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Abstract 

Biodiesel has been gaining increased attention from engine researchers in view of the energy crisis and increasing environmental 

problems. The present work is aimed at experimental investigation of exhaust emission characteristics of ethanol – diesel blends 

tested in four stroke CI engine. The Diesel Engine Test Bed (Petter: PJ2W-type, 7227/22.5 BS) was used with varying percentages 

by volume of ED blends having 5, 10, 15, 20% ethanol and 95, 90, 85, 80% diesel respectively. The effect of the blends on exhaust 

emissions was studied. It was found that at all loads conditions, carbon dioxide emissions increased, while hydrocarbon emissions 

decreased with increased amount of ethanol in the fuel blends, with ED20 showing the least emissions levels. Also, at all loads 

conditions, NOX emission of the blends was found to be higher than that of standard diesel due to the oxygen concentration and 

combustion timing. The results found showed that the ED20 (20% ethanol and 80% diesel) can be used in CI engine without any 

modification.  
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I. INTRODUCTION 

The global fuel crises in the 1970s triggered awareness in many countries of their vulnerability to oil shortages. Considerable 

attention was focused on the development of alternative fuel sources. Reduction in engine emissions becomes a major task in 

engine development due to the increasing concern of environmental protection and more stringent emission norms. Bioenergy, 

renewable energy from energy crops and lignocellulosic residues, agricultural and wood based, are undergoing worldwide 

economic analysis for efficient commercialization. Biofuels, derived from these sources are important choices for exploiting 

alternative energy and reduction of pollution gases. In addition to this more efforts are needed to reduce dependence on the 

petroleum fuels as it is obtained from limited reserves [Liaquat et al 2012]. Legislations have been passed in many countries, 

requiring diesel to contain a minimum percentage of biofuels. The Czech Republic proved to be the best, which insisted on 100% 

biofuel use for transportation [Ganapathy et al, 2011]. The attractive characteristics of biodiesel include higher cetane number, 

non-toxic emissions, bio-degradability, absence of sulphur and aromatic compounds and excellent lubricity [Anand et al, 2011]. 

Researchers have used different additives to petrol and diesel fuels for efficiency and emission improvement. The addition of 

alcohol based fuels to petroleum fuels has been increasing due to advantages like better combustion and lower exhaust emissions. 

Oxygenates like ethanol, I-propanol, I-butanol and I-pentanol improved performance parameters and reduced exhaust emissions 

[Mani et al, 2009 and Kiran, 2013]. Gasoline-ethanol blends with additives such as cyclooctanol, cycloheptanol increased brake 

thermal efficiency when compared to gasoline with reduction in CO, CO2 and NOx while HC and O2 increased moderately [Kiran, 

2013]. The addition of Di Methyl Carbonate (DMC) to diesel fuel increases efficiency marginally with reductions in NOx emissions 

while PM and soot emissions was reduced considerably [Kiran, 2013]. Biodiesel with Di Ethyl Ether in a naturally aspirated and 

turbocharged, high-pressure, common rail diesel engine reduced NOx emissions with slight improvement in brake thermal 

efficiency [Kiran, 2013]. Gasoline with additives like ethanol and ethanol-isobutanol increased the brake power, volumetric and 

brake thermal efficiencies and fuel consumption. The CO and HC concentrations in the engine exhaust decreased while the NOx 

concentration increased. The addition of 5% isobutanol and 10% ethanol to gasoline gave the best results [Godiganur et al, 2010]. 

Bio-additives (matter extracted from palm oil) as gasoline additives at various percentages (0.2%, 0.4% and 0.6%) showed 

improvement in fuel economy and exhaust emissions of SI engine [Banapurmath et al, 2009]. Methyl-ester of Jatropha oil diesel 

blends with Multi-DM-32 diesel additive showed comparable efficiencies, lower smoke, CO2 and CO [Hary et al, 2008]. Ethanol 
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addition to diesel-biodiesel blends increased brake thermal efficiency with reduction in carbon monoxide and smoke emissions 

and at the same time hydrocarbons, oxides of nitrogen and carbon dioxide emissions increased [Dennis et al, 2010]. Some 

researchers have used cetane improvers and some others have used additives in coated engines. Biodiesel blended fuel, and a cetane 

improving additive (2-EHN) reduced PM emissions [Lakshmi et al, 2008]. Addition of di-1-butyl peroxide and the conventional 

cetane improver, 2-ethylhexyl nitrate additives to diesel fuel reduced all regulated and unregulated emissions including NOx 

emissions [Lakshmi et al, 2008]. 

Ethanol, a renewable bio-fuel, has been widely used as a fuel for SI engines, mainly in Brazil, or as a gasoline additive for 

improving octane and better combustion in the USA and Canada. In addition, ethanol has a high oxygen content, which may help 

to improve combustion and reduce particulate emissions in CI engines [Chen et al, 2009]. The use of ethanol blended with diesel 

was a subject of research in the 1980s and it was shown that ethanol–diesel blends were technically acceptable for the existing 

diesel engines. The relatively high cost of ethanol production at that time meant that the fuel could only be considered in cases of 

fuel shortages. Recently, the economics have become much more favorable in the production of ethanol and it is able to compete 

with standard diesel. Consequently, there has been renewed interest in the ethanol–diesel blends with particular emphasis on 

emissions reductions [Yahuza et al, 2016].  

