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(23) CHAPTER 1: INTRODUCTION 1.1. Overview Energy crisis has become an important issue in recent years and focused. investigation in many countries throughout the world. Economic growth coupled with the increasing standard of living have made energy an important factor in supporting human life, especially after the Industrial Revolution in the last few centuries (Atabani. ay a. et al., 2012). The International Energy Outlook (IEO) projected growth in energy demand worldwide to increase from 549 quadrillion British thermal units (Btu) in 2012. M al. to 629 quadrillion Btu in 2020 and 815 quadrillion Btu in 2040, an increase of as much as 48% in 2012‒2040 (EIA, 2016). In 2016, British Petroleum noted that oil demand has increased nearly 20 Mb/d over the outlook, with increased use in Asia for both. of. transportation and industrial sectors (Petroleum, 2016). The transportation sector is known to use petroleum and other conventional fuels as a dominant energy source. ty. resulting in increased energy consumption at an average annual rate of 1.4%, from 104. rs i. quadrillion Btu in 2012 to 155 quadrillion Btu in 2040 (EIA, 2016).. ve. The rapid growth of transport and the corresponding increasing use of energy by sector plays a crucial role in the daily activities around the world (Ong et al., 2012).. ni. Unfortunately, these activities have a negative impact on changing the environment. U. through its increasing greenhouse gases (GHG) emissions, as it was noted that 18.5% of emissions in Europe in 2012 resulted from this sector (Eurostat, 2015). This causes deep concern; the Kyoto Protocol targets for 2020 greenhouse gas emissions from the transportation sector as 20% below the 1990 levels for all EU-27 countries of the European Union. Several attempts are made to pursue this aim such as by reducing energy use, improving energy efficiency and carbon sequestration, and decarbonisation of energy supply to the expansion of renewable energy (Nanaki et al., 2012).. 1. 

(24) 1.2. Research background The limited oil resources, increasing energy demand, soaring oil prices, negative. environmental impacts and global warming became a major issue in the world today, which are all due to the world's dependence on fossil fuels (Ileri et al., 2016; Kannan et al., 2011). These concerns encourage researchers to develop biofuels such as biodiesel and bioethanol as renewable and environmentally friendly alternative fuels to supply the. ay a. energy needs (Agarwal, Gupta, et al., 2015; Qi et al., 2011). Besides that, both have the functional properties similar to petroleum fuel (Pang et al., 2006). In addition, the development of biodiesels and bioethanol will also reduce our dependency on fossil. M al. fuels, which in turn, helps in reducing the negative impact fossil fuels have always caused (Mofijur, Masjuki, Kalam, Atabani, et al., 2013). Substituting even a small fraction of total consumption by alternative fuels will have a significant economic and. of. environmental impact (Anand et al., 2011).. ty. Biodiesel is one of the most promising alternative fuels to replace diesel and. rs i. bioethanol is regarded as a potential fuel to substitute gasoline (Ghisi et al., 2011). Biodiesel can be obtained from various sources, both edible and non-edible vegetable. ve. oil, waste oil and animal fat which can be generated through the process of transesterification of triglycerides present in vegetable oil with alcohol in the presence. ni. of alkaline or acidic catalysts (Campanelli et al., 2010; Dharma, Ong, et al., 2016; Lin,. U. Y.-C. et al., 2011). Meanwhile, bioethanol can be obtained from the conversion of microbial lignocellulosic biomass through fermentation of some types of biomass such as lignocellulosic biomass, starchy and sucrose-containing raw materials (Sebayang et al., 2016). Biodiesel is one of the most frequently used alternatives to solve this problem. It is renewable, biodegradable, non-toxic, and has properties similar to diesel fuel. However, it does not have sulfur and aroma in its composition (Fazal et al., 2011a, 2. 

