil and catalyst can be reuse. 

Thus, enzyme catalyzed biodiesel production has proven to have high potential to be an 

eco-friendly process and a promising alternative to the chemical process. However, 

enzyme catalyzed biodiesel production has some limitations especially when 

implemented in industrial scale because of high cost of enzyme, slow reaction rate and 

enzyme deactivation. Lipase is often used in enzymatic catalyzed transesterification 

(Adeyemi et al., 2011). 

2.3.6.4. Advantages and disadvantages of homogeneous and heterogeneous catalyst 

In general, there are three types of catalyzed transesterification namely alkali-catalyzed, 

acid-catalyzed, and enzymatic transesterification. Enzyme catalysts are more attractive 

recently for its simpler purification process and it can avoid saponification. However, the 

drawbacks are high in cost and longer reaction time required. On the other point, alkali 

and acid catalysts are more commonly used in transesterification because of their 

availability. Alkali and acid catalysts consist of homogeneous and heterogeneous types. 

Sodium hydroxide and potassium hydroxide are two most popular homogeneous base 
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catalysts used in transesterification due to low cost and widely available. Alkali-catalyzed 

transesterification is considered as economical because the process can be carried out in 

low temperature and pressure environment with high yield. On the other hand, 

heterogeneous alkali catalysts are preferable for easier separation process. Nonetheless, 

acid catalysts are used because they can avoid saponification and their performance is 

insensitive to FFA content. Homogeneous acid catalysts that are commonly used include 

hydrochloric acid and sulphuric acid. Even though homogeneous acid catalysts 

transesterification is effective, it leads to serious contamination problems which require 

good separation and purification process of the product. To overcome the limitation, 

heterogeneous acid catalyst is used. The appropriate heterogeneous catalysts can be 

applied in the transesterification system to simplify the product separation and 

purification consequently reducing waste generation. 

2.4 Advantages and Disadvantages of Biodiesels  

Biodiesel utilization has a number of advantages and disadvantages in terms of Economy, 

environmental problem and suitability for use (U.S. Department of Energy, 2016; Gulab 

et al., 2012) some of the advantages of using Biodiesel are:  

2.4.1. Biodiesel Reduces Greenhouse Gas Emissions 

When biodiesel displaces petroleum, it significantly reduces life-cycle greenhouse gas 

emissions. Life cycle analysis completed by Argonne National Laboratory found that 

greenhouse gas emissions for B100 are 74% lower than those from petroleum diesel. 

When oil seed plants grow, they take CO2 from the air to make the stems, roots, leaves, 

and seeds. After the oil is extracted from the oilseeds, it is converted into biodiesel. When 

the biodiesel is burned, CO2 and other emissions are released and returned to the 
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atmosphere. On balance, most of this emitted CO2 does not add to the net CO2 

concentration in the air because the next oilseed crop will reuse the CO2 as it grows 

(Panwar et al., 2011).  

2.4.2. Biodiesel Reduces Tail pipe Emissions 

Testing to date shows that biodiesel is fully compatible with the emission control except 

NOx (Table 2). The fact that NOx emissions increase with increasing biodiesel 

concentration could be a detriment in areas that are out of attainment for ozone 

(Demirbas and Demirbas, 2010). 

 

Table 2: Average changes in mass emissions from diesel engines using biodiesel 

mixtures relative to standard diesel fuel (%).Source: (Demirbas and Demirbas, 2010) 

 
 

The NOx emission problem of pure biodiesel can be overcome by blending it with 

petrodiesel (Table 3). 

 Table 3: Average biodiesel emissions (%) compared to conventional diesel. Source: 

(Demirbas and Demirbas, 2010) 
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2.4.3. Biodiesel and Human Health 

An active research area is the impact of biodiesel and its blends on human health. PM and 

hydrocarbon emissions from diesel engines may be toxic and/or carcinogenic. The 

Mining Safety and Health Administration found that switching from petroleum diesel 

fuels to high blend levels of biodiesel (B50 to B100) significantly reduced PM emissions 

from underground diesel vehicles and substantially reduced worker exposure. However, 

even low concentrations of biodiesel reduce PM emissions and provide significant health 

and compliance benefits wherever humans receive higher levels of exposure to diesel 

exhaust. 

2.4.4. Biodiesel Improves Engine Operation 

Biodiesel, even in very low concentrations, improves fuel lubricity and increases the 

cetane number of the fuel. Diesel engines depend on the lubricity of the fuel to keep 

moving parts, especially fuel pumps and injectors, from wearing prematurely. To address 

the reduced natural lubricity of ultra-low sulfur diesel, Specification ASTM D9751 for 

diesel fuel was modified to add a lubricity. Biodiesel can impart adequate lubricity to 

diesel fuels with poor natural lubricity at blend levels as low as 1% (Demirbas, 2009). 

2.4.5. Biodiesel Is Easy to Use 

Finally, one of the biggest benefits to using biodiesel is that it is easy to use. Blends of 

B20 or lower require no new equipment or equipment modifications. B20 can be stored 

in diesel fuel tanks and pumped with the same equipment as diesel fuel. B20 does present 

a few unique handling and use precautions, but most users can expect a trouble-free B20 

experience (Demirbas, 2007). 
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Apart from thus uses there are some Disadvantages of using biodiesel as diesel fuel. The 

Major disadvantages of biodiesel are higher viscosity, lower energy content, higher cloud 

point and pour point, lower engine speed and power, injector coking, engine 

compatibility, high price and higher engine wear. Important operating disadvantages of 

biodiesel in comparison with petro diesel are cold start problems, the lower energy 

content, higher copper strip corrosion and fuel pumping difficulty from higher viscosity. 

This increases fuel consumption when biodiesel is used in comparison with application of 

pure petro diesel, in proportion to the share of the biodiesel content.  

2.5. Main Factors Affecting the Yield of Biodiesel  

2.5.1. Alcohol type and Quantity 

Many researchers recognized that one of the main factors affecting the yield of biodiesel 

is the molar ratio of alcohol to triglyceride. Theoretically, the ratio for transesterification 

reaction requires 3 mol of alcohol for 1 mol of triglyceride to produce 3 mol of fatty acid 

ester and 1 mol of glycerol. An excess of alcohol is used in biodiesel production to ensure 

that the oils or fats will be completely converted to esters and a higher alcohol 

triglyceride ratio can result in a greater ester conversion in a shorter time. On the other 

hand, an excessive amount of alcohol makes the recovery of the glycerol difficult, so that 

the ideal alcohol/oil ratio has to be established empirically, considering each individual 

process. The type of alcohol use also determine the quality and quantity of biodiesel 

produced for instance ethanol can be produced by the fermentation process, thus is more 

renewable, and also less toxic. In spite of this, methanol being cheaper, more reactive and 

produce more volatile fatty acid methyl esters, is preferred over ethanol.  
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2.5.2. Reaction Temperature 

Temperature clearly influences the reaction and yield of the biodiesel product. A higher 

reaction temperature can decrease the viscosities of oils and result in an increased 

reaction rate, and a shortened reaction time. However, the reaction temperature increases 

beyond the optimal level, the yield of the biodiesel product decreases because a higher 

reaction temperature accelerates the saponification reaction of triglycerides.Most results 

indicate that methanolysis could occur at around the boiling point of methanol and with 

further increase of temperature the reaction favors backward because methanol is not take 

part in the reaction.   

