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ABSTRACT 

Numerous studies have been done on palm biodiesel on engine performance 

and emissions. The thermal stability study has received increasing attention and past 

studies have been trying to relate it with oxidation properties of produced biodiesel. 

Low thermal stability will cause high viscosity due to oxidation, among the 

disadvantage of biodiesel storage but it is an advantage in engine combustion. 

Likewise, the thermal characteristics of palm biodiesel with different blends have not 

yet been fully explored and are still unclear. The purposes of this study are to 

investigate the fuel properties of the palm biodiesel blends, the thermal characteristics 

and the engine performance and emissions in comparison with commercial diesel. The 

thermal characteristic is done with thermal stability study using the thermal 

gravimetric analysis (TGA) with different heating rate of 5, 10 and 15 ˚C/min. The 

thermal characteristic mainly activation energy (𝐸𝑎) is computed using the direct 

Arrhenius and Coats-Redfern kinetic method. The engine performance is carried out 

in a four-stroke direct injection engine with one vertical cylinder, one intake valve and 

one exhaust valve to observe important parameters; brake specific fuel consumption 

(BSFC) and brake thermal efficiency (BTE). The engine emissions are mainly on 

carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOx) and hydrocarbon 

(HC). The findings showed that all palm biodiesel blends met the diesel standard 

specification in ASTM D6751. The TGA analysis showed that B30 has the least stable 

thermal characteristic correlating with the direct Arrhenius and Coats-Redfern method 

by having an average of 20% lower 𝐸𝑎 among the palm biodiesel blends. 15 ˚C/min 

heating rate showed a high temperature of full fuel conversion up to 420 ˚C. BSFC of 

palm biodiesel always have a minimum of 5% higher than diesel at BMEP 1.0 to 2.7 

bar tested. BTE of palm biodiesel blends and diesel are close except at BMEP 2.7 bar 

where BTE of diesel is 11% higher.  The CO and CO2 of palm biodiesel and diesel 

formed irregular pattern, same as HC except that at BMEP 2.2 bar, HC of full palm 

biodiesel, B100 is at the lowest meanwhile consistently 19% higher NOx emissions for 

palm biodiesel blends than diesel.  
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ABSTRAK 

Banyak kajian telah dilakukan pada biodiesel kelapa sawit mengenai prestasi 

dan keluaran enjin. Kajian kestabilan termal telah meraih perhatian dan kajian lepas 

cuba menghubung kaitkan dengan sifat pengoksidaan biodiesel yang terhasil. 

Kestabilan termal yang rendah menyebabkan kelikatan tinggi kerana pengoksidaan, 

ianya antara kelemahan penyimpanan biodiesel tetapi ia adalah kelebihan dalam 

pembakaran enjin. Seterusnya, ciri-ciri termal biodiesel kelapa sawit dengan adunan 

berbeza masih belum diterokai sepenuhnya dan masih tidak jelas. Tujuan kajian ini 

adalah untuk menyiasat sifat-sifat bahan bakar campuran biodiesel kelapa sawit, ciri-

ciri termal dan prestasi serta keluaran enjin berbanding diesel komersial. Ciri-ciri 

termal adalah dilakukan dengan menggunakan analisis termal gravitian (TGA) dengan 

kadar pemanasan berbeza 5, 10 dan 15 ˚C/min. Ciri-ciri termal terutamanya tenaga 

pengaktifan (𝐸𝑎) dikira menggunakan kaedah kinetik Arrhenius dan Coats-Redfern 

terus. Prestasi enjin dijalankan pada enjin empat lejang suntikan terus jenis satu 

silinder tegak, satu injap masuk dan satu injap keluar untuk memerhati parameter 

penting; penggunaan bahan bakar brek (BSFC) dan kecekapan termal brek (BTE). 

Keluaran enjin adalah karbon monoksida (CO), karbon dioksida (CO2), nitrogen 

oksida (NOx) dan hidrokarbon (HC). Kajian menunjukkan semua adunan biodiesel 

kelapa sawit memenuhi spesifikasi standard diesel ASTM D6751. Analisis TGA 

menunjukkan B30 mempunyai ciri-ciri termal paling tidak stabil melalui kaedah 

Arrhenius dan Coats-Redfern terus dengan purata 𝐸𝑎 20% lebih rendah antara semua 

adunan biodiesel kelapa sawit. Kadar pemanasan 15 ˚C/min menunjukkan suhu tinggi 

bahan api terbakar sepenuhnya mencecah 420 ˚C. BSFC biodiesel kelapa sawit 

sentiasa minimum 5% lebih tinggi daripada diesel pada BMEP 1.0 hingga 2.7 bar. BTE 

biodiesel kelapa sawit dan diesel adalah hampir kecuali pada BMEP 2.7 bar, BTE 

diesel adalah 11% lebih tinggi. CO dan CO2 biodiesel kelapa sawit dan diesel 

membentuk corak tidak tetap, sama seperti HC kecuali pada BMEP 2.2 bar, HC 

biodiesel kelapa sawit penuh, B100 paling rendah manakala NOx adunan biodiesel 

kelapa sawit adalah 19% lebih tinggi secara konsisten berbanding diesel.  
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background of Study 