In recent years, considerable attention is given on the usage of primary alcohols as additive or blend with diesel. The usage of 

alcohols in compression ignition engine has its own intricacy due to its high latent heat of vaporization and long ignition delay 

period [Balamurugan and Nalini, 2014]. However, it was reported that the usage of alcohols as blend in proper proportion with 

diesel reduces the exhaust emissions [Balamurugan and Nalini, 2014]. The bioethanol derived from vegetable oils was considered 

as the most suitable alternate fuel because of its better spark characteristics and higher cetane number values [Balamurugan and 

Nalini, 2014]. The blending of bioethanol with diesel appreciably reduces the green house gas emission. The usage of biodiesel 

blended with alcohols reported that there is an increase in brake thermal efficiency and decrease in CO, HC and NOx emissions 

[Sivalakshmi and Balusamy, 2011].  

The use of biodiesel will lead to loss in engine power mainly due to the reduction in heating value of biodiesel compared to 

diesel, and it result in the increase in biodiesel fuel consumption. From the review by [Gaurave et al, 2013], it can be concluded 

that the use of biodiesel favours to reduce carbon deposit and wear of the key engine parts, compared with diesel. It is attributed 

to the lower soot formation, which is consistent to the reduced PM emissions of biodiesel, and the inherent lubricity of biodiesel. 

II. EXPERIMENTAL SETUP AND PROCEDURE 

 Experimental Setup 

The tests were carried out on a 4-stroke, 1-cylinder, 1.0 L, 5.6 kW engine. The engine model is Petter: PJ2W-type, 7227/22.5 BS. 

The test engine specifications are given in table1. 
Table – 1 

Test Engine Characteristics 

Parameters Specifications 

Engine type 4-stroke diesel 

Number of cylinders 1 

Displacement, cm 1896 

Bore stroke, mm 79.5 x 95.5 

Compression ratio 12:1 to 17.5:1 

Cooling method Water cooled 

Valve configuration OHC 2 valves/cyl. 

Injection pump Bosh VE VP 37 

Maximum output, kW 5.6 

Rated speed, rpm 1500 

Maximum MEP, kPa 1400 

Source: (Petter: PJ2W-type, 7227/22.5 BS, 1997) 

The engine was coupled to an Eaton Dynamatic (model AD-806) DG eddy current dynamometer with rated power of 5.6 kW at 

1500 rpm. The dynamometer was controlled by a Digalog (model 1022A-STD) dynamometer controller. The flow rate of diesel 

fuel into the engine was measured with a Brooks (model BM01ARSPA2RVA) micro-oval flow meter. The volumetric flow rate 

of air inducted into the engine was measured with a Meriam laminar flow element (model 50MC2-4). The engine was operated at 

a speed of 1500 rpm. The same test protocol was used for each set of the blends.  

Emissions of unburned hydrocarbons (HC) were measured using Beckman model 400A flame ionization detection (FID). 

Concentrations of carbon monoxide (CO) and carbon dioxide (CO2) were measured using Horiba (model PIR-2000) infra-red 

absorption gas analyzer. Oxides of nitrogen (NOX) were measured using Beckman model 450A analyzer. 

The experimental set-up used to conduct the engine’s performance tests is shown in Plate 1. 
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Plate I: Petter: PJ2W-type, 7227/22.5 BS engine 

 Test Fuels 

The normal diesel supplied by Nigerian National Petroleum Corporation (NNPC) was procured from the local market. Ethanol 

was produced from saw dust of Masonia by means of simultaneous saccharification and fermentation process. The Ethanol 

produced was blended with diesel in the proportion of 5, 10, 15 and 20% ethanol with 95, 90, 85 and 80% diesel on a volume basis, 

and the blends were labeled as ED5, ED10, ED15 and ED20, respectively.  

 Experimental Procedure 

Clean the fuel filter and remove the air lock. Check for fuel, lubricating oil and cooling water supply. Start the engine using 

decompression lever ensuring that no load on the engine and supply the cooling water allow the engine for 10 minutes on no load 

to get stabilization. Note down the total dead weight, spring balance reading, time taken for 20cc of fuel consumption and the 

manometer readings. Repeat the above step for different loads up to full load. Connect the exhaust pipe to the smoke meter and 

exhaust gas analyzer and corresponding readings are tabulated. Allow the engine to stabilize on every load change and then take 

the readings. Before stopping the engine remove the loads and make the engine stabilized Stop the engine pulling the governor 

lever towards the engine cranking side. Check that there is no load on engine while stopping. 

