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Abstract: Iraq is one of the richest countries in the world with natural resources, especially oil and natural gas. This 

country has been subjected to a series of wars and economic blockade for many years, affecting the country's 

infrastructure and causing the deterioration of services provided to citizens. Perhaps one of the poorest services is the fuel 

produced in the refineries of the country, as the Iraqi gasoline and diesel are considered of the worst fuels on the global 

level. The locally produced gasoline contains high sulfur content (500ppm) in addition to a high percentage of lead 

compounds to increase octane. Iraqi diesel is considered the world's worst with 1 to 2.5% of its weight is sulfur. Iraqi 

researchers have spared no effort to find alternative fuels that give better engine performance and lower exhaust 

pollutants while improving fuel consumption. This paper examines some of these efforts over the past years and the 

various findings of Iraqi investigators results using gaseous fuels such as natural gas, liquefied petroleum gas and 

hydrogen, in addition to the use of some additives to gasoline and diesel, such as oxygenates and biofuels to reduce the 

effects of sulfur associated with these types of fuel. Researchers have gone a long way in reaching multiple types and 

alternative methods of operation to reduce the pollutants generated by the engines, and it remains the responsibility of 

decision-makers to choose the most appropriate ones. 
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Introduction 

Transportation today is easier thanks to small 

and large transport vehicles powered by internal 

combustion engines. In addition to power generators 

and drilling and construction equipment that work by 

these engines, which depend on the work on fuel 

produced from fossil sources. Relevant studies have 

shown that burning fossil fuels causes severe 

environmental pollution, acid rain, climate change, and 

global warming [1]. Recent studies have shown that the 

global climate is changing, especially in the Middle 

East, where Iraq is located [2]. Climate change is 

evident in this region, where high temperatures have 

increased in the year, and low temperatures have been 

reduced even at night, as rainfall has decreased and 

drought has increased [3]. Since the 1970s, researchers 

have been working to find alternative fuel for fossil 

fuels to burn in internal combustion engines and power 

plants as they seek renewable and alternative types of 

energy such as solar energy, winds, underground and 

wave's energies [5-11]. 

 

Iraq is an oil country rich in oil and natural 

gas, and is one of the first oil exporters. Iraq has 

suffered in the last four decades of three wars and large 

severe economic blockade, causing the failure of state 

services and high levels of pollution and disease and the 

deterioration of the country's infrastructure. Iraq has 

also suffered from continuous drought for two decades 

since 1980, causing a shortage of ground water and 

increased sand and dust storms significantly [13 & 14]. 

The difficulties suffered by Iraq resulted in the 

reduction of services provided by the state, including 

electricity, which reduced the hours of processing for 

less than 12 hours, which led the citizens to use 

generators of small, medium-sized, or large capacity of 

more than 1 MW [15]. These generators have added 

more suffering as they blow thousands of tons of 

exhaust pollutants into the air, causing increased air 

pollution and disease among Iraqis [16]. Perhaps the 

most important cause of the suffering of fuel burned in 

Iraq is the poor quality of fuel provided to citizens. Iraqi 

diesel contains 1-2.5% sulfur while gasoline contains 

0.5% of it. Iraqi gasoline has a low Octane number with 

a high proportion of toxic lead compounds [17]. 

 

The current study provides an explanation and 

elaboration of the most important Iraqi studies in the 

field of alternative fuels and alternative engines to 

reduce pollution. The study will clarify the working 
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efforts on the two main fuels in Iraq: gasoline and diesel 

fuels. 

 

Gasoline 

Iraqi gasoline is characterized by its average 

octane number of (80-85) with high sulfur content up to 

0.5% in addition to high toxic lead compounds. This 

type of fuel causes knock conditions, which reduces its 

operational life. In addition, it releases harmful waste 

contaminants such as CO, NOx, and UBHC, as well as 

various PM types, PM2.5 and black soot. These engines 

also cause high noise. The pollutants emitted from 

single cylinder and multi-cylinder gasoline engines 

have been studied and found them very high compared 

to global standards. As these pollutants are high during 

the periods of idle and cold startup periods, which 

causes health and environmental problems for very 

large number of citizens, especially in the Respiratory 

system. 

 

Ref. [18] result indicated that the PM emitted 

from a multi-cylinder gasoline engine increases when it 

operates with lean or rich equivalence ratios, slow or 

fast speeds, when the engine's load is very small or 

large, and it increases when the spark timing 

significantly retarded or advanced. The lead compounds 

emitted from the engine increase with the increase of 

burning fuel, so it increases when switching from lean 

to rich equivalence ratios, increase the engine's speed, 

and increase its torque to high values. Lead compounds 

emitted levels are not affected by retarding or 

advancing the spark timing. 

 

Ref. [19] showed that the pollutants emitted 

from the gasoline engine during the cold operating 

period in the cold days of the city of Baghdad caused 

high air pollution rates. The levels of HC, CO and CO2 

depend on the amount of injected fuel. It also depends 

on the speed of the engine during this period and its 

length. NOx measurements showed unexpectedly high 

rates at 1000 rpm, and the lead pollutants were 

increasing at an accelerated rate, confirming the results 

of Ref. [18]. The noise is reduced by increasing the 

engine speed during cold operation. 

 

The study of alternatives to gasoline 

Iraq is one of the countries with a high 

reservoirs of natural gas, most of which is not exploited. 

So many studies have focused on the operation of the 

engine with this gas or methane as it produced from NG 

[20-22]. Natural gas suffers from the problem of storage 

in vehicles as it takes a large volume with less distance 

to be cut compared to gasoline. It also gives lower 

power when working with the higher useful 

compression ratio (HUCR) of gasoline fuel which is 

(8:1), so this ratio should be increased to 14: 1 to be 

suitable for the operation of the engine with natural gas 

and give the best performance. Pollutants emitted from 

natural gas combustion are significantly less than that 

produced by a gasoline engine. 

 

Many researchers [23-27] have tried to use 

liquefied petroleum gas as fuel for a spark ignition 

engine as this gas is a derivative of oil products in 

refineries and in sufficient quantities to operate motor 

vehicles in Iraq. Liquefied petroleum gas (LPG) is 

characterized by its high resistance to knock and has 

higher octane number than gasoline and faster burning 

velocities. Therefore, the use of this gas is very 

appropriate. LPG emits more NOx levels than natural 

gas and gasoline. The rest of the hydrocarbon pollutants 

such as CO, HC, and CO2 are less than gasoline and 

higher than natural gas. 