Petroleum-based fuels in energy sector have been used for a wide range of 

applications in the development of industrial growth, agricultural sector and most-

notably in transportation to powering internal combustion engines. These petroleum 

fuels are depleting over the earth’s finite reserves oil and the use of it has some 

concerns on the environment. Such events are oil spills and the release of pollutants 

during the combustion. Other issues are the uneven oil prices and the economic 

downfall in oil and gas industry (Ahmad et al., 2015). The oil market downturn in 2014 

hits energy sector hard. To cope with these issues, the usage of alternative fuel has 

raised to fulfil the world energy demand.  

Biodiesel is one of the available alternative fuel and has been accepted in a 

growing number of countries around the world. According to the World Oil Outlook 

2016, as the world energy demand increase, the use of alternative fuel will increase 

towards coming years (OPEC, 2016). Policy support and technology improvements 

could see investment shift in alternative fuel supply. Figure 1.1 shows the energy 

sector merely focus on biomass, other renewables and gas in years ahead. 
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Figure 1.1 Forecast of energy demand (OPEC, 2016) 

 

In most of countries in ASEAN, the governments are encouraging biofuel 

practice to deal with the energy demand and pollutions formed from the engine 

combustion. Such countries has started to add biofuels into their transportation fuels 

like Indonesia, currently implementing B20 mandate (Munthe, 2018), Thailand 

implementing B10 mandate (Niazi and Wells, 2016) as well as B5 mandate in Vietnam 

(Trinh and Linh, 2018). With abundant of palm oil feedstocks, Malaysia and Indonesia 

have the prospective to capture the biggest market shares with the attractive price of 

crude palm oil compared with crude oil (Mohammadi et al., 2016). The comparison of 

biodiesel policy in ASEAN countries are as in Table 1.1. 

Table 1.1 Policy of biodiesel usage in ASEAN countries (Masjuki et al., 2013) 

Country Policy and targets 

Indonesia B10 (2014), B15 (April 2015), B20 (2016) and soon B30 

Thailand B7 mandate in 2016 and B10 in 2018 

Malaysia B7 mandate and B10 in 2019 

Vietnam B5 mandate since 2009  
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The mandatory mandate of biodiesel blends for Malaysia has started in 2011 

with B5 following the National Biofuel Policy (NBP) that was fixed in 2006. The 

policy promoted the continuous production and use of biofuels which governed by five 

policy thrust (Johari et al., 2015). Accordance to that, Biofuel Industry Act (BIA) was 

established in 2007 wherein under the act, the Plantation Industries and Commodities 

minister is authorized to raise and lower Malaysia’s biodiesel mandate (Mohammadi 

et al., 2016). 

The advantages of biodiesel which are renewable, biodegradable and clean 

burning fuel produce lesser toxic pollutants and greenhouse gases than petroleum 

diesel when burnt (Kumar and Sharma, 2016; Mekhilef et al., 2011). It is also harmless 

to environment in its production process compared to fossil fuels. Another desirable 

points for biodiesel are the similarity in composition and characteristics with diesel 

fuel where enable it to be directly used in diesel engine with little or almost no 

modification to the engine (Kumar et al., 2014; Lim and Teong, 2010). Biodiesel also 

has its advantage of oil palm plantations in Malaysia which give promising continuous 

supply of feedstocks (Abdul-Manan et al., 2014).  

For engine application, the biodiesel has been proven applicable to be used in 

turbo-charged engine, high speed direct injection engine, diesel engine, marine craft 

engine and stationary engine which is unmodified (Dwivedi et al., 2013). Nevertheless, 

most engine studies show higher NOx emissions and higher fuel consumption with 

biodiesel tested. These formations were influenced by the fuel properties such as 

activation energy as reported by Conconi and Crnkovic (2013).  

Santos (2014) done thermal analysis to monitor the thermoxidation of biodiesel 

in function of time. The thermal analysis was further evaluated to determine the 

activation energy. Dwivedi (2016) done thermal analysis to determine the combustion 

kinetics and stated that it affected the emissions released from the combustion. Hence, 

this study intended to further evaluate the activation energy from thermal analysis. 

