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INCREASE of environmental problems and depletion of fossil fuels are the driving forces to 
promote biodiesel as an alternative fuel in diesel engines. In the present work, biodiesel was 

prepared by transesterification of waste cooking oil with methanol, its physical and chemical 
properties were measured and found to be within acceptable limits of standard specifications of 
regular diesel fuel. Performance and emissions characteristics of a diesel engine running using 
biodiesel (B100) and its blends with kerosene were then assessed and compared to those using 
regular diesel (D100). Two biodiesel blends of biodiesel with kerosene have been used in this 
study containing 25 and 50% by volume kerosene as (K25) and (K50), respectively. The used 
engine was a direct injection four stroke, four cylinders diesel engine  and was run at two engine 
speeds being 1250 rpm and 900 rpm. The results showed that the composition of the exhaust 
gases of the engine running at both speeds was better using biodiesel instead of regular diesel 
and it has been improved further by blending biodiesel with kerosene. With respect to the brake 
thermal efficiency, it was found that the use of biodiesel instead of regular diesel reduced the 
thermal efficiency at 1250 rpm while the reverse was true at a lower running speed of 900 rpm. 
However at both engine speeds, the thermal efficiency can be improved by blending biodiesel 
with kerosene. 
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Introduction                                                                        

Fossil fuel resources are not regarded as 
sustainable from the economic, ecology and 
environmental points of view. Burning of fossil 
fuels is a big contributor for increasing the level of 
CO2 in the atmosphere which is directly related to 
the temperature increase on the earth observed in 
recent decades. The effect of excessive increase of 
carbon dioxide emissions on the environment with 
declining petroleum reserves have been motivated 
to the need for sustainable and environmentally 
friendly sources of fuel in recent years. Biodiesel 
is considered the most suitable alternative fuel 
that meets these requirements. Biodiesel consists 
of methyl or ethyl esters of fatty acids and it 
is usually prepared by transesterification of 
vegetable oils with alcohols [1-5]. 

Considerable research has been undertaken 
recently to understand the performance 
characteristics of diesel engines if fuelled by 
biodiesel or its blends with petrol diesel [6-
10]. Output power, specific fuel consumption 
and brake thermal efficiency under different 
running conditions of the engine such as 

running speed and load are the most important 
parameters that determine the performance of 
the engine. In addition, the composition of the 
combustion exhaust and NOx emission are very 
important parameters that should be considered. 
Unlike regular diesel fuel, biodiesel has high 
oxygen content. This results in more complete 
combustion and lower emissions. However, high 
oxygen content leads also to lower heating value 
and hence more fuel consumption and less output 
power .In addition ,biodiesel is more viscous and 
less volatile than diesel fuel which may cause 
some troubles upon running diesel engines using 
these fuels. 

It should be notified that engine performance 
with diesel and biodiesel as well as its emission 
characteristics depends not only on the nature of 
the fuel used but also on the combustion chamber 
and injector nozzle design, as well as injection 
pressure, air turbulence, air- fuel mixture quality 
and actual start of combustion that make test 
results which varies from one engine to another. 
In order to improve the flow properties, biodiesel 
is usually used in blends with petrol diesel. The 
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optimum ratio of biodiesel to petrol diesel for 
better engine performance and less emissions 
needs to be determined under different operating 
conditions of speed and load. The costs of 
feedstock used to produce biodiesel contribute 
to a large extent of the total production costs. 
Waste cooking oil is cheap feedstock for biodiesel 
production. Extensive research work have been 
made to study the effect of blending biodiesel 
produced from waste cooking oil with regular 
diesel fuel on the performance characteristics of 
a diesel engine as well as the temperature of the 
combustion exhaust [5-14]. 

The results of these studies have shown 
that the specific fuel consumption increases by 
increasing the percentage of biodiesel in the fuel 
blend. The reason of this is that the measured 
heating value of waste cooking oil biodiesel was 
lower than that of regular diesel fuel. This has 
been reflected on the brake thermal efficiency 
which has been slightly reduced when the engine 
was run using such biodiesel blends with diesel in 
place of regular diesel. It has been also found that 
the exhaust temperature increases by increasing 
the percentage of biodiesel in the blend. In 
addition to the studies made on the performance 
characteristics of diesel engines using blends of 
diesel fuel with biodiesel ,some other studies have 
been made using blends of diesel with kerosene 
which may improve cold flow properties in the 
engine [15-18] .

