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Abstract 
 Diesel engines can operate on a variety of the different fuels such as diesel fuel derived from crude oil, 

natural gas and biodiesel. Nowadays, the price of compress natural gas (CNG) and biodiesel is cheaper than diesel 

fuel since it is a potential advantage to use a combined CNG and biodiesel for multipurpose diesel engine. The aims 

of this work were to investigate the efficiency and emission from the multipurpose diesel engine. In the 

experiments, the fuel used in a combustion chamber was diesel, biodiesel derived from waste cooking oil (B100) 

and combined B100 and CNG. Effect of the various ratios of CNG (10, 20 and 30%), engine load (25, 50 and 75%) 

and exhaust gas recirculation (EGR: 0, 10 and 20%) were also investigated. Based on these experiments, the brake 

thermal efficiency decreased with an increase in CNG ratio. However, the brake thermal efficiency increased with 

an increase in the engine load. When the CNG ratio in a combustion chamber increased, the hydrocarbon 

concentration and Smoke number (SN) increased whereas the nitrogen oxide decreased. In term of exhaust gas 

recirculation (EGR), the use of EGR was not significant effect to brake thermal efficiency for various fuels. 

However, the increasing of EGR and CNG ratio led to an increase in hydrocarbon, carbon monoxide and Bosch 

smoke number. It should be noted that the nitrogen oxide decreased with an increase in EGR and CNG ratio.  
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1. Introduction 

 Energy crisis is an important problem for several 

countries. In Thailand, the agricultural industry is 

essential because the main population in upcountry is 

still the farmer. In recent years, the price of fuel for 

agricultural machinery is higher due to the depleting 

sources of petroleum. Since the higher price of fuel, 

the alternative fuels from renewable resources that are 

cheaper and environmentally are challenge. Biodiesel 

is one of the alternative fuels for replacing the diesel 

fuel. It is derived from the transesterification of fat, oil 

and used cooking oil. The biodiesel properties are 

similar to diesel produced from crude oil and can be 

used directly to run existing diesel engines. The 

advantages of biodiesel are following: it assists to 

reduce carbon dioxide, carbon monoxide (CO), total 

hydrocarbon (THC) and particulate matter (PM) 

emission [1-6]. Compressed natural gas (CNG) is one 

of the best alternative fuels for Internal Combustion 

Engines (ICE). It may be derived from oil deposits or 

waste water treatment plants where it is known as 

biogas. The main component of CNG is methane and it 

can be used in place of diesel fuel, gasoline and LPG. 

The use of CNG in IC engines will significantly 

contribute to reduce environmental pollution [7-9]. It 

can improve the brake thermal efficiency and reduce 

the noise and vibration of engines. The combustion of 

CNG produces fewer undesirable gases than other 

fuels. Moreover, the CNG is safer than LPG because 

CNG is lighter than air and disperses quickly when 

released. However, the CNG composition is highly 

variable and strongly dependent on the supply source. 

 From the advantages of biodiesel and CNG as 

mentioned above, the aims of this work are to 

investigate the combustion characteristics, engine 

efficiency and engine emissions of multipurpose diesel 

engine using a combined biodiesel and CNG as the 

fuel. The biodiesel and CNG with various ratios are 

injected into the combustion chamber for examining 

the suitable engine efficiency and specific fuel 

consumption. In terms of engine emissions, the carbon 

dioxide, carbon monoxide, hydrocarbon, nitrogen 

oxide and smoke opacity are also investigated at 

various engine speeds and engine loads. Furthermore, 

the effect of exhaust gas recirculation was also 

examined.  

 

2. Experimental setup 

 A schematic of a multipurpose diesel engine and its 

relevant accessories shows in Fig. 1. The steady state 

engine tests were performed using an unmodified 

Yanmar model L100 diesel engine to examine the 

effect of CNG concentration addition with biodiesel 

and diesel on engine performance and exhaust gas 

emissions. This engine consists of a single cylinder 

with direct injection to the combustion chamber and it 

is equipped with the external cooled EGR system. The 

standard injection timing was set at 20 Crank Angle 

Degree (CAD) before top dead centre (BTDC) by the 

manufacturer. Table1 shows the detail of multipurpose 
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diesel engine using in this work. The DC electric 

dynamometer was used to measure power of engine. 

An orifice plate equipped with monometer was used to 

measure the intake air flow rate into the engine. A 

nozzle of gas fuel (CNG) was also installed at the 

intake air pipe (between an orifice and air filter). 

Liquid fuels (diesel or biodiesel) from tanks flow via a 

multiple valve used to switching the fuel type and it is 

injected into the diesel engine. 
 