Moreover, this study also investigates the fuel properties, engine performance and 

emissions of palm biodiesel. 
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1.2 Problem Statement 

Numerous studies proven that engine combustion using palm biodiesel blends 

have reduced carbon emissions (Abedin et al., 2014; Al-Dawody and Bhatti, 2014; 

Nalgundwar et al., 2016; Prabu et al., 2017). However, the high NOx emissions in some 

studies give downsides of palm biodiesel (Dwivedi et al., 2013; Nagi et al., 2008). The 

emissions from the engine combustion with palm biodiesel blends are not conclusive. 

The reduced engine power and high fuel consumption are some other disadvantages 

of biodiesel (Fazal et al., 2011; Pullen and Saeed, 2014). A study reported that the NOx 

and CO production are influenced by activation energy (Conconi and Crnkovic, 2013). 

The thermal analysis of palm biodiesel to discover the activation energy is still scarce. 

To ascertain these gaps, this study is intended to study the palm biodiesel blends fuel 

properties, thermal characteristics to study the activation energy and examine the 

engine performance and emissions. The thermal characteristic study is done using 

Thermal Gravimetric Analysis (TGA) to evaluate the activation energy in detail. The 

evaluation of activation energy was studied in detail using two different kinetic 

methods; Direct Arrhenius method and Coats-Redfern method. This study will benefit 

respective authority in future to decide higher biodiesel blends implementation and 

facilitates in the predictions of thermal stability behaviour, engine performance and 

engine emissions of palm biodiesel. 
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1.3 Objectives of the Study 

This study intended to investigate: 

1. The fuel properties for diesel, B30, B50 and B100 with respect to ASTM D6751 

2. The thermal characteristics of diesel, B30, B50 and B100 at three different 

heating rates using TGA to study the activation energy with two kinetic 

methods; Direct Arrhenius and Coats-Redfern method 

3. The performance of diesel, B30, B50 and B100 from engine combustion  

4. The emission of diesel, B30, B50 and B100 from engine combustion  
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1.4 Scope of the Study 

1. This study involved fuel properties study of four fuel samples which are diesel 

and palm biodiesel blends; B30, B50 and B100. 

2. These fuel samples were tested on a direct injection (DI) diesel engine (Yanmar 

model L70AE) that is a four stroke, natural-aspirated and air-cooled engine to 

see the engine performance and emissions. The diesel engine was coupled to an 

eddy-current brake dynamometer equipped with a load controller to give force 

exerted by the torque arm of the dynamometer. 

3. The thermal analysis was done using TGA and the thermal characteristics 

which are activation energy (Ea) and pre-exponential factor (𝐴-1) were 

calculated using two different methods; Direct Arrhenius and Coats-Redfern. 

The thermal analysis was discussed in detail to study the behaviour of activation 

energy (Ea) of palm biodiesel blends and diesel. 

4. Engine performances such as Brake Specific Fuel Consumption (BSFC) and 

Brake Thermal Efficiency (BTE) were evaluated at one constant speed and four 

different load of diesel engine. 

5. Exhaust emissions such as nitrogen oxides (NOx), carbon monoxide (CO), 

carbon dioxide (CO2) and hydrocarbons (HC) were measured.



 

85 

 

REFERENCES 

Abdul-Manan, A. F. N., Baharuddin, A., & Chang, L. W. (2014). A detailed survey 

of the palm and biodiesel industry landscape in Malaysia. Energy, 76, 931–941. 

http://doi.org/10.1016/j.energy.2014.09.007 

Abedin, M. J., Masjuki, H. H., Kalam, M. A., Sanjid, A., Rahman, S. M. A., & 

Fattah, I. M. R. (2014). Performance, emissions, and heat losses of palm and 

jatropha biodiesel blends in a diesel engine. Industrial Crops and Products, 59, 

96–104. http://doi.org/10.1016/j.indcrop.2014.05.001 

Abu-Hamdeh, N. H., & Alnefaie, K. A. (2015). A comparative study of almond and 

palm oils as two bio-diesel fuels for diesel engine in terms of emissions and 

performance. Fuel, 150, 318–324. http://doi.org/10.1016/j.fuel.2015.02.040 

Ahmad, A. (2015). The challenges and prospects of palm oil based biodiesel in 

Malaysia, (January). http://doi.org/10.1016/j.energy.2014.12.037 

Aithal, S. M. (2010). Modeling of NOx formation in diesel engines using finite-rate 

