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Abstract 

The purpose of this study is to experimentally investigate the performance and emission of compression ignition engine 
using biodiesel extracted from waste cooking oils (WCO), such as (falafel frying oil; origin from palm oil , chicken frying 
oil; origin from soybean oil), and fresh oils such as (soybean oil, olive oil), after produce biodiesel from WCO and fresh 
oils, will be blending with pure diesel in two percentage are B20 ( 20% biodiesel from each type, 80% pure diesel), B10 
(10% biodiesel from each type , 90% pure diesel). The biodiesel blends were used as an alternative fuel for diesel engine. 
After that, they were compared to pure diesel B00 (0% biodiesel, 100%pure diesel) at engine variable load from (0-6 
kW) at constant speed of (2000 RPM). For engine performance, (Brake power, brake specific fuel consumption, brake 
thermal efficiency) were analyzed. Also, for emissions, (, exhaust gas temperatures to indicate NOx) were analyzed. The 
results showed that pure diesel produces higher brake force (BP) than all biodiesel blends. The highest value for BSFC 
is for B20-F (20% biodiesel from falafel frying oil, 80% pure diesel) is equal (0.243426 gm/kW.s). The highest value for 
brake thermal efficiency BTE is for B10-S (10% biodiesel from soybeans oil, 90% pure diesel) is equal 27.6%. The B10-
S produces the highest value of NOx. In addition, pure diesel produces higher emissions than all biodiesel blends. All 
biodiesel blends produce higher emissions than pure diesel. 

Keywords: Biodiesel; Diesel engine; Waste cooking oil; Performance; Emissions 

1. Introduction

As the number of people around the world is increasing rapidly as well as the technological sector is developing 
constantly; these changes make the matter of energy a top priority. Although many resources of energy are available, 
fossil fuels still the most useful source in producing energy, and Consumption of this source increases around 2% per 
year [1]. Fossil fuels can be formed by the natural ways, such as decomposition of dead organisms; this source is divided 
into (oil, coal, and natural gas). All types of fossil fuel are used in many sectors such as transportation, commerce, 
industry, and residence. 

The gases emitted by the diesel engine have many effects. whereas the Particulate matter (PM) which is one of the most 
harmful gases on human health, according to the International Agency for Research on Cancer (IARC), the particulate 
matter is considered as carcinogens under group-I [2]. In addition, carbon dioxide (CO2) and other gases effect on 
ecosystem, and increase amount of greenhouse gases in the atmosphere, which in turn causes global warming [3]. 
Whereas the transport sector contribution around 26% of all carbon dioxide emissions in 2000, and road transport 
which is responsible for about 65% of those emissions [4]. However, these ratios are not fixed and will increase in the 
future due to excessive use of the transport sector, this will effect on the environment and leads to climate change. 
According to the International Energy Agency (IEA), the carbon emission from transport sector will increase by 92% till 
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2020, and it is expected that 8.6 billion metric tons carbon dioxide will be emitted to the atmosphere from 2020 - 2035 
[5]. 

Biofuels is derived from biomass. There is more than one type of biofuel, and the most common one is biodiesel. It is the 
best source among renewable energy sources replace to pure diesel, because they have properties like pure diesel. 
According to ASTM, biodiesel is defined as “mono alkyl ester of long-chain fatty acids which is derived from vegetable 
oil” and assigned as (B100). The chemical process, which is used to make biodiesel, is called transesterification. In this 
process, the triglycerides in vegetable oil is reacted with alcohol like (methanol), with the presence of a catalyst like 
(Sodium hydroxide; NaOH), resulting two products, First; fatty acid methyl esters (FAME), Second; glycerin (a valuable 
by-product usually uses in soap and cosmetics) [6]. 

The heating value is the total energy released as heat when the fuel burns. The calorific value of the fuel is mainly used 
to measure the energy produced when the fuel is burned, and it is an essential factor that effects on the engine power. 
a calorific value for biodiesel lower than pure diesel. Thus, when increasing the amount of biodiesel in blends, this will 
reduce the engine power [7]. 