Kerosene is a fuel with lower cetane number 
than diesel fuel, gives a longer ignition delay and 
may produce lower emissions. It has been found 
that blending diesel fuel with kerosene results in a 
reduction in specific fuel consumption, an increase 
in the brake thermal efficiency and an increase in 
the exhaust temperature as well as the emissions 
of CO2 and NOx gases. Blending of kerosene and 
biodiesel was studied in the view of the effect of 
such blending on the properties of the blend such 
as density, viscosity, flash point, pour point, cloud 
point and cetane index. Blending of biodiesel with 
kerosene enhanced the requirement of this fuel as 
a substitute of diesel fuel .Kerosene can reduce 
the flash point, viscosity and can reduce the 
characteristics of cold flow properties of biodiesel 
[19, 20]. The present work concerns with studying 
the effect of such blending on the performance of 
a diesel engine as well as the composition of the 
combustion exhaust.

Experimental                                                                                                                         

Production of biodiesel using used cooking oil as 
a  feedstock

Waste cooking oil has been transesterified 
using methanol at its boiling point using 1% 
sodium hydroxide as a catalyst while stirring using 
magnetic stirrer. Since the reaction is reversible, 
excess of methanol has been used equivalent to 
twice the stoichiometric amount being around 
six moles alcohol to each oil mole. The reaction 
progress has been followed up during the reaction 
by the analysis of samples withdrawn from the 
reaction mixture over definite time intervals. Thin 
layer chromatography was used as an analysis 
tool until no residual glycerides were detected 
in the samples indicating completion of the 
reaction. Glycerol obtained as a byproduct of the 
reaction was separated and the residual catalyst 
in the methanol/ester product was neutralized 
using mineral acid and the whole mixture of 
biodiesel in methanol was then washed out using 
distilled water. The methanol in excess of the 
stoichiometric amount has been then recovered 
under vacuum.

The produced biodiesel has been then tested 
for its main fuel properties using standard ASTM 
methods of analysis.

Engine testing
Diesel fuel (D100)  and the prepared biodiesel 

(B100)  fuel as well as blends of biodiesel 
with kerosene were evaluated according to the 
performance characteristics and composition of 
the combustion exhaust of a diesel engine running 
using these fuels. Two biodiesel blends of biodiesel 
with  kerosene have been used containing   25 
and 50 % by volume kerosene; (K25) and(K50)
respectively. The experimental runs were carried 
out at two speeds being 1250 rpm and 900 rpm  
and at each speed, the engine was run at different 
loads. The used engine was a direct injection four 
stroke, four cylinders diesel engine (capacity 
1931cm3). A schematic layout of the experimental 
set-up used is described in Fig.1. The instruments 
and measuring devices used in this set-up include:

1- Hydraulic dynamometer which is essentially 
a torque measuring device. 
2- Tachometer and stroboscope which are used 
to measure the engine speed. Temperature 
thermocouples to measure the temperature of 
the cooling water, inlet and exit as well as the 
temperature of the exhaust.
3- Air tank and orifice meter which is used to 
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calculate the air flow rate.

The tested fuels include pure biodiesel and 
regular diesel fuel as well as blends of biodiesel 
with kerosene. In each run, the following readings 
were recorded for performance evaluation:

1- Dynamometer reading (load) and engine 
speed in rpm.
2- Fuel flow rate as well as air flow rate.
3- Cooling water flow rate and its temperature 
rise.
4- Exhaust gas temperature.

On the basis of these readings, the performance 
parameters of the engine have been estimated 
which include:

1- Brake specific fuel consumption.
2- Brake thermal efficiency.
3- Exhaust gas temperature. 
4- Air- fuel ratio.
5- CO, CO2 and NOx emissions.

Results and Discussions                                           

Properties of prepared biodiesel
Physical and chemical properties of the 

prepared biodiesel are listed in Table 1 together 
with the Egyptian standard specifications of 
regular diesel and kerosene fuels. It is clear that 
the properties of biodiesel of waste cooking oil 
are within the range of its values according to the 
Egyptian standard specifications of diesel fuel. 
The high viscosity of biodiesel contributes to 
higher carbon deposits in the engines which may 
cause some problems upon long term running of 

the engine. The flash point of waste cooking oil 
biodiesel is higher than that of diesel oil which 
makes it safer to store, use and handle than diesel 
fuel. The calorific value of biodiesel is lower 
than that of diesel oil which can be attributed to 
the presence of chemically bonded oxygen in 
vegetable oils which lowers the heating value by 
about 10%. 