chemical kinetics. Applied Energy, 87(7), 2256–2265. http://doi.org/ 

10.1016/j.apenergy.2010.01.011 

Al-Dawody, M. F., & Bhatti, S. K. (2014). Experimental and computational 

investigations for combustion, performance and emission parameters of a diesel 

engine fueled with soybean biodiesel-diesel blends. Energy Procedia, 52, 421–

430. http://doi.org/10.1016/j.egypro.2014.07.094 

Al-Shemmeri, T. T., & Oberweis, S. (2011). Correlation of the NOx emission and 

exhaust gas temperature for biodiesel. Applied Thermal Engineering, 31(10), 

1682–1688. http://doi.org/10.1016/j.applthermaleng.2011.02.010 

Ali, O. M., Mamat, R., Abdullah, N. R., & Abdullah, A. A. (2015). Analysis of 

blended fuel properties and engine performance with palm biodiesel-diesel 

blended fuel. Renewable Energy, 86, 59–67 

Arbab, M. I., Varman, M., Masjuki, H. H., Kalam, M. A., Imtenan, S., Sajjad, H., & 

Rizwanul Fattah, I. M. (2015). Evaluation of combustion, performance, and 

emissions of optimum palm-coconut blend in turbocharged and non-

turbocharged conditions of a diesel engine. Energy Conversion and 

Management, 90, 111–120. http://doi.org/10.1016/j.enconman.2014.11.017 



 

86 

 

ASTM International. (2011). Standard Test Method for Cloud Point of Petroleum 

Products 1, 1–4. http://doi.org/10.1520/D2500-11.2 

Balakrishnan, N., Mayilsamy, K., & Nedunchezhian, N. (2015). An Investigation of 

the Performance, Combustion, and Emission Characteristics of a CI Engine 

Fueled with Used Vegetable Oil Methyl Ester and Producer Gas. International 

Journal of Green Energy, 12(5), 506–514. http://doi.org/10.1080/ 

15435075.2013.849255 

Boshui, C., Yuqiu, S., Jianhua, F., Jiu, W., & Jiang, W. (2010). Effect of cold flow 

improvers on flow properties of soybean biodiesel. Biomass and Bioenergy, 

34(9), 1309–1313. http://doi.org/10.1016/j.biombioe.2010.04.001 

Buyukkaya, E. (2010). Effects of biodiesel on a di diesel engine performance, 

emission and combustion characteristics. Fuel, 89(10), 3099–3105. 

http://doi.org/10.1016/ j.fuel.2010.05.034 

Cengel, Y. A., & Boles, M. A. (2002). Thermodyamics an engineering approach. 

Energy, 1, 51. http://doi.org/10.1017/CBO9781107415324.004 

Chong, C. T., & Hochgreb, S. (2011). Spray Combustion Characteristics of Palm 

Biodiesel. Combustion Science and Technology. http://doi.org/10.1080/ 

00102202.2012.663999 

Conceição, M. M., Fernandes Jr, V. J., Bezerra, A. F., Silva, M. C. D., Santos, I. M. 

G., Silva, F. C., & Souza, A. G. (2007). Dynamic kinetic calculation of castor 

oil biodiesel. Journal of Thermal Analysis and Calorimetry. http://doi.org/ 

10.1007/s10973-006-8194-x 

Conconi, C. C., & Crnkovic, P. M. (2013). Activation Energy , NOx and CO 

Emissions of Renewable Fuels and Their Blends With Fossil Diesel, (Cobem), 

1–9. Retrieved from http://www.abcm.org.br/anais/cobem/2013/PDF/756.pdf 

Corriere, F., Peri, G., & La Rocca, V. (2012). Characterization of Biodiesel from 

Vegetable Oil Using Comprehensive Two-Dimensional Gas Chromatography. 

Applied Mechanics and Materials, 260–261, 312–317. http://doi.org/10.4028/ 

www.scientific.net/AMM.260-261.312 

David, S. & Peter, R. (2006). Handbook of Petroleum Processing. http:// 

doi.org/10.1007/1-4020-2820-2 

de Almeida, S. D. A. (2004). Performance of a diesel generator fuelled with palm oil 

[Fuel 81 (2003) 2097–2102]. Fuel, 83(7–8), 1113. http://doi.org/ 

10.1016/j.fuel.2003.10.020 



 

87 

 