2.5.3. Catalyst type and concentration 

Catalyst type and concentration can affect the yield of the biodiesel product. As 

mentioned before, the most commonly used catalyst for the reaction is sodium hydroxide. 

However, researches were carried in finding other catalyst that is environmental friendly, 

gives higher biodiesel yield with a comparatively short reaction time.   

2.6. Comparison between Biodiesel Production from Algae and Vegetables  

Quantifying the land use changes associated with intensive biofuel feedstock production 

relies upon many assumptions, but it is clear that the accelerated cultivation of terrestrial 

plant biomass for biofuels will have an exceptionally large land footprint (Table 4).in turn 

it affects the production of food crops (Martins et al., 2010; Medipally et al., 2015; 

Shumbulo and Demeke, 2018; Demirbas and Demirbas, 2010; Ahmad et al., 2011). 
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Table 4: Biodiesel production potential of algae and vegetables  

 

2.7. Fuel Property Measurement  

Replacement of existing fuels with new fuel formulations requires understanding the 

critical fuel properties to insure that the new fuels can be used. Discussed in this section 

are some key fuel properties as well as the methods to measure these properties. The 

properties discussed are specific gravity, kinematic viscosity, flash point, boiling point 

(distillation test), cetane number, cloud point, pour point, and copper strip corrosion. 

(Department of Energy, 2006) and summaries in Appendix 1 (Demirbas and Demirbas, 

2010). 

2.7.1. Viscosity  

The measure of resistance to flow of a liquid; important for consistency, injector flow, 

and good atomization (ASTM D445). Higher viscosity fuels can cause poor fuel 

combustion that leads to deposit formation as well as higher in-cylinder penetration of the 

fuel spray which can result in elevated engine oil dilution with fuel. 
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2.7.2. Pour Point 

The lowest temperature at which a petroleum product will just flow when tested under 

standard conditions. ASTM D97. 

2.7.3. Flash Point  

The lowest temperature at which petroleum vapours will ignite under a low flame; 

important for safe handling and storage. ASTM D93. A minimum flash point for diesel 

fuel is required for fire safety.  

2.7.4. The copper strip corrosion  

The requirements for B100 and conventional diesel are identical, and biodiesel meeting 

other D6751 specifications always passes this test. While copper and bronze may not 

corrode in the presence of biodiesel fuel, prolonged contact with these catalysts can cause 

fuel degradation and sediment formation.  

2.7.5. Cetane number 

The measure of the ignition quality of diesel fuel based on ignition delay in an engine. 

The higher the cetane number, the shorter the ignition delay and the better the ignition 

quality. Important for ease of ignition, better starting in cold temperature, reduced engine 

noise, and to control legislated emissions. ASTM D613. 

2.7.6. Cloud point  

 The temperature at which a petroleum product just shows a cloud or haze of wax crystals 

when it is cooled under standard test conditions. ASTM D2500.is important for ensuring 

good performance in cold temperatures. B100 cloud point is typically higher than the 

cloud point of conventional diesel.(Department of Energy, 2006)  
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CHAPTER THREE 

3. Materials and Methods  

3.1 General Overview of the Experimental setup 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: General Experimental flow chart 
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3.2. Nano Catalyst Synthesis 

Calcium oxide (CaO) nano catalyst was prepared from goat‟s bones by collecting goat 

bone from the local hotels. To remove impurity and interference material, the bone was 

washed several times with tape water and allowed it to get dried by sun and crushed it by 

using grinder and sieved it by 63 micron sieve to get a fine powder. For complete 

removal of protein and other derbies the powder was boiled by sodium hydroxide 

(NaOH) solution for one hour. Filtered and washed the powder using distill water several 

times and oven dries it at 105 
o
C for 24 hour. The dry bone was placed into a silica cup 

and decomposed by using Muffle furnace for three hours at 900 
o
C Figure 6 (Jazie et al., 

2013; Nakatani et al., 2009). The combusted bones was cooled at room temperature and 

stored in desiccators over silica gels for transesterification reaction after it was 

characterized by FTIR, XRD, SEM and EDX. 

 

 

Figure 6: Nanocatalyst preparation from goat bone 
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3.3. Characterization of Nano catalyst 

Samples were taken before and after calcination for Fourier Transform Infrared 

Spectroscopy( FTIR), X-Ray Diffraction (XRD), Scanning Electron Microscope (SEM) 

and Electron Dispersive X-ray (EDX) characterization to compare their difference and 

know the characteristics of the synthesized catalyst. 

The goat bone powder sample before and after calcination was characterized using Mini 

Flex 600 XRD for the determination of crystallite size from diffraction peak 

characteristics. Morphology and elemental composition determination of the goat bone 

powder before and after calcination at 900 
o
C was done by JSM-IT300 SEM in Faculty of 

Chemistry, Electrochemistry group, Jagiellonian University, Krakow, Poland laboratory. 

The functional group identification of the bone powder after and before calcination was 

done by FTIR in Addis Ababa University, chemistry department. 

 

3.4. Production of Scenedesmus Species Biomass and biodiesel 

Biodiesel productions from Scenedesmu species were done following two major phases 

that involve upstream and downstream processes. The upstream phase involved different 

cultivation technologies to get a higher quantity of biomass without compromising its 

quality, whereas the downstream stage focused on way of harvesting technique and 

sustainable Biodiesel production (Medipally et al., 2015).  

 

3.4.1. Scenedesmus Species isolation and Culture 

Scenedesmus species has a high oil content, fast growing and contamination resistance 

nature (Xin, Hong-ying, & Jia, 2010). For this research Scenedesmus species was isolate 

and culture from Beska Lake, Beska Lake favors the growth of fresh water microalgae 



31 
 

like Scenedesmus species, found 8.8680° N, 39.8682° E (Figure 7) in Bold Basal Medium 

(BBM) in photoautotrophic conditions (Visca et al., 2017). BBM media is best culture 

medium for supports the growth of scenedesmus species. Because it shows highest 

growth rate and biomass yield per litter (Ilavarasi et al., 2011; Al-shatri et al., 2014) and 

it was prepared as the same way as (Andersen, 2005) procedure and summarized in 

Appendix 2.  

