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Summary: Combustion process in diesel engines using biofuels depends on their quality. Quality in turn depends on the physico-chemical properties of esters derived from various plant sources (sunflower, rapeseed, etc.) and also of the proportions in which they are mixed with the diesel fuel.
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INTRODUCTION
Biodiesel is produced from vegetable oils or animal fats by transesterification reaction with alcohols using sodium hydroxide as a catalyst and is suitable for diesel engines. The oils are treated previously to eliminate water, thus avoiding the formation of soaps during the chemical reaction.
While most biodiesel is produced using methanol (because of its low price and fast conversion) for its production can be used and other alcohols such as ethanol and isopropanol. High-valence alcohols provide excellent fluidity at low temperatures, but generally are harder to produce , as they require higher temperatures, lower levels of water pollution and more complex recycling of alcohol due to the formation of azeotropes.
MATERIAL AND METHODS
Energy crops from which biofuels can be extracted are: sunflower, rapeseed, corn, wheat, barley, sugar beet, hemp, cotton, soybean and others. Rapeseed (Brassica napus) is a plant with bright yellow flowers that are grown and cultivated widely throughout the world. The most popular and best rape is with a high fat content, which is recommended for biodiesel production is a genetically modified variety, manufactured in Germany. There is however, a prohibition on the release of GMOs (genetically modified organisms) in the environment and it is used in the U.S., South America and some European countries. Genetically modified rapeseed gives 3-4 times higher yield than traditional and does not freeze in winter. It gives 75-80% fat and its cultivation is most economically advantageous, until the fat in sunflower seeds reaches 35-40%. 
Aside from biofuels, energy crops can be obtained from biomass (second generation biofuels). Biomass is a biodegradable fraction of products, waste and residues from agriculture (including vegetal and animal substances), forestry and also from biodegradable fractions of industrial and household waste that can be used as fuel.
From vegetable or animal fats by pyrolysis (thermal degradation in absence of air), micro emulsifying (formation of thermodynamically stable dispersion systems) or by other methods for their transformation can also obtain products suitable for use as fuel. 
Biodiesel is used either in pure form or mixed with mineral diesel, which unlike blends pure vegetable oil-diesel fuel - are stable at each concentration. 
Quality standards are a prerequisite for commercial use of any product. In 1997, the  European Committee for Standardization has been mandated to develop the same for all European countries standard for fuels based on methyl esters of fatty acids. The resulting standard EN 14214 entered into force in 2004 and is valid for all member states of the European Union and replaces the national specifications and standards. 

Table 1. Requirements for biodiesel fuel, according to standard EN 14214
	Property
	Unit
	Limits
	Testing method

	Ester content
	% (m/m)
	min. 96.5
	EN 14103

	Density at 15°C
	kg/m3
	860-900
	EN ISO 3675 EN ISO 12185

	Viscosity at 40°C
	mm2/s
	3.50-5.00
	EN ISO 3104

	Flash point
	°C
	min. 120
	prEN ISO 3679

	Sulfur content
	mg/kg
	max. 10
	EN ISO 20846 EN ISO 20884

	Carbon residue (on 10% distillation residue)
	% (m/m)
	max. 0.30
	EN ISO 10370

	Cetane number
	
	min. 51.0
	EN ISO 5165

	Sulfated ash content
	% (m/m)
	max. 0.02
	ISO 3987

	Water content
	mg/kg
	max. 300
	EN ISO 12937

	Total contamination
	mg/kg
	max. 24
	EN 12662

	Copper strip corrosion (3h at 50°C)
	
	max. 1
	EN ISO 2160

	Oxidation stability, 110°C *
	hours
	min. 6.0
	EN 14112

	Acid value
	mg KOH/g
	max. 0.50
	EN 14104

	Iodine value
	g Iodine/100 g
	max. 120
	EN 14111

	Content of linolenic acid-methyl ester
	% (m/m)
	max. 12.0
	EN 14103

	FAME with >=4 double bonds
	% (m/m)
	max. 1
	EN 14103

	Methanol content
	% (m/m)
	max. 0.20
	EN 14110

	Monoglyceride content
	% (m/m)
	max. 0.80
	EN 14105

	Diglyceride content
	% (m/m)
	max. 0.20
	EN 14105

	Triglyceride content
	% (m/m)
	max. 0.20
	EN 14105

	Free glycerol
	% (m/m)
	max. 0.020
	EN 14105 EN 14106

	Total glycerol
	% (m/m)
	max. 0.25
	EN 14105

	Alkaline metals (Na + K)
	mg/kg
	max. 5.0
	EN 14108 EN 14109

	Alkaline earth metals (Ca + Mg)
	mg/kg
	max. 5.0
	EN 14538

	Phosphorus content
	mg/kg
	max. 10.0
	EN 14107


Biodiesel and mineral (conventional) diesel fuel differ significantly in their chemical composition and therefore the test methods for one and other fuels also differ substantially. Mineral diesel fuel consists 64-70% paraffinic hydrocarbons and 30-35% aromatic hydrocarbons and the average number of carbon atoms is 10-16 (C10 to C16). Biodiesel derived from rapeseed, soybean or sunflower oil contains mainly methyl esters of C16 and C18 fatty acids with one or three double bonds in their molecules. Moreover, mineral diesel fuel contains no oxygen, while its content in biodiesel fuel is about 11%. 
All these differences in composition inevitably lead to a difference in physical and chemical properties and this difference is under review in this paper.
The most widely used alternative fuels are based on methyl esters of fatty acids from rapeseed oil. In table 2. are shown some of the main physico-chemical characteristics of rape oil and methyl esters obtained on its basis (MERM).
Table 2. Basic physico-chemical characteristics of rape oil and the methyl esters obtained from its base (MERM)