Dwivedi, G., Jain, S., & Sharma, M. P. (2013). Diesel engine performance and 

emission analysis using biodiesel from various oil sources - Review. Journal of 

Materials and Environmental Science, 4(4), 434–447. http://doi.org/ 

10.5897/AJB12.2931 

Dwivedi, G., & Sharma, M. P. (2016). Experimental investigation on thermal 

stability of Pongamia Biodiesel by thermogravimetric analysis. Egyptian 

Journal of Petroleum, 25(1), 33–38. http://doi.org/10.1016/j.ejpe.2015.06.008 

Fazal, M. A., Haseeb, A. S. M. A., & Masjuki, H. H. (2011). Biodiesel feasibility 

study: An evaluation of material compatibility; Performance; emission and 

engine durability. Renewable and Sustainable Energy Reviews, 15(2), 1314–

1324. http://doi.org/10.1016/j.rser.2010.10.004 

Fukuda, H., Kondo, A., & Noda, H. (2001). Biodiesel fuel production by 

transesterification of oils. Journal of Bioscience and Bioengineering, 92(5), 

405–416. http://doi.org/10.1016/S1389-1723(01)80288-7 

Gumus, M. (2010). A comprehensive experimental investigation of combustion and 

heat release characteristics of a biodiesel (hazelnut kernel oil methyl ester) 

fueled direct injection compression ignition engine. Fuel, 89(10), 2802–2814. 

http://doi.org/10.1016/j.fuel.2010.01.035 

Hashim, H., Narayanasamy, M., Yunus, N. A., Shiun, L. J., Muis, Z. A., & Ho, W. S. 

(2017). A cleaner and greener fuel: Biofuel blend formulation and emission 

assessment. Journal of Cleaner Production, 146, 208–217. http://doi.org/ 

10.1016/j.jclepro.2016.06.021 

Hussain, J., Palaniradja, K., Alagumurthi, N., & Manimaran, R. (2012). Effect of 

Exhaust Gas Recirculation (EGR) on performance and emission characteristics 

of a three cylinder direct injection compression ignition engine. Alexandria 

Engineering Journal, 51(4), 241–247. http://doi.org/10.1016/j.aej.2012.09.004 

Imtenan, S., Masjuki, H. H., Varman, M., Arbab, M. I., Sajjad, H., Rizwanul Fattah, 

I. M., Abu, A. S. (2014). Emission and performance improvement analysis of 

biodiesel-diesel blends with additives. Procedia Engineering, 90, 472–477. 

http://doi.org/10.1016/j.proeng.2014.11.759 

Jalani, B. S., Cheah, S. C., Rajanaidu, N., & Darus, A. (1997). Improvement of palm 

oil through breeding and biotechnology. Journal of the American Oil Chemists’ 

Society, 74(11), 1451–1455. http://doi.org/10.1007/s11746-997-0253-3 

Johari, A., Nyakuma, B. B., Mohd Nor, S. H., Mat, R., Hashim, H., Ahmad, A., Tuan 



 

88 

 

Abdullah, T. A. (2015). The challenges and prospects of palm oil based 

biodiesel in Malaysia. Energy, 81, 255–261. http://doi.org/10.1016/ 

j.energy.2014.12.037 

Jothithirumal, B., & Jamesgunasekaran, E. (2012). Combined Impact of Biodiesel 

and Exhaust Gas Recirculation on NOx Emissions in Di Diesel Engines. 

Procedia Engineering, 38, 1457–1466. 

http://doi.org/10.1016/j.proeng.2012.06.180 

Kalam, M. A., & Masjuki, H. H. (2004). Emissions and deposit characteristics of a 

small diesel engine when operated on preheated crude palm oil. Biomass and 

Bioenergy, 27(3), 289–297. http://doi.org/10.1016/j.biombioe.2004.01.009 

Knothe, G. (2005). Dependence of biodiesel fuel properties on the structure of fatty 

acid alkyl esters. Fuel Processing Technology, 86(10), 1059–1070. 

http://doi.org/ 10.1016/j.fuproc.2004.11.002 

Knothe, G. (2007). Some aspects of biodiesel oxidative stability. Fuel Processing 

Technology, 88(7), 669–677. http://doi.org/10.1016/j.fuproc.2007.01.005 

Kok, M. V. (2011). Characterization of medium and heavy crude oils using thermal 

analysis techniques. Fuel Processing Technology. http://doi.org/10.1016/ 

j.fuproc.2010.12.027 

Kumar, A., Kim, D.-S., Omidvarbona, H., & Kuppili, S. K. (2014). Combustion 

Chemistry of Biodiesel for Use in Urban Transport Buses : Experiment and 

Modeling. Mineta National Transit Research Consortium. 

Kumar, A., Kim, D., & Omidvarborna, H. (2016). Experimental Modeling of NOx 

and PM Generation from Combustion of Various Biodiesel Blends for Urban 

Transport Buses. 