(25) 2012; Haseeb et al., 2011). Biodiesel is deﬁned as the mono-alkyl esters of vegetable oils or animal fats, produced by transesteriﬁcation reactions. Vegetable oil mainly consists of triglyceride molecules which gives the oil its high viscosity. Due to the high viscosity of neat vegetable oils, they are not used as fuel as it causes operational problems in diesel engine, such as formation of deposits in fuel nozzle, because of the poorer atomization upon injection into the combustion chamber (Fazal et al., 2011a;. ay a. Knothe, 2010). To reduce the viscosity to make the fuel usable in a diesel engine, neat oil is converted to three monoalkyl esters (three separated long chain carbon molecules) by transesteriﬁcation. Normally, this reaction is performed using methanol in basic. M al. homogeneous catalysts which is faster than acidic catalysts (Silitonga, Masjuki, Mahlia, Ong, Atabani, et al., 2013). The glycerol formed as the product biodiesel is removed. There are many potential vegetable oils to be used as sources of biodiesel, including. of. soybean oil, sunﬂower oil, cottonseed oil, and rapeseed oil. (Silitonga, Masjuki, Mahlia,. ty. Ong, Chong, et al., 2013). Besides, a few non-edible raw materials are also allowed to. rs i. be used as biodiesel feedstocks such as Jatropha curcas, Ceiba pentandra, Calophyllum inophyllum, Moringa oleifera and Croton megalocarpus (Mofijur, Masjuki, Kalam,. ve. Atabani, et al., 2013). The difference between diesel fuel and biodiesel lies in their chemical properties. Diesel is composed of hundreds of with different boiling points. ni. while biodiesel contains fewer compounds, primarily C16–18 carbon chain length alkyl. U. esters, depending on the type of vegetable oil (Atabani, Silitonga, et al., 2013). Composition of the fuel has signiﬁcant inﬂuences on its properties. Biodiesel has higher ﬂash point and cetane number and it provides good lubricity compared to diesel fuel (Knothe, 2005). Combustion of biodiesel fuel in general produces lower smoke, particulate matter, carbon monoxide and hydrocarbon emissions than diesel, while the engine efﬁciency is either unaffected or improved (Qi et al., 2010; Qi et al., 2009). However, NOx emissions from biodiesel and diesel fuel blend are higher than diesel in. 3. 

(26) most cases, especially at high speeds and loads (Chen et al., 2018; Vieira da Silva et al., 2017). In addition, the compatibility of biodiesel materials is a rising concern (Fazal et al., 2011a, 2012), as the composition and unsaturated molecules can amplify corrosion and material degradation. In automobile applications, biodiesel has contact with various kinds of materials, which can be grouped to three major categories: (1) ferrous alloys, (2) non-ferrous alloys, and (3) polymers. Metallic materials can reduce corrosion and. ay a. wear in contact with biodiesel. Bioethanol is a type of biofuel and it is generally perceived that bioethanol is one. M al. of the solution to address pollution issues resulting from the burning of fossil fuels (Maryana et al., 2014). Bioethanol can be produced from various edible feedstocks such as corn, sugar cane, cassava, starch cellulose, beet and barley sugar (Shahir et al., 2014).. of. Bioethanol produced from these edible feedstocks is also known as first-generation bioethanol. Owing to the increasing use of land mass for the cultivation of crops for. ty. bioethanol feedstocks as well as growing concern over food shortages, bioethanol is. rs i. also produced from non-edible feedstocks (lignocellulosic materials). Such bioethanol is known as second-generation bioethanol which is cheaper and more environmental-. ve. friendly compared to first-generation bioethanol (Romaní et al., 2013). However, the. ni. third-generation bioethanol appears to be a more viable alternative compared the 1st and. U. 2nd generations such as macroalgae, microalgae and seaweed to be used as feedstocks (Tan et al., 2014). These feedstocks do not compete with other crops for arable land and water. In addition, algae fuels can produce energy per hectare up to more than 30–100 times compared with terrestrial plants such as corn and soybean (Ashokkumar et al., 2015). In its application, bioethanol can be mixed into diesel fuel. The mixing of bioethanol with diesel fuel has its own challenges because bioethanol has density, viscosity, cetane amount and lower calorific value than diesel (Aydogan et al., 2013). 4. 

(27) The presence of bioethanol in diesel fuel has several advantages such as not requiring major modifications to the diesel engine used, significantly led to a reduction in exhaust emissions such as smoke opacity, particulate matter (PM) and NO x (Pidol et al., 2012; Tan et al., 2014; Torres-Jimenez et al., 2011). In compression ignition engines, the addition of ethanol or methanol into the fuel is used as an additive or fuel mixture (Yilmaz, Vigil, Benalil, et al., 2014). In addition, the presence of bioethanol in diesel. ay a. fuel has deficiencies such as generating increased thermal efficiency and specific fuel consumption, reducing engine power, decreases lubrication, lowers cetane number and solubility, causing higher heat of vaporization, and auto-ignition temperature,. M al. hygroscopic properties of ethanol can lead to increased moisture content in fuel mixtures that can lead to corrosion and growth of aqueous microorganisms (TorresJimenez et al., 2011; Yilmaz, Vigil, Donaldson, et al., 2014). In addition, the presence. of. of ethanol and methanol in diesel fuel causes imperfections in the fuel mixture (Yilmaz,. ty. Vigil, Donaldson, et al., 2014). Bioethanol can form a stable solution in diesel fuel only. rs i. in vol.% (Anand et al., 2011).. These technical constraints in the use of ethanol‒diesel fuel blend had inspired. ve. many researchers to innovate by adding additives (emulsifier) to improve the solubility,. ni. but this would have a bad effect on the properties of the mixture (Shahir et al., 2015).. U. Biodiesel is one of the additives that can be completely miscible in diesel or ethanol, and able to enhance the solubility of ethanol in diesel fuel at any temperature (Thangavelu et al., 2016). In this case, the addition of biodiesel to ethanol-diesel fuel blend as a binder or emulsifier is excellent. This mixture is also known to reduce emissions of particulate matter and NOx as well as capable of causing an increase in CO. and HC, especially at lower loads (Yilmaz, Vigil, Benalil, et al., 2014). Several studies researched diesel fuel blended with biodiesel and ethanol and their application in diesel engines such as Yilmaz and Vigil (2014) that compared some types of potential 5. 