 

The researchers [29-32] attempted to use 

hydrogen gas as fuel for spark ignition engines and 

compared the performance and contaminants of a 

hydrogen engine to other hydrocarbon fuels (natural 

gas, LPG, and gasoline). Hydrogen has high volume 

due to its light molecular weight, which makes the 

quantities stored is little compared to the rest of the 

gases at a specific pressure. So, the pressure must be 

increased to increase the stored amount of hydrogen. 

The study of hydrogen as fuel in Iraq came from the 

fact that this gas can be produced from natural gas by 

liquefaction which became a very common and safe 

technique. The use of hydrogen as a fuel has become 

safe and has global experience that reached the stages 

of commercial use in vehicles recently. 

 

The study of hydrogen as fuel for vehicles in 

Iraq is an advanced stage for Iraqi researchers. Studies 

have shown that hydrogen has the lowest energy level 

on the volume basis and the highest energy level on the 

weight basis. Hydrogen has a rapid burning velocity 

even higher than all known fuels globally. Burning 

hydrogen in internal combustion engines does not cause 

the production of hydrocarbon contaminants such as 

CO, HC, and CO2. Hydrogen combustion causes 

relatively high NOx emissions due to high temperatures 

resulting from the high flame propagation velocity. 

Hydrogen can be considered the cleanest fuel type that 

can be used in internal combustion engines and it is 

renewable fuel as it is produced from water and return 

to water after it is burned. 

 

References [33-35] have practically studied the 

utility of mixing different types of gases with each other 

and the effect of the resulting fuel on the performance 

and the combustion pollutants. The addition of natural 

gas or methane, characterized by its low flame 

propagation compared to LPG, which reduces the flame 

propagation speed spread of the resulting fuel, and leads 

to reduce the resulting NOx levels compared to the LPG 
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engine. However, this mixture causes an 

underestimation of engine performance and the need to 

advance the optimum spark timing. On the contrary, the 

addition of hydrogen to the liquefied petroleum gas 

caused the flame propagation speed to increase and 

improve the performance of the engine depending on 

the proportion of volume fraction of hydrogen added. 

When the hydrogen fraction in the mixture becomes 

higher than 70%, it causes a decrease in engine 

performance because of the large reduction in the 

volumetric efficiency. 

 

Hydrocarbon emissions from a hydrogen-fired 

LPG engine are less than LPG burning alone. The 

emitted NOx increases because of the faster spread of 

flame generated by the hydrogen addition, which causes 

high pressure and temperatures in the combustion 

chamber. Adding hydrogen to both NG and LPG 

improves combustion specifications, reduces 

hydrocarbon contaminants and increases NOx 

emissions. 

 

Ref. [36] studied the lean limit specification 

for various types of fuel used in spark ignition engines 

and found that hydrogen has the longest range of 

equivalence ratios, and works at very low equivalence 

rates that cannot be reached in any other fuel. Ref. [37] 

has studied the addition of hydrogen to gasoline on the 

performance of a spark ignition engine. This addition 

greatly improves the flame propagation speed, which 

improves the performance of the engine and reduces the 

fuel consumption if the addition of hydrogen at a small 

volume fractions. When the hydrogen fractions were 

increased the volumetric efficiency degraded that 

reduces the performance of the engine. The unique 

hydrogen specifications make it more efficient to use in 

spark ignition engines and lower exhaust emissions 

except for NOx which can be treated by many 

techniques [38]. 

 

The addition of liquid fuels to gasoline 

The addition of different types of alcohols 

such as ethanol and methanol is a globally acceptable 

experience, but even more, engines that work with these 

types of fuel are available and operating in Brazil and 

some countries of Europe and the United States of 

America. Ethanol and methanol are two of the most 

widely used substances. These two substances have a 

proportion of oxygen in their internal composition, 

which makes their combustion cleaner and gives less 

exhaust pollutants. The availability of oxygen is one of 

the conditions of high NOx emissions from the engine 

in addition to the high temperature of the combustion 

chamber. This is also available as oxygenates give high 

combustion temperatures when added to gasoline, 

causing NOx rise [39]. 

 

Ref. [40] added ethanol to gasoline at volume 

fractions of 10% and 20%, and studied the effect of this 

addition on engine performance and pollutants. The 

results showed that the addition of ethanol to gasoline 

fuel can increase the useful compression ratio from 8: 1 

in the case of gasoline alone to 9.5: 1, which results in 

better performance of the engine, increasing the 

engine's brake power. In the case of the addition of 

ethanol to the gasoline, the specific consumption 

increases by about 10% due to the lower heating value 

of the fuel compared with the gasoline, and the CO and 

CO2 pollutants are significantly reduced. 

 

Ref. [41] studied the use of a three-component 

mixture (ternary mixture) consisting of gasoline, 

ethanol and methanol as an alternative to conventional 

Iraqi gasoline. The study used an equal GEM mixture in 

the octane classification of the E85 mixture. The 

selected mixture was G37 E20 M43 (37% gasoline + 

20% ethanol + 43% methanol) in the study. The use of 

this mixture in a multi-cylinder spark ignition engine 

and the performance of the engine and the pollutants 

emitted by the gasoline engine were investigated. The 

results showed that the materials of this mixture are 

available in Iraq, and this mixture has significant 

benefits when compared to its gasoline engine. The 

higher useful compression ratio was increased to 9.25: 

1, whereas for gasoline it was 7.5: 1. GEM engine 

power increased by 24.12%, the specific fuel 

consumption decreased by 13.9%, and the thermal and 

volumetric efficiencies increased by 19.59% and 8.06% 

respectively. Concentrations of CO and HC pollutants 

were reduced by 30.5 and 25.16%, respectively. The 

smoke was reduced by 46.49% and the CO2 

concentrations decreased by 5% while the NOx 

concentrations decreased by 1.75%. The study proved 

that the proposed fuel has environmental benefits and 

also increases engine performance. 

