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ABSTRACT:  

This work compared the exhaust emission of the petrol, liquefied petroleum gas 

and ethanol gasoline blend (E15). A Gas-board model 5020H automobile gas 

analyzer with the infrared system was used in the experiments. The device has 

the potential to analyze and measure exhaust gases emissions of gasoline 

vehicles which include: Hydrocarbon (HC), Carbon Monoxide (CO), Carbon 

IV Oxide (CO2) oxygen (O2) and Nitrogen Oxide (NOx). The test engine is a 

single cylinder spark ignition SENWEI portable generator of 220V, 1.3KVA 

output generator. The varying loads: 0.0, 0.4, 0.8, 1.2 KW was used. The result 

shows that E15 had the least CO emission for all loads. Its CO2 emission 

consistently decreased at higher loads. It had the least HC emissions also. LPG 

had the least NOX emission, the least CO2 emission. HC emission for LPG at 

low load is extremely high, suggesting that LPG should not be encouraged for 

low load applications. 
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INTRODUCTION 

Exhaust emissions are the non-useable gaseous waste products produced during 

the combustion process. The combustion product and emission from internal 

combustion engine includes: nitrogen oxides (NOx), carbon monoxides (CO), 
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hydrocarbon (HC) and particulates (PM). These exhaust products are sources 

of serious health problems and environment concern. The impact of fossil fuel 

emission on pediatric health is much more profound than on adults as it affects 

developing fetus and babies. Perera, 2018 identified preterm or low birth 

weight, cardiovascular disease, cognitive and behavioral disorders, mental-

health challenges and cancer as some of these effects (1).  Apart from the effect 

on fetus and babies a greater concern is felt when we consider the result on brain 

development which limits the child’s learning acumen, future resourcefulness, 

economic ability and productivity which ultimately hinders the child’s ability 

to energetically contribute his strength and ideas for the development of the 

society (2) (3).  

This concern is a worldwide concern as it accelerates global warming and 

climatic change (4).  

There is a growing interest in alternative fuels largely due to the need of 

reducing or limiting emissions from vehicle such alternatives being investigated 

include dimethyl ether (DME),natural gas - methane (CNG - compressed 

natural gas), hydrogen fuel, liquefied petroleum gas (LPG), bio-diesel and so 

on (5).  

Narian and Krupnick examined the content of natural gas and reported that it is 

mainly made up of methane to the tune of 87% and traces of ethane (6). When 

compressed it forms an excellent alternative to gasoline in spark ignition 

engines with some degree of engine modification. It is a tasteless, colorless and 

odorless gas. Its emission characterization when compared to gasoline is lower 

for CO, NOX and HC emissions (about 90–97%, 35–60%, and 50–75% 

respectively) (7), (8), on the other hand LPG which is a colorless gas comprised 

of various hydrocarbons mainly propane and butane and natural gas (methane), 

occurring naturally in the earth are of primary interest. The growing interest is 

largely due to financial and ecological reasons (5). 

Argakiotis et al stated that since the 19th century, ethanol have been used as an 

alternate fuel for engines, because it is more suitable, renewable, eco-friendly 

and bio-based. It easily produced by fermentation of sources, like cassava, sugar 

cane, barley and corn. In addition combustion of ethanol has reduction in both 

CO and unburned HC particulates compared to gasoline. Furthermore Ethanol 

has a higher research octane number (RON) and motor octane number (MON) 



 

 

          International Journal of Engineering and Technology Research  

                     Published by Cambridge Research and Publications 

 

                                                                  IJETR ISSN-2329-7309 (Print) 

 

 

237 

Vol. 21 No.5 

June, 2021. 