(28) mixtures for diesel fuels including biodiesel and alcohol. The results showed that the addition of the alcohol can reduce NO x emissions and BSFC, while the value of CO, HC and the exhaust gas temperature of the engine is increased. Hulwan et al. (2011) studied diesel-ethanol-biodiesel blends in 3 cylinders, CI diesel engine. It is known that the addition of ethanol may lead to an increase in brake specific fuel consumption and thermal efficiency, reduction of smoke up to 70%, reduction in NO emissions, while. ay a. increasing emissions of CO at low engine load and causes a slight decrease in the high load. Mofijur et al. (2016) stated that the content of the mixture is efficient, namely (5‒ 10% ethanol) with (20‒25% biodiesel) in diesel fuel, which can reduce emissions while. M al. being safe for the environment. In addition to affecting engine performance and emissions, the fuel mixture also affects the material in a diesel engine. Haseeb et al. (2011) reported that the fuel mixture leads to corrosion on some engine components. of. such as tank, fuel filters, fuel feed pumps and some parts in the fuel line. The quality of. ty. ethanol is known to have a high influence on the effects of corrosion that occurs in the. 1.3. rs i. material (Shahir et al., 2014). Objectives. ve. The need of oil in the world continues to rise at this time, so making it necessary. ni. to look for other sources to be made substitutes for fossil fuels. Among many renewable. U. resource, biodiesel and bioethanol are the most suitable options to meet these needs because they can be produced from edible, non-edible, waste or recycle oil, and animal fat.. A large number of studies have been carried out to investigate the effects of using biodiesel or bioethanol on engine performance and emissions. Despite the abundance of articles related to biodiesels and bioethanol, there are only a few studies which focused on biodieselbioethanoldiesel fuel blends. Hence, the purpose of this study is to assess the feasibility of using crude Jatropha curcas-Ceiba pentandra mixture oil as biodiesel feedstock, production/optimization, as well as blending biodiesel with bioethanol and 6. 

(29) diesel fuel to the engine performance and emission, and material corrosion. Therefore, the main objectives of this research are as follows: 1.. To analyze the characterizations of biodiesel from Jatropha curcas and Ceiba pentandra biodiesel blend with bioethanol.. 2.. To. investigate. the. production. of. biodiesel. through. optimization. of. transesterification process and whether it possesses appropriate biodiesel. ay a. standards in accordance with ASTM D6751 or EN / ISO 14214. 3.. To investigate the effects of biodiesel-diesel fuel blends and biodiesel-bioethanol-. M al. diesel fuel blends on the changes of properties, engine performance and exhaust emissions. 4.. To analyze the development of corrosion behavior on mild steel immersed in. 1.4. of. biodiesel-diesel fuel blends and biodiesel-bioethanol-diesel fuel blends. Contributions of the study. ty. This study contributes to the physicochemical properties, production processes,. rs i. optimization analysis, engine performance and emissions testing, as well as corrosion. ve. on the material. This study is of the effort to increase biodiesel production as well as to explore other raw materials sourced from non-edible feedstocks. Mixture of two or. ni. more types of feedstocks is a breakthrough to anticipate the scarcity and high cost of. U. feedstocks in biodiesel production. Although this study uses two types of non-edible feedstocks, namely jatropha curcas and ceiba pentandra, the methodologies and stages of biodiesel production process can still be applied to other raw materials. A summary of the original contribution of this research can be seen in the following points: 1. Combining two or more types of biodiesel feedstocks is highly enabling and shows great potential in increasing the production and improvement of biodiesel properties.. 7. 