 

Ref. [42] studied the effect of different 

percentages of ethanol added to gasoline (20, 50 & 

80%) on PM and lead compounds produced by the 

engine and compared to those emitted when using Iraqi 

gasoline. The results of the study showed a decrease in 

PM by increasing the proportion of ethanol in the 

mixture to 50 and 80%. The proportion of lead 

compounds emitted decreased by the same volume as 

the added ethanol fraction. The study has shown that the 

addition of ethanol reduces these two undesirable types 

of pollutants significantly. 

 

Ref. [43] chose to study several types of fuel 

and their effects on emissions emitted during the idle 

period. The researchers selected three types of available 

fuels in Iraq: standard octane gasoline 82, excellent 

octane 92, M20 (20% methanol and 80% gasoline). The 

results showed that the operation of the engine at high 
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idle speed emits high levels of CO, CO2, HC, NOx and 

noise. The resulting emission levels depend largely on 

the fuel type. Super gasoline (ON = 92) showed a lower 

emission levels except for noise for each tested idle 

speed. The addition of methanol to normal gasoline 

(ON = 82) resulted in high levels of CO, CO2, HC 

emitted in comparison with excellent gasoline. Nitrogen 

oxides emissions were close to zero for most idle 

speeds and for all the studied fuels. 

 

The laminar flame spread studies 

The laminar flame speed of any air-fuel 

mixture is a characteristic of the fuel, where each type 

of fuel has its own speed that varies from fuel to 

another. Although fuel is mixed into the combustion 

chamber with the air in a turbulent movement as the 

piston rises from the bottom dead center to the top dead 

center, researchers often study the laminar flame 

burning velocity, which is what most Iraqi researchers 

have relied on. The measurement of flame propagation 

speed is measured in several different ways, each with 

its accuracy and determinants. 

 

Ref. [44] measured the laminar burning 

velocity and flame spread practically for a wide range 

of equivalent ratios of hydrogen-air mixture (from Ø= 

0.2 to 1.7). The researcher used for this purpose a fixed-

size vessel and thermocouple method at normal 

temperature and pressure (25°C and 1bar). He also 

studied the length of Markstein, which expresses the 

sensitivity of the laminar burning velocity to the rate of 

flame expansion. Markstein is another characteristic of 

the class combustion that can be estimated from 

instantaneous practical measurements. Markstein 

lengths reflect changes in the speed of the local flame 

due to external elongation, which are important in 

expressing the onset of flame instability, stretch rate 

and extinguishing the flame. The results of the study 

showed that the radius of the flame increases with time, 

but the increase rate decreases with the flame spread at 

the lean equivalent ratios. At rich equivalent ratios, 

there is almost a linear relationship between the radius 

of the flame and the time. At ideal equivalence ratios, 

combustion shows a linear relationship between the 

flame radius and time. The flame propagation speed 

increases with an increase in the equivalent ratio, and 

the Markstein number increases, indicating an 

improvement in flame stability, which is also improved 

by increasing the equivalent ratio. The researchers 

compared the results of their practical study with 

literature that gave a clear and acceptable affinity [45]. 

 

The importance of hydrogen as a fuel or as an 

added fuel due to its properties in increasing the flame 

spread, Ref. [46] has studied the laminar flame burning 

velocity and the Markstein number for various volume 

fractions of hydrogen to natural gas (from 0 to 100%) 

and for variable equivalence ratios (from 0.2 to 1.7). 

The results showed that the flame speed of the mixture 

increases with a nonlinear relationship with the increase 

of the hydrogen content at lean equivalence ratios, the 

relationship was linear at the stoichiometric equivalence 

ratios, and the near-linear relationship of the rich 

equivalence ratios. As for the Markstein length, it is 

reduced, and the instability of the flame increases by 

enriching the fuel with hydrogen. If a specific amount 

of hydrogen is added, the Markstein number increases 

and the flame stability increases with increasing the 

equivalence ratio.  

 

Ref. [47] used the thermocouples method to 

measure the flame propagation velocity of a mixture of 

LPG and hydrogen. The speed of the spread of stretched 

flame is obtained by linear induction when the flame 

stretching equals is zero. The length of Markstein was 

measured from the linear relationship between the 

flame velocity and the stretch rate. The study showed 

that the burning speed of the LPG flames increased with 

the addition of hydrogen volume fraction. The 

Markstein length showed the lack of stability of the 

flame when adding hydrogen. The results also showed 

that the addition of hydrogen increases the equivalence 

ratio range that the mixture can work on both at the lean 

and the rich sides. 

 

Ref. [48] studied the laminar flame burning 

velocity and Markstein lengths for diesel-oxygenates 

mixtures like (methanol, ethanol, bio-diesel from 

sunflower oil, and used vegetable oils) pre-blended with 

air. A central ignition was used with a constant volume 

of ballast expansion with thermocouples connected to 

data acquisition system. In this study, the unstable 

flame burning velocity, Markstein length, Lewis 

number, Zoldevich number and Karlovic number, was 

measured for a wide range of equivalencies (Ø from 0.2 

to 1.4). 

 

The study showed that the flame burning 

velocity of tested diesel-oxygenates mixtures, is clearly 

different, because of the molecular structure which has 

a significant impact on the flame spread for each fuel. 

The fastest measured spread of the studied mixtures 

flame were at equivalence ratios close to (Ø = 1.1). 

Markstein length was reduced with increasing the 

equivalence ratio of air-fuel mixtures, which means that 

the stability of the flame increases. The highest values 

for the Zoldvich number were reached at the 

stoichiometric equivalence ratio (Ø = 1.0). The results 

show that Markstein lengths are relatively independent 

of Karlovic numbers. 

 

The speed of flame propagation is very 

important in combustion modeling and in ensuring 

design and improvement, so practical measurements are 
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required. Ref. [49] used the ballistic flare technique at 

constant pressure, because it is possible to use high 

initial pressure and temperature conditions. The 

researchers studied the velocity of the flame 

propagation of propane-air mixtures to the point of 

practical information available in this regard at various 

initial pressures and temperatures. The flame 

propagation velocity was studied at a wide range of 

equivalent ratios from Ø = 0.5 to Ø = 1.5. The study 

was conducted at initial temperatures of 300 to 350 K 

and for initial mixture pressures from 0.5 to 1.5 bar 

[50]. The study showed that the highest flame speed can 

be obtained at relatively rich rates and at high initial 

temperatures, which was validated by Ref. [51]. When 

the initial pressure is increased, the flame speed is 

reduced. Markstein number increased for the burned 

mixture by increasing the equivalence ratio of the 

mixture and increasing its primary temperature. 