 
 
Fig. 1. A Schematic diagram of a multipurpose diesel 
engine and its relevant accessories; (1)CNG tank; (2) 
Pressure regulator; (3) Air filter; (4) Orifice; (5) Diesel 
tank; (6) Biodiesel tank; (7) Multiple valve; (8) EGR 
valve; (9) diesel engine; (10) Dynamometer; (11) 
Exhaust analyzer; (12) Bosch smoke meter; (13) Back 
pressure valve; (14)  Personal computer 
 

2.1 Measurement of exhaust emissions 

 A Horiba MEXA-584L exhaust gas analyzer was 

used to monitor exhaust emissions from engine. The 

exhaust gas analysis included the measurement of 

carbon dioxide, carbon monoxide and unburned 

hydrocarbons (NIDR-non-dispersive infrared), oxygen 

(magneto pneumatic sensor), and NOx (CLD-

chemiluminescence detection). In addition, Smoke 

opacity (soot) was measured by a Bosch smoke meter 

and was shown in terms of smoke number (SN). In this 

work, the exhaust gas in each operating condition was 

measured and reported. 
 
Table 1 Detail of a multipurpose diesel engine 

Name of the engine Yanmar L100  
Engine type  4 stroke, Air cooled 
No. of Cylinder  1 
Bore x Stroke (mm) 86 x 75 
Displacement (cc)  435 
Compression ratio  21.2 : 1 
Continuous rated output 6.2 kW/3,600 rpm 
Combustion type  Direct Injection 
Injection Timing  20° BTDC           
 

2.2 Fuels 
 The fuels used in these experiments were 
conventional diesel fuel, biodiesel from treated waste 
cooking oil (B100) and compressed natural gas (CNG). 
 
Table 2 The Compositions of CNG [10] 

Components CNG 
Methane - CH4  
Ethane - C2H6  
Nitrogen - N2  

Carbondioxide-CO2  
Sulfur-S 
Wobber index-WI 
Methane number-MN 
(Stoichiometric Air/Fuel Ratio) 

74.1-77% 
6.4-6.0% 
2-2.2% 

12.7-14.4% 
<16 ppm 

41.9-44 (MJ/m3) 
76-82 

11.6-12 
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 The compress natural gas composition are shown 

in Table 2. Before feed compressed natural gas into the 

engine, it must be heating up and reducing pressure by 

pressure regulator. Rotameter was used to measure the 

flow rate of CNG before entering the engine. The 

properties of fuels (diesel, biodiesel and CNG) were 

shown in Table 3. 

 

Table 3 The properties of fuels 

Fuel Type                Diesel B100 CNG 

Cetane number  48.70      50.02    - 

Methane number    -             - 78.50 

Viscosity at 40 °C (cSt) 2.70        4.88          - 

Density at 40 °C (g/cc) 0.85        0.91          - 

Relative density    -   - 0.765 

Flash point (°C)   64  210      -184.4 

High heating value (MJ/kg) 44.50     38.65     42.95 

 

2.4 Experimental procedure 

 The experiments were performed at engine speed 

of 1500 rpm with various engine loads (25, 50 and 

75 % of maximum load). These engine loads represent 

low, middle and high load for testing engine. The tests 

were carried out initially using diesel and biodiesel 

fuels for generating the reference data. The CNG was 

mixed by intake air before entering to the engine via 

manifold valve. A combined of biodiesel and CNG is 

using the fuels from CNG and biodiesel tanks with 

various ratios. For example, B100 + 10% CNG is using 

CNG of 10% by weight and B100 of 90% by weight. 

In this work, the various CNG concentrations (10, 20 

and 30% by weight) were used for testing engine under 

the same conditions in order to the  concentrations of 

CNG less than 30% by weight can be operated with 

engine. The objective of this study was to investigate 

the effect of replacing diesel or biodiesel fuels with 

CNG, while keeping the same engine configuration 

under different operating conditions. In order to this 

will be approached to address in agricultural industries 

which are required much less engine modification. The 

results of engine testing were reported in terms of the 

thermal efficiency, exhaust gas emissions and smoke 

number. In addition, the change of EGR (0, 10 and 

20%) was investigated for reducing NOx emission. 

 

3. Results and discussion 

3.1 Thermal efficiency 

 

 
Fig. 2. Engine load and brake thermal efficiency at 

1,500 rpm and 0% EGR. 
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 Fig. 2 shows the engine load and thermal 

efficiency. CNG addition decreased the brake thermal 

efficiency for the same engine load conditions tested 

due to the CNG concentrations to substitute of oxygen 

content in air intake. To compare brake thermal 

efficiency between the use of diesel and biodiesel fuel, 

it was found that brake thermal efficiency of diesel fuel 

was higher than that of biodiesel fuel at low engine 

load due to the higher heating value of diesel fuel. 

When the engine load increased, the brake thermal 

efficiency of biodiesel fuel was higher than that of 

diesel. This may be because the oxygen in biodiesel 

fuel can enhance the combustion efficiency of engine 

at higher engine load [11-13]. 

 

3.2 Emissions 

 The engine load and hydrocarbon emission at 1500 

rpm as shown in Fig.3. The hydrocarbon emission 

from engine using biodiesel fuel was lowest because 

the biodiesel had a high oxygen and cetane number led 

to complete combustion more than other fuels [14-16]. 

When the ratio of CNG increased, the hydrocarbon 

emission increased because the CNG was mixed with 

intake air hence the amount of oxygen in air entering 

into engine decreased led to incomplete combustion in 

engine [17]. Consequently, the hydrocarbon emission 

was high with an increase in CNG ratio. Moreover, the 

same tendency also occurred at all engine loads.  