(30) 2. The production parameters used in the optimization process can also be applied to other raw materials. It aims to reduce production costs, processing time, and to obtain optimal biodiesel yield. 3. Provide input in the use of biodiesel-bioethanol-diesel fuel mixture as an alternative fuel for diesel engines, gas emission characteristics and corrosion behavior. 1.5. Thesis outline. ay a. This thesis presents some experimental results relating to the biodiesel production, engine performance and emission, as well as corrosion material using Jatropha curcas-. M al. Ceiba pentandra biodiesel and bioethanol blends. This thesis is also divided to five chapters as shown below.. Chapter 1 provides background information on the study, objectives, contributing. of. research and thesis outline.. ty. Chapter 2 presents a review of the literature related study consisted of an overview of. rs i. the energy, renewable energy, biodiesel, bioethanol, as well as the feasibility of biodiesel and bioethanol feedstocks. Overall reviews obtained from several. ve. sources related such as journal articles, conference papers, research reports,. ni. surveys and predictions from credible institutions.. U. Chapter 3 describes the research methodology consisted of a description of the material, the process of selecting the percentage mixture of both crude oil, the biodiesel production process, process optimization, characterization of biodiesel, characterization of biodiesel-diesel fuel blend, the characterization of biodiesel-bioethanol-diesel fuel blend, engine performance and emissions, observations corrosion in materials. Chapter 4 covers the results and discussion of the research methodology conducted. Results and discussion involves choosing the percentage of crude Jatropha 8. 

(31) curcas-Ceiba pentandra mixture oil, biodiesel production, parameter optimization, characterization of biodiesel properties, characterization of the properties of biodiesel-diesel fuel blend, characterization properties of biodiesel-bioethanol-diesel fuel blend, engine performance and emissions, as well as observation of corrosion in materials. Chapter 5 provides conclusions from a study consisting of research conclusions and. U. ni. ve. rs i. ty. of. M al. ay a. recommendations for future work.. 9. 

(32) CHAPTER 2: LITERATURE REVIEW 2.1. Introduction During the last few decades, energy plays an important role in supporting the. global economy. Energy is defined as the ability to perform tasks and can be found in various forms such as chemical, thermal, electrical, mechanical, gravitational, nuclear, glowing, sound, and motion (Bilgen, 2014). Sectors that depend on energy include. ay a. agriculture, industrial service and transport sectors. The energy source has many forms; the first is fossil energy, such as oil, coal and natural gas, non-renewable resource.. M al. Fossil fuels are formed when prehistoric plants and animals died and progressively buried by layers of rock. The second one is nuclear energy; this energy uses sustainable nuclear fission to generate heat and electricity, and currently supplying about 6% of the. of. world energy, and 13−14% of the world's electricity. The third is renewable energy sources such as wind, solar, geothermal and hydropower, which are claimed as clean. ty. energy revolution, securing the future of energy (Energy, 2016). Global energy demand. rs i. and resource consumption is projected to increase over the next few decades, even though it is experiencing a slowdown in the last few years (Bilgen, 2014). In 2016, the. ve. IEO conducted an analysis to project an increase in energy consumption of all fuel. ni. sources until 2040 as shown in Figure 2.1. It is known that the world consumption for. U. renewable energy increased from 86.99 quadrillion Btu in 2020 to 131.36 quadrillion Btu by 2040. Meanwhile, liquid fuel also increased from 204.17 quadrillion Btu in 2020, to 246.04 quadrillion Btu in 2040 (EIA, 2016). Fossil fuels dominate world energy demand numbering about 80%. This is due to the adaptability of fuel, high combustion efficiency, availability, reliability, and handling facilities from fossil fuels are better compared to other fuel types (Atabani, Mahlia, Badruddin, et al., 2013). The transport sector is highly dependent on oil, and it is known that the global consumption of liquid transportation fuels reached 2.9 Terra 10. 

(33) Watt (TW) from petroleum (Caspeta et al., 2013). Energy consumption in the transport sector increases at an average annual rate of 1.4%. Figure 2.2 shows the condition of the energy consumption of the transport sector between 2012−2040. It is known that the countries of the OECD (Organization for Economic Cooperation and Development) accounted for 55% of total energy consumption and the non-OECD (Organization for Economic Cooperation and Development) accounted for 45%. In 2020, the. ay a. transportation energy consumption for OECD and non-OECD are projected to be equal. However, in 2040, the non-OECD region projected will increase up to 61% of global. M al. 1200. Nuclear. Renewables with Clean Power Plan (CPP). 1000. Renewables Natural gas. Coal with Clean Power Plan (CPP). 800. Liquid fuels. 600. ty. 400. of. Coal. rs i. 200. 0. History. Projections. ni. ve. 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040. World energy consumption by energy source (quadrillion Btu). transportation energy consumption or equal to 94 quadrillion Btu (EIA, 2016).. U. Figure 2.1: Total world energy consumption by energy source for 1990–2040 (EIA, 2016). 11. 