 

The use of exhaust gas recirculation (EGR) to 

minimize gasoline engine contaminants 

The use of exhaust gas recirculation as an 

effective method to reduce NOx contaminants in the 

exhaust was studied in Iraq. As the reactant gases 

generated by the combustion will absorb part of the heat 

of the combustion chamber, thereby reducing the 

maximum combustion temperature and as a result less 

interaction between oxygen and nitrogen that reduces 

the NOx pollutants. Ref. [52] used this technique for a 

fuel composed of adding methanol alcohol to Iraqi 

gasoline by 20% (M20). In this study, a single cylinder 

engine that can control the speed, load, sparks timing 

and the equivalent ratio and can also change the 

compression ratio of the engine was used. 

Measurements were performed at variable speeds and 

loads at stoichiometric equivalent ratio and optimum 

spark timing with the addition of 20% of a recirculated 

exhaust gas to the intake manifold. The results showed 

that the higher useful compression ratio of the M20 

mixture decreased from 9.5: 1 to 9.0: 1 when adding 

EGR. The use of M20 alone resulted in an increase in 

engine brake power up to 6% and reduced the specific 

fuel consumption up to 3% compared to the fuel of the 

engine with Iraqi gasoline. The addition of the EGR to 

the M20 caused a reduction in the higher compression 

ratio and the optimum spark timing of the engine, as 

well as the increase in the specific fuel consumption, 

reducing the thermal efficiency, volumetric efficiency, 

and exhaust gas temperatures. 

 

Ads the EGR has different effects on the 

engine performance, combustion and emitted 

contaminants that are difficult to distinguish, Ref. [53] 

has studied the knock phenomenon of associated with 

of a single-cylinder spark ignition engine works under 

high-load operation conditions at the higher useful 

compression ratio for the fuels used and the addition of 

cooled EGR. The researcher used natural gas, liquefied 

petroleum gas, and hydrogen as fuels. The results 

showed that the intensity of the engine knock decreased 

significantly with the addition of cooled EGR and the 

decrease in the knock phenomenon depends on the mass 

of the recirculated exhaust gas. The knock phenomenon 

for the studied fuels can be prevented by working at low 

equivalent ratios, reducing the compression ratio, and 

retarding the spark timing. The addition of cool EGR to 

the intake manifold reduced the temperature of the 

cylinder at the end of the compression stroke, which 

definitely reduces knock access. 

 

Iraq's bioethanol is a suitable alternative to 

gasoline as it reduces the hydrocarbon pollutants 

emitted from internal combustion engines because of 

the high proportion of oxygen in its internal structure. 

Ref. [54] devoted a study to examine the effect of 

adding an EGR to Iraqi gasoline mixed with 10 and 

20% bioethanol in addition to 10% of the hot and 

cooled EGR. Experimental work has been done on a 

multi-cylinder spark ignition engine at variable torque, 

speed and spark timing conditions. The results of the 

study showed that the addition of bio-ethanol to 

gasoline reduced the smoke opacity and NOx levels, 

and this effect depends on the mixing rate according to 

a certain pattern. The addition of EGR causes increased 

smoke and limited the reduction rate of opacity due to 

the addition of ethanol. The addition of a cooled EGR 

caused a reduction in NOx concentrations with high 

smoke emission. Retarding spark timing increased the 

smoke opacity and significantly reduces NOx 

concentrations. Advancing spark timing increased NOx 

concentrations and reduces smoke opacity. 

 

Ref. [55] used hydrogen as a fuel in a spark 

ignition engine. The use of hydrogen as a fuel 

represents some challenges as the abnormal combustion 

phenomenon like back-fire, pre-ignition, and knocks, 

which the author discussed, in addition to the high 

emitted NOx levels from hydrogen engine. The author 

used EGR to reduce NOx, and pumping loss. EGR use 

has some disadvantages like its negative impact on 

combustion stability. Two separate hot and cooled EGR 

systems were used. The study indicated that adding 

EGR reduced the combustion temperature in the 

combustion chamber. This reduction caused lower NOx 

emissions, and eliminates the abnormal combustion of 

hydrogen. 

 

New ignition methods for SI engines 

Improving engine performance and reducing 

its pollution is a constant concern for designers and 

engineers, including Iraqi researchers. In this effort, 

Ref. [56] has examined the effect of the overlap period 

variation and focused on the effect of changing valves 

timing on the performance of the engine and the 
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pollutants emitted from it. Experiments on changing 

valve timing were performed on a single cylinder drive 

by changing the clearance distance between the rocker 

arm and valve stem. The study results showed that at 

compression ratio of 9: 1 and overlap = 104 °, the best 

performance was achieved with the lowest exhaust 

pollutants, increasing thermal efficiency and volumetric 

efficiency up to 5.65% and 12.58%, respectively. The 

specific fuel consumption was reduced by 3%, while 

HC and CO pollutants were reduced to 4.45% and 

20.19%, respectively. 

 

Iraqi diesel fuel 

Iraqi diesel fuel has high sulfur content from 

1% up to 2.5%, and a relatively low cetane number 

from 42 to 49, making it one of the worst fuels in the 

world. The reason refers to the failure of oil refineries 

in this country because of the economic blockade of 

more than 14 years and successive wars. Therefore, the 

Iraqi researcher relied on what is available in the Iraqi 

environment to improve the properties of diesel 

combustion and reduce the resulting pollutants. 

 

Add oxygenated alcohols to Iraqi diesel 

The addition of substances that have oxygen in 

its internal structure (oxygenates), where the most 

important of it are alcohols, which are available in Iraq, 

including several types of ethanol and methanol and 

produced from fossil oil sources or from bio sources. 

 

Ref. [57] investigated the performance of a 

single-cylinder compression ignition engine fueled by 

added ethanol to diesel fuel at different volume rates. 

