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Abstract— Use of diesel, petrol in automobile sector leads to 

increase in air pollution, which is now becoming a serious 

urban as well as global problem in world. The 

environmental hazards are increasing with the increasing 

population and demands of vehicles. This has resulted in an 

increased interest in using CNG as a fuel for SI engine in 

urban as well as sub urban regions.  CNG is used in 

traditional gasoline/internal combustion engine automobiles 

that have been modified or in vehicles which were 

manufactured for CNG use, either alone or with a 

segregated gasoline system to extend range (dual fuel) or in 

conjunction with another fuel such as diesel (bi-fuel). 

Natural gas vehicles are increasingly used in India. Fast 

depletion of fossil fuels is urgently demanding a carry out 

work for research to find out the viable alternative fuels for 

conforming sustainable energy demand to minimum 

environmental impact. In the future, our energy systems will 

need to minimize pollution under sustainable limits, 

efficient and cost effective operations, convenient and safe 

working. In this study, a comprehensive review of various 

operating parameters and concerns have been prepared for 

better information of operating conditions (spark and 

compression ignited engines) and constrains for a natural 

gas fueled internal combustion engine. 
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I. INTRODUCTION 

Nowadays the world is facing serious problem of the air 

pollution with the increase in population and its increasing 

demand of the energy. To meet the required demand the 

alternative fuels used in gasoline and diesel engines are 

becoming the subjects of interest today. Most of the 

concerns are driven by two factors first is various new laws 

pertaining to clean air and second is energy independence 

from petroleum based fuel. Natural gas, referred to as green 

fuel, has emerged as a solution to depleting crude oil 

resources as well as deteriorating urban air quality problem 

[21]. In recent year’s number of CNG run vehicle are 

increasing day by day because of less emission and more 

economical.  The main problem associated with CNG run 

vehicle is safety [22].  In petrol engines CNG is used by 

installing a Bi-Fuel Conversion kit and the converted engine 

has the flexibility of operation either on CNG or petrol. 

Diesel engines can also be converted to run on CNG by 

installing a dual fuel conversion kit or converting the 

existing diesel engine into SI engine [23].      

II. CNG AS A FUEL 

Natural gas is produced from gas wells or tied in from crude 

oil production. There are three forms of natural gas: 

liquefied natural gas (LNG), compressed natural gas (CNG) 

and Liquified petroleum gas (LPG). Both LNG and CNG 

are based on methane. The difference is LNG is made by 

refrigerating natural gas to condense it into a liquid while 

CNG still in the gaseous form. LNG is much denser than 

natural gas or CNG. Natural gas (NG) is made up primarily 

of methane (CH4) but frequently contains trace amounts of 

ethane, propane, nitrogen, helium, carbon dioxide, hydrogen 

sulphide, and water vapour. Methane is the main component 

of natural gas. Normally more than 90% of natural gas is 

methane [24].  

Composition Formula Volumetric 

% Methane CH4 94.07 

Ethane C2H6 4.6 

Propane C3H8 1.13 

Iso -Butane i-C4H10 0.21 

N-Butane n-C4H10 0.29 

Iso-Pentane i- C5H12 0.10 

N-Pentane n- C5H12 0.08 

Nitrogen N2 1.02 

Carbon .Dioxide CO2 0.26 

Hexane C6+(C6H14) 0.17 

Oxygen O2 0.01 

Carbon Monoxide CO ≤0.01 

Total - 100 

Table 2: Composition of Natural Gas [24] 

III. ADVANTAGES OF CNG AS AN ALTERNATIVE FUEL 

A. Affordable Price 

One of the biggest advantages of CNG it that it provides an 

affordable energy source. As the world continues to 

experience high costs of gasoline, the low price of CNG 

offers a glimmer of hope. A classic example, would be in 

the case of where a consumer uses natural gas vehicle 

(NGV) that is powered by CNG for about 50 km daily. In 

this case car owner is actually able to save more than 40,000 

Rupee per year by taking advantage of the 320 Litre per 

gasoline equivalent compared to his counterparts who use 

gasoline for 300 Rupee. CNG is typically, at least, 30% 

cheaper than gasoline. 
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B. Fuel Economy 

Not only is CNG cheaper, it also gives consumers fuel 

efficiency. Considering the price of gasoline in India, which 

costs 45 Rs/liter (even though being largely government 

subsidized), in comparison to CNG that sells for only 37 Rs. 

While expensive petrol gives a standard car owner about 15 

km per liter, the low-cost CNG offers close to 20 km. A 

CNG full cylinder promises more than 300 km of driving 

range.  