(34) Energy Consumption (quadrillion Btu). 180 160 140 120. Non-OECD OECD Total. 100 80 60 40 20 0 2020. 2025. 2030 Year. 2035. 2040. ay a. 2012. M al. Figure 2.2: Delivered transportation energy consumption by country grouping, 2012−2040 (quadrillion Btu) (EIA, 2016).. Increased energy consumption due to the current global population continues to. of. rise by more than 1.5 billion over the last two decades (Council, 2013). Dependence on fossil fuels causes it to dwindle in number, as well as causing environmental damage. ty. and global warming (Ileri et al., 2016; Kannan et al., 2011). Transportation sector is. rs i. known as a major energy and user the largest emitter, of more than 20% of global. ve. greenhouse gas (GHG) emissions (Mofijur et al., 2016; Solís et al., 2013). It is believed that the growth of CO2 emissions from the transportation sector is faster than the total. ni. CO2 emissions. Total CO2 emissions from fossil fuels increased by approximately 38%. U. from 20.9 gigatonnes (Gt) in 1990 to 28.8 GT in 2007, while emissions from the transport sector increased from 45% in the same year (Saboori et al., 2014). Figure 2.3 shows the amount of carbon dioxide emissions (CO2) from OECD and non-OECD for the year 2012−2040 (EIA, 2016).. 12. 

(35) 45 40 35. OECD. Non-OECD Total. 30 25 20 15 10 5 0. History. ay a. 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040. energy-related carbon dioxide emissions (billion metric tons). 50. Projections. Year. 2.2. M al. Figure 2.3: Energy-related carbon dioxide emissions, 1990−2040 (billion metric tons) (EIA, 2016) Feasibility of biodiesel and bioethanol feedstocks. of. The steady growth of the world population over the years coupled with the increasing use of energy derived from fossil fuels leads to a critical need for renewable. ty. and sustainable sources of energy. Biofuel is one of the alternative sources of energy to. rs i. fulfil this need (Gupta et al., 2015). Biofuels are alternative fuels with great potential, providing energy security and bringing benefits to the economy and environment. ve. (Cheng et al., 2011; Nigam et al., 2011). A number of countries have already put. ni. policies related to biofuel production and large-scale acquisition of lands into force. U. (Bracco, 2015). For instance, India has been actively exploring biofuels since 2001 and a policy was issued in 2009 whereby 20% of the national diesel fuel requirements will be fulfilled by biofuels in 2017 (Gunatilake et al., 2014). The production of biodiesels from non-edible feedstocks such as Jatropha and Pongamia oils is expected to increase the energy security in India (Altenburg, 2010). An energy policy has also been implemented in China with the issuance of the Renewable Energy Law in January 2006 along with a series of regulations (Peidong et al., 2009). China has set a target in which 15% of the energy use is derived from renewable sources by year 2020 (Ji, 2015). 13. 

(36) Energy policies are also enforced in the USA, which is evidenced by the strong support given by the US government through the promulgation of the 2005 Energy Policy Act. In addition, the USA is rich in raw materials for biofuel production and therefore, it is likely that the USA will be the world‘s largest biodiesel producer. It is projected that the USA will supply a total of 36 billion gallons (136 billion litres) of biofuels to the international market in 2022 (Ziolkowska, 2014).. ay a. In 1999, Malaysia introduced a renewable energy programme known as the FiveFuel Diversification Strategy, whereby palm oil is chosen as the biodiesel feedstock. M al. (Jayed et al., 2011). Malaysia is one of the leading producers of palm oil in the world, making up 42.3% of global palm oil production. The Government of Malaysia established agencies such as the Malaysian Palm Oil Board (MPOB) in order to ensure. of. the sustainability of palm oil (Yusoff et al., 2013). The Five-Fuel Diversification Strategy continued until 2006 when the Ministry of Plantation Industries and. ty. Commodities Malaysia implemented the ‗National Biofuel Policy‘ in anticipation of the. rs i. rising demand for fuels in the transportation sector, which involved encouraging the use of diesel fuel blended with 5% palm biodiesel (Jayed et al., 2011). Energy policies are. ve. also enforced in Indonesia, whereby the Government of Indonesia aims to substitute. ni. transportation fuels with 10% biofuels by year 2010. In response to this policy, 5.52. U. million hectares of unused lands were developed for energy production crops (Dillon et al., 2008; Jayed et al., 2011). The Organisation for Economic Cooperation and Development (OECD) released a list of bioethanol and biodiesel-producing countries from 2012 to 2015, as shown in Table 2.1. and Table 2.2. (Organisation for Economic Co-operation and Development. (OECD), 2015). It can be seen that there is a growth in bioethanol and biodiesel production in recent years for all countries. It is evident that the USA is consistent in the. 14. 