The study has compared the outcomes of this ethanol-

diesel engine with the conventional diesel engine for 

multiple operational conditions such as change in the 

equivalent ratio, speed, injection timing and load. The 

addition of ethanol increases the specific fuel 

consumption at medium and low loads while the fuel 

consumption is lower than diesel at high loads. There is 

an improvement in fuel consumption when the load is 

fixed for ethanol-diesel mixture. The thermal efficiency 

of the diesel engine is better than that of diesel-ethanol 

at medium and light loads. When working at high loads, 

the diesel-ethanol engine outperforms the diesel engine 

and improves its efficiency significantly. The 

researchers found that increasing the proportion of 

ethanol in the mixture improves the efficiency of the 

engine in general. Retarding injecting time from the 

optimum injection timing caused an increase in specific 

fuel consumption up to 40% higher than the 

consumption state at the optimum time, and the thermal 

efficiency of the diesel-ethanol engine is generally less 

than the diesel engine when the injection timing is 

delayed [58]. 

 

Ref. [59] compared diesel fuel performance 

and contaminants when used in a direct injection four-

cylinder engine fueled with diesel-ethanol mixtures. 

The operating conditions were total load and speed of 

1500 rpm. Ethanol-diesel mixtures emitted low CO 

contaminants, unburnt hydrocarbons, and NOx. The 

diesel-ethanol mixture causes an increase in the specific 

fuel consumption up to 13.8% due to the low thermal 

value of ethanol. The results of the study showed the 

possibility of adding ethanol to diesel fuel without any 

modifications in the engine. 

 

In the Ref. [60], the specifications of diesel 

fuel and mixtures of diesel-methanol were compared 

using a four-cylinder direct-injection engine and a total 

load of 1500 rpm. The results of the study showed that 

the diesel-methanol mixtures clearly reduce the CO 

pollutants, the unburnt HC hydrocarbons, but cause a 

limited increase in NOx. The results showed a clear 

decrease in noise with an increase in the methanol ratio 

in the burning mixture. 

 

The Iraqi diesel is characterized by its low 

cetane number, which negatively affects the engine's 

resulting power. Therefore, Ref. [61] used some type of 

cetane number optimizer with Iraqi diesel fuel and 

studied the effect of the improvement of the cetane 

number on the exhaust pollutants. Ethylene-hexyl 

nitride was added as a cetane improver and it enhanced 

the diesel fuel cetane number where three numbers of 

50, 52 and 55 were used and compared to conventional 

diesel fuel that has a cetane number of 48.5. The 

addition of the cetane number improver reduced the 

specific fuel consumption by 12.5% and increases the 

thermal efficiency by 9%. The study found that CO and 

UBHC concentrations increased at higher loads 

compared to primary diesel, and NOx concentrations 

were slightly higher (6%). CO concentrations have been 

reduced up to 30.7% for this group. Engine noise was 

decreased by 10.95% with the increase in the cetane 

number of fuel. The results of the study showed the 

need to improve the quality of diesel fuel produced to 

achieve clean combustion in the diesel engines. 

 

Ref. [62] investigated a three-dimensional 

study to simulate the dynamics of Iraqi diesel fuel and 

its combustion. Solid works and ANSYS Design 

Modeler were used for mechanical drawing and design 

for all parts of the boiler. A model network using 

ANSYS Meshing was used and exported to ANSYS 

FLUENT to illustrate the combustion of Iraqi diesel 

fuel in theory. The theoretical results coincided with the 

practical results of the burning of diesel, which proved 

the success of the simulation process and make all 

calculated results theoretically were acceptable. This 

study showed that the use of ANSYS FLUENT is an 

acceptable engineering tool to predict the flow of fuel, 
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mixing, combustion, particle transport, and the 

components of exhaust gases (CO, CO2, etc.). It also 

gives the flow of gases and the irregular distribution of 

temperature inside the boiler. The use of this model 

enables the disposal of economically costly and pre-

built processes on trial and error and modification of 

devices to study combustion. 

 

Duel fuel 

Iraqi researchers studied the possibility of 

operating a diesel engine with dual fuel that was second 

fuel wither liquid or gas to improve the specifications of 

Iraqi diesel and reduce the sulfur accompanying it and 

improve its cetane number. The interest of researchers 

is focused on the effective use of existing energy 

sources or the development of new sources of fuel that 

are environmentally friendly. Alternative gas fuels 

represent several types of fuel that are gaseous in 

normal weather conditions, and can be used alone or 

mixed with other fuels. Ref. [63] investigated the use of 

duel fuel in a single-cylinder diesel engine adding 

liquefied petroleum gas (LPG) to diesel. The study 

aimed to determine the performance and the pollutants 

of the engine. Liquefied petroleum gas (primary fuel) is 

mixed with air in the intake manifold and then 

compressed and ignited with a small amount of diesel 

fuel injected. The dual-fuel engine used resulted in a 

reduction in nitrogen oxides (NOx) emissions for all 

load loads. The thermal engine efficiency improved by 

3% in this case, and the non-burnt hydrocarbons, carbon 

monoxide and carbon dioxide emitted from the engine 

[64]. 

 

Ref. [65] studied practically the possibility of 

improving the performance of a compression ignition 

engine by adding gaseous hydrogen with the air inside 

the engine. For this purpose, a four-stroke single-

cylinder engine with variable compression ratio, 

injection timing, and equivalent ratio was used when 

adding hydrogen at different volume rates for diesel 

fuel. The speed of 1500 rpm and the highest useful 

compression ratio were selected to study the effect of a 

wide range of equivalent ratios and injection timing. 

The results showed that the higher useful compression 

ratio for diesel fuel used in this study is (17.7: 1), and 

increases when the mixture of fuels was used. The 

results of the study showed that the engine can operate 

at very lean equivalence ratio when hydrogen is added. 

The thermal efficiency is also increased and the fuel 

consumption of decreased by increasing the hydrogen 

volume fraction in the mixture to a certain extent. 

 

Ref. [66] also examined the performance 

characteristics and contaminants of the single-cylinder 

Ricardo engine when it was powered by a dual fuel 

consisting of natural gas added to Iraqi diesel. The 

researcher suggested that the largest part of the liberated 

energy in the combustion chamber is caused by the gas 

fuel while diesel fuel was fueled as a source of ignition. 