Cetane number (CN) is an indication for fuel combustion speed and compression required for ignition. The cetane 
number in biodiesel depends on the raw materials used to produce it. Changing the cetane number effects on fuel 
ignition properties; if it is low, it impedes the starting of engine in cold weather and leads to pollution due to weak 
combustion, but if it is high, this leads to immediate ignition, which reduces fuel efficiency. The cetane number of 
biodiesels is more than pure diesel due to the long-chain hydrocarbon groups that leads to higher combustion efficiency 
and better ignition property [8]. 

A study on the impact of biodiesel blends (B10, B20) that are produced from Jatropha, palm, algae and waste cooking 
oils (WCO) on engine emissions, such as CO, CO2, NOx, HC, and smoke. The results show decreasing in CO, HC, and smoke 
for biodiesel blends (B10, B20) produced from (Jatropha, algae and palm) compared to pure diesel fuel. However, an 
increasing in CO2 for biodiesel blends (B10, B20) produced from (WCO) compared to pure diesel. NOX emissions from 
all biodiesel blends (B10, B20) is higher than diesel fuel [9]. 

The major objective of this study was achieved through experimental verification. And to explore the effect of the 
biodiesel blends on the performance of the diesel engine to reduce the percentage of gases emitted and to compare it 
with pure diesel. In particular, the experiment is designed to study the following sub-objectives: 

 To Utilize waste cooking oils and fresh oils to produce biodiesel fuel and to using as an alternative energy source 
and to maintain energy security. 

 To reduce the pollution of gases and to increase reliance on renewable energy sources in energy production. 
 To investigate the effect of biodiesel blends on the performance of the internal combustion engine. 
 To analyze the exhaust gases that are produced from biodiesel blends and to compare them with pure diesel 

2. Material and methods 

In this study, biodiesel is produced from fresh oils and WCO. Fresh oils are (soybean oil, olive oil), and WCO are (falafel 
frying oil; origin from palm oil, chicken frying oil; origin from soybean oil). The crude oils were obtained from different 
places: soybean oil from local market, olive oil from local production, falafel frying oil and chicken frying oil from local 
restaurant. The amount of crude oil used is 10 liters of each type. 

2.1. Transesterification Process 

The major method of producing biodiesel is transesterification process. This method was used because it is the most 
effective way to reduce the viscosity of biodiesel, also it has low production cost, and returns good yields of biodiesel 
[10]. Transesterification process is a chemical reaction between vegetable oils and alcohol such as methanol (CH3OH) 
with the help of catalysts such as sodium hydroxide (NaOH) to produce biodiesel (also known as FAME) and glycerin as 
a by-product [11]. 

2.2. Engine Experiments Setup 

After producing biodiesel from (olive oil, soybean oil, falafel frying oil, chicken frying oil), eight blends of biodiesel were 
prepared with diesel in the following ratios: B20-S (20% biodiesel from soybean oil, and 80% fuel Diesel), B20-O (20% 
biodiesel from olive oil, and 80% diesel fuel), B20-F (20% biodiesel from falafel frying oil, and 80% diesel fuel), and 
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B20-C (20% biodiesel from chicken frying oil, and 80% diesel), and B10-S (10% biodiesel from soybean oil, and 90% 
fuel Diesel), B10-O (10% biodiesel from olive oil, and 90% diesel fuel), B10-F (10% biodiesel from falafel frying oil, and 
90% diesel fuel), and B10-C (10% biodiesel from chicken frying oil, and 90% diesel), and use it as an alternative fuel 
for the diesel engine, and compare it with pure diesel B00 (00% biodiesel and 100% diesel), to analyze the impact of 
biodiesel on the performance and emissions of engine. 