 

Figure 7: Map of Beska Lake 

 

The culture was carried out in 500 ml Erlenmeyer flasks with continuous aeration  during 

all culture times to keep the homogeneity of the culture and supply of sufficient CO2 

because one of the problems with Scenedesmus is that it is heavy and forms thick 

sediments if not kept in constant agitation (Demirbas & Demirbas, 2010; Demirbas, 

2007; Demirbas, 2009; Panwar et al., 2011). To pump sterilized air, the tip of the tube 

was covered by 0.2 micron membrane filter paper. The culturing set up temperature was 
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at room temperature but for carefulness the temperature was recorded and it ranged from 

18-24 
o
C. The light intensity was adjusted to illuminate 2500 lux at the bottom of the 

setup from white non-heat releasing white florescent; the day and night time was set at 

(12:12) hours and automated it by timer in the constructed growing lab setup Figure 8: 

and inoculum size was at 10% (v/v) (Phukan et al., 2011). 

 

Figure 8: Micro- algea growing set up 

 

3.4.2. Scenedesmus Species Harvesting and Drying 

Before harvesting of microalgae, the day of harvesting must be known. To fix that 

determining the growth of Algae was monitored using UV/VIS spectrophotometer by 

measuring the optical density of algal suspension every 24 hour at 750 and 780 cm
-1

. 

experiments were carried out in triplicate (Appendix 3 and 4) and the Specific Growth 

Rate were calculated using equation 1(Fadeyi et al., 2016; Andersen, 2005; Pawlik-

skowron et al., 2014; Jena et al., 2012; Hakalin et al., 2014; Bakuei et al., 2015; Chandra 

Dev Goswami et al., 2011; Jia et al., 2015). The specific growth rate (μ) was determined 

as 
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 ……………………………………..….Equation 1 

 

where; No and N represent the optical density at the beginning time to and any given t, 

respectively.  

The size of Scenedesmus algae species force to use Flocculation harvesting method. The 

flocculation efficiency of FeCl3  is an effective flocculant for Scenedesmus algae species 

with small amount of FeCl3 (Dos Reis Fernandes Montes, 2010) and 0.2 g of FeCl3 was 

used for a litter of culture (Chen et al., 2013). The wet cell mass was dry in open air at 

room temperature (Figure 9). 

 

Figure 9: Algae Biomass harvesting and drying; (a) 1
st
 day of culture, (b) 7

th
 day of 

culture, (c) harvesting of  cultured algae after addition of FeCl3 at 7
th

 day of culture,  (d) 

filtration of algae, (e) drying of algae at room temperature and (f) grinded algae 
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3.4.3. Scenedesmus Species Oil Extraction 

The powder algae biomass was used for oil extraction using microwave assisted 

extraction method (Balasubramanian et al., 2011). Firstly, disrupt the algae powder using 

Ethos One high performance microwave digester at 95 
o
C, for 40 minute using 1:10 

(g/ml) of algae powder to water ratio. After the disruption mix with equal amount of n-

hexane with the digested solution and stir it for 15 minute at 1500 rpm and filtration and 

distillation by using rota vapor was followed to get the purified oil as shown Figure10 ( 

Chen et al., 2014). 

 

Figure 10: Micro algae oil extraction procedure; (a) microwave digester, (b) blending of 

disrupted oil with n-hexane, (c) filtration using cheese cloth (d) separation using 

separatory funnel, (e) evaporation by rota vapors and (f) purified micro algae oil 
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3.4.4. Physicochemical Properties of Extracted Oil  

The oil was analyze for physicochemical properties such as density, kinematic viscosity, 

acid value, FFA content, Saponification Value, Ash Content and moisture content. These 

parameters directly or indirectly may affect the quality of the biodiesel (Ejim and Kamen, 

2013). 

3.4.4.1. Density of Algae Oil 

The weight of a pyconometer was determined using an electronic weighing balance. A 

51.2 ml sample that is heated to a temperature of 40 
o
C was filled into pyconometer and 

the weight of the bottle and oil determined. The density was calculated using the formula 

below. 

        
     

 
     ……………………………………..………..….… Equation 2 

 

Where; w1, w2 and v for weight of pychnometer, weight of pyconometer with oil and 

volume of oil. 

3.4.4.2. Kinematic Viscosity 

A digitalized Sine-Wave (SV-10, 2011, Australia) vibro viscometer was employed to 

determine the viscosity of the oil. The oil sample filled in the viscometer cup was kept at 

40 
0
C constant temperature water bath for 30 minutes. The vibro viscometer tip was 

inserted in the cup containing the sample and the reading was recorded for a fixed 

volume of liquid. The reading of the vibro viscometer was dynamic viscosity therefore 

the value had to be corrected to find the kinematic viscosity using the following equation 
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   …………………..….…… Equation 3 

3.4.4.3. Acid Value (AV) 

Acid value or acid number is “the quantity of base, expressed as milligrams of potassium 

hydroxide per gram of sample, required to titrate a sample to a specified end point. To 

determine the acid value of oil a titration solution of 0.1N of KOH in distilled water was 

prepared. A 2g of oil was added to a beaker and heated at 70 
o
C for 3 minutes. Then, 20 

ml of anhydrous ethanol (99.5%w/w), 20 ml of diethylether and 5 drops of 

phenolphthalein were added into the titration beaker that contained oil sample. Then oil 

sample was mixed thoroughly with a mixture of 20 ml of ethanol, 20 ml of diethylether 

and 5 drops of phenolphthalein. Finally, titration solution, 0.1N of KOH was being added 

1 drop at a time until the first color (until pinkish color appeared) change was observed. 

Once the color change was observed, the titration volume (ml) was recorded and the 

recorded volume was used to calculate the acid value using the equation 4; 

 

 

   
     

 
  ………………………..………………………………………. Equation 4 

 

Where; M, N, V and W were molecular weight of KOH, normality of aqueous solution of 

KOH, volume of titrant used for titration (ml) and weight of oil sample respectively. 

3.4.4.4. Free Fatty Acid (FFA)  

The free fatty acid (FFA) of the oil was calculated empirically from the acid value 

previously determined using the equation 4. 
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  …………………………………………………………………Equation 5 

 

Where; %FFA - percentage of free fatty acid and AV- Acid Value of the oil 

 

3.4.4.5. Saponification Value of Oil 

Saponification value (SV) is expressed as the number of milligram of KOH required to 

saponify 1 g fat. A 0.5 mol/l potassium hydroxide in anhydrous ethanol (99.5%w/w) and 

a titration volume of 0.5 mol/l hydrochloric acid solution in distilled water was prepared 

to determine the saponification value of the oil. Then, a 2 g oil sample and a 25 ml 

solution of 0.5 mol/l potassium hydroxide in ethanol were added in a 250 ml conical flask 

and were heated at a temperature of 70 
o
C for 30 minutes. Then the heated mixture was 

cooled immediately and 5 drops of phenophtaline was added as indicator. Before the test 

liquid solidified, the sample was titrated with 0.5 mol/l hydrochloric acid solution. As the 

color change observed, the titration was stopped and the value was recorded. The same 

procedure was also performed using a blank level test (without addition of the oil sample) 

in parallel with the above activity. The saponification value was then calculated using the 

Equation 6. 