The study examined the effect of the equivalent ratio, 

velocity, and injection timing on the specific fuel 

consumption and the exhaust emissions emitted 

compared to Iraqi diesel fuel alone. The results of the 

study showed that working with dual fuel significantly 

reduced NOx levels in all tested operational conditions. 

Levels of CO, CO2, and HC were somewhat high at 

lean equivalence ratios and low loads. In addition, the 

qualitative start-up of fuel was higher in this case 

compared to diesel fuel. 

 

The combustion noise can be considered to be 

contaminated with a direct impact on the surrounding 

environment. Therefore, Ref. [67] measured the noise 

resulting from the use of the multi-cylinder engine, 

four-stroke after slight modifications to operate with 

dual fuel diesel and liquefied petroleum gas. He studied 

the effect of operational variables such as engine load, 

fuel injection timing, and engine speed. The results of 

the study showed that the use of liquefied petroleum gas 

(LPG) as a primary fuel in the dual fuel mixture gives 

engine noise higher than the use of natural gas (NG) or 

diesel fuel alone. The results showed that advancing the 

injection timing away from optimum timing increases 

the levels of sound pressure. 

 

The burning of diesel fuel produces high levels 

of PM pollutants, which is one of the most hazardous 

pollutants on public health, especially the respiratory 

system, so these pollutants are considered the most 

dangerous air pollutants. Diesel fuel is characterized by 

emitting large quantities of this pollutant into the air. 

Efforts are being made to reduce the emission of this 

pollutant, including the use of alternative fuels suitable 

for work in diesel engines. Ref. [68] studied the effect 

of load, velocity, equivalent ratio, injection timing and 

hydrogen addition rate on the amount of PM emitted 

from the engine. The study was done using a direct 

injection multi-cylinder engine. Hydrogen was added 

with three volume fractions of 30, 50 and 70% in the 

intake manifold. The study results showed that the 

addition of hydrogen significantly reduced the emitted 

PM pollutants. The studied variables also have an 

impact on the amount of PM produced. 

 

Ref. [69] in his practical study has focused on 

the exhaust pollutants emitted from a direct-injection 

multi-cylinder diesel engine during cold operation. 

Exhaust air pollutants were measured and analyzed in 

the winter conditions of Baghdad, Iraq, where 

temperatures are low. The effect of the start-up speed 

on the emitted exhaust pollutants was studied and the 

results showed higher levels of CO and HC emitted and 

less CO2. Although operating in cold conditions, 

concentrations of nitrogen oxides in the exhaust gases 
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appeared. At an engine speed of 800 rpm, the smoke 

went up and engine noise increased as compared to the 

remaining speeds. 

 

The cold operation of a diesel engine is 

considered one of the most important stages of 

combustion that need more research, as large amounts 

of pollutants are emitted during this period. Part of 

these pollutants is the result of the failure of 

instantaneous ignition and incomplete combustion 

because of the low temperature of the combustion 

chamber. There are many variables that overlap in this 

process, most importantly the properties of fuel and the 

lubrication oil, in addition to the operating conditions. 

Ref. [70] examined the use of a direct-injection multi-

cylinder engine to study the effect of injection timing, 

which is a key role in engine start-up power. Four 

injection timings (12, 15, 20 & 23
°
BTDC) were selected 

to operate the engine. The emissions from the engine 

were compared with standard operation at 17°BTDC 

(factory specification). Four cooling water temperatures 

were selected for the injection experiments (-10, 0, 25 

& 50°C). The results of the study showed that the 

warming of the cooling water of the engine reduces the 

period of cold operation clearly. The start-up instability 

of the engine was apparent during the use of cooling 

water at temperatures of (0 and -10 °C). Very high 

levels of CO, HC, and high smoke opacity were present 

in the exhaust gases during this period. Engine noise 

also increased due to lower cooling temperatures and 

delayed injection timing. 

 

Diesel fuel alternatives 

Iraqi researchers studied the addition of many 

substances other than alcohols to diesel fuel in order to 

increase the cetane number and reduce the sulfur 

content. One of these experiments was done by Ref. 

[71] who added water to diesel and forming an 

emulsion from them. The researcher claimed that the 

use of water-diesel emulsion would reduce NOx and 

PM concentrations together. Nitrogen oxides will be 

reduced due to lower gas temperatures and increased 

concentrations of OH reactors. PM concentrations 

decreased due to the phenomenon of micro-explosion of 

water. The results of the study showed that the specific 

consumption of the fuel is slightly improved when 

adding water at 10% and 20% volume. Fuel 

consumption increased when the volume fraction of 

used water was 30%. Concentrations (CO, CO2, UBHC) 

were reduced when water was added at 10% and 20%, 

as well as NOx and PM levels. At these two addition 

levels, the engine noise was reduced at all studied 

engine loads. The author explained that the diesel-water 

emulsion can be used without any modifications to the 

fuel system or engine, making it a good fuel and ready 

to use. 

 

Iraqi researchers have also thought of using 

biofuels or biodiesel as a non-toxic renewable fuel that 

can be used in engines without improvements or 

possibly minor modifications. Biodiesel is currently 

produced at a high price compared to diesel oil, but 

with the rapid development of the industry it will, one 

day, reach competitive prices with the traditional diesel. 

It can also be produced from low-cost oils (such as 

restaurant waste, frying oils and animal fat), making it 

less expensive. Biodiesel production is a major 

challenge because its raw materials contain high levels 

of free fatty acids. 

 

Ref. [72] investigated the effect of biodiesel 

produced from residues and wastes of restaurants on the 

performance and emission. The researchers have 

prepared two mixtures of yellow oil consisting of 

several types of residual edible oil after use in 

restaurants. Both fuels were studied in their pure state 

and with a mixture of 20% biodiesel with stable 

operating conditions for the four-cylinder engine. 

Although both biodiesel fuel pumps gave a clear 

decrease in concentrations of carbon monoxide, non-

burnt hydrocarbons and fouling molecules compared to 

conventional diesel. Nitrogen oxides were increased 

about 7 to 11% when using yellow grease B20 and 

B100, respectively. 