Results of engine testing
The effects of blending biodiesel with kerosene 

on the performance parameters and composition 
of the combustion exhaust of a diesel engine 
running at 1250 rpm at different brake power are 
illustrated in Figures 2-7. Table 2 lists the values 
of these parameters as well as the composition of 
the exhaust when the brake power was 7 kW. 

It is clear from this Table that  the specific fuel 
consumption using biodiesel (B100) is 370.8gm/
kW.hr which is higher than that using regular 
diesel fuel (D100) which is 315.1gm/kW.hr. 
However, it can be reduced by adding kerosene to 
biodiesel where it was lowered to 352.4 and 361.6 
gm/kW.hr by blending biodiesel with 25% and 
50% kerosene, respectively. Such increase in fuel 
consumption has been reflected on the calculated 
brake thermal efficiency whereby it was lower 
using biodiesel (B100) as compared to that in case 
of running the engine using regular diesel (D100).
The brake thermal efficiency, however, can be 
improved by blending biodiesel with kerosene. 
In view of the composition of the exhaust, it is 
quite clear that the use of biodiesel instead of 

Fig. 1. Schematic diagram of experimental setup.
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regular diesel has greatly reduced the emission of 
CO, CO2 as well as NOx. Such reduction in the 
emissions has been further reduced by blending 
biodiesel with kerosene. 

According to the results listed in Table 3, it 
is clear that the performance characteristics and 
composition of the combustion exhaust of a diesel 

engine running at a lower speed; 900 rpm (brake 
power = 5 kW), were both better using biodiesel 
instead of regular diesel. Moreover they can be 
further improved by blending biodiesel with 
kerosene .Blending biodiesel with 25% kerosene 
by volume (K25) has raised the brake thermal 
efficiency from 24 % to 25.3%. 

TABLE 1. Physical and chemical properties of diesel, kerosene and waste cooking oil biodiesel.

Properties Method Biodiesel Diesel oil Kerosene

Specific gravity ASTM D-4052 0.8836 0.835 0.8

Kinematic viscosity, 
cSt, @ 40o C ASTM D-445 5.1 ≤7 2.7

Pour point, °C ASTM D-97 6 4.5-15 −47
Flash point, °C ASTM D-93 91 ≥55 37-65
Cetane number ------- 59.82 ≥55 42-45
Calorific value,  kJ / kg ASTM D-224 40000 42000 43000

TABLE 2. Performance characteristics and composition of the combustion exhaust of a diesel  engine running at 
1250 rpm (brake power = 7 kW).

Parameters D100 K25 K50 B100
Specific fuel consumption, gm/kW.hr 316.3 352.4 361.6 370.8
Thermal efficiency, % 27.1 25.9 25.2 24.6
Air-fuel ratio 24.2 24.2 22.8 23.9
CO emission, ppm 682 518 598 607
CO2 emission, % 7.69 4.42 5.25 4.74
NOx emission, ppm 392 169 175 219

TABLE 3. Performance characteristics and composition of the combustion exhaust of a diesel engine running at 
900 rpm (brake power =5 kW).

Parameter D100 K25 K50 B100

Specific fuel
Consumption, gm/kW.hr 369.4 360.9 370.2 379.6

Thermal efficiency, % 23.2 25.3 24.6 24

Air-fuel ratio 29.4 28.4 26.7 28.1

CO emission, ppm 1053 676 648 792

CO2 emission, % 5.41 5.37 6.15 5.76

NOx emission, ppm 302 217 216 281
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The effects of engine load on air- fuel ratios for 
the studied fuels are shown in Fig.4. Air- fuel ratios 
decreased with the increase in engine loads due to 

the increase in fuel consumption. Fuel consumptions 
were lower for kerosene-biodiesel blends K25 and 
K50 compared to biodiesel fuel . 

Fig.3. Variations of thermal efficiency with brake power during running the engine at a speed of 1250 rpm using 
the used  fuels.
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Fig.2.Variations of specific fuel consumption with brake power during running the engine at a speed of 1250 rpm 
using the used  fuels.
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Figures 5-7 illustrate the variations of the 
concentration of carbon monoxide (CO),carbon 
dioxide (CO2) and nitrogen oxides (NOx) gases 
in the exhaust upon increasing the engine load. 