 

 

                              
         –   

 
 ………………………...….Equation 6 

 

 

 

where; MW- molecular weight of KOH, N -normality of HCL solution, Vb - volume of 

HCl solution used in blank, Vs- volume of HCl solution used in the sample and W - 

weight of oil used 
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3.4.4.6. Moisture Content 

A dish was weighed with and without oil. The dish with oil was dried in an oven at 105 

o
C for 7 hrs, weighing each 2 hrs till constant weight is obtained and finally the weight 

was taken and compared with the initially recorded weight. The percentage weight in the 

oil was calculated using Eqaution 7. 

 

 

                     
     

  
     ……………………………..………Equation 7 

 

 

where; W1 - original weight of the sample and  W2 - weight of the sample after drying 

3.4.4.7. Ash Content  

Furnace was used to determine the ash content of the oil. A burning cup containing 20g 

oil was placed in a furnace for 4 hour which was set at a temperature of 550 
o
C. Then 

after burning the residue sample was weight and ash content was calculated using 

Equation 8. 

             (
 

 
)  

                         

                   
      ……………………..Equation 8 

 

3.4.4.8. Molecular Weight Determination  

The molecular weight of the oil was calculated as Equation 9 (Shabudeen & Indhumathi, 

2014). 

   
      

     
 …………………………………………….…………………..Equation 9 

 

where; MW-molecular weight of oil, SV- saponification value of oil and AV- acid value 

of oil  
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3.4.5. Biodiesel synthesis by Transesterification reaction  

The lipid obtained after extraction was use in the heterogeneous transesterification 

without further treatment. Transesterification was carried at 60 
o
C, 1500 rpm stirring 

speed and varying reaction conditions. methanol to oil molar ratio and catalyst loading 

rate in the range of 1:5 to 1:13 and 1-3 % (Wt.), respectively (Manikandan and 

Rajasekaran, 2013). The produced biodiesel was analyze for physicochemical to 

determine its quality and specific gravity, kinematic viscosity, acid value, FFA content, 

saponification value of oil, ash content and moisture content, cloud point and water and 

sediment (Shabudeen and Indhumathi, 2014).  

 

3.4.6. Design of Experiment  

The reaction was carried out in a 250 ml three nack round bottom flasks equipped with 

condenser placed in a controlled hot plate for monitoring reaction temperatures, as shown 

in Figure 11. Scendesmus oil was placed in the reactor and heated to a temperature 

required through the hot water bath in a beaker. This was followed by adding the desired 

amount of pre-heated methanol mixed with the required amount of goat bone ash which 

is calicnated at 900 
o
C into the reactor and has been stirred vigorously at 1500 rpm using 

the magnetic stirrer. The temperature was set at 60 
o
C and the time of reaction for three 

hour for all reaction. However, oil to methanol ratio and catalyst loading was varied for 

each experiment to identify the condition at which higher yield was obtained. Figure 11 

shows the experimental setup of transesterfication reaction (biodiesel production) 

process. 
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Figure 11: Three necks reflux setup for transesterfication reaction (Biodiesel production)  

t 

3.4.6.1. Transesterification reaction parameters  

The parameters to be investigated and optimized were effect of oil to methanol molar 

ratio and catalyst loading with constant reaction temperature, stirring speed and reaction 

time. Transesterification reaction was carried out in a reactor with magnetic stirring. The 

catalyst was dispersed in methanol by magnetic stirring. The mixture was heated to the 

desired temperature and 50 ml of Scendesmus algae oil with the desired temperature was 

added to the reactor. After the reaction, the mixture was transferred into a separating 

funnel and allowed to stand overnight and three phases were formed. The upper phase 

was biodiesel, the middle phase was glycerol, and the lower phase was solid catalyst 

Figure 12(a). 
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Figure 12: (a) Biodiesel separation using separatory funnel and (b) purified biodiesel 

 

The glycerol and the solid catalyst were collected out at the bottom of the separatory 

funnel leaving the biodiesel on the top. The separated biodiesel phase was heated to 80 ºC 

to remove unreacted methanol and finally it was purified (Figure 12(b)). The produced 

biodiesel yield was determined using Equation 10. 

 

Biodiesel yield (%) = 
                            

                 
     ...................................Equation 10 

 

where; SAO is scendesmus algae oil 

It is a key to make a design from which the most appropriate values for each of the design 

factors can be established. The effects of two different parameters, i.e. the amount of 

catalyst and methanol to oil ratio on biodiesel were investigated by keeping mixing 

intensity constant at 1,500 rpm, temperature 60 
o
C and time 3 hour. The optimum values 

of the parameters were identified by varying one the selected parameter variable, while 

keeping the other parameters constant at their possible optimum value. For the 

optimization of the first parameter (the amount of the catalyst) it was varied, and the 

other parameters were kept constant to a selected value by considering the chemical 

a b 
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reaction property of transesterification process. As a base line reaction methanol to oil 

ratio 9:1; catalyst loading 1.5% (wt.) (Manikandan and Rajasekaran, 2013) was done and 

by having this reaction catalyst loading was optimized and by keeping the optimum 

catalyst amount Methanol to oil ratio optimum value was investigated.  

 

Table 5: Experimental test combinations of all the runs 

Run 
Amount of Catalyst 

wt (%) 

Methanol to oil 

molar ratio  

1 1 9:1 

2 1.5 9:1 

3 2 9:1 

4 2.5 9:1 

5 3 9:1 

6 

 

Catalyst optimum 

value 

1:5 

7 1:7 

8 1:9 

9 1:11 

10 1:13 
 

3.4.6.2. Feed Material Requirement for the transesterification process 

For each experimental run of the transesterification process, 50 ml of purified oil was 

used. The amount of catalyst and methanol required was calculated as follows: 

 

Amount of methanol required 

The amount of methanol required when the molar ratio of methanol to oil is 9:1 
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Volume of Methanol = 20.9956 ml  

Similarly, Volume of methanol required when the molar ratio of methanol to oil varies 

was calculated and obtained as shown Table 6. 

Table 6: Volume of methanol need for optimization 

No. Molar ratio of oil to 

methanol 

Amount of methanol need for  50 

ml of oil 

1 1:5 11.664 

2 1:7 16.329 

3 1:9 20.996 

4 1:11 25.661 

5 1:13 30.330 

 
 

Amount of Catalyst required 

The amount of catalyst required when catalyst weight to oil ratio is 1.5% 

                

           
 

   

   
 ;  

                

            
 

   

   
;  

                
       

  
      

 
   

   
 

Mass of catalyst = 0.6816 g 

Similarly, mass of catalyst required was calculated and obtained as shown Table 7. 