 
Fig. 3. Engine load and hydrocarbon concentration at 

1,500 rpm and 0% EGR. 

 

 Fig. 4 shows nitrogen oxide (NOx) emission at 

various engine loads and 1500 rpm. It was found that 

the nitrogen oxide increased with an increase in the 

engine load because the occurrence of NOx was 

increased as a function of an increase in fuel 

consumption and combustion temperature [10, 18-20]. 

As expected, when the engine load increased, the fuel 

consumption and combustion temperature also 

increased. 

 

 
Fig.4. Engine load and nitrogen oxide concentration at 

1,500 rpm and 0% EGR. 
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 Based on these experiments, the NOx of the use of 

biodiesel as fuel was higher than that of diesel because 

the higher cetane number enhanced cleaner and more 

efficient combustion [21-23]. The NOx emission 

decreased with an increase in the CNG ratio because 

the oxygen in intake air was replaced by CNG led to 

the low oxygen in combustion. 

 

 
Fig. 5. Engine load and Smoke number at 1,500 rpm 

and 0% EGR. 

 

 The soot was indicated by SN in this work. As 

expected, the SN increased with an increase in engine 

load as shown in Fig.5. Since the fuel consumption 

increased, the soot formation also increased [16]. To 

compare the SN from biodiesel and diesel, it was found 

that the SN of biodiesel was lower than that of diesel 

because the oxygen molecule in biodiesel could assist 

the complete combustion in engine [11, 18-19]. 

Therefore, the soot formation from biodiesel was 

lower. For a combined CNG and biodiesel, it was 

observed that the SN number increased as a function of 

an increase in CNG ratio in biodiesel. This might be 

due to an incomplete combustion in engine. When the 

CNG ratio increased, the oxygen in an intake air was 

replaced by CNG hence the combustion was not 

complete led to an increase in the SN number. 

 

3.2 Effect of exhaust gas recirculation 

 Exhaust gas recirculation (EGR) was an emission 

control technology used to reduce NOx emission and 

has been used for gasoline and diesel fuel engines. In 

this work, the EGR with standard injection timing was 

examined at 1,500 rpm and 50% engine load. The EGR 

was adjusted manually for getting 0%, 10%, and 20% 

EGR rate. From these experiments, it was revealed that 

the EGR had not significant effect to the brake thermal 

efficiency for all fuels as show in Fig. 6. 

 

 
Fig. 6. EGR and brake thermal efficiency at 1,500 rpm 

and 50% load engine. 
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Fig. 7. EGR and hydrocarbon emission at 1,500 rpm 

50% engine load. 

 

 The trend of HC increased with an increase in EGR 

as shown in Fig. 7. This might be due a decrease of 

oxygen in combustion chamber when the EGR 

increased [24-26]. As expected, the HC emission 

increased with an increase in CNG ratio in an intake 

air. It should be noted that the HC from diesel fuel was 

slightly higher than that from biodiesel fuel. 

 

 
Fig. 8. EGR and carbon monoxide at 1,500 rpm 50% 

engine load. 

 For CO emission, it was found that the CO 

emission increased as a function of an increase in EGR 

as shown in Fig. 8. When the EGR increased, an intake 

air was replaced by exhaust gas hence the oxygen 

entering to combustion chamber was low and the 

incomplete combustion occurred led to a higher 

formation of CO [25-26].  

 

 In addition, the CO emission increased with an 

increase in the CNG ratio in biodiesel because the 

incomplete combustion was higher when the CNG 

ratio in biodiesel increased led to a higher CO 

formation [25-26]. Comparison between diesel and 

biodiesel fuel, it was observed that the CO emission 

from biodiesel is lower than that of diesel because the 

biodiesel had much molecule of oxygen led to a higher 

complete combustion. 

 

 
Fig. 9. Effect of EGR changed to soot and nitrogen 

oxide concentration at 1,500 rpm 50% load. 
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decreased the peak in-cylinder pressure and extended 

ignition delay, since the oxygen in the chamber is 

reduced, leading to a less clean combustion process 

with an increase in the smoke as shown in Fig. 9. 

When the temperature of mixed air and exhaust gas 

recirculation increased. As seen in Fig. 9, the smoke 

increased with an increase in CNG ratio because of an 

incomplete combustion occurred in engine. The NOx 

emission decreased with an increase in CNG ratio. 

 

4. Conclusion 
A combined biodiesel and CNG was examined. It 

was found that an increase in CNG ratio caused to 

decrease in brake thermal efficiency whereas the HC 

and SN increased. In addition, the NOx decreased with 

an increase in CNG ratio. The EGR system was not 

significantly effect to brake thermal efficiency for all 

fuels. The HC, CO and SN increased when the EGR 

and CNG ratio increased. However, the NOx decreased 

with an increased in CNG ratio. Furthermore, the 

engine should be modified for finding a suitable 

operating condition in order to enhancement engine 

performance and decrease emissions. 
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