It is obvious that the concentration of carbon 
monoxide decreases by increasing the load while 
the reverse is true in case of the two other gases.

Fig. 4.Variations of air- fuel ratio with brake power during running the engine at a speed of 1250 rpm using the 
used  fuels.
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Fig.5.Variations of carbon monoxide with brake power during running the engine at a speed of 1250 rpm using 
the used fuels.
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Fig.6. Variations of carbon dioxide with brake power during running the engine at a speed of 1250 rpm using the 
used fuels.
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Conclusions                                                                 

The results of this work have shown that the 
composition of the combustion exhaust of a diesel 
engine can be improved by running the engine 
using biodiesel instead of regular diesel and it 
can be improved further by blending biodiesel 
with kerosene. With respect to the brake thermal 
efficiency, it was found that the use of biodiesel 
instead of regular diesel reduces the brake 
thermal efficiency at high running speeds while 
the reverse would be true at low running speeds. 
However, the thermal efficiency can be improved 
by blending biodiesel with kerosene whatever the 
running speed is high or low. 

References                                                                               

1. Sharma R. B., Amit Pal and Sharaf J., Production 
of bio-diesel from waste cooking oil, Journal of 
Engineering Research and Applications,4(6), 1629-
1636, December (2013).

2. Shahid E.M., Jamal Y., Shah A. N., Rumzan N. and 
Munsha M., Effect of used cooking oil methyl ester 
on compression ignition engine, Journal of Quality 
and Technology Management, VIII (II), 91-104, 
(2012).

3. Pedro Felizardo, Joana Neiva Correia M., Idalina 
Raposo, Joao F. Mendes, Rui Berkemeier and Joao 
Moura Bordado, Production of biodiesel from 
waste frying oils, Waste Management Journal, 
26(3), 487-494 (2006).

4. Osmano Souza Valente, Vanya Marcia Duarte Pasa, 
Carlos Rodrigues Pereira Belchior and Jose Ricardo 
Sodre,Exhaust emissions from a diesel power 
generator fuelled by waste cooking oil biodiesel, 
Science of the Total Environmental Journal, 431,  
57-61 (2012).

5. Nantha Gopal K., Arindam Pal, Sumit Sharma, 
Charan Samanchi, Sathyanarayanan K., Elango 
T., Investigation of emission and combustion 
characteristics of a CI engine fueled with waste 
cooking oil methyl ester and diesel blends, 
Alexandria Engineering Journal, 53, 281-287 
(2014).

6. Tushar R. Mohod, Prashant C. Jikar and Vishwanath 
S. Khobragade, Experimental investigation of 
a diesel engine fueled with waste cooking oil 
ethyl ester, International Journal of Research in 
Engineering and Technology (IJRET), 2(5), 240-
244 (2013).

7. Enweremadu C. C. and Rutto H.I., Combustion, 
emission and engine performance characteristics 

of used cooking oil biodiesel-A review, Renewable 
and Sustainable Energy Reviews, 14, 2863-2873 
(2010).

 8. Ghobadian B., Rahimi H., Nikbakht A. M., Najafi 
G., and Yusaf T. F., Diesel engine performance and 
exhaust emission analysis using waste cooking 
biodiesel fuel with an artificial neural network, 
Renewable Energy, 34, 976-982 (2009).

9. Ozer Can, Combustion characteristics, performance 
and exhaust emissions of a diesel engine fueled 
with a waste cooking oil biodiesel mixture, Energy 
Conversion and Management, 87, 676-686 (2014). 

10. Yage Di, Cheung C.S. and Zuohua Huang, 
Experimental investigation on regulated emissions 
of a diesel engine fueled with ultra- low sulfur diesel 
fuel blended with biodiesel from waste cooking oil, 
Science of The total Environment Journal, 407, 
835-846 (2009).

11. Yuan-Chung Lin, Kuo-Hsiang Hsu and Chung-
Bang Chen, Experimental investigation of the 
performance and emissions of a heavy-duty diesel 
engine fueled with waste cooking oil biodiesel/
ultra-low sulfur diesel blends, Energy, 36, 241-248, 
(2011).

12. Muralidharan K. and Vasudevan D., Performance, 
emission and combustion characteristics of a 
variable compression ratio engine using methyl 
esters of waste cooking oil and diesel blends, 
Applied Energy, 88, 3959-3968 (2011).

