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Abstract- In this study, extracted oil from jatropha seeds was used to produce neat (pure) biodiesel through transesterification, and this 

converted biodiesel was used to prepare biodiesel/diesel blends. This study presents the preliminary research results of an investigation carried out on 
the potentiality of different biodiesel blends as an alternative fuel for compression ignition engines at load and no load conditions. The main objective of 
this research is to compare selected emissions of petroleum diesel with jatropha biodiesel fuel blends (B10, B20, B30, and B100) and B10* treated by 
ozonation. B20 produced the lowest CO concentration for engine test. B50 produced higher CO2 than other fuels for all engine tests, where B20 gave 
the highest. The biodiesel and biodiesel/diesel blend fuels produced higher NOx for various engine tests as expected. SO 2 formation showed an 
increasing trend as the percentage of diesel increased in the fuels. Overall, we may conclude that B20 is the optimum fuel blends.  

of adsorbent or temperature .  
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——————————      —————————— 
1.  Introduction  
 
Due to gradual depletion of world petroleum reserves and 
the impact of environmental pollution due to increasing 
exhaust emissions, there is an urgent need for suitable 
alternative fuels to use in diesel engines. In view of this, 
vegetable oil is a promising alternative    because it has 
several advantages, it is renewable, environ- friendly and 
produced easily in rural areas, where there is an acute need 
for modern forms of energy [1-7]. 

Growing concern regarding energy resources and the 
environment has increased interest in the study of 
alternative sources of energy. Biodiesel is a very attractive 
alternative fuel, which is successfully used for some time in 
different blends with gasoline in spark compression 
ignition engines (C.I.). Biodiesel can be blended and used in 
many different concentrations, including B100 (Pure 
biodiesel), B20 (20% biodiesel, 80% petroleum diesel), B5 
(5% biodiesel, 95% petroleum diesel) and B2 (2% biodiesel, 
98% petroleum diesel). B20 is common biodiesel blend in 
the united state. Biodiesel blend can be used in C.I. with 
little or no modifications. Biodiesel has some technical 
benefits such as its blend with petroleum diesel reduced the 
wear of aluminum, iron, chromium and lead components in 
a diesel engine. Also biodiesel improves lubricity, increases 
cetane number, has higher flash point and gives the same 
engine performance as   petroleum diesel. 
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Therefore, in recent years systematic efforts have been 

made by several research workers to use vegetable oils as 
fuel in engines [8-11]. Obviously, the use of non- edible 
vegetable oils compared to edible oils is very significant 
because of the tremendous demand for edible oils as food 
and they are far too expensive to be used as fuel at present. 

 
From previous studies [12-14] it is evident that there 

are various problems associated with vegetable oils being 
used as fuel in compression ignition (C.I.) engines, mainly 
caused by their high viscosity.  

Due to high viscosity, in long term operation, 
vegetable oils morally introduce the development of 
gumming, the formation of injector deposits, ring sticking, 
as well as incompatibility with conventional lubricating oil 
[14-18]. Therefore, reduction in viscosity is of prime 
importance to make vegetable oils a suitable alternative fuel 
for diesel engines.  

Biodiesel derived from vegetable non edible oils, is the 
most promising alternative fuel to conventional diesel 
(derived from fossil fuels), due to the following reasons 
[19]. 

• Biodiesel can be used in existing engines without 
any modifications. 

•  Biodiesel is made entirely from vegetable sources; 
it does not contain any sulfur, aromatic 
hydrocarbons, metals or crude oil residues. 

• Biodiesel is an oxygenated fuel; emissions of 
carbon monoxide and particulates end to be 
reduced compared to conventional diesel fuel. 
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• Unlike fossil fuels, the use of biodiesel does not 
contribute to global warming as CO2 emitted is 
once again absorbed by the plants grown for 
vegetable oil/ biodiesel production. Thus CO2 
balance is maintained. 

• The Occupational Safety and Health 
Administration classify biodiesel    as a non-
flammable liquid. 

• The use of biodiesel can extend the life of diesel 
engines because it is more lubricating than 
petroleum diesel fuel. 

• Biodiesel is produced from renewable vegetable 
oils/animal fats and hence improves fuel or energy 
security and economy independence. 
 
 The rising oil prices, ecology aspects, the 
desire to increase energy self-sufficiency and create 
employment are motivating the countries around 
the world in support of biofuels research and 
production. The most widely studied renewable 
motor fuels for compression ignition engines in the 
recent years are biodiesel and ethanol [20]. Diesel–
powered compression ignited engines contribute 
large amounts of sub-micron particulate matter to 
the environment and have been shown to 
contribute to atmospheric greenhouse gases and 
deleterious health effects.   
 