3. Results and discussion 

The biodiesel blends are divided into two groups, the first group is biodiesel produced from WCO such as (B20-C, B10-
C, B20-F, and B10-F). The second group is biodiesel produced from fresh oils such as (B20-O, B10-O, B20-S, and B10-S). 
We will discuss the effect of each group of biodiesel blends on engine performance such as (brake power (BP), brake 
specific fuel consumption (BSFC), brake thermal efficiency (BTE)), and emissions such as (Exhaust temperature, CO2, 
O2). The discussion will be in two cases. The first case of discussion will be about engine performance and emissions at 
constant load and variable speed, and the second case of discussion will be about engine performance and emissions at 
constant speed and variable load. Then, comparing each group with pure diesel to see how biodiesel will effect on the 
performance and emissions of the diesel engine. 

Figures 1 and 2 show the brake power BP as function of load. It is clear from both figures that the brake power BP 
increases with increasing in load for all biodiesel blends and pure diesel until load 2, after that it begins to decrease. The 
highest BP in figure 4.3 is for B20-S, which is equal 3.10 kW; the average increase in BP for B20-S compared to pure 
diesel is about 10%. In addition, the highest value of BP in figure 4.4 is for B20-F, which is equal 3.27 kW. The average 
increase in BP for B20-F compared to pure diesel is about 4%. The reason behind higher BP of these blends (B20-S, B20-
F) is increase in fuel consumption with increased load. 

 

Figure 1 Brake power resulting from using (Diesel, B20-O, B10-O, B20-S, B10-S) as a function of variable load 

 

 

Figure 2 Brake power resulting from using (Diesel, B20-F, B10-F, B20-C, B10-C) as a function of variable Load 
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Figures 3 and 4 show the BSFC as a function of load. The BSFC is the ratio of mass fuel consumption to the brake power; 
it is a measure of the capability of the engine in converting fuel to brake power. It is desirable to have lower BSFC 
meaning that the engine uses less fuel to produce the same amount of power. In both figures, the BSFC of pure diesel 
and all biodiesel blends increases until load two after that, it decreases and begins to increase slightly. The highest value 
of BSFC in figure 4.7 for B20-S is equal (0.235 gm/kW. s), the average increasing in BSFC for B20-S compared to BSFC 
for pure diesel is about 5.5 %. In addition, the highest value of BSFC in figure 4.8 for B20-F is equal (0.243 gm/kW. s), 
average increasing in BSFC for B20-F compared to BSFC for pure diesel is about 11.6 %. Because they both contain the 
highest fuel consumption 

 

Figure 3 Brake specific fuel consumption (B.S.F.C) resulting from using (Diesel, B20-O, B10-O, B20-S, B10-S) as a 
function of variable load 

 

 

Figure 4 Brake specific fuel consumption (B.S.F.C) resulting from using (Diesel, B20-F, B10-F, B20-C, B10-C) as a 
function of variable load 

Figures 5 and 6 show the Brake thermal efficiency (BTE) as a function of load. It is clear from the figures that the BTE 
decreases with increasing in engine load until load 2. After that, it slowly decreases with increasing in load. Because of 
insufficient, air which causes incomplete combustion of fuel. Consequently, the BTE decreases. The highest BTE in figure 
4.11 is for B10-S is equal 27.6%. The average increasing in BTE for B10-S compared to BTE for pure diesel is about 17.6 
%. In addition, the highest BTE in figure 4.12 is for B20-C is equal 24.6%. The average increasing in BTE for B20-C 
compared to BTE for pure diesel is about 6.8 %. The reason for the increase in BTE of biodiesel blends is the higher 
oxygen content, which leads to more complete combustion and higher thermal energy production in the engine.  
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Figure 5 Brake Thermal Efficiency resulting from using (Diesel, B20-O, B10-O, B20-S, B10-S) as a function of variable 
load 

 

 

Figure 6 Brake Thermal Efficiency (BTE) resulting from using (Diesel, B20-F, B10-F, B20-C, B10-C) as a function of 
variable load 

Figures 7 and 8 show the exhaust gas temperature as a function of load. It is clear in both figures the exhaust gas 
temperature increases with increasing load for all tested fuels. The exhaust temperature is an important parameter in 
the analysis of exhaust gases, especially NOx. The higher the exhaust temperature is, the higher the emissions of NOx 
will be. The highest exhaust temperature in figure 4.15 is for B10-F, also; the highest exhaust temperature in figure 4.16 
is for B10-S. When using the biodiesel blends and changing engine load, the exhaust temperature increases. Thus, 
biodiesel blends produce NOx more than pure diesel. This is because biodiesel contains some amount of oxygen 
molecules in the ester form, which enhances the combustion process. 

