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ABSTARCT 

In the present day world scenario, economy of many countries is flourishing 

post-liberalization and economic reforms and this has led to automotive technology 

development at unprecedented rates. This coupled with faster depletion of World's 

limited fossil fuel reserves; and rapid escalation in vehicular emissions and 

environmental degradation has put tremendous pressure on energy requirements of 

many countries of the world in general and India in particular. The situation is very 

serious and it calls for innovative, expeditious and almost perfect solution. Alternative 

fuels must be abundantly available, technically feasible, economically viable, 

sustainable in nature and environmentally benign and safe. Biofuels use in general 

and biodiesels in particular seems to provide the perfect solution to this chaotic 

scenario as biodiesel fuels promote sustainable development. Use of biodiesel as fuel 

in diesel engines in EU countries and USA has become widespread during the last 

decade or so. The consumption of biodiesel is expected to reach 1 million tonnes 

(MMT) and 11 MMT in the US and EU respectively by 2010-11. 

Based upon extensive literature review, two feedstock oils were selected; - 

castorseed and cottonseed. Castor oil is identified as emerging feedstock for biodiesel 

production and India is the largest producer of castor oil. Cottonseed is the co-product 

of cotton crop and therefore is available for the production of biodiesel. Present 

studies were undertaken on castorseed and cottonseed oil biodiesels in direct injection 

diesel engine. These included: a) Production of the two biodiesels; b) Confirmation of 

their production by spectroscopy (TLC, NMR); c) Physico-chemical characterization; 

d) Engine studies, which comprised of i) Performance and emission, ii) EGR studies, 

iii) Combustion, d) Lubricity studies, e) Oxidative stability studies, f) Lube oil 

condition, g) biodiesel economics and CO2 mitigation potential. 
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Free fatty acids (FFA) values of castor oil and cottonseed oil were found to be 

0.51 and 0.88 respectively. Since FFA values for both oils were less than 2, these 

biodiesels were prepared by alkaline transesterification process and yields were noted 

to be 98% and 99% respectively. Transesterification of castor oil is less energy 

intensive due to the ability of castor oil to get fully dissolved in methanol at room 

temperature. Production of biodiesels was confirmed qualitatively by thin layer 

chromatography (TLC) and nuclear magnetic resonance (NMR) studies. 

Physico-chemical characterization of these biodiesels indicated that values of 

various properties were well within the specification range set by EU standard and in 

compliance with biodiesel specifications ASTM-D6751, EN-14214, BIS-15607, with 

the exception of viscosity of pure castorseed biodiesel (y =12.33cSt) being higher. 

Kinematic viscosity of pure cottonseed biodiesel (y =4.17cSt) was well within 

stipulated international standards. However castor biodiesel blends from BO1 to B50 

were found to meet the viscosity criteria set by international biodiesel fuel quality 

standards. The Color of pure castorseed and cottonseed biodiesels was found to be 

bright yellow and sparkling light yellow respectively; and properties of all blends 

were within stipulated standards. 

Engine experimental test-rig and test apparatus set-up were developed to carry 

out engine performance and emission studies with biodiesel blended fuels (B1, B2, 

B5, B10, B15, B20, B25, B30, B50, B100) of castorseed and cottonseed biodiesels. 

Based on initial investigations and their results, two best performing biodiesel blends 

were selected; selected biodiesel blends were — castorseed biodiesels B15, B02; and 

cottonseed biodiesels B15, B02. A new intermediate blend B08 was also added 

subsequently to complete the entire spectrum; literature survey showed that no studies 

had been earlier performed with biodiesel blend B08. 
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NO is a primary as well as a secondary pollutant. Exhaust gas recirculation 

(EGR) is an effective method for NO X  control. There are various techniques being 

considered for the control of NO X  emissions from modem diesel engine but most of 

these methods have limitations in practical implementations on the engine. EGR is a 

proven and effective method of reducing Oxides of Nitrogen (NO) emissions, which 

is used in most diesel engines worldwide. Based on engine EGR studies in direct-

injection diesel engine in terms of overall performance and NO X  reduction from castor 

biodiesels (B02, B08, B15, B 100) and cottonseed biodiesels (B02, B08, B15, B 100) 

with 0-25%EGR rates, best performing EGR(%) ratio and biodiesel fuel blends were 

selected and compared. 

Castorseed biodiesel fuel blends B15-EGR15, B08-EGR15, B02-EGR15 and 

cottonseed biodiesel blends B15-EGR15, B08-EGR15, B02-EGR15 were observed to 

be the best performing fuels in terms of best overall performance and maximum NOX 

reduction; and therefore best performing EGR ratio was 15%. Along with above 

biodiesel fuels, pure diesel HSD-EGR1 5, pure castorseed biodiesel CstB 1 00-EGR1 5 

and pure cottonseed biodiesel CtnB100-EGR15 were also found to be best performing 

fuels. 