 

Ref. [73] used Iraqi sunflower oil as crude oil 

to produce bio-diesel. The produced fuel conducted by 

using a chemical transformer with pre-oxidation, wash 

the product with water to improve fuel specifications 

more, sedimentation and removal of non-reactant 

methanol residues and other impurities. Experiments 

were performed using a direct-injection four-cylinder 

diesel engine to test engine performance and pollution 

characteristics when operated with bio-diesel fuel and 

biodiesel-diesel mixtures and compared with 

conventional diesel fuel. The results of the study 

showed that CO, CO2 and HC concentrations and noise 

from fuel uses 100% bio-diesel were less than 50.03, 

11.05, 44.48 and 13%, respectively. Exhaust gas 

temperatures are reduced by 25.57%, and the specific 

fuel consumption of biofuels is increased by 35.7% and 

the NOx concentrations were increased by 21.32%. 

 

Bio-diesel was used as a green and clean 

substitute for fossil fuels by Ref. [74]. The researcher 

produced bio-diesel fuel from Iraqi sunflowers oil using 

transesterification reaction and tested the bio-diesel 

produced in several mixing ratios with diesel (0, 20, 50, 

100%). The results of the study showed that the specific 

fuels consumption was increased by the use of added 

bio-diesel to diesel at the speed of the engine at rates of 

23, 27 and 37.5% for biodiesel B20, B50 and B100 

respectively compared to diesel separately. In the other 

hand, the engine's volumetric efficiency improved with 
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the increase of the added bio-diesel. The brake thermal 

efficiency of biodiesel mixtures was low; the maximum 

reduction rate reached 3.45% when B100 was used. 

NOx concentrations increased with biodiesel mixtures 

and with engine speed and load increase due to the 

availability of oxygen in the biodiesel structure, as well 

as the necessary heat for the reaction available. CO and 

HC concentrations were high with biodiesel up to 50%. 

 

Ref. [75] used corn oil to produce biodiesel 

and test it in a multi-cylinder engine to evaluate and 

study the PM emitted from the diesel engine when it fed 

diesel with a mix of biodiesel and diesel. Since 

conventional Iraqi diesel has high sulfur content that 

releases high rates of PM, it is considered the basis of 

comparison in the tests. The results of the study showed 

a significant reduction in PM emitted when using 

biodiesel. The highest decrease in PM concentrations 

was up to 34.96% when B100 was used compared with 

diesel when the engine load was full and the speed was 

constant (1500 rpm). The researcher also noticed an 

increase in PM concentration when the injection timing 

was delayed away from the optimum injection timing. 

One of the main findings of the study is that biodiesel 

has a significant effect on smoke in idle mode with a 

decrease of 8.6, 18, 39.75% for B20, B50 and B100 

respectively compared to diesel. The study concluded 

that BM concentrations could be further reduced if 

sulfur content in Iraqi diesel fuel was significantly 

reduced. 

 

EGR employment to minimize the diesel engine 

contaminants 

Many Iraqi researchers have studied the most 

appropriate techniques to reduce pollutants emitted 

from a diesel engine. Because NOx is the most 

dangerous contaminant, the exhaust gas recirculation in 

diesel engines is a technique used to reduce the 

concentration of this pollutant. Ref. [76] used EGR with 

a four-stroke multi-cylinder direct injection diesel 

engine. The exhaust gas recycling system was tested in 

several volumetric fraction ratios of (0, 5, 10, 20 and 

30%) and studied the effect of EGR rates on CO, HC, 

NOx and noise. The results showed a significant 

decrease in NOx, CO2 and noise concentrations, while 

CO and HC concentrations increased. 

 

Ref. [77] carried out his experiments using a 

direct injection diesel engine by adding EGR with 

volumetric fraction rates from 0% till reaching the 

misfire of the ignition. Also, he used advanced injection 

timing at 21° BTDC (before the upper dead center), and 

retarded inject timing at 12°BTDC. The results showed 

that the retarding the injection caused a significant 

increase in the specific fuel consumption of up to 17%, 

reduced the thermal efficiency by 20.88%, while the 

reverse when the injection timing was advanced and the 

EGR rate was 50%. The HC, NOx and PM levels and 

engine noise are significantly lower than that of the 

engine with pure diesel and without exhaust gas 

circulation. 

 

Due to the importance of using alternatives to 

diesel fuel that ethanol is one of the best. Ethanol has 

disadvantages when it is added to diesel where NOx 

concentrations increase. Ref. [78] tested the effect of 

the use of a bio-diesel ethanol mixed with the EGR on 

the performance and contaminants of a compression 

ignition engine. The study focused on the effect of some 

of the operational variables of the engine such as load, 

engine speed and injection timing on engine 

performance and pollutants. To determine the number 

of experiments, the ratio of ethanol to diesel was fixed 

at (10% ethanol + 90% diesel), and three ratios of EGR 

(10, 20 and 30%) were used. Ethanol mixture has a low 

evaporation temperature, and the cetane number is low, 

these disadvantages have been overcome by the 

addition of a cetane number improver and a solvent that 

prevents the separation of the two fuels in the tank. The 

results of the study showed that engine operation with a 

bio-ethanol-diesel mixture with EGR significantly 

reduced NOx concentrations as well as engine noise. 

This engine increased the unburnt hydrocarbons and 

carbon monoxide. The presence of ethanol with oxygen 

in its internal structure has contributed to the negative 

EGR effects that increased concentrations of HC and 

CO. 

 

Idle period consumes large quantities of fuel, 

especially in diesel trucks for heavy service, which 

reduces the quality of the atmosphere. Ref. [79] studied 

the pollutants produced during the idle period when 

adding different percentages of EGR rates (0, 10, 20, 

30%) to the suction manifold of a direct-injection diesel 

engine. The results of the study showed an increase in 

CO2 concentrations by increasing the time of idle period 

and engine idle speed, but it was not affected by 

injection timing. CO concentrations increased for all 

test conditions with the addition of EGR. HC 

concentrations increased with increasing idle period but 

decreased with increased idle speed and advancing the 

injection timing. NOx concentrations reduced by the 

addition of EGR and all variables studied from load and 

engine speed. Smoke is increased by increasing idle 

period and delaying the injection timing. When EGR is 

used, smoke is increased for all studied cases. The 

addition of EGR reduces engine noise for all tested 

conditions; noise was increased by increasing the time 

of idling and retarding the injection timing. 