that is to say, better anti-knock characteristics, which enables higher 

compression ratios to be used. Gasoline-ethanol blends used in SI engines with 

a low percentage volume of ethanol do not require the engine modifications 

necessary when pure ethanol is used. In the United States ethanol is the most 

widely used renewable fuel (9).  B. Ghobadian et al identified the need for 

alternative fuels to include the following reasons: diminishing petroleum 

reserves, and the consequence of utilisation of fossil fuel and its exhaust 

emission impact on man and the environment (10). Oluwaleye and Umukoro 

are of the opinion that Nigeria is not excluded from such effect of as acid rain, 

air poisoning resulting from harmful emission as a result of incomplete 

combustion of petroleum fuel used in engines. Other factors would include 

increase in population and the sporadic supply of electricity in Nigeria. These 

factors have led to increase dependence on small generating set, small engine 

powered pepper grinding machine all these have paved the way for fuel 

diversification (11). Amit Pal investigating the emission and engine 

performance of ethanol –gasoline blends using the following: E0, E2.5, E5.0, 

E7.5, E10, E12.5, and E15. Discovered that blends above E10 gave better 

emission result (12) Yahuza et al.,( 2018) investigated the emission of diesel-

ethanol blend at different engine speed using a single-cylinder, 4-stroke, air-

cooled, 3.68 kW engine. The following exhaust gases was analysed unburned 

hydrocarbons (HC), Oxides of sulfur (SOx), Oxides of Nitrogen (NOX), Carbon 

Monoxide (CO) and Carbon dioxide (CO2) result show that ethanol blending 

had positive effect on emission from diesel fuel (13). 

Iyiola and Umukoro (2018) on the other hand investigated emission 

characterization of different ethanol-gasoline blends using a 1KW, 220V four 

stroke, single cylinder spark ignition engine with a Gas-board model 5020H 

automobile gas analyzer with the infrared system and a load variation from 0, 

0.2, 0.4, 0.6 and 0.8 KW concluded that E15 blend had the better emission 

result except for NOX at all loads (11).  . 

This work focuses on analyzing the emission characterization of Gasoline, E15 

blend which is the best result of Iyiola and Umukoro (2018) comparing it with 

LPG using a single cylinder spark ignition engine attached with a Gas-board 

model 5020H automobile gas analyzer with the infrared system at varying load 

ranging from: 0.0, 4.0, 0.8 and 1.2 KW. The main objective of this study is to 
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compare the exhaust emissions of petrol, liquefied petroleum gas and ethanol 

gasoline blend (E15) so as to provide useful recommendations to the end users 

 

MATERIALS AND METHODS 

Experimental Setup 

The test engine is a single cylinder spark ignition four stroke SENWEI portable 

generator rated 220v, 1.3kva max. / 1.0kva was used as the test engine. 

The test engine was fitted with a dual carburetor which makes it possible to run 

on Gasoline and LPG. Three fuels were analysed in this work: Gasoline, LPG 

and Gasoline-ethanol blend (E15). The fuels were locally sourced as they were 

readily available 

 

Plate1: Diagram of dual carburetor for LPG and Gasoline (14) 

A Gas-board model 5020H automobile gas analyzer with the infrared system 

was used in the experiments. The device has the potential to analyze and 

measure exhaust gases emissions of gasoline vehicles which include: 

Hydrocarbon (HC), Carbon Monoxide (CO), Carbon Dioxide (CO2) oxygen 

(O2) and Nitrogen Oxide (NOx). In this experiment, a load bank of several light 

bulbs was used to vary the electric load to be powered by the generator. This 

consists of light bulbs of 100 – 200 watts each, wired in parallel, with every 

bulb a switch, to allow easy load variation for flexible testing. 

 

RESULTS AND DISCUSSIONS 

Readings were taken for four different loadings: 0.0, 4.0, 0.8 and 1.2 KW. The 

results of the emission test is given in Table 1 below; 

Table 1: Average emission data for Gasoline, LPG and Gasoline-Ethanol blend 

(E15).  

Samples Load 

(kW) 

HC(ppm) CO (% 

vol.) 

CO2 (% 

vol.) 

NOx 

(ppm) 

  0.0 4879 5.73 2.88 17 

  0.4 935 9.28 4.22 10 

LPG 0.8 477 7.46 3.19 00 

  1.2 467 7.56 3.28 12 

 0.0 218 8.36 8.40 84 
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  0.4 309 9.04 7.51 71 

PETRO

L 

0.8 321 8.76 6.50 72 

  1.2 220 5.81 4.15 26 

  0.0 107.5 2.0 10.43 64.5 

E15 0.4 116 2.32 7.68 60.0 

  0.8                 

207            

3.28 7.08 240 

  1.2 533 4.96 4.26 300 

CO Emission 

 

Figure 1: CO Emission 

 

At 0.4 KW the Carbon monoxide emission for LPG increased by 46.5% 

Gasoline and E 15 by 8.13% and 16% respectively. At 0.8KW the increment 

ranges from -24.4%, -8.63% and 41.38% for LPG, Gasoline and E15 

respectively, at 1.2 KW LPG increased by 28.2%, Gasoline by -37.29% while 

E15 increased by 51.2%.Gasoline-ethanol blend had the least CO emission for 

all load. Blending ethanol with gasoline result in availability of oxygen in the 

blend as a result the emission after combustion has a lesser CO content. 

