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RETROFITTED ENGINE PERFORMANCE AND EMISSIONS 
COMPARISON WITH GASOLINE AND NATURAL GAS FUEL 
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RING KA SAN: Gas as/i kini diberi keutamaan sebagai bahan api kenderaan oleh pegawai tenaga, 
penggubal polisi dan pencinta a/am. Pada masa dunia memberikan perhatian terhadap 
pencemaran a/am sekitar dan penjimatan tenaga, banyak pengeluar enjin kenderaan bersungguh
sungguh dalam mengurangkan pencemaran otomotif. Kadar oktana yang tinggi bagi gas as/i 
mampat (CNG) menyebabkan enjin beroperasi pada kadar mampatan yang tinggi dan 
menghasilkan lebih tenaga. Bagi penggunaan gas asli yang cekap sebagai bahan api alternatif 
kepada gasolin, meningkatkan prestasi enjin menjadi keperluan utama. Kajian terkini menunjukkan 
enjin magma 12 injap pencucuhan bunga api terubahsuai telah dihidupkan dengan menggunakan 
gasolin dan gas asli. Prestasi dan pencemaran ekzos enjin tersebut dianalisa dan dibandingkan 
dengan menggunakan kedua-dua minyak tersebut. Hasil ujian membuktikan gas asli menunjukkan 
kandungan bahan buangan CO (karbon monoksida), C02 (karbon dioksida), HG (hidrokarbon) 
yang rendah, penggunaan bahan api tentu yang rendah, penghasilan kuasa yang rendah serta 
kandungan Nox yang tinggi. lni membuktikan enjin gas asli mampat suntikan terus (CNG!DI) 
berpotensi dalam memberikan prestasi yang terbaik dan mengurangkan pencemaran a/am sekitar 
jika dibandingkan dengan enjin gasolin terubah suai. 

ABSTRACT : Natural gas is considered to be a desirable fuel by energy experts, policy makers 
and environmentalists alike. As the whole world is concerned about air pollution and energy 
security, the future engine manufacturers are committed to lowering automotive emissions. High 
octane rating of compressed natural gas (CNG) allows the CNG powered engine to operate with 
a high compression ratio and produce more power. For efficient use of the natural gas engines as 
an alternative to gasoline, the enhancement of engine performance is an absolute necessity. In 
the present study, Magma 12 valve spark ignition retrofitted engine was run on gasoline and 
natural gas. The performance and exhaust emissions of the engine were analysed and compared 
for the two fuels. Based on the experimental results, it is clear that natural gas shows lower 
emissions of CO, C02 and HC, low specific fuel consumptions, low power and higher NO.. It is 
evident that new direct injection compressed natural gas (CNG/DI) engine will offer the potential 
for significant performance and emissions benefits compared to gasoline/retrofitted engine. 
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INTRODUCTION 

It is clear that emissions from automobiles are a major contributor to urban air pollution 
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fuels and technology creates tremendous oil supply insecurity and climate change. This has 

apparent adverse effects on the economy, social and health especially in cities. For the last 

forty years, researchers have been studying the problem and attempting to control vehicle 

emissions without sacrificing power and fuel consumption by combustion modification, 

exhaust after treatment and also by introducing alternative fuels. A successful alternative 

fuel should be inexpensive, abundant, and the products of combustion of the fuel must be 

environmentally acceptable or be such that they can be cleaned to acceptable levels. 

Though the overall demand for conventional fuel will continue to grow, the use of alternative 

fuel especially natural gas must also be considered for the benefits of energy security and 

clean emission, as natural gas is one of the most promising 'clean fuels' (Doughty et al., 

1992; Shioji et al., 2000). This is because of its high availability, low cost and its superior 

performance as an engine fuel with respect to exhaust emissions (Joel and Mohammad, 

1997; lshiyama et al., 2000). It is a fact that there is more supply of natural gas than oil 

worldwide. The worlds total natural gas reserve as of January 1, 2004 was 6,076 Tscf EIA 

(2004). According to the Malaysian National Energy Balance (1980 -2002), transport is the 

largest consumer of final energy demand accounting for 40.38% of the final energy demand 