Kumar, M., & Sharma, M. P. (2016). Selection of potential oils for biodiesel 

production. Renewable and Sustainable Energy Reviews, 56, 1129–1138. 

http://doi.org/10.1016/j.rser.2015.12.032 

Lai, Y., Wang, P., Chen, X., Yuan, Y., & Rong, J. (2016). Study on Volatility of 

Palm Oil Biodiesel / -10 Petrodiesel by Thermogravimetric Analysis Technique, 

9(2), 263–272. 

Lam, M. K., & Lee, K. T. (2011). Production of biodiesel using palm oil. In Biofuels 

(pp. 353–374). http://doi.org/10.1016/B978-0-12-385099-7.00016-4 

Lamaisri, C., Punsuvon, V., Chanprame, S., Arunyanark, A., Srinives, P., & 

Liangsakul, P. (2015). Relationship between fatty acid composition and 



 

89 

 

biodiesel quality for nine commercial palm oils. Songklanakarin Journal of 

Science and Technology, 37(4), 389–395. 

Lapuerta, M., Armas, O., & Rodríguez-Fernández, J. (2008). Effect of biodiesel fuels 

on diesel engine emissions. Progress in Energy and Combustion Science, 34(2), 

198–223. http://doi.org/10.1016/j.pecs.2007.07.001 

Leonard, P. D. (1993). Fuel Preheating System For Internal Combustion Engines, 

(19). 

Lim, S., & Teong, L. K. (2010). Recent trends, opportunities and challenges of 

biodiesel in Malaysia: An overview. Renewable and Sustainable Energy 

Reviews, 14(3), 938–954. http://doi.org/10.1016/j.rser.2009.10.027 

Lin, L., Cunshan, Z., Vittayapadung, S., Xiangqian, S., & Mingdong, D. (2011). 

Opportunities and challenges for biodiesel fuel. Applied Energy, 88(4), 1020–

1031. http://doi.org/10.1016/j.apenergy.2010.09.029 

Lin, L., Ying, D., Chaitep, S., & Vittayapadung, S. (2009). Biodiesel production 

from crude rice bran oil and properties as fuel. Applied Energy, 86(5), 681–688. 

http://doi.org/10.1016/j.apenergy.2008.06.002 

Lin, Y.-C., Tsai, C.-H., Yang, C.-R., Wu, C. H. J., Wu, T.-Y., & Chang-Chien, G.-P. 

(2008). Effects on aerosol size distribution of polycyclic aromatic hydrocarbons 

from the heavy-duty diesel generator fueled with feedstock palm-biodiesel 

blends. Atmospheric Environment, 42(27), 6679–6688. http://doi.org/10.1016/ 

2008.04.018 

Liu, J., Sun, P., Huang, H., Meng, J., & Yao, X. (2017). Experimental investigation 

on performance, combustion and emission characteristics of a common-rail 

diesel engine fueled with polyoxymethylene dimethyl ethers-diesel blends. 

Applied Energy, 202, 527–536. http://doi.org/10.1016/j.apenergy.2017.05.166 

Masjuki, H. H., Kalam, M. A., Mofijur, M., & Shahabuddin, M. (2013). Biofuel: 

Policy, standardization and recommendation for sustainable future energy 

supply. Energy Procedia, 42, 577–586. 

http://doi.org/10.1016/j.egypro.2013.11.059 

Masjuki, H. H., Kalam, M. A., & Shahabuddin, M. (2012). Experimental study of 

additive added palm biodiesel in a compression ignition engine Experimental 

study of additive added palm biodiesel in a compression ignition engine. 

Mejía, J. D., Salgado, N., & Orrego, C. E. (2013). Effect of blends of Diesel and 

Palm-Castor biodiesels on viscosity, cloud point and flash point. Industrial 



 

90 

 

Crops and Products, 43(1), 791–797. 

http://doi.org/10.1016/j.indcrop.2012.08.026 

Mekhilef, S., Siga, S., & Saidur, R. (2011). A review on palm oil biodiesel as a 

source of renewable fuel. Renewable and Sustainable Energy Reviews. 

http://doi.org/10.1016/j.rser.2010.12.012 

Mofijur, M., Masjuki, H. H., Kalam, M. A., Atabani, A. E., Shahabuddin, M., Palash, 

S. M., & Hazrat, M. A. (2013). Effect of biodiesel from various feedstocks on 

combustion characteristics, engine durability and materials compatibility: A 

review. Renewable and Sustainable Energy Reviews, 28, 441–455. 

http://doi.org/10.1016/j.rser.2013.07.051 

Mohammadi, S., Arshad, F. M., & Ibragimov, A. (2016). Future Prospects and 

Policy Implications for Biodiesel Production in Malaysia: A System Dynamics 

Approach. Institutions and Economies, 8(4), 42–57. 