Table 7: Amount of Catalyst need 

no Catalyst loading 

(%) 

Catalyst loading need for 50 ml oil 

(g) 

1 1 0.4544 

2 1.5 0.6816 

3 2 0.9088 

4 2.5 1.1360 

5 3 1.3632 
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CHAPTER FOUR 

4. Results and Discussion 

4.1 Catalyst synthesis 

A total of 500 g bones were collected and crushed into small chips. To remove impurity 

and undesirable material, the bone chips were peel by using surgical knife and rinsed 

several times with hot water and subsequently drying by sun to remove tissue and fat 

were following. The bone chips were grounded to fine powdered, sieve and boil the 

powder by NaOH solution (1:10 g/ml of NaOH to distilled water ratio) for one hour in 

case of some unmoved fats and oven drying for 24 hours at 105 
o
C were performed 

before calcinations. The fine bone powder was calcinated in the muffle furnace at 900 
o
C 

for three hour and cool at room temperature in desiccator filled with silica jells before 

characterization. In Each steps weighing was carried as shown in Table 8.  

Table 8:  Amount of waste bone to catalyst conversion. 

Bone Weight (g) Bone Waste to 

catalyst conversion 

(%) Raw Bone After Sun drying 

After Calcination 

at  900 
0
C 

500 485 468.63 93.73% 

 

4.2. Characterization of calcinated goat bone Catalyst   

4.2.1. X-Ray Diffraction (XRD) 

An XRD analysis was conducted on a diffractometer with Ni filtered CuKα radiation at λ 

= 0.154 nm in the range of 2θ = 2.61 – 79.61
o
. It can be seen that in Figure 13: the XRD 

pattern of the raw goat bones shows a wide peak at 30-35 deg. This pattern indicates the 

presence of calcium in the goat bones. 
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Figure 13: XRD Pattern of goat bone before and after calcination 

 

The calcination of goat bone increased the crystallinity of the powder and for crystal size 

determination and symmetry analysis further interpretation of the data was done by 

Match 3 software and the sharp peaks of the calcinated goat bone sample is; at 2-theta 

(2θ) of 32.19
o
, 37.37

o
, 53.83

o
, 64.08

o
 and 67.42

o
 which showed almost similar diffraction 

pattern of the calcium oxide produced by the Joint Committee on Powder diffraction 

Standard (JCDPS) that has the diffractions of 2θ values at 900 °C were 32.2, 37.3, 53.8, 

64.1, and 67.3 deg. (Mohadi et al., 2016). 

 

The crystallite size diameter (D) in nanometer of the CaO nanoparticle has been 

calculated by using the Debye Scherrer equation 11 shown below for each 2θ value and 

FWHM Bsize (°) as shown Table 9. 

                                

     
  

     
 ………………………………………………………………………..  Equation 11 
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Where; β, FWHM (full-width at half-maximum or half-width) is in radian and θ is the 

position of the maximum diffraction peak (the Bragg angle). K is the constant shape 

factor, which takes a value of about 0.94, and λ is the X-ray wavelength which is 1.5406 

Å for Cu Kα. 

 

Table 9: Results of XRD pattern of the prepared nano-catalyst from goat bone  

 

 

 

 

 

 

 

The crystal size distribution ranges from 31.28 to 49.84 nm with average size of the 

crystal 43.96 nm it is a comparable result with the same work that gives 41.47 nm (Jazie 

et al., 2013). 

 

4.2.2. Scanning Electron Magnification (SEM) 

Micrographs were recorded at 1 mm, 200 μm and 10 μm magnifications to determine 

morphology. Figure 14 shows the SEM image of goat bone powder before and after 

calcination at 900 
o
C for 3 hours; where (c) and (f) show surface of large grain from the 

previous images. According to the SEM images, the calcinated goat bone typically 

showed a crystalline structure. In other words, there were various sizes, distribution and 

shapes of particles, which indicate that the catalyst has bigger surface area for reaction 

when it compare with the sample before calcination.  

Peak position 

2θ (°) 

FWHM 

Bsize (°) K λ (Å） 

Dp (nm) Dp Average 

(nm) 

32.19 0.20 0.94 1.5406 43.18 

43.96 
37.37 0.28 0.94 1.5406 31.28 

53.85 0.20 0.94 1.5406 46.53 

64.13 0.20 0.94 1.5406 48.96 

67.30 0.20 0.94 1.5406 49.84 
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Figure 14: SEM images of prepared goat bone nanocatalyst before (a, b and c) and after 

(d, e and f) at 1 mm, 200 μm and 10 μm magnification, respectively and calcinated at 900 
o
C. 
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4.2.3. Electron Dispersive X-ray (EDX) 

Elemental abundance of the goat bone powder before and after calcination was performed 

by Electron Dispersive X-ray (EDX). And the data shown in Table 10 calcination of goat 

bone at 900 
o
C increased the weight (%) of  calcium in the powder from 42.75 to 54.94 

with decrement of oxygen, sodium, magnesium and  phosphorous  from 33.38 to 22.19, 

2.21 to 2.02, 0.76 to 0.49, 20.9 to 20.36, respectively. It showed the basicity property 

increment of the goat bone powder up on calcination. 

 

Table 10: Elemental composition of goat bone before and after calcination 

Element Weight ( %) Atom Concentration (%) 

Before 

Calcination 

After Calcination 

(900 
o
C) 

Before 

Calcination 

After Calcination 

(900 
o
C) 

O 33.38 22.19 52.74 39.37 

Na 2.21 2.02 2.43 2.49 

Mg 0.76 0.49 0.79 0.57 

P 20.90 20.36 17.06 18.65 

Ca 42.75 54.94 26.97 38.91 

Total 100.00 100.00 100.00 100.00 

 

 

4.2.4. Fourier Transform Infrared Spectroscopy (FTIR)  

The identification of functional group were done by Fourier Transform Infrared 

Spectroscopy  (FTIR) and the method used was KBr method at room  temperature and 

the spectra were recorded from 400-4000 cm
-1 

(Figure 15). 
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Figure 15: FTIR Spectrum of goat bone before and after calcination at 900 
o
C

Peak At cm
-1

 Peak Height Bond Stretching  

564.3333 35.9656 PO4 

604.0909 39.4976 PO4 

872.9091 56.3957 CaO 

1034.97 16.2411 CaCO3 

1416.849 45.9717 C-O 

1455.707 46.9725 C-O 

3439.667 45.2537 OH 

Peak At cm
-1

 Peak Height Bond Stretching 

571.9899 41.1237 PO4 

602.5859 43.2016 PO4 

631.9697 52.7398 PO4 

1049.1313 22.7541 Ca-O 

1089.1313 34.5371 Ca-O 

1384.1111 60.3015 C-O 

1413.9293 59.6587 C-O 

1456.0909 59.3264 C-O 

3439.9091 59.7721 C-O 

3571.1515 59.2738 O-H 
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FTIR spectrum of the calcinated goat bone shows increment of Ca-O bond stretching 

when it compared to the uncalcined one as shown in Figure 15. The calcinated bone 

shows a sharp peak at 1049.1313 and 1089.1313 cm
-1

 corresponded to Ca-O bond. Peaks 

at 1384.1111 to 3439.9091 cm
-1

 were ascribed to C-O bond. The absorption peak at 

3571.1515cm
-1

 is due to O-H bond which comes because of moisture absorbance of the 

sample before analyzing the sample. In addition, the FTIR data show calcination of goat 

bone facilitates liberation of carbonate and formation of CaO. 