(NEB Malaysia, 2002). Since the Malaysian transportation sector depends almost entirely 

on petrol and diesel, it is inevitably subjected to worldwide supply and demand of petroleum 

and its products. So, any shortage or price fluctuation or crisis of opinion will certainly affect 

the country's economy since a major portion of the economy depends on transport. Natural 

gas was used as fuel in spark ignition engines early in this century. The international 

association for natural gas vehicles (IANGV) statistics shows that there are more than 3.9 

million natural gas vehicles (NGV) in the world at present. But most of the engines are 

retrofitted to natural gas engines from gasoline engines and it produces about 10 - 15 % 

less power than the same engine fueled by gasoline. Another main drawback is the heavier 

fuel storage tank and vehicle range is compromised for avoiding very large storage tank. 

Numerous reliable researches on CNG fuelled engines have been done to enhance the 

benefits of CNG as well as to reduce its difficulties as an engine fuel. Hamid and Ahmad 

(2002) presented a comparison of the NGV and gasoline base engine performance where 

they found that the volumetric efficiency of the NGV engine is reduced by about 15% and 

overall performances lowered by circa 9% at maximum torque and maximum power 

conditions. Specific fuel consumption (SFC) of NGV engine is reduced from 15 - 22% at 

speeds 1500 to 3500 rpm, for the same air fuel ratio (AFR). In order to utilise the advantages 

of natural gas fully and to face the international car market competition, Malaysia is going to 

develop high compression ratio (compare to gasoline engine) Campro Proton CNG/DI (direct 
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injection compressed natural gas) engine based on the latest technologies. The objective of 
this paper is to examine and compare the performance and emissions of the Proton Magma 
12 valve retrofitted engine fueled with gasoline and CNG. 

EXPERIMENTAL SETUP AND TEST PROCEDURE 

The layout of the experimental setup is shown in Figure 1. The test engine is retrofitted from a 
gasoline engine (Proton Magma 12 valve) and is equipped with a bi-fuelling system. The main 
specifications of the engine used in this study are listed in Table 1. An AG250 eddy-current 
dynamometer is used for testing the engine. Gasoline and Malaysian compressed natural gas 
(methane 83.44%, ethane 10.55%, propane 1.31 % and butane 0.2%) were used as fuel. 
CNG is stored in a cylinder around 200-bar pressure. Before entering the carburetor, CNG 
passes through an Italian made three-stage conversion kit, model Tartarini -RP/76M. After the 
conversion kit, CNG pressure becomes negative for proper and efficient carburetion. A variable 
speed range from 1500 to 5500 rpm was selected for performance and exhaust emission 
testing of the fuels. Exhaust emissions were measured by BOSCH and BACHARACH gas 
analyser. A PC-based data acquisition and control system was used for controlling all the 
operations regarding the test where every stage was allowed to run around 5-6 minutes with 
data being updated every 30 seconds. All tests were carried out in triplicates. 

Atmospheric air Air intake 

- Exhaust air 

Exhaust gas 
analyzer 

Control room 

Dynamometer 

Data acquisition system 

Proton Magma 12 
valve gasoline engine 

ECU 

Gasoline 

Figure 1. Layout of the experimental setup 

Comparison of Test Fuel Properties 

The differences in basic fuel properties between gasoline and CNG are defining issues for the 
barriers to commercialisation for CNG vehicles. These fuel property differences are also 
pertinent to CNG engine and vehicle efficiency issues. In Table 2, some important differences 
between CNG and gasoline fuels are summarised. 
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Table 1. Specification of test engine 

Characteristics 

Displacement, cc 
Compression Ratio 
Bore, mm 
Stroke, mm 
Max Output (DIN) PS/rpm net 
(kW/rpm) 

Max Torque (DIN) kg-m /rpm net 
(Nm/rpm) 

Carburetor 
Specification of NGV Carburetion 
System Tested 

Stage 

Regulator 
Mixer 
Control 

I 

Proton Magma12-Valve 

1,468 
9.2: 1 
75.5 
82 
87/6000 
(64/6000) 

12.5/3500 
(122/3500) 