 

Figure 7 Exhaust Temperature resulting from using (Diesel, B20-F, B10-F, B20-C, B10-C) as a function of variable load 
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Figure 8 Exhaust Temperature resulting from using (Diesel, B20-O, B10-O, B20-S,B10-S) as a function of variable load 

Figure 9 and 10 show carbon dioxide CO2 emission as a function of load. It is clear from both figures that CO2 emissions 
increase with an increasing in engine load. The reason behind such increasing is the increasing in fuel consumption 
associated with the increasing in load. In both figures, the amount of carbon dioxide emitted from biodiesel is lower 
compared to that of pure diesel. An increasing for carbon dioxide emitted in the exhaust gases is an indication of the 
complete combustion of the fuel.  

 

Figure 9 Effect biodiesel blends such as (Diesel, B20-F, B10-F, B20-C, B10-C) on carbon dioxide (%) at variable load 

 

 
Figure 10 Effect biodiesel blends such as (Diesel, B20-O, B10-O, B20-S, and B10-S) on carbon dioxide (percentage) at 

variable load 

Figures 11 and 12 show the effect of biodiesel blends on oxygen emissions level (percentage) with changing in engine 
load. It is clear from both figures the O2emissions decrease with an increasing in engine load. The results indicate that 
the oxygen level at starting process is high. Whereas, when the load is increased, the oxygen level decreases. Due to the 
increasing in fuel consumption and the increasing in the combustion ratio. In both figures, the proportion of O2emitted 
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from all biodiesel blends was higher than that of pure diesel. The reason is that oxygen is founded within the alkyl ester 
structure of biodiesel as double bonded carbonyl oxygen and single carboxylic oxygen (w11percentage by weight). 

 

Figure 11 Effect biodiesel blends such as (Diesel, B20-F, B10-F, B20-C, and B10-C) on Oxygen level (percentage) at 
variable load 

 

 

Figure 12 Effect biodiesel blends such as (Diesel, B20-O, B10-O, B20-S, and B10-S) on Oxygen level (percentage) at 
variable load 

4. Conclusion 

The experimental results of this study lead to the following conclusions: 

 The biodiesel blends can be used as an alternative fuel for compression ignition engine without modification 
on it. 

 The highest value of BP is for B20-F, which is equal 3.27 kW; the average increase in BP for B20-F compared to 
pure diesel is about 4%.  

 The highest value of BSFC for biodiesel that produce from WCO is B20-F is equal (0.243 gm/wk.’s), the average 
increasing in BSFC for B20-F compared to BSFC for pure diesel is about 11.6%. 

 The biodiesel produces BTE higher than pure diesel. 
 The highest value of BTE for B10-S is equal 27.6%, the average increasing in BTE for B10-S compared to BTE 

for pure diesel is about 17.6%. 
 Reducing the proportion of biodiesel in the blends contributes to the increasing in brake thermal efficiency.  
 All biodiesel blends produce less carbon dioxide than pure diesel.  
 All biodiesel blends produce higher oxygen than pure diesel; the reason is that oxygen is found within the alkyl 

ester structure of biodiesel as double bonded carbonyl oxygen and single carboxylic oxygen (w11percentage by 
weight). 
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 After experimental investigate from biodiesel blends, the best biodiesel from all biodiesel blends is B10-S, 
because it has lowest BSFC and highest BTE compared to pure diesel Also, It is less harmful to the environment 
compared to other types. 

 Recommendations 

 Experiments should be done to enhance the performance and emissions of diesel engines by using biodiesel 
produced from WCO. 

 It is recommended to use nano- catalyst to improve biodiesel properties to investigate its effect on engine 
performance and emission. 
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