In the present study, NO,, reduction has been observed to be quite substantial. With 

EGR, Peak pressure and peak temperatures are relatively lower in EGR combustion. It 

contributed to higher BTE at part loads; and substantial NO X  emissions reduction is 

attributed to lower peak temperatures due to higher heat capacity of EGR gases - 

Carbon dioxide (CO2), and water vapour (w.v.) in the exhaust, and lack of easy access 

to oxygen during combustion resulting in lower NO X  formation. NO,, formation occurs 

via thermal NO X  pathway. Oxides of Nitrogen (NO) consist of NO (94-95%) & NO2 

(5-6%), and small trace percentage of N20. Oxides of nitrogen are formed in diesel 
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engine via three pathways during combustion: (i) Thermal NO X  (also known as 

Zeldovich mechanism), (ii) Prompt NO. (also known as Fenimore mechanism), (iii) 

Fuel NOR. According to Heywood (1988), Much of NO X  production took place as per 

Extended Zel'dovich mechanism and from combustion products generated prior to 

peak cylinder pressure. 

Based on performance (BTE, BSEC, BSFC, BMEP) and emissions (NO, 

Smoke-particulates, CO, UBHC, CO2) and lubricity of biodiesels, the following 

biodiesel fuels have been found to be best performing biodiesel fuel blends: (a) 

studies without EGR -[castorseed biodiesels (B02, B08, B15) and cottonseed 

biodiesels (B02, B08, B15)]; (b) studies with 15%EGR -[castorseed biodiesels (B02, 

B 15) and cottonseed biodiesels (B02, B08)]. 

Results obtained from present study are summed up here below: (i) NOX 

emissions from pure diesel with 15% EGR were found to be lower by up to 58%,max. 

; (ii) NO X  reduction with pure biodiesel without EGR: castor CstB 100 - lower by up to 

30%,max.; cotton CtnB 100 — lower by up to 32%,max. ; (iii) NO X  reduction with B02 

fuel blends without EGR: castor CstB02 - lower by up to 21%,max.; cotton CtnB02 — 

lower by up to 6.5%,max. ; (iv) NO,, reduction with B02 fuel blends with 15% EGR: 

castor CstB02-EGR15 - lower by up to 43%,max.; this is with respect to HSD-EGR15 

; (v) NO X  reduction with B08 fuel blend without EGR: castor CstB08 - lower by up to 

32.5%,max.; cotton CtnB08 — lower by up to 25%,max. ; (vi) NO X  reduction with B15 

fuel blends without EGR: castor CstB15-EGRO - lower by up to 27%,max.; this is 

with respect to HSD-EGRO ; (vii) NO X  reduction with B15 fuel blends with 15% 

EGR: castor CstB15-EGR15 - lower by up to 43.5%,max.; this is with respect to 

HSD-EGR15. Lower emissions of NO X  can be due to shorter ignition delay, higher 

cetane number, iodine value, and EGR gases. Lower NO X  from castorseed biodiesel is 
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also because of its unique composition of ricinoleic acid methyl ester with hydroxyl 

functionality which gave lowest NO X  all through out. 

In combustion studies, it is observed that peak pressure with increasing EGR 

decreases and corresponding ignition delay increases. It was further noted that 

ignition delay increases with increasing EGR % and ignition delay for castor biodiesel 

B15 is somewhat more but comparable to cottonseed B15. 

Biodiesel storage stability determination with Rancimat 873 equipment shows 

that pure biodiesels (B 100) pass the stability criteria as per EN-14214 with addition of 

very small amounts of antioxidants as well as in pure form without any antioxidant. 

Lubricity studies reveal that both these castor and cottonseed biodiesels have 

better lubricating properties than pure diesel. In castor and cottonseed biodiesel fuel 

blends, Cst B08 Ctn B08 were found to have best lubricity. Overall, lubricity of pure 

castorseed biodiesel B 100 is the best; followed by castorseed biodiesel B08, and then 

cottonseed biodiesel B08. 

Engine studies with EGR contaminated the lubricating oil and the Wear index 

of used lubricating oils was found to be seven times worse than that of fresh 

lubricating oil, also called fresh lube oil. 

The biodiesel cost economics revealed that the cost of castor biodiesel 

produced in the laboratory was in the range of Rs. 27.54 — 29.16 which is 78.7% - 

83.3% of cost of diesel fuel; taking pure diesel price at Rs35/litre. Biodiesel B15 fuel 

can replace reasonably large amounts of diesel fuel. India's annual diesel fuel demand 

in 2011-12 and 2016-17 will be 66.90 million tonnes and 83.58 million tonnes 

respectively; and biodiesel B 15 substitution in the same year can help decrease CO2 

emissions by 25.05 million tonnes and 31.29 million tonnes respectively. 
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