(37) development of bioethanol and biodiesel, producing 66,763.06 million litres of bioethanol and 4,986.91 million litres of biodiesel in 2015.. M al. ay a. Table 2.1: World bioethanol production from 2012 to 2015 millions of litres Country 2012 2013 2014 2015 United States of 56,552.46 58,571.11 61,851.90 66,763.06 America 25,755.84 28,370.26 31,393.59 34,485.14 Brazil 9,361.44 9,455.04 9,516.79 9,600.72 China 2,580.77 2,774.36 2,927.53 3,085.56 India 1,732.04 1,827.61 1,908.22 2,001.72 Canada 967.98 1,093.39 1,218.08 1,342.68 Thailand 634.95 631.73 671.53 704.07 Pakistan 564.15 595.29 646.38 673.03 Argentina 440.79 513.61 578.55 643.03 Ukraine Republic of South 459.01 513.95 568.37 622.85 Africa. U. ni. ve. rs i. ty. of. Table 2.2: World biodiesel production from 2012 to 2015 millions of litres Country 2012 2013 2014 2015 United States of 4,782.05 5,001.45 4,999.23 4,986.91 America Argentina 3,173.94 3,282.36 3,400.22 3,544.98 Brazil 2,521.36 2,589.43 2,659.35 2,731.15 Indonesia 526.74 633.56 736.89 1,033.83 Thailand 748.59 809.08 880.04 945.35 India 471.05 559.86 652.09 742.91 Australia 657.00 665.15 673.04 680.75 Colombia 536.94 575.15 620.78 662.90 Malaysia 282.23 430.53 527.88 598.45 Canada 230.90 267.35 300.35 331.34. 2.3 Biodiesel feedstocks There are various feedstocks available for biodiesel production (Mofijur,. Masjuki, Kalam, Atabani, et al., 2013). At present, there are more than 350 types of oilbearing crops around the world which are identified as potential feedstocks for biodiesel production (Silitonga, Masjuki, Mahlia, Ong, Atabani, et al., 2013). One of the main requirements in biodiesel production is to reduce the overall production cost and upscale the production of biodiesels (Mofijur, Atabani, et al., 2013). Biodiesel production is 15. 

(38) generally dependent on several factors, which include the availability and price of the feedstocks as well as conversion cost. The availability of feedstocks accounts for 75% of the overall biodiesel production cost. The breakdown of the expenditure required for biodiesel production is shown in Figure 2.4 (Ahmad et al., 2011; Lin, L. et al., 2011). Biodiesel feedstocks can be classified into four major groups, namely edible vegetable oils, non-edible vegetable oils (include microalgae and macroalgae), waste or. et al., 2012; Mofijur, Atabani, et al., 2013).. Oil feedstocks (75%). ve. rs i. ty. Chemical feedstocks (12%). General overhead (1%). of. Depreciation(7 %). Energy (2%). M al. Direct labour (3%). ay a. recycled oils, and animal fats. These feedstocks are summarized in Figure 2.5 (Atabani. U. ni. Figure 2.4: Breakdown of expenditure required for biodiesel production (Ahmad et al., 2011; Lin, L. et al., 2011). 16. 

(39) Animal fats Fat, yellow grease, chicken fat, byproducts of fish oil. Biodiesel Edible vegetable oil Canola, soybean, peanut, palm, coconut oils. Waste or recycled oils Waste fish oils, waste palm oils, waste cooking oils. Non-edible vegetable oils. of. M al. ay a. Jathropa, Pongamia pinnata (Karanja), Cerbera odollam (Suicide tree), Cerbera manghas (Sea mango), Croton meglocarpus, Moringa oleifera, Aleurites moluccana, Pachira glabra, Ricinus communis (Castor oil plant), Calophyllum inophyllum L. (Polanga), Sterculia foetida L., Madhuca indica (Mahua), Sapium sebiferum L. (Chinese tallow), Aleurites fordii (Tung tree), Azadirachta indica (Neem), Hevea brasiliensis (Pará rubber tree), rice bran, Nicotiana tabacum (Tobacco), Crambe abyssinica Hochst., Thevetia peruviana (Yellow oleander), Sapindus mukorossi (Soapnut), Euphorbia lathyris L., Idesia polycarpa (Wonder tree), Guizotia abyssinica, Argemone mexicana L. (Mexican prickly poppy), Putranjiva roxburghii (Lucky bean tree), Melia azedarach (Chinaberry), Simarouba glauca, Simmondsia chinensis (Jojoba), Cuphea, Michelia champaca (Champak), Garcinia indica (Kokum), Eruca sativa L. (Arugula), Hibiscus sabdariffa. L. (Roselle), halophytes, algae, macroalgae and microalgae.. ty. Figure 2.5: Classification of biodiesel feedstocks (Atabani et al., 2012; Mofijur, Atabani, et al., 2013). rs i. Table 2.3 shows the potential feedstocks for biodiesel in various countries (Silitonga,. ve. Masjuki, Mahlia, Ong, Chong, et al., 2013). An initial evaluation of the physicochemical properties of the edible and non-edible feedstocks is important in order. ni. to investigate the feasibility of these feedstocks for biodiesel production. The. U. physicochemical properties of edible and non-edible feedstocks can be found in many papers pertaining to biodiesels and a brief treatment is given in the following subsections.. 17. 