C. Reduced Up keeping Cost 

Besides, CNG becoming a vehicle owner’s best friend as it 

offers the potential of preserving the well-being of the 

vehicle, which translates into reduced up keeping cost. CNG 

is non-corrosive in nature, and is free from lead-like 

substances that are widely used as additives in gasoline. 

This makes it possible to prevent spark plugs from lead 

poisoning. In addition to that, it must be noted that CNG 

fuel system is designed to keep the gas lock in, thus 

eliminating its probabilities of dispersing into the air, or 

spilling. CNG is also known to preserve the life of oils and 

lubricating oils and has been known to last longer due to the 

non-contaminating quality of natural gas. CNG, which 

scores low on flammability, contrasted by a high auto 

ignition temperature, it is not likely to cause a fire, 

considering that it is lighter than air. 

D. Environmentally Friendly 

Apart from that, the clean attributes of CNG gives it reasons 

to be applauded by nature conservationists for being 

environmentally friendly. As a concerted effort is being 

taken across the globe to save the earth, CNG is way better 

that petrol, as it emits less harmful gases such as carbon 

dioxide, carbon monoxide, hydrocarbons, nitrogen oxides 

and sulfur oxides into the air. In illustration, a car using 

CNG releases less carbon dioxide by almost 6000 grams, 

compared to a gasoline-powered engine. It’s colorless and 

odorless traits make it a clear burning fuel that prevents 

black fumes when burnt. The use of CNG is definitely a 

forward move; lessening the emission of greenhouse gases 

that pose the risk of global warming. 

E. Abundant Supply 

Another big plus point about CNG is in abundant supply as 

it is widely available throughout the world. According to 

official energy statistics from the Indian government, for the 

largest increase in regional natural gas production from 

2006 to 2030, and is projected to contribute to more than 

one-fifth of the total increment in world natural gas 

production 

IV. PREVIOUS RESEARCH WORK DONE ON USAGE OF CNG IN 

GASOLINE ENGINE 

Semin, Abdul et al [1] conducted experimental analysis on 

diesel engines converted or designed to run on natural gas, 

and discussed about two main options. The first is dual-fuel 

engines. These are related to diesel engines operating on a 

mixture of natural gas and diesel fuel. According to them 

natural gas has a low cetane rating and therefore is not 

suited to compression ignition, but if a pilot injection of 

diesel occurs within the gas/air mixture, with normal 

ignition can be initiated. The research concluded that 

between 50 and 75% of usual diesel consumption can be 

replaced by gas which when operating in this mode. The 

engine can also revert to 100% diesel operation. 

M. U. Aslam et al[2006][2] carried out the 

experiment on a 1.5 L, 4-cylinder Proton Magma retrofitted 

spark ignition engine with dynamometer. The engine was 

converted to computer integrated bi-fueling system from a 

gasoline engine and thus was operated separately either with 

gasoline or CNG using an electronically controlled solenoid 

actuated valve system. Then the results indicate that with 

retrofitted CNG engine produces around 16% less BMEP 

and consumes 17–18% less BSFC, or consumes an average 

of 1.65 MJ less energy per kWh at WOT condition with 

CNG compared to gasoline. Engine shows that the average 

of 2.90% higher FCE nearly at stoichiometric air–fuel ratio 

(lZ1) with CNG at WOT condition and this higher value 

reduces with the decrease of l value. On average retrofitted 

engine reduced CO by around 80%, CO2 by 20% and HC by 

50% and high amount of NOx emissions by around 33% 

with CNG compared to gasoline. 

M. A. Kalam [3] carried out an experiment on 

DOHC 16V 4 cylinder inline engine. The engine is 

controlled by CADET12 engine controlled software from 

the computer. The coriolis micro motion mass flow meter 

was used to measure CNG flow rate into engine. The horiba 

exhaust gas analyzer was used to measure emission 

concentration for CNG-DI engine. 

M.I. Jahirul et al [4] have worked on Comparison 

engine performance and emission analysis of CNG and 

gasoline. The test was carried out with in a retrofitted car 

engine using a 1.6 L, 4- cylinder petrol engine was 

converted to the computer incorporated bi-fuel system 

which operated with either gasoline or CNG using an 

electronically controlled solenoid actuated valve 

mechanism. The engine performance and exhaust emission 

was measured over a range of speed variations at 50% and 

80% throttle positions.The results showed that, 19.25% and 

10.86% reduction in BP and 15.96% and 14.68% reduction 

in BSFC at 50% and 80% throttle positions respectively 

while the engine was fueled with CNG compared to that 

with the gasoline. Other emission contents (unburnt HC, 

CO, O2 and CO2) were significantly reduced as compared 

to those of the gasoline emissions.    