 Biodiesel is a proposed alternative 
biofuel produced through transesterification, 
a process in which organically derived oils 
combine with a methyl [21] or ethyl alcohol in 
the presence of catalyst [22] to form ethyl or 
methyl ester. Biodiesel is an environmentally 
sustainable fuel that does not contain sulfur 
or aromatics and may decrease the overall 
detrimental effects of diesel powered engines 
[23]. 
 The valorization of biodiesel by an 
efficient use in transportation sector, will bring 
great benefits for the environment and the local 
population, job creation provision of modern 
energy carriers to rural communities, avoidance of 
urban migration, and the reduction of CO2 and 
sulfur levels in the atmosphere [24]. However, 
methyl esters of animal and vegetable oils 
(biodiesel), due to their cleaner burning tendencies 
in the compression ignition engine, are again being 
evaluated for use as a fuel for modern diesel [25]. 

The purpose of this study was to analyze and draw 
comparisons concerning the fueling of (BEC) Bharti 
Diessel Engines with one cylinder, four stroke and 
water cooled. 

2.Materials and Methods 
2.1. Biodiesel production 

A batch of biodiesel was produced from Egyptian 
Jatropha oil at pilot scale in chemical Engineering and pilot 
plant Department, National Research Centre. The biodiesel 
(FAME) is produced in a batch, stirred tank reactor. 
Alcohol to triglyceride molar ratio is 6:1; the reactor is 
sealed and equipped with a reflux condenser. Operating 
temperature is about 65°C for one hour. The most 
commonly used catalyst is sodium hydroxide at loading 
range 1% by weight of oil. Thorough mixing is necessary at 
the beginning of the reaction; less mixing can help increase 
the extent of reaction by allowing the inhibitory product, 
glycerol, to phase separation from the ester–oil phase. 
Completions of 85% to 94% reaction are reported [26]. 

Characteristics of biodiesel produced and tested in 
the engine are illustrated in Table (1) compared with #2 
diesel and test methods used. Stabilized Biodiesel was also 
produced through ozonation of the Jatropha biodiesel by 
bubbling ozone gas at a dose of 40 g O3/m3 at a rate of 0.5 
L/min. After complete ozonation, nitrogen gas is purged 
into the ozonated oil to get rid of the un reacted ozone. 
Ozonated vegetable oils were added (1% by weight) and 
stirred thoroughly for well mixing with biodiesel at 40°C 
using water bath. 

 
2.2. Biodiesel mechanical testing 

Biodiesel testing was carried out on a BEC type 
engine "Bharti Diesel Engines" testing. The engine has one 
cylinder, four stroke and water cooled [27]. 
 
2.2.1. Measured values: 
2.2.1.1 Fuel consumption 

A 2.5 inch pipe with external guide and scale which 
connected to the engine tank is used to measure the height 
of the fuel consumed (ΔH=H2-H1) which is illustrated in 
Figure (1). 
2.2.1.1. Power 
Pump pressures difference 

The engine power value is measured using two items: 
• The pressure difference between the inlet and exit of 

the pump (Pdel  - Psuc) 
• Water flow rate (Q) by orifice pressure drop (ΔP). 

•  
•  
•  
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 Table (1) Comparison between #2 Diesel and Biodiesel Standards 
  

Properties (Units) Standard Range Biodiesel 
produced 

Test 
Method 

#2 
Diesel 

Biodiesel  

Iodine Value(Cg 
I2/g) 

…….. 110 max 102 DIN 
53241 

or 
IP84/81 

Cetane Number 51 45 min 51 ASTM 
D613 

Flash Point  (°C) 54-71 100 
(min) 

191 ASTM 
D93 

Pour Point  (°C) (-35) 
–(-15) 

(-15) –
(16) 

-15 ASTM 
D 97 

Cloud Point (°C) (-15) 
-5 

(-3) - 12 …….. ASTM 
D5773 

Heating Value (MJ/ 
kg) 

……..  …….. ASTM 
D240 

• Higher 44.3 40.5 40 
• Lower 41.55 37.1 …….. 