 

4.3. Sendesemus Species isolation and Culture 

The isolation of Sendesemus species was carried by using inverted microscope by 

pipetting method. From different type of Sendesemus species strains Scenedesmus 

dimorphus, Scenedesmus obliquus and Scenedesmus quadricauda are the dominant ones 

(Figure 16). Determination of inoculum size were follow for the given density of algae 

culture and after consecutive trial 10 % (v/v) of inoculum size were taken for all culture 

during the whole culture time.   

 

Figure 16: Isolated Sendesemus Species  
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4.4. Scendesmus species harvesting and drying 

Determination of harvesting day was fixed by plotting a graph of absorbance versus day 

of cultivation at 750 and 780 cm
-1  

Figure 20 and 21 respectively by following the 

procedure discussed section 3.3.2. 

 

Figure 17: Growth curve of Sendesmuse species at λ-750 

 

Figure 18: Growth curve of Sendesmuse species at λ-780 
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As it is clearly observed the growth of algae after the seventh day show a limited growth 

and waiting the culture beyond this day is wastage of time and in the meantime the algae 

cell becomes old and came to die. Hence, the harvesting day for this experiment is the 

seventh day of culture. Besides, the specific growth of the culture is calculated by using 

Equation 1. and the result gave 0.2 d
-1

. The results obtained by this experiment are 

comparable to other works which is 0.12 to 0.76 d
-1

(Bakuei et al., 2015; Chandra Dev 

Goswami et al., 2011; Xin et al., 2011)
 
.   

 

4.5. Microwave assisted Oil extraction  

Oil extractions were carried by following the procedure put in section 3.3.3. and the 

result is summarized in Table 11. 

Table 11: Oil extraction yield 

Algae Powder  

/g/ 

Solvents 

/ml/ 

Extraction time  

/min/ 

Oil yield 

/g/ 

Oil content 

/%/ 

10 

 100 dH2O 

100(n-hexane) 40 2.08 20.8 

 

The result (20.8 %) oil content is good result when we compare it with other works(18%) 

that used same extraction techniques and solvent (Chen et al., 2014) and comparable with 

other results that used same technique but different solvent and extraction time which is 

10.0%–31.38% (Balasubramanian et al., 2011; Pragya et al., 2013) . 

4.6. Characterization of Algal Oil  

4.6.1 Density of the Oil  

The density of algae oil is determined by using the procedure list in section 3.3.4. and the 

density of the oil obtained to be 0.908g/ml(Table 12) by using equation 2.       . 
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Table 12: Density result for oil 

Run 

Number 

Mass of 

pycnometer cup (g) 

Mass of pycnometer 

+oil (g) 

volume of oil 

(ml) 

Density of oil 

(g/ml) 

1 37.21 83.7406 51.2 0.908800 

2 37.21 83.7501 51.2 0.908986 

3 37.21 83.7311 51.2 0.908615 

Average 37.21 83.7406 51.2 0.908801 
 

4.6.2. Kinematic Viscosity of the Oil 

The dynamic viscosity of the oil was measured using Sine-Wave (SV-10, 2011,Australia) 

vibro viscometer at 40 
o
C and recorded as 48.8 m.pa.s The kinematic viscosity can be 

calculated using the equation 3 and the result was obtained to be 53.74 mm2 /s. The result 

shows that the oil obtained is highly viscous & needs transesterification so as to minimize 

its viscosity. 

 

4.6.3 Acid Value of the Oil 

The result of acid value of the oil is presented Table 13. 

Table 13: Titration results for acid value test 

Run No. 

Mass of 

Oil (g) NKOH 

VKOH 

(ml) 

Colour 

change 

Acid Value 

(mg KOH/g oil) FFA 

1 2 0.1 0.6 yellow to pink 1.6833 0.84165 

2 2 0.1 0.8 yellow to pink 2.2444 1.1222 

3 2 0.1 0.7 yellow to pink 1.96385 0.981925 

Average 

  

0.7 

 

1.96385 0.981925 

 

The titration volume at which the first color change observed on average was at 0.7 ml. 

The acid value of the oil was calculated using equation 4 and the result was found to be 

1.96385 mg KOH/g oil. 
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4.6.4. Free Fatty Acid of the Oil  

The free fatty acid of the oil is half of the acid value of the oil. Using equation 5 the free 

fatty acid is calculated and obtained to be 0.981%. The result shows that the oil needs not 

pretreatment to reduce the amount of free fatty acid so as to overcome soap formation 

during transesterification reaction. 

4.6.5. Saponification Value of Oil  

The procedure used to determine saponification value of oil was stated in section 3.3.4.5. 

The titration results for saponification test are illustrated in Table 14. 

Table 14: Titration results for Saponification value test 

Run 

Number 

Mass of Oil 

(g) NHCl VbHCl VSHCl VbHCl-VSHCl 

Saponification Value 

(mgKOH/g oil) 

1 2 0.5 22.8 7.8 15 210.4125 

2 2 0.5 23 7 16 224.44 

3 2 0.5 23.4 8.3 15.1 211.8153 

Average 215.5559 
 

4.6.6. Moisture Content of the Oil  

Moisture content of the oil was determined using equation 7 and it is obtained to be 

0.55%. The result shows that further removing of the moisture is required to avoid soap 

formation in transesterification reaction. 

4.6.7. Ash content of the Oil  

Using equation 8 the ash content of the oil was determined to be 0.042%. The 

physicochemical properties of the oil are summarized in Table 15. 
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Table 15: Summary of physicochemical properties of the oil 

No. Physicochemical property Units Value 

1 Color - Dark yellow 

2 pH - 4.99 

3 Density at 40
o
C kg/m

3
 908 

4 Dynamic Viscosity at 40 
o
C mpa.sec 48.8 

5 Kinematic Viscosity at 40 
o
C mm

2
/s 53.7 

6 Acid value mg KOH/g oil 1.96385 

7 Free fatty acid % 0.981 

8 Saponification value mg KOH/g oil 215.5559 

9 Moisture content % 0.55 

10 Ash content % 0.042 

 

4.7. Biodiesel Production and Analysis of Effects of the Parameters  

4.7.1 Transesterification Process  

The transesesterification process was carried out using the method discussed in section 

3.3.6. The obtained yield from the 9 runs were recorded in Table 16 and used to analyze 

the variance. As shown from the nine runs, the optimum parameter for production of 

biodiesel yield are oil to methanol ratio of 1:11, catalyst loading 2 wt (%) at 1500 rpm 

stirring speed, 60 
o
C reaction temperature for three hour that gives 92% biodiesel 

yield(Table 16). 
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Table 16: Values of biodiesel yield with optimized parameters 

Run 
Amount of Catalyst 

wt (%) 

Methanol to oil  

molar ratio 

Biodiesel yield 

(%) 

1 1 
 

1:9 
76 

2 1.5 1:9 80 

3 2 1:9 84 

4 2.5 1:9 82 

5 3 1:9 78 

6 2 1:5 60 

7 2 1:7 62 

8 2 1:9 84 

9 2 1:11 92 

10 2 1:13 86 

 

The result obtained from this experiment is quite good compared to other similar 

findings. An optimum of 46, 92 and 81 % biodiesel yield was reported by (Ahmed et al., 

2012) from macro algae using shaker, hot plate and auto clave processes, respectively. 