	Indicator
	Rape oil
	MERM

	Formula
	С57Н101,6О6
	С19Н35,2О2

	Molecular weight, kg/kmol
	883
	296

	Net Calorific Value, MJ/kg
	36,7
	37,1

	Cetane number
	44
	52-56

	Density at 150С, kg/m3
	916
	882

	Viscosity at 200C, mm2/s
	75
	6-8


Different sources for biodiesel production have different physical properties at low temperatures. Pure biodiesel begins to freeze at -10 °C if it is produced from vegetable oils, but at +16 °C if it is made from animal fats. Therefore, some of its varieties are more suitable for use in winter than others and manufacturers add to the fuel special additives that improve low temperature properties and that help to start more easily the engine during cold days. 
Such an additive is Helios 17BD. It contains high molecular weight compounds that are absorbed on the forming crystals and prevent them grossing. As a result, improved low temperature properties of the biofuel fuel and its mixtures that reach the recommended temperature limit of cold filter plugging point (CFPP), according to specification. The additive is recommended to be used in proportion 2L to 1000L diesel fuel.
Table 3. Cold filter plugging point (CFPP) using and without using Helios 17BD 
	Biodiesel and blends
	CFPP, °C
without Helios 17BD
	CFPP, °C
with Helios 17BD
2:1000


	B5

	-15

	-25


	B20

	-16

	-26


	B50

	-16

	-26


	B80

	-11

	-18


	B100

	-11

	-17



	*Blends are with diesel fuel with CFPP =-15°C 

	Biodiesel and blends
CFPP, °C
without Helios 17BD
CFPP, °C
with Helios 17BD
2:1000

B5

-17

-26

B20

-18

-28

B50

-15

-23

B80

-10

-16

B100

-8

-13

* Blends are with diesel fuel with CFPP =-17°C 


Table 4 gives basic physico-chemical characteristics of three types of biodiesel fuels derived respectively from:

· Sunflower oil - B1
· Rapeseed oil - B2
· Mixture of rapeseed and sunflower oil - B3
Table 4. Physico-chemical characteristics of three types of biodiesel fuels
	
	Indicator
	Results
	Note

	
	
	B1
	B2
	B3
	

	1
	Density at 15°C, kg/m3
	886,10
	884,7
	883,2
	Samples have been working on methods of analysis under EN ISO 14214

	2
	Viscosity at 40°C, mm2/s
	4,43
	4,36
	4,16
	

	3
	Flash point, °С
	180
	178
	162
	

	4
	Coke content, %
	0,67
	0,53
	0,14
	

	5
	Water content, %
	0,10
	0,28
	0,09
	

	6
	Cetane index
	55
	60
	59
	

	7
	Cold filter plugging point (CFPP), °С
	minus 7
	minus 9
	minus 12
	


The flash point of a fuel is defined as the temperature at which the fuel becomes a mixture that will ignite when exposed to a spark or flame. Specific testing concludes that the flash point of biodiesel blends increases as the percentage of biodiesel fuel increases. Neat biodiesel has a flash point (150°C) well above the flash point of petroleum based diesel fuel (± 70°C). 
The cold filter plugging point (CFPP) is now often used instead of cloud point (CP) as the criterion to predict the low temperature performance of diesel fuel. The CFPP is the lowest temperature at which fuel will still flow through a specific filter. 
CONCLUSION
Biofuels produced from different sources and different manufacturers have different physico-chemical properties. Esters of fatty acids have better indicators than pure oils. 

In conclusion it can be summarized that the production of quality biofuels meeting the standards required to make preliminary studies and clarifying the physico-chemical parameters and ways to correct their indicators  - by mixturing, adding additives, etc..
Contact:
Assoc. Prof. Emil Marinov, PhD, Department of Internal Combustion Engines, University of Rousse, Е-mail: emarinov@ru.acad.bg
Ing. Maya Ivanova, Department of Internal Combustion Engines, University of Rousse,  Е-mail: mivanova@ru.acad.bg.
References:

1. Directive 2003/30/EC of the European Parliament and of the Council of 8 May 2003 on the promotion of the use of biofuels or other renewable fuels for transport 

2. Stankov, E., Stanchev, H., Hadjiev, K., Determination of diesel Engine Performances with sunflower methyl ester Fuel, 2-nd International Conference on Thermal Engines and Environmental Engineering- METIME, June 7-9, 2007, Galati, Romania, Proceedings- Vol.2, p.193-199, ISBN 978-973-1724-17-1. 
3. http://evropa.dnevnik.bg/show/?storyid=256895
4. http://www.helios.bg/dobavki-za-dizel-golemi-opakovki-/helios-17bd-dobavka-za-biodizel-i-negovite-smesi-s-dizelovi-goriva.html
The study was supported by contract № BG051PO001-3.3.04/28, "Support for the Scientific Staff Development in the Field of Engineering Research and Innovation”. The project is funded with support from the Operational Programme "Human Resources Development" 2007-2013, financed by the European Social Fund of the European Union.