 

The addition of hydrogen to diesel has been 

studied in depth as a dual fuel and showed a significant 

increase in NOx concentrations. Ref. [80] added EGR 

to dual fuel in a four-cylinder diesel engine and 
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compared the effect of changing the equivalent ratio 

with the optimum injection timing at 1500 rpm on 

performance and engine contaminants. The study 

results showed that the performance of the engine and 

the pollutants emitted from it are significantly affected 

by the studied variables. Adding a cooled EGR has a 

clear effect on the performance and engine 

contaminants. The results of the study showed that there 

is a mutual process between the addition of hydrogen 

and EGR. The addition of hydrogen causes an increase 

in NOx concentrations and decreases PM 

concentrations while cooled EGR reduces NOx 

concentrations and increases PM concentrations. The 

resulting NOx and PM concentrations are the result of 

these two factors. The study concluded that hydrogen 

should be considered as an alternative fuel to diesel 

engines due to the reduction of exhaust pollutants from 

burning it that can be further reduced using pollution 

control techniques such as EGR. 

 

In the same vein, Ref. [81] studied the effect of 

the EGR on a diesel engine with a mixture of diesel - 

ethanol and diesel - methanol where the added alcohol 

content was 10%. The study focused on the mutual 

relationship between emitted PM and NOx. Results 

showed that PM concentrations decreased for the two 

mixtures and decreased with increased oxygen content 

in the mixture. The study showed a clear reduction for 

both PM and NOx using the studied system. 

 

Ref. [82] tested the performance of a direct 

injection diesel engine with a 10% diesel-methanol 

mixture with adding cooled and hot EGR. The study 

focused on the effect of operational variables such as 

the equivalence ratio, engine speed, load and injection 

timing. The results showed that combustion behavior of 

diesel-methanol mixtures differed from neat diesel. 

EGR addition reduces NOx concentrations. The 

addition of methanol to diesel has readjusted the 

negative effects of the recycling of exhaust gas on 

engine performance as the addition of methanol 

increases the oxygen available in the combustion 

chamber. The use of the cooled EGR results in better 

thermal efficiency, volumetric efficiency, reduced fuel 

consumption and better brake power than hot EGR. 

Engine performance improves with advancing injection 

timing when EGR is added. 

 

New ignition methods for diesel engines 

Experiments have proven that direct-injection 

diesel engines are efficient in all applications requiring 

these engines. However, because of the operating 

conditions of these engines, as it has high temperatures 

and high pressure during the burning fuel process that 

make these engines emit high pollutants levels, 

especially PM and NOx. So, researchers and designers 

around the world have developed new engine 

technologies that increase the efficiency of the diesel 

engine and reduce the time of PM and NOx pollutants. 

Iraqi researchers, like most researchers in the world, 

have studied this subject in detail and in many ways. 

 

Ref. [83] investigated the performance and 

emitted pollutants of s a partially-premixed combustion 

(PPC) concept that is supposed to emit fewer PM and 

NOx pollutants at the same time. The author used a 

mixture of gasoline-diesel with high levels of cooled 

EGR and early injection timing to increase ignition 

delay and give sufficient time for mixing air and fuel. 

The objective of the study was to examine the 

possibility of working the engine in PPC concept and 

the effect of this type of operation on the pollutants 

emitted and performance of the engine. The researcher 

used gasoline with 50% volume mixed with diesel and 

fixed engine speed of 1500 rpm. Cooled EGR was used 

that was left to pass through a heat exchanger designed 

to reduce the temperature of exhaust gas. Three high 

rates of EGR were used (30, 40 and 50%). The use of 

the gasoline-diesel mixture has reduced the thermal 

efficiency of the engine and increased the fuel 

consumption compared to conventional diesel engine. 

The PPC engine causes a significant decrease in PM 

and NOx but the CO and HC concentrations increased 

significantly with a relative decrease in engine noise. 

 

The use of Homogeneous Charge Compression 

Ignition (HCCI) engines can result in better 

performance and lower NOx concentrations due to the 

low temperatures resulting from high EGR presence. 

HCCI engines cause significant reductions in PM 

concentrations. Ref. [84] studied this concept using a 

multi-cylinder diesel engine and adding EGR from 0% 

until the combustion misfire was occurred. The authors 

studied the effect of advancing injection timing to 

35°BTDC and retarding it to 12°BTDC and compared it 

with the optimum timing for diesel fuel which is 

17°BTDC for the used diesel fuel. The performance and 

contaminants of the HCCI engine have been compared 

with diesel engine alone and without the addition of 

EGR. The results showed that retarding injection timing 

caused a significant increase in fuel consumption up to 

17%. The thermal efficiency was reduced by 20.88%. 

Advancing the injection timing with 50% of added EGR 

resulted in different results, as exhaust pollutants such 

as NOx, HC, PM, and engine noise significantly 

decreased compared to diesel engines. Increased EGR 

increases the concentrations of CO and HC. The study 

concluded that the HCCI engine can be controlled by 

high rates of EGR and controlling the injection timing. 

 

CONCLUSIONS 

Iraqi researchers have studied many alternative 

fuels and have explored the possibility of using it at a 

commercial level with little or no extra cost on the 
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consumer. One of the most important things that makes 

the use of alternative fuel possible is availability and 

Iraq contains a treasure of alternative fuels as it is one 

of the largest countries in the world in the reserves of 

natural gas and oil. Iraq is also an agricultural country 

with all the components of biofuel production as a 

viable alternative to gasoline and diesel. Perhaps the 

most important obstacles to the transition to alternative 

fuels are the sovereign decision, which needs a political 

will to change the environmental reality of the country. 

To date, Iraqi decision-makers have not moved in the 

direction of reducing sulfur compounds and lead in 

Iraqi fuel or in the promotion of alternative fuel. All 

these circumstances did not prevent the Iraqi researcher 

to provide alternatives and distinctive and ready to use 

Iraq. The paper shows the size of the Iraqi researcher's 

desire to improve his environment by changing the 

reality of the fuel currently used. 
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