III. RESULTS AND DISCUSSIONS 

 Exhaust Gas Temperature 

The exhaust gas temperatures from the test engine are lower with all the fuel blends than with diesel fuel due to the lower heating 

value of the blends. The exhaust gas temperature of ED5 is higher than that of other fuel blends (ED10, ED15 and ED20) at all 

load conditions, except at 2500g, where it is the same with that of ED15 and lower than that of ED20. At all loads conditions ED10 

has the lowest values of exhaust gas temperature. The increase in the heating value is linear and the highest value was below 3000C 

while the diesel was above 3000C, at all the load conditions as shown in Figure 1.  

 Carbon Dioxide (CO2) Emission at Different Loads Conditions 

The carbon dioxide emission depends upon the complete combustion of the fuel. All the blends have more oxygen content than 

diesel, resulting in complete combustion. Due to the complete combustion of the fuel blends, carbon dioxide emission also 

increases. It can be seen from Figure 2 that the carbon dioxide emission using diesel fuel is lower because of the incomplete 

combustion. At all load conditions ED20 exhibited the highest values of CO2 emission, because of the complete combustion and 

is the best among the fuel blends as indicated in Figure 2. The increase in CO2 is directly propositional to the increase in the amount 

of ethanol as shown in Figure 2. 

 Carbon Monoxide (CO) Emission at Different Loads Conditions 

The carbon monoxide emission depends upon the oxygen content and Cetane number of the fuel. The blends have more oxygen 

content than the diesel fuel; so, the blends having more oxygen content are involved in complete combustion process. The 

maximum carbon monoxide emission was observed at full brake power of the engine. So, it can be seen clearly that the fuel blend 

ED20 gives low carbon monoxide emission than other fuels at all load conditions as shown in figure 3. 
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 Hydrocarbon (HC) Emission at Different Loads Conditions 

The blends have more oxygen content than that of standard diesel. So, it is more likely to undergo complete combustion process 

than diesel. The hydrocarbon emissions of the blends are lower than that of standard diesel due to complete combustion process. 

When percentage of ethanol increases in the blend, hydrocarbon decreases. Figure 4 clearly shows that fuel blend ED20 gave lower 

hydrocarbon emissions than the other blends. ED5 at all load conditions gave an amount of hydrocarbon close to that of diesel. 

The HC of diesel decreases with increase in loads; the trend is the same with the remaining fuel blends. ED15 and ED20 have 

almost the same values at all load conditions. 

 Oxide of Nitrogen (NOX) Emission at Different Loads Conditions 

NOX emissions depend on the oxygen concentration and the combustion time. At all loads conditions, NOX emission of the blends 

is always higher than that of standard diesel due to the oxygen concentration and combustion timing. Since ethanol has very low 

cetane number, the cetane numbers of the blends are lower than that of standard diesel. This causes increase in the NOX emission 

of the blends. The shorter ignition delay could be a reason of increased NOX emission. ED5 and ED10 show similar values at all 

load conditions. Similarly, ED15 and ED20 show the same trend. All the fuel blends have values of NOX which is above 110ppm 

while that of diesel was below this value. This is shown in figure 5. 

The above five tests results are in agreement with [Balamurugan and Nalini, 2014] and [Sivalakshmi and Balusamy, 2011]. 

 
Fig. 1: Exhaust gas temperature for the blends and diesel at different loads 

 
Fig. 2: Carbon dioxide (CO2) emission for the blends and diesel at different loads 
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Fig. 3: Carbon mono CO emission for the blends and diesel at different loads 

 
Fig. 4: Hydrocarbon HC emission for the blends and diesel at different loads 

 
Fig. 5: Oxide of Nitrogen NOX emission for the blends and diesel at different loads 
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IV. CONCLUSION 

1) The maximum carbon monoxide emission was observed at 500g of load when the engine was run on diesel fuel. ED20 gave 

low carbon monoxide emission than the other fuel blends at all load conditions. It is accepted commonly that CO emissions 

reduce when using biodiesel due to the higher oxygen content and the lower carbon to hydrogen ratio in biodiesel compared 

to diesel. 

2) The hydrocarbon emissions are lower with all the fuel blends than with standard diesel due to complete combustion process 

of the blends. When percentage of ethanol increases in the blends, hydrocarbon emission decreases. ED20 gave the lowest 

hydrocarbon emissions among all the fuel blends tested. It is predominant viewpoint that HC emissions reduce when biodiesel 

is fuelled instead of diesel. This reduction is mainly contributed to the higher oxygen content of biodiesel, but the advance in 

injection and combustion of biodiesel also favour the lower THC emissions. 

3) At all loads conditions, NOX emission of the blends is always higher than that of standard diesel due to the oxygen 

concentration and combustion timing. Since ethanol has very low cetane number, this causes increase in the NOX emission of 

the blends. The shorter ignition delay could be a reason of increased NOX emission. The vast majority of literatures agree that 

NOx emissions will increase when using biodiesel. This increase is mainly due to higher oxygen content for biodiesel. 

Moreover, the Cetane number and different injection characteristics also have an impact on NOx emissions for biodiesel. 

The further improvement in production of biodiesel should be performed in the future to promote biodiesel properties and quality. 

And the further development in additives which improve consumption of biodiesel should be needed to favour power recovery, 

economy and emissions especially for NOx emissions. 
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