Melting Point (°C) (-30) 
–(-18) 

N/A N/A N/A 

Carbon Residue 
%weight 

0.2 
max 

0.3 max 0.02 ASTM 
D5450 

Sulfur Content 
%weight 

< (.0 -
1.2) 

0.01max 0.01 ASTM 
D5453 

Viscosity@ 40 °C 
(mm2/s) 

1.9 – 
4.1 

1.9 -6.0 4.84 ASTM 
D445 

Water Content 
(mg/kg) 

200 
max 

500 max 460 ASTM 
D1442 

Boiling Point (°C) 188 - 
343 

182 – 
338 

295 N/A 

Particulate 
Matter(mg/kg) 

N/A 15 N/A DIN 
51419 

Self Ignition (°C) 254 -
285 

N/A N/A ASTM 
D1929 

Gum Content 
(mg/100mL) 

13.2 N/A N/A ASTM 
D381 

Acid Value (mg Na 
OH/g) 

…. 0.5 max 0.24 ASTM 
D664 

Density@15°C 
(kg/m3) 

820 - 
845 

860-900 879 ASTM 
D1298 

  
 
The pump pressures difference was measured using two 

pressure gauges: 
 
• Vacuum gauge pressure that has a limit of (-1 to 1 bar) 

at the inlet of the pump which have a negative value. 
• Pressure Gauge (0-6) bars at the exits of the pump 

which has a positive value. 
At the exit pressure, a mercury nanometer is used 
instead of the gauge pressure due to the low value of 
pressure that was under the atmospheric pressure. 
 
 

Water flow rate  
The water flow rate is measured using the orifice area and 
the pressure drop through it. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Scheme of Testing Engine 
 
Exhaust Gas Analyzing 
The experimental procedure was performed using biodiesel 
and its blends in the engine at loaded engine (pump 
connected) and unloaded engine (without pump). The used 
fuels in the experiments were: 

• B0 (pure #2 Diesel). 
• B10 (10 volume %). 
• B20 (20 volume %). 
• B30 (30 volume %). 
• B10* with ozonation (10 %volume ozonized 
biodiesel, 90% diesel).  
• B100 (pure biodiesel). 

 

 

3. Results and Discussion 
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 The experimental techniques and environmental 
results of using biodiesel and its blends in the engine have 
been demonstrated in percent relative to diesel. 
 
3.1. Loaded and unloaded Engine Results  
3.1.1. Effect of biodiesel on engine performance 
 

Thermal efficiency is the indication of efficiency 
with which the chemical energy input in the form of fuel is 
converted into useful work. Using different blends of 
biodiesel with # 2 diesel (B0 to B100), the engine 
performance is observed to be approximately constant for 
all blends. This result is because biodiesel blends viscosity 
is approximated to that of diesel which is in good 
agreement with previous studies [28-33]. Small numbers of 
studies, however, have reported some improvement in 
thermal efficiency when using biodiesel fuel [34-35]. 

 
3.1.2. Fuel consumption 

Brake–specific fuel consumption (BSFC) is the ratio 
between mass consumption (mf) and brake effective power, 
and for a given fuel it is inversely proportional to thermal 
efficiency. Figure (2) illustrates the relation between percent 
change in fuel consumption and the heating value at load 
and no load conditions, from which it is clear that 
increasing biodiesel in the blend increase fuel consumption 
due to the decreasing of heating value of biodiesel 
comparing to diesel in case of load conditions. While the 
fuel consumption in un load conditions with a rate less than 
that in loaded engine. These results are in good agreement 
with previous investigations [36].  

 

 
Figure 2: Percent Change in Fuel Consumption 

 
 

 
3.1.3. Nitrogen Oxides (NOx) Emissions 

 
 Figure (3) shows the variations of NOx emissions 
with respected to engine at load and no load conditions. 
NOx emissions of biodiesel and its blends are higher than 
those of diesel fuel. The difference of NOx emission 
between diesel fuel and biodiesel and its blends reach high 
percent change. Approximately 624.29% increase in NOx 
emission was realized in case of using pure biodiesel 
(B100), while reach 4.29% in case of using B20. It has also 
been reported by Zheng et al. [37] that the biodiesel with a 
cetane number similar to the diesel fuel produced higher 
NOx emissions than the diesel fuel. Consequently, a weaker 
mixture would be generated and burnt during the 
premixed burning phase resulting in relatively reduced 
NOx formation. Investigations revealed that NOx emissions 
increase with an increase in the biodiesel content of diesel 
which is due to higher content of nitrogen in biodiesel. In 
recent engines this fact can be controlled 