(40) ty. of. M al. ay a. Table 2.3: Potential feedstocks for biodiesel production in various countries Country Feedstock Argentina Soybean oil Brazil Soybean oil/palm oil/castor oil/cotton oil Canada Rapeseed oil/animal fats/soybean oil/yellow grease/tallow/mustard oil/flax oil China Jatropha oil/waste cooking oil/rapeseed oil France Rapeseed/sunflower oil Germany Rapeseed oil Greece Cottonseed oil India Jatropha oil/Pongamia pinnata (karanja) oil/soybean oil/ rapeseed oil/sunflower oil/peanut oil Indonesia Palm oil/Jatropha oil/coconut oil Ireland Frying oils/animal fats Italy Rapeseed oil/sunflower oil Japan Waste cooking oils Malaysia Palm oil Mexico Animal fats/waste cooking oils New Zealand Waste cooking oils/tallow Philippines Coconut oil/Jatropha oil Singapore Palm oil Spain Linseed oil/sunflower oil Sweden Rapeseed oil Thailand Palm oil/Jatropha oil/coconut oil UK Rapeseed oil/Waste cooking oils USA Soybean oil/waste cooking oil/peanut oil. rs i. 2.3.1 Edible vegetable oils. Biodiesels are one of the solutions to overcome the depletion of oil reserves and. ve. address environmental issues associated with the burning of fossil fuels. Biodiesels are. ni. largely derived from vegetable oils and they are produced through transesterification of. U. triglycerides present in the vegetable oils with alcohol in the presence of an alkaline or acidic catalyst (Campanelli et al., 2010). Vegetable oils such as palm, coconut, canola, soybean and sunflower oils are commonly used as feedstocks for biodiesel production (Likozar et al., 2014). Each vegetable oil has its own advantages. For instance canola, which can produce oil contains up to 992 kg per hectare (Dyer et al., 2010). Biodiesels produced from canola and rapeseed oils have replaced up to 80% of total diesel in the European Union (Rosillo-Calle et al., 2009). The addition of up to 5% of canola. 18. 

(41) biodiesel into diesel fuel has been proven to reduce CO emissions significantly (Roy et al., 2013). Soybean oil is a vegetable oil which is used as the main raw material for biodiesel production in the USA (Corseuil et al., 2011). The use of soybean biodiesel reduces CO emissions by 46% as well as the amount of unburned hydrocarbons (HCs) (Özener et al., 2014). The higher the proportion of soybean biodiesel in the biodiesel–diesel blend,. ay a. the higher the cloud point cold filter plugging point and acid value (Qi and Lee, 2014). Peanut (Arachis hypogea L.) biodiesel is produced in China, India, the USA as well as other regions in the world (Moser, 2012). Peanut is an annual plant which is. M al. grown widely in the Mediterranean region (Aydin, 2007). Peanut biodiesel is shown to be capable of improving the cold flow properties of the fuel (Pérez et al., 2010). Moreover, peanut biodiesel–methanol blends are capable of boosting the performance. of. of diesel engines (Tosun et al., 2014).. ty. Sunflower (Helianthus annuus) is an edible material with high purity, low. rs i. volatility and low free fatty acids (Banerjee et al., 2014). It is known that 2.4 kg of sunflower seeds can produce 0.96 kg of biodiesel (Iglesias et al., 2012). Sunflower seed. ve. oil is the third largest in terms of the annual oil extraction with an average oil yield of. ni. approximately 14×106 t. This makes sunflower seed oil valuable for both food and. U. biodiesel production. Sunflower seed oil ranks fourth in terms of annual edible oil production with a value of 15×106 t (Koutinas et al., 2014). Oil palm (Elaeis guineensis) is native to West Africa and it can be largely found in the wild. Oil palm has also been cultivated as an agricultural crop because it is an excellent raw material for both food and biodiesel production (Acevedo et al., 2015). Palm biodiesel–diesel blends appear to be promising alternative fuels for diesel engines and have gained much attention in Indonesia, Malaysia and Thailand (Mofijur et al., 2014). Blends consisting of 10% palm biodiesel and 90% diesel are currently used in 19. 