Another study by Rahman et al., (2017) have also showed a maximum of 86.1% biodiesel 

yield from micro algae Spirulina maxima by second step alkaline transesterification at 

methanol: oil ratio 9:1, temperature 65
o
C, mixing intensity 600 rpm, catalyst 

concentration 0.75 wt% KOH.  

A study by Ahmad et al., (2013) showed that 94% from Chlorella vulgaris and 92 % 

from R. hieroglyphicum biodiesel yield was reported by 12 h transesterification of the 

microalgae oil; which is time and energy intensive. In conjunction, a study by Verma & 

Sharma, (2016) who used Supercritical Transestrification method for biodiesel 

production with short reaction time (10-50 minutes) by using higher Alcohol to oil molar 
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ratio(10:1–42:1) and temperature 270–350 
o
C to obtained an optimum of biodiesel yield 

of 90.8% for methanol and 87.8 % for ethanol alcohol usage. Unlike those research 

works, the current research had a zero waste approach by using a bone waste as catalyst, 

moderate reaction time, less energy intensive and relatively used good alcohol to oil 

molar ratio with higher biodiesel yield. 

The transesterification process was significantly affected by individual process variables. 

The effect of each process variable on the yield of biodiesel is discussed below. 

4.7.1.1. Effects of Catalyst loading on Biodiesel Yield  

From Figure 19, it can be seen that the biodiesel yield increased as the catalyst 

concentration increased up to a certain level. This means that the biodiesel yield was 

influenced positively by the amount of catalyst up to a certain concentration. This might 

be due to the reason that when the catalyst amount was improved, the active site of the 

catalyst was increased. Thus, the transesterification reaction was accelerated and 

biodiesel yield was increased. But increasing the catalyst beyond this concentration 

(optimum amount) led to a decrease in biodiesel yield. The decrease in biodiesel yield as 

the catalyst concentration increased may be due to the formation of soap and suspension 

at higher catalyst concentration which hinders the separation of glycerol from biodiesel. 
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Figure 19: Effect of catalyst loading on biodiesel yield 

 

4.7.1.2. Effects of Methanol to oil ratio on Biodiesel Yield  

Stoichiometrically, the ratio for transesterification reaction requires 3 mol of methanol for 

1 mol of triglyceride to produce 3 mol of fatty acid ester and 1 mol of glycerol, but in 

practice, a higher molar ratio is required in order to drive the reaction towards completion 

and produce more FAME as products (Figure 20). The results obtained in this study as 

shown in Figure 20, the methanol to oil ratio showed positive influence to the yield of 

methyl ester, but the yield started to decrease as the ratio increased. The decrease in the 

yield contrary to increase in molar ratio may be due to the separation problem resulted 

from an increase in glycerol solubility due to the excessive methanol. Higher ratio of 

methanol used could also minimized the contact of triglyceride molecules on the catalysts 

active sites which could decrease the catalyst activity. 
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Figure 20: Effect of oil to methanol molar ratio on biodiesel yield 

 

4.7.2. Physicochemical Properties of Biodiesel  

The physicochemical analysis is conducted for the biodiesel obtained. Determination of 

density, kinematic viscosity, acid value, free fatty acid, moisture content, ash content and 

cloud point, water and sediment content of biodiesel were done and the results are 

presented below. 

4.7.2.1. Density of Biodiesel 

The density of biodiesel was determined in a similar procedure as determination of 

density of oil and the density of the biodiesel at 40 
o
C was calculated and obtained to be 

0.823 g/ml = 823 kg/m
3
.  

 

4.7.2.2. Kinematic Viscosity of Biodiesel  

Viscosity of biodiesel was determined on a similar manner as oil viscosity determination 

procedures and density of the biodiesel was 823 kg/m
3
. Kinematic viscosity of biodiesel 
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was found to be 5.59 mm
2
/s. Thus, transesterification reaction reduced density and 

kinematic viscosity. 

 

4.7.2.3. Acid Value of Biodiesel  

Similar procedure as that of algae oil acid value determination was employed to 

determine the acid value of the biodiesel. The acid value of the biodiesel was calculated 

using the equation 4 and the result gives 0.46 mg KOH/g. 

 

4.8. Comparison of Biodiesel Physicochemical Properties against ASTM 

Standards  

The density of the oil was reduced from 0.901 g/ml to 0.823 g/ml (Table 17). The 

kinematic viscosity measured for the biodiesel was found to be 5.59 mm
2
/s. The 

kinematic viscosity of the original oil at 40 
o
C was 53.7 mm

2
/s. As the result indicates, 

the methanolysis significantly reduced the kinematic viscosity of the primary algal oil by 

approximately one-tenth of its initial value and the result obtained is within the range of 

ASTM D6751 (Table 17), which is 1.9–6 mm
2
/s for biodiesel. The water and sediment of 

the biodiesel are 0.02 that is below the maximum limit allowed by ASTM which is 0.05. 

The cloud point of the biodiesel also analyzed and the result obtained was +14 this makes 

this biodiesel less suitable for performance in cold conditions if used in pure form. 

However, blending it with petrol diesel in different ratio overcomes this problem.  
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Table 17: Characteristics of produced biodiesel and comparison with standard values 

No. Physicochemical property Test 

Method 

ASTM 

Units ASTM  

Limit for 

B100 

Biodiesel 

values 

1 Color    Light yellow 

2 pH    5.903 

3 Density at 40
o
C  kg/m

3
  823 

4 Dynamic Viscosity at 40 
o
C  mpa.sec  4.6 

5 Kinematic Viscosity at 40 
o
C D445 mm

2
/s 1.4-6 5.589 

6 Cloud point D5773  Report +14 

7 Water and sediment D2709 % v/v 0.05 0.02 

8 Acid value D664 mg KOH/g 0.5 0.46 

9 Free fatty acid  %  0.23 

10 Moisture content  %  Trace 

11 Ash content  %  Trace 
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CHAPTER FIVE 

5. Conclusion and Recommendations  

5.1 Conclusion  

Sendesmes species are promising feed stocks for their wide spread availability and higher 

oil yields. In this research the experimental oil yield obtained from Sendesmes species 

grown by using 2500 lux intensity from white light fluorescent in BBM, is about 20.8% 

of its dry weight. For the extraction of oil, Microwave assisted chemical method was 

used. Extracted oil was further used for biodiesel production by transesterification 

process. For the transesterification process a nanocatalyst made from waste of goat bone 

were used. The goat bone base nanocatalys has an average size of 43.96 nm with cubic 

symmetry and porous in structure and possesses many active sites with an average of 

more than 65 % of CaO. Two factors that determine the yield of Biodiesel were 

considered i.e., catalyst loading and methanol to oil ratio under constant temperature (60 

o
C), reaction time (3 hours) and stirring speed (1500 rpm).  