Monirul, I. M., Masjuki, H. H., Kalam, M. A., Mosarof, M. H., Zulkifli, N. W. M., 

Teoh, Y. H., & How, H. G. (2016). Assessment of performance, emission and 

combustion characteristics of palm, jatropha and Calophyllum inophyllum 

biodiesel blends. Fuel, 181, 985–995. http://doi.org/10.1016/j.fuel.2016.05.010 

Munthe, B. C. (2018). Indonesia to make biodiesel use compulsory from September 

1:official. Retrieved from https://www.reuters.com/article/us-indonesia-

biodiesel/indonesia-to-make-biodiesel-use-compulsory-from-september-1 

Nagi, J., Sied, K. A., & Nagi, F. (2008). Palm Biodiesel an Alternative Green 

Renewable Energy for the Energy Demands of the Future. The International 

Conference on Construction and Building Technology (ICCBT 2008), (7), 79–

94. 

Nalgundwar, A., Paul, B., & Sharma, S. K. (2016). Comparison of performance and 

emissions characteristics of di CI engine fueled with dual biodiesel blends of 

palm and jatropha. Fuel, 173(2016), 172–179. http://doi.org/10. 

1016/j.fuel.2016.01.022 

Nantha Gopal, K., Pal, A., Sharma, S., Samanchi, C., Sathyanarayanan, K., & 

Elango, T. (2014). Investigation of emissions and combustion characteristics of 

a CI engine fueled with waste cooking oil methyl ester and diesel blends. 

Alexandria Engineering Journal, 53(2), 281–287. 

http://doi.org/10.1016/j.aej.2014.02.003 

Nantha Gopal, K., & Thundil Karupparaj, R. (2014). Effect of pongamia biodiesel on 



 

91 

 

emission and combustion characteristics of di compression ignition engine. Ain 

Shams Engineering Journal, 6(1), 297–305. http://doi.org/10.1016/ 

j.asej.2014.10.001 

National Biodiesel Board, U. (2015). Bioenergy, Biomass to Biofuels. In Bioenergy 

(pp. 37–40). http://doi.org/10.1016/B978-0-12-407909-0.00002-X 

Niazi, S., & Wells, W. (2016). Thailand takes first step towards B10 biodiesel 

implementation in 2018. Retrieved from https://www.spglobal.com/platts/en/ 

market-insights/latest-news/agriculture/051916-thailand-takes-first-step-towards 

-b10-biodiesel-implementation-in-2018 

Nik, W. B. W. (2005). Thermal stability evaluation of palm oil as energy transport 

media, 46, 2198–2215. http://doi.org/10.1016/j.enconman.2004.10.008 

Ong, H. C., Mahlia, T. M. I., Masjuki, H. H., & Norhasyima, R. S. (2011). 

Comparison of palm oil , Jatropha curcas and Calophyllum inophyllum for 

biodiesel : A review. Renewable and Sustainable Energy Reviews, 15(8), 3501–

3515. http://doi.org/10.1016/j.rser.2011.05.005 

OPEC. (2016). World Oil Outlook 2016. Organization of the Petroleum Exporting 

Countries. http://doi.org/10.1002/yd.370 

Pandey, A. (2011). Handbook of plant-based biofuels. Biofuels, Bioproducts and 

Biorefining (Vol. 5). http://doi.org/10.1002/bbb.317 

Pisac, C. A. (2014). An Experimental Study of Combustion Characteristics of Fatty 

Acid Methyl Ester Biodiesel, (June). 

Pullen, J., & Saeed, K. (2014). Factors affecting biodiesel engine performance and 

exhaust emissions - Part II: Experimental study. Energy, 72, 17–34. 

http://doi.org/10.1016/j.energy.2014.02.034 

Qi, D. H., Chen, H., Geng, L. M., & Bian, Y. Z. H. (2010). Experimental studies on 

the combustion characteristics and performance of a direct injection engine 

fueled with biodiesel/diesel blends, 51, 2985–2992. 

http://doi.org/10.1016/j.enconman. 2010.06.042 

Rand, S. J. (2003). Standard Test Method for Density , Relative Density ( Specific 

Gravity ), or API Gravity of Crude Petroleum and Liquid Petroleum Products 

by. ASTM International, 5, 221. http://doi.org/10.1520/D6822-02R08.2 

Rodriguez, R. P., Sierens, R., & Verhelst, S. (2011). Ignition delay in a palm oil and 

rapeseed oil biodiesel fuelled engine and predictive correlations for the ignition 

delay period. Fuel, 90(2), 766–772. http://doi.org/10.1016/j.fuel.2010.10.027 



 