Furthermore increasing the load leads to an increase in temperature of 

combustion coupled with availability of oxygen in the blend the result is a fuel 

with better CO emission almost at all loads (11).  

CO2 Emission 

 

Figure 2: CO2 Emission 

A major contributor to green house effect is CO2.  At 0.4 KW CO2 emission 

increased by 46.53%, -11.85% and -26.37% for LPG, Gasoline and E15 

respectively. LPG increased by -24.41%, -13.45% and -7.81% for Gasoline and 

E15 respectively. At 1.2KW 2.82% was the increase in LPG emission while -

36.15% and 38.83% were in the increase in Gasoline and E15.  In case of CO2, 

LPG had the least emission for all loads. There is a gradual reduction in CO2 

emission as the loading increases for all the fuels. 
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NOx Emission 

 

Figure 3: NOx Emission 

LPG NOx emission increased by 41.18% at 0.4 KW, Gasoline and E15 

increased by 15.48% and -6.98% respectively. As the load increased to 0.8 KW 

NOx emission increased by -100% for LPG 1.41% for Gasoline and 300% for 

E15. At 1.2 KW LPG increased by-120%, Gasoline and E15 increased by 

63.89% and 251% respectively.  

Two conditions are essential for the formation of NOX oxide namely the 

availability of excess oxygen and high combustion temperature. In other words 

the formation of NOX is usually in conjunction with combustion of a mixture 

with excess supply of air, a lean mixture in comparism with the stoichiometric 

mixture (11). LPG demonstrates the least NOX emission.  E15 had the highest 

NOX emission especially at higher loads. 

HC Emission 

 

Figure 4: HC Emission 

E15 and gasoline had the least HC emission. Unburnt particles in the exhaust 

gas generate HC emissions (14). For LPG the HC emission increased by -

80.84%, Gasoline and E15 increased by 3.88% and 78.45% respectively at 

0.4KW. When the load was increased to 0.8KW emission increased to -48.98%, 

3.88% and 78.45% for LPG, Gasoline and E15. At peak load the increment was 

-2.10%, -312.46% and 159.49% for fuels LPG, Gasoline and E15 respectively. 

LPG HC emission is relatively high at no load and lower loads. E15 show the 

least value at no load. 

 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

This research work analysed the emission characterization of gasoline, liquefied 

petroleum gas and gasoline ethanol-blend (E15). The fuels were locally sourced 

as they were readily available A Gas board model 5020H automobile gas 

analyzer with the infrared system was used in the experiments. The device has 

the potential to analyze and measure exhaust gases emissions of gasoline 

vehicles which include: Hydrocarbon (HC), Carbon Monoxide (CO), Carbon 
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Dioxide (CO2) oxygen (O2) and Nitrogen Oxide (NOx).  The test engine is a 

single cylinder spark ignition SENWEI portable generator, varying loads: 0.0, 

0.4, 0.8, 1.2 KW was used to assess the fuels. The results were tabulated and 

discussed. 

Each of the fuels analysed had their strength and weaknesses. E15 had the best 

CO for all loads. Its CO2 emission consistently decreased at higher loads. 

LPG which was expected to give a better result showed that at relatively low 

loads its HC emission were extremely high, suggesting that LPG should not be 

encouraged for low load applications. 

Gasoline is the reference fuel for which universally acceptable alternative is 

been sought for. The quest for such alternative is an ongoing challenge for 

researcher. 

Recommendations 

The emission analysis of three fuel were carried out namely Gasoline, LPG and 

E15 further work should be carried out on choice of additives to improve 

emission of the analysed fuels and the cost implication of utilizing these fuels 

in Nigeria. 
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