Down-draft 2-barrel 

Proton 12 - Valve 1.5S 

1" Stage - 3.4 Bar 
2nd Stage - 0.8 Bar 
3,d Stage - negative pressure 

Tartarini Model RP/76-M 
Remote Extractor 
Time Advance Processor Model 529 

Table 2. Properties of CNG and Gasoline 

(Thomas and Staunton, 1999; Heywood, 1998) 

Property Gasoline CNG 

Motor octane number (MON) 81-90" 120-137b 

Vapourisation cooling High Not applicable 
Volumetric efficiency effect (for 
naturally aspirated engines with Base value 10% power loss compare 
port fuel injection or carburetor) to gasoline 
Stoichiometric air fuel ratio 14.6 17.23 
Stoichiometric mixture 1.38 1.24 
density (Kg/m3) 

Lean flammability limit 0.66 0.52 
equivalence ratio 
Lean misfire limit Base value More fuel lean 

than gasoline 
Auto ignition temperature 650 500 
at 1 atm. (0C) 
Minimum ignition energy (MJ) 0.25 0.28 
Approximate energy density (MJ/L) 32.0 10.2@3,600psi 

•Gasoline values range from 85-94 for 0.5x (motor octane number+ research octane number). 
'Lower motor octane numbers may occur for NG that has been altered by air and propane injection, sometimes 
referred to as peak shaving. Air/propane injection is used to meet peak gas demand. 
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DISCUSSION 

Retrofitted Engine Performance and Emissions 
Comparison with Gasoline and Natural Gas Fuel 

All the tests and data analysis were performed for gasoline and CNG running Proton Magma-

12 valve retrofitted engine in the Engine Laboratory, Department of Mechanical Engineering, 

University of Malaya. The test results obtained were used to serve as a basis for comparison 

of the two different fuels and will be used to compare with the Malaysian new CNG/DI engine. 

Engine Performance 

The performance of an engine running on natural gas depends on the sophistication of the 

engine, and whether the engine is dedicated for natural gas or not. Referring to Figure 2, it 

can be seen that the brake power developed by the engine running with CNG was always 

lower than gasoline fuel throughout the speed range. CNG produced nearly an average of 

15 % less brake power compared to gasoline fuel. This is due to the lower volumetric benefits 

and energy density of CNG per power stroke of the engine. The lower flame speed of natural 

gas could be another reason for lower power output, as it requires a more advanced spark 

timing to achieve a complete combustion within the correct portion of the engine cycle. The 

curves trends are nearly the same for both fuels due to the fact that every operating condition 

was the same, while the only change was fuel itself. It is seen that the maximum brake 

power occurs at 5000 rpm for both fuels and it was 46.7 KW and 39.40 KW for gasoline and 

CNG respectively. 
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Figure 2. Brake power vs. engine speed 

Figure 3 shows the variation of specific fuel consumption (SFC) versus engine speed for both 

the fuels where SFC for CNG was always less than gasoline. This can be attributed to the fact 

that the net weight of CNG inducted into the engine cylinder per power stroke of engine is 

lower. It is seen that the SFC at 5000 rpm is 379 gm/KWh for gasoline and 301 gm/KWh for 

CNG and on average SFC of CNG is nearly about 18 % lower than that of gasoline. 
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Figure 3. Specific fuel consumption vs. engine speed 

Exhaust Emissions 

Figures 4 and 5 show the emission test results for engine speed from 1500 to 5500 rpm with 
wide open throttle (WOT) position. In comparison to gasoline fuel, CNG produced less emissions 
of HC and more emissions of NOx (Figure 4). The formation of NOx in internal combustion 
engines is primarily caused by the oxidation of N2 in the air within the combustion chamber of 
the engine and high combustion temperature, pressures and lean mixture are the reasons for 
more NOx emissions. It is true for CNG because of its lean mixture, high combustion temperature 
and the simple chemical bond of CNG compared to gasoline. CNG produces around 29% 
higher NOx than gasoline at 5000 rpm as shown in Figure 4. But NOx emissions at high engine 
loads can be effectively reduced by employing EGA without sacrificing thermal efficiency and 
smoke emission (lshiyama et al., 2002). Figure 5 shows that CNG produces a much less 
concentration of CO and C02 emission and a higher concentration of 0 2 emission compared 
to gasoline. This result is expected as gasoline (C7_5H14) has a higher carbon to hydrogen ratio 
than CNG (mainly CHJ 