92 

 

Ruhul, M. A., Abedin, M. J., Rahman, S. M. A., Masjuki, B. H. H., Alabdulkarem, 

A., Kalam, M. A., & Shancita, I. (2016). Impact of fatty acid composition and 

physicochemical properties of Jatropha and Alexandrian laurel biodiesel blends: 

An analysis of performance and emission characteristics. Journal of Cleaner 

Production, 133 (June), 1181–1189. http://doi.org/http://dx.doi.org/10.1016/ 

j.jclepro.2016.06.017 

Sahasrabudhe, M. A. (2014). Determining the Combustion Kinetics of vegetable oil 

based fuels, (July). 

Said, M. F. M. (2006). Performance and Emission Tests of Biodiesel Fuels Using A 

Conventional Diesel Engine. Universiti Teknologi Malaysia. 

Sanjida, A., Masjuki, H. H., Kalam, M. A., Ashrafur Rahman, S. M., Abedin, M. J., 

& Palash, S. M. (2014). Production of palm and jatropha based biodiesel and 

investigation of palm-jatropha combined blend properties, performance, exhaust 

emission and noise in an unmodified diesel engine. Journal of Cleaner 

Production, 65, 295–303. http://doi.org/10.1016/j.proeng.2014.11.868 

Sanjida, A., Masjuki, H. H., Kalam, M. A., Ashrafur Rahman, S. M., Abedin, M. J., 

Reza, M. I., & Sajjad, H. (2014). Experimental investigation of palm-jatropha 

combined blend properties, performance, exhaust emission and noise in an 

unmodified diesel engine. Procedia Engineering, 90, 397–402. 

http://doi.org/10.1016/j.proeng.2014.11.868 

Santos, A. G. D., Souza, L. D., Caldeira, V. P. S., Farias, M. F., Fernandes, V. J., & 

Araujo, A. S. (2014). Kinetic study and thermoxidative degradation of palm oil 

and biodiesel. Thermochimica Acta, 592, 18–22. http://doi.org/10.1016/ 

j.tca.2014.08.006 

Saxena, P., Jawale, S., & Joshipura, M. H. (2013). A review on prediction of 

properties of biodiesel and blends of biodiesel. Procedia Engineering, 51, 395–

402. http://doi.org/10.1016/j.proeng.2013.01.055 

Senthur Prabu, S., Asokan, M. A., Roy, R., Francis, S., & Sreelekh, M. K. (2017). 

Performance, Combustion and Emission Characteristics of Diesel Engine 

fuelled with Waste Cooking Oil Bio-diesel /diesel blends with Additives. 

Energy, 122, A11–A11. http://doi.org/10.1016/j.energy.2017.01.119 

Shehata, M. S. (2013). Emissions, performance and cylinder pressure of diesel 

engine fuelled by biodiesel fuel. Fuel, 112(X), 513–522. 

http://doi.org/10.1016/j.fuel.2013.02.056 



 

93 

 

Stan, L.-C., & Mitu, D.-E. (2010). Simplified mechanism used to estimate the NOx 

emission of Diesel engine. 2nd International Conference on Manufacturing 

Engineering, Quality and Production Systems, (104), 61–64. Retrieved from 

http://www.wseas.us/e-library/conferences/2010/Constantza. pdf 

Topa, E. H. (2010). and Kinetics of Diesel, Methanol Route Biodiesel, Canola Oil 

and Diesel-Biodiesel Blends At Different Blending Rates By Tga, (September). 

Retrieved from https://etd.lib.metu.edu.tr/upload/12612460/index.pdf 

Trinh; Tu Anh, & Linh, L. T. P. (2018). Biofuels Potential for Transportation Fuels 

in Vietnam : A Status Quo and SWOT Analysis Biofuels Potential for 

Transportation Fuels in Vietnam : A Status Quo and SWOT Analysis. IOP 

Conference Series: Earth and Environmental Science, 143. 

Venkata, P. K. (2011). Laboratory experiments on the emissions from different 

biodiesel blends in comparison to B20 and ultra low sulfur diesel. 

Wan Ghazali, W. N. M., Mamat, R., Masjuki, H. H., & Najafi, G. (2015). Effects of 

biodiesel from different feedstocks on engine performance and emissions: A 

review. Renewable and Sustainable Energy Reviews, 51, 585–602. http:// 

doi.org/10.1016/j.rser.2015.06.031 

 