From the experiment performed it was obtained that an optimal biodiesel yield of 92 % at 

reaction temperature of 60 
o
C, amount of catalyst 2 wt (% ) and oil to methanol molar 

ratio of 1:11. The obtained biodiesel were tested for its physicochemical properties and 

the result showed that the fuel properties are within the ASTM D6751 standards. Hence, 

the results obtained from this research suggest the potential of Sendesmes algae species as 

a feedstock for biodiesel industry which could be exploited as an alternative source of 

fuel and the usage of waste of goat bone as nanocatalyst. 
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5.2 Recommendations  

This research shows the possibility of producing biodiesel from microalgae to use as 

supplementary of petroleum fuel and mitigate environmental pollutions caused by fossil 

fuel consumption and nanocatalyst production from waste of goat bone. However, further 

research and development on selection and isolation of specific Scendesmus algae strains 

from the species, identification of the major fatty acid compositions (profile), 

investigation on the productivity of isolated strains, determination of conducive 

environmental conditions or growth media (i.e. optimal temperature, light intensity, and 

nutrients requirement) for optimal growth of strains with higher fatty acid yield per unit 

area of land should be carried out. 

Besides, further study on fuel property blending conditions, engine performance and 

emission tests should be carried out in future studies. Glycerol has relevance in soap 

industries but in this study the property of glycerol was not determined. Therefore, in 

addition to the production of biodiesel the property of the byproduct glycerol should be 

analyzed and purified for further applications. 
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APPENDICES 
 

Appendix 1: ASTM D6751-03 standards  

Property ASTM Method Limits Units 

Flash Point D93 130.0 min. 
o
C 

Water and Sediment D2709 0.050 max. % vol. 

Kinematic Viscosity, 40 
o
C D445 1.9-6.0 mm

2
/s 

Sulfated Ash D874 0.020 max. % mass 

Sulfur* D5453 0.0015 max.(S15) % mass 

0.05 max.(S500) 

Copper Strip Corrosion D130 No. 3 max.  

Cetane Number D613 47 min.  

Cloud Point D2500 Report to Customer 
o
C 

Carbon Residue** D4530 0.050 max. % mass 

Acid Number D664 0.80 max. mg KOH/g 

Free Glycerin D6584 0.020 max. % mass 

Total Glycerin D6584 0.240 max. % mass 

Phosphorus Content D4951 0.001 max % mass 

Distillation Temperature, 90 % 

Recovered(T90)*** 

D1160 360 max. 
o
C 

*Sulfur content of on-road diesel fuel to be lowered to 15 ppm in 2006 

**Carbon residue shall be run on the 100% sample 

***Atmospheric equivalent temperature 
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Appendix 2: Bold basal media Preparation 

 

For 1000 ml final culture medium add the quantity (volume) of stock solution(SL) 

prepared  at the given concentration as shown below. Add one component after the other 

until each one has completely mixed and finally fill up to 1000 ml by dd-H2O and 

autoclave it for 15 min. at 121 
o
C. 

Stock Solution(SL) Volume Component Concentration in SL 

SL 1 10 ml NaNO3 2.5 g.ml
-1

 

SL 2 10 ml MgSO4.7H20 0.75 g.ml
-1

 

SL 3 10 ml NaCl 0.25 g.ml
-1

 

SL 4 10 ml K2HPO4 0.75 g.ml
-1

 

SL 5 10 ml KH2PO4 1.75 g.ml
-1

 

SL 6 10 ml CaCl22H2O 0.25 g.ml
-1

 

SL 7 10 ml ZnSO4.7H2O 8.82 g.L
-1

 

MnCl2.4H2O 1.44 g.L
-1

 

MoO3 0.71 g.L
-1

 

CuSO4.5H2O 1.57 g.L
-1

 

CO(NO3)2.6H20 0.49 g.L
-1

 

SL 8 10 ml H3BO3 1.14 g.ml
-1

 

SL 9 10 ml EDTA.Na2 5 g.ml
-1

 

KOH 3.1 g.ml
-1

 

SL 10 10 ml FeSO4.7H2O 4.98 g.ml
-1

 

H2SO4 Conc. 1ml( to acidify) 
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Appendix 3: Absorbance of algae culture at 750 wave number 

Wave 

Number Day 

Absorbance of measurements Average 

Absorbance 1 2 3 

750 0 0.052 0.052 0.044 0.049333 

750 1 0.050 0.052 0.059 0.053667 

750 2 0.118 0.128 0.124 0.123333 

750 3 0.187 0.183 0.184 0.184667 

750 4 0.217 0.210 0.226 0.217667 

750 5 0.246 0.255 0.251 0.250667 

750 6 0.301 0.299 0.311 0.303667 

750 7 0.345 0.361 0.343 0.349667 

750 8 0.365 0.371 0.355 0.363667 

750 9 0.367 0.364 0.364 0.365000 

750 10 0.370 0.366 0.370 0.368667 

      

 

 

Appendix 4: Absorbance of algae culture at 780 wave number 

Wave 

Number Day 

Absorbance of Measurements Average 

Absorbance 1 2 3 

780 0 0.048 0.044 0.051 0.0477 

780 1 0.058 0.049 0.051 0.0527 

780 2 0.114 0.122 0.119 0.1183 

780 3 0.181 0.178 0.184 0.1810 

780 4 0.208 0.224 0.208 0.2133 

780 5 0.242 0.253 0.244 0.2463 

780 6 0.289 0.290 0.310 0.2963 

780 7 0.336 0.338 0.347 0.3403 

780 8 0.321 0.379 0.326 0.3420 

780 9 0.342 0.353 0.343 0.3460 

780 10 0.356 0.342 0.337 0.3450 
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Appendix 5: Effect of catalyst loading on biodiesel yield  

no Catalyst loading 

(Wt. %) 

Catalyst loading need for 50 ml oil 

(g) 

Bio diesel yield 

% 

1 1 0.4544 76 

2 1.5 0.67816 80 

3 2 0.9088 84 

4 2.5 1.136 82 

5 3 1.3632 78 

 

Appendix 6: Effect of oil to methanol molar ratio on biodiesel yield 

No. Molar ratio of oil to 

methanol 

Amount of methanol need for  50 

ml of oil 

Bio diesel yield 

% 

1 1:5 11.664 60 

2 1:7 16.329 62 

3 1:9 20.996 84 

4 1:11 25.661 92 

5 1:13 30.33 86 

 

 

 

 

 