 
Figure 3: Percent Change in NOx 

 
3.1.4. Carbon Monoxide (CO) Emissions 
 

When substituting diesel fuel with biodiesel blend, 
a decrease in CO emissions which agreed with previous 
studies [38-39] and the authors have explained this to better 
combustion in biodiesel fueled engines. Since biodiesel is 
an oxygenated fuel, it promotes combustion and results in 
reduction in CO emissions. CO emissions from unloaded 
engine is decreased by increasing biodiesel in biodiesel 
blend as shown in Figure (4), same as it in loaded engine. 
Fig. 4 shows the variations of CO emissions with respect to 
engine load and no load. The differences between the CO 
emissions of biodiesel and its blends with diesel fuel are 
fairly small. At engine load, the CO emissions of biodiesel 
and its blends are evidently lower than those of diesel fuel. 
The CO emission of diesel fuel is 0.09%, but those of 
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biodiesel and its blends are less than 0.05% at engine load. 
This may be due to more oxygen content of biodiesel 
compared with diesel fuel. In addition, it is likely that this 
is because the biodiesel has C/H ratio that is less than for 
diesel fuel [15]. However, the amount of decrease in CO 
emissions does not depend on biodiesel percentage in the 
blends. Last et al. [16] also reported that a decrease in CO 
emissions can be observed when using biodiesel and its 
blends with diesel fuel but trend in reduction is not linear 
[17]. 

 
 

Figure 4: Percent Change in CO Emissions 
 

3.1.5. Sulfur Dioxide (SOR2R) emissions  
Sulfur dioxide (SOR2R) emissions decrease with the 

increase of the blend percentage as shown in Figure (5) 
because biodiesel is sulfur free. This result is in good 
agreement with previous investigation which found that 
2% blend biodiesel reduced acid rain causing sulfur dioxide 
emissions and B100 exhaust contained no benzene, sulfur 
or formaldehyde and reduced greenhouse gases by nearly 
80% as compared to petroleum diesel [39].  

 
Figure 5: Percent Change in SOR2R Emissions 

3.3. Comparison between ozonized (B10*) and non 
ozonized (B10) biodiesel compared to #2 diesel in no 
load engine. 

The physico–chemical characteristics of biodiesel 
treated with ozone showed improvement of pour point and 
flash point indicating higher degree of safety for fuel 
[39].The oxygen content of biodiesel samples treated with 
ozone increased weight % and resulted in more extensive 
chemical reaction, promoted combustion characteristics and 
less carbon residue was produced[40]. Figures (6 & 7) 
illustrates the results of B10 and B10* emissions for loaded 
and unloaded engine. Comparison between B10 and B10* 
emissions are observed in the following:- 
 Fuel Consumption: B10* is less than B10. 
 SOR2R Emissions: B10* and B10 are the same. 
 NOx Emissions: B10* is less than B10 
 CO Emissions: B10* is less than B10 

It can be concluded that ozonation of the biodiesel 
improving its properties. 

 
Figure 6: B 10 & B10*  under (No Load) in Gas Emissions 

 

 
Figure 7: B10 & B10 * under ( Load) in Gas 
Emissions 
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4. CONCLUSIONS 
1. B20 and lower–level blends generally do not require 

engine modifications. Engine operating on B20 have 
similar fuel consumption to engines running on 
petroleum diesel. 

2. B20 has a higher cetane number (a measure of the 
ignition value of diesel fuel), higher flash point than 
petroleum diesel (less flammable, more safe) and 
higher lubricity (the ability to lubricate fuel pumps and 
fuel injectors) than petroleum diesel. 

3. Biodiesel contains about 8% less energy per gallon than 
petroleum diesel. For B20, this could mean 1% to 2% 
difference, but most B20 users report no noticeable 
difference in performance of fuel economy.   

4. Green house gas and air quality benefits to biodiesel 
are roughly commensurate with the blends. B20 use 
provides about 20% of the benefit of B100 use. 

5. Biodiesel reduces global warming gas emissions such 
as reduction in CO2 emissions. 

6. Biodiesel reduces tailpipe particulate matter, 
hydrocarbon and carbon monoxide emissions from 
most modern four– stroke compression ignition 
engines.   

7. Safety – Health effects tests confirm biodiesel is ten 
times less toxic than table salt and biodegradable as 
fast as sugar. 

8. Replacing diesel fuel with biodiesel reduced the wear 
of aluminum, iron, chromium and lead components in 
a diesel engine. 

9. Added to the decrease in the environmental pollution, 
the economical benefits of biodiesel are that it displaces 
imported petroleum diesel and creates economic 
employment opportunities. 
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