13. Abu-Jrai A., Jehad A. Yamin, Ala,a H. Al-
Muhtaseb and Muhanned A. Hararah, Combustion 
characteristics and engine emissions of a diesel 
engine fueled with diesel and treated waste cooking 
oil blends, Chemical Engineering Journal, 172, 
129-136 (2011).

14. Rasim Behcet, Recep Yumrutas and Hasan Oktay, 
Effects of fuels produced from fish and cooking oils 
on performance and emissions of a diesel engine, 
Energy, 71, 645-655 (2014).

15. Kadhim N.S., Study the effect of blending kerosene 
with diesel fuel on the performance and emissions 
of diesel engine, International Journal Of 
Engineering Sciences And Research Technology, 4 
(8), 772-776, 2015.

16. Akash B.A., Combustion and emission investigation 
of diesel fuel and kerosene blends, Research 
Journal of Applied Sciences, Engineering and 
Technology, 10(6), 618-622 ( 2015).

17. Azad A.K., AmeerUddin S.M. and Alam M.M., 
Experimental study of DI diesel engine performance 



21

Egypt. J. Chem. 61, No.1 (2018) 

PERFORMANCE AND EMISSIONS CHARACTERISTICS ...

using biodiesel blends with kerosene, International 
Journal Of Energy And Environment,4(2), 265-278 
(2013).

18. Obodeh O. and Isaac F.O., Investigation of 
performance characteristics of diesel enginefuelled 
with diesel-kerosene blends, Journal of Emerging 
Trends in Engineering and Applied Sciences 
(JETEAS), 2(2), 318-322 (2011).

19. Hasan A.M., Mashkour M.A. and Mohammed A.A., 

Experimental study of kerosene additive to waste 
oil biodiesel for using as alternative diesel fuel , 
International Journal Of Engineering Research 
And Modern Education, I(II), 246-250 (2016).

20.  Sidjabat O., The characteristics of a mixture of 
kerosene and biodiesel as a substituted diesel fuel, 
Scientific Contributions Oil And Gas Journal, 
36(1),  37-44 (2013).

(Received 24/9/2017;
accepted  81/1/2018)

والكيروسين  الحيوى  الديزل  من  بخليط  يعمل  ديزل  لمحرك  واالنبعاثات  االداء  خصائص 
مقارنه بالديزل البترولى

فريال عباس زاهر1، محمد صابر جاد2
1قسم الزيوت والدهون، المركز القومى للبحوث، الجيزه، مصر.

2قسم الهندسه الميكانيكيه - كليه الهندسه - جامعه الفيوم -  مصر.

إن زيادة المشاكل البيئيه واستنزاف الوقود الحفرى هي القوى الدافعه لتعزيز وقود الديزل الحيوى كوقود بديل 
في محركات الديزل. تم تحضير وقود الديزل الحيوى من خالل االستره لزيت الطهي مع الميثانول. تم قياس 
الخصائص الفيزيائيه والكيميائيه للديزل الحيوى ووجد أنها ضمن الحدود المقبوله للمواصفات القياسيه للديزل 
البترولى. تم قياس خصائص األداء واالنبعاثات لمحرك الديزل باستخدام الديزل الحيوى ومزجه مع الكيروسين 
ومقارنته بالديزل البترولى. تم استخدام خليط من الديزل الحيوى و الكيروسين بنسبه حجميه 25 و 50 ٪ من 
الكيروسين. المحرك المستخدم فى التجارب محرك حقن مباشر، أربعه اشواط، أربعه اسطوانات، ويعمل المحرك 
عند  يعمل  الذى  للمحرك  العادم  غازات  مكونات  أن  النتائج  أظهرت  الدقيقه.  فى  لفه   900  ،1250 بسرعتين 
السرعتين كان أفضل باستخدام الديزل الحيوى عن الديزل البترولى و تم تحسينه عن طريق مزج الديزل الحيوى 
لفه فى   1250 الكفاءه الحراريه عند  البترولى خفض  الديزل  الديزل الحيوى بدال من  الكيروسين. استخدام  مع 
الدقيقه بينما كان العكس صحيحا عند سرعة تشغيل المحرك 900 لفه فى الدقيقه. عند تشغيل المحرك بالسرعتين، 

يمكن تحسين الكفاءه الحراريه عن طريق مزج الديزل الحيوى مع الكيروسين.