FOCUS ON NEW CNG/DI ENGINE 

At present many research organisations, universities and car manufacturing companies are 
engaged in research with CNG to improve performance and emissions of CNG fuelled vehicles. 
It is a fact that nearly all light-duty NGV engines are based on gasoline engines, and most of 
them are bi-fuel engines, which do not take full advantage of gaseous fuel. If the engine is 
dedicated to natural gas, the compression ratio can be increased, valve timing and ignition 
settings can be optimised and thus the power loss can be reduced. So, the present world-
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Figure 4. NOx and HG concentration vs. engine speed at WOT 
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Figure 5. C02 , CO and 0 2 concentration vs. engine speed at WOT 

wide NGV engine research are mainly based on the development of high CRs dedicated 

natural gas engine and development of lighter fuel storage tank for eliminating the drawbacks 

of after market conversion. It is mentioned that several manufacturers have dedicated CNG 

vehicles available, either as regular products or demonstration- experimental vehicles. Included 

on the list of manufacturers supplying natural gas light duty vehicles are BMW, Daimler-Chrysler, 

Fiat, Ford, Honda, Mitsubishi, Nissan, Toyota, Volvo and other manufacturers offer both 

dedicated and bi-fuel vehicles (Nylund and Lawson, 2000). Malaysia is also trying to develop 

Campro Proton CND/DI engine modified from Campro gasoline engine to use its vast reserve 

natural gas efficiently as transportation fuel and to face the international car market 

competition.The authors are also interested in focusing on a CNG/DI engine. 
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Campro Proton CNG/DI Engine 

The specifications of the base engine, which will be modified to mono fueled CNG/DI engine 
are summarised below in Table 3. 

Table 3~ Campro gasoline engine specification 

Items Specification Units 

Engine model Gasoline 1.6L -
Number of cylinders 4 -
Displacement 1597 cc 
Firing order 1-3-4-2 -
Bore 76 mm 

Stroke 88 mm 

Bore spacing 82 mm 

Cylinder block height 201 mm 

Connecting rod length 131 mm 

Piston compression height 26 mm 

Compression ratio 10:1 -
Valve centre distance 34 mm 

Intake valve inclination 21 .5 deg 
Intake valve diameter (gauge) 30 mm 

Exhaust valve inclination 20.5 deg 

Exhaust valve diameter (gauge) 25 mm 

Maximum torque 148/4000 Nm/rpm 

Maximum power 82/6000 Kw/rpm 

The fundamental and important parameters that determine internal combustion engine (ICE) 
efficiency are i) compression ratio of the engine, ii) lean fueling and throttling (power output 
control) of the engine, and iii) specific heat ratio of the gas. Perhaps the most important one 
is the engine compression ratio. The higher the compression ratio the higher is the theoretical 
and also the actual efficiency. Malaysian Campro Proton CNG/DI engine compression ratio 
will be higher than gasoline/retrofitted/conventional natural gas engine. It would be leaner 
than gasoline engine and power and torque will be controlled by controlling the fuel injected 
into the cylinder and hence its efficiency would be more than retrofitted engine. Moreover, 
Campro Proton CNG/DI engine cost appeared to be reasonable. 

CONCLUSION 

The following concluding remarks can be drawn from the present study 

(a) Retrofitted natural gas engine produces around 10 - 15 % less brake power and consumes 
15 - 18% less SFC compared to gasoline engine. 
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(b) CNG reduces CO, C02 and HC emissions and increases 0 2 and NOx emissions compared 
to gasoline. 

(c) For reducing CNG vehicle efficiency penalty due to heavier CNG storage tank and for 
easy refueling, it is required to develop lighter CNG storage tank with sufficient mileage 
and extensive networks of CNG supply stations at convenient locations throughout the 
country. 

(d) CNG does have its shortcomings. However, researchers are studying to enhance its 
advantages and to reduce its shortcomings. 
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