(42) diesel engines. However, blends containing higher percentage of palm biodiesel have also been used in diesel engines without the need for engine modifications (Fazal et al., 2013b). 2.3.2 Non edible vegetable oil feedstock The increasing demand for biofuels produced from edible vegetable oils has been much debated among scientists, researchers, environmentalists and policymakers owing. ay a. to the growing concern on the use of agricultural lands for fuel production, rather than food (da Silva César et al., 2015). The use of vegetable oils for biodiesel production. M al. disrupts the balance between market demands and food supply, which in turn, increases the price of oils and biodiesels (Nizah et al., 2014). For this reason, non-edible oils are now being considered as biodiesel feedstocks, eliminating the dependency on edible. of. vegetable oils for fuel production. Jatropha curcas, Cerbera odollam (sea mango) Ceiba pentandra and karanja oils are examples of non-edible biodiesel feedstocks. ty. (Silitonga, Masjuki, Mahlia, Ong, Chong, et al., 2013).. rs i. 2.3.2.1 Jatropha curcas L.. ve. Jatropha curcas, abbreviated as J. curcas non-edible oil appears to be a feasible feedstock for biodiesel production since this plant be cultivated on barren lands that are. ni. inhospitable for other plants to thrive (Al Basir et al., 2015). J. curcas is a small tree or. U. large shrub, belonging to the family Euphorbiaceae comprising around eight hundred species, which in turn belongs to some 321 genera (Atabani, Mahlia, Badruddin, et al., 2013). J. curcas can grow up to a height of 8–10 m in favourable conditions with low to. high rain-fall climate between 250 and 3000 mm (Kabbashi et al., 2015). The length and width of the green leaves of this plant measures around 6 and 15 cm, respectively. The leaves have three to seven shallow lobes and are arranged alternately with spiral phyllotaxis (Kalam et al., 2012). Approximately 35 to 40% and 50 to 60% of J. curcas oil is found in the seeds and kernels whereas the amount of saturated and unsaturated 20. 

(43) fatty acid content in J. curcas oil is roughly 21 and 79% (Takase et al., 2015). J. curcas oil is composed of 44.5, 35.4, 13.0 and 5.8% of oleic acid, linoleic acid, palmitic acid and stearic acid, respectively. It can be seen that the amount of unsaturated fatty acids (oleic and linoleic acids) is rather high and therefore, J. curcas oil has high cold flow properties (Ong et al., 2014). Since J. curcas oil has high free fatty acid (FFA) content exceeding 1%, pre-treatment is required to reduce the FFA content to less than 1%. ay a. (Sulistyo et al., 2015). 2.3.2.2 Ceiba pentandra L.. M al. Ceiba pentandra, abbreviated as C. pentandra and more commonly known as kapok and kekabu, is a silk-cotton tree belonging to the Malvaceae family. Even though C. pentandra is native to tropical regions in America and West Africa, it is now found. of. in Asian countries such as West India, Pakistan, Indonesia, Malaysia, Vietnam and the Philippines (Ong, L. K. et al., 2013; Rashid et al., 2014; Silitonga, Ong, et al., 2013).. ty. Some parts of C. pentandra have high economic value since they can be used as timber. rs i. whereas the pods contain 17% of fibres which can be used to manufacture pillows and mattresses (Ong, L. K. et al., 2013). C. pentandra is a drought-resistant plant which is. ve. naturally found in humid, tropical regions. The pods of this tree are rough, pendulous. ni. capsules containing seeds varying from 25 to 28 wt.%. Each fruit and seed yields an. U. average of 1,280 kg/ha of oil (Ong et al., 2014). In addition, the fibres of C. pentandra contain 36 to 64% of cellulose which is used to produce cellulosic ethanol (Tye et al., 2012). The possibility of transforming C. pentandra into biodiesel is known since 1931, when Dr. C.L. Alsberg discovered that the saturated and unsaturated fatty acid content in C. pentandra oil is 17.15 and 76.32%, respectively (Vedharaj et al., 2013). The amount of monoalkyl fatty acid esters present in biodiesels (specifically fatty acid methyl esters and fatty acid ethyl esters) make them a promising alternative fuel in compression-ignition (diesel) engines (Atabani, Silitonga, et al., 2013). However, C. 21. 
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