M.K Hassan, et al [5] worked on Experimental 

investigations of performance and exhaust gases, 

concentration at various ignition and injection timing for 

high compression engine fuelled with compressed natural 

gas (CNG) engine. The engine implements central direct 

injection (DI) method. All injectors are positioned within a 

certain degrees of spark plug. It is called as CNGDI engine. 

The results showed that, Low CO concentration occurs at 

late injection timing and the lowest emission is 0.011% 

when we applied 300 bTDC of ignition at 3600 CA injection 

timing. The most influential factor for CO development is 

ignition timing. Complete combustion occurs at (3000 EOI, 

250-280 bTDC) as illustrated in the CO2 and O2 contour. 

E. Ramjee and K. Vijaya Kumar Reddy [6] worked 

on experimental investigations on a single cylinder 4-stroke 

air cooled type Bajaj-Kawasaki petrol engine to compute 

performance and exhaust emissions of the test engine. All 

tests were carried out under steady state conditions for both 

petrol and CNG fuels and the results were compared. They 
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found that for all range of speeds, the volumetric efficiency 

is reduced and various between 10-14%;Except thermal 

efficiency the other performance parameters viz BMEP, 

Torque, Power and BSFC are decreased for CNG fuelled 

engine compared to petrol fuelled engine; Except NOx the 

other emission characteristics such as CO, CO2, and HC are 

decreased. 

Pravin T. Nitnaware et al [7] suggested and 

improve low flame propagation and poor combustion 

stability of Natural Gas fuelled engine and investigate the 

combustion behaviors of sequential gas injection in multi-

cylinder SI engine operation. The experiments were carried 

out to obtained the results from running a 3-cylinder spark 

ignition engine with gasoline and compressed natural gas 

(CNG ).They found that on average CNG yielded 19 % less 

BSFC, Compared to gasoline. However, the volumetric 

efficiency was reduced by 5-17 % with CNG operation. Due 

to this, the brake torque, brake power and brake mean 

effective pressure of the engine were reduced by 8-16%. In 

terms of exhaust emissions, WOT results showed that HC, 

CO and CO2 were significantly reduced compared to 

gasoline. 

According to Poulton, M.L. [8] natural gas has a 

high octane rating, for pure methane the RON=130 and 

enabling a dedicated engine to use a higher compression 

ratio to increase thermal efficiency by about 10 percent 

above that for a petrol engine. The research suggested that 

optimized CNG engine could be up to 20 percent more 

efficient, although this has yet to be demonstrated. 

Compressed natural gas therefore can be easily used in spark 

ignited internal combustion engines. It has also a wider 

flammability range than gasoline and diesel oil. 

Fanhua Ma et al [9] developed an electronically 

controlled natural gas fuelled engine with a turbocharged 

spark-ignition and natural gas injection controlled by an 

electronic control. The experimental data were taken at 

hydrogen fractions of 0%, 30% and 55% by volume and was 

conducted under different excess air ratio (l) at MBT 

operating conditions system.  It is found that under various 

results the addition of hydrogen can significantly reduce 

CO, CH4 emissions and the NOx emission remain at an 

acceptable level when ignition timing is optimized. Using 

the same excess air ratio, as more hydrogen is added the 

power, exhaust temperatures and max cylinder pressure 

decrease slowly until the mixture’s lower heating value 

remains unchanged with the hydrogen enrichment, then they 

rise gradually. 

T. Korakianitis [10] conclude that Natural gas-

fueled engine can produce 5% higher magnitude of thermal 

efficiency than gasoline-fueled engine. This may be due to 

several factors. The first is a high octane natural gas, which 

allows the use of a relatively higher compression ratio than 

gasoline engines. Compression ratio can be increased from 

8:1 to 13:1 with an engine running on natural gas, while 

compression ratios higher than that caused knocking. 

According to Lave [11] the compressed natural gas 

vehicles exhibit significant potential for the reduction of gas 

emissions and particulates. There are any problems for 

compressed natural gas applications such as onboard storage 

due to low energy volume ratio, knock at high loads and 

high emission of methane and carbon monoxide at light 

loads. However, these can be overcome by the proper 

design, fuel management and exhaust treatment techniques. 

The measured CNG fuel properties and characteristics are 

shown in Table 4.1. 

CNG Properties value 

Density (kg/m3 ) 0.72 

Flammability limits (volume % in air) 4.3-1.5 

Flammability limits (Ø) 0.4-1.6 

Auto-ignition temperature in air (0C) 723 

Minimum ignition energy (mJ) 0.28 

Flame velocity (ms-1 ) 0.38 

Adiabatic flame temperature (K) 2214 

Quenching distance (mm) 2.1 

Stoichiometric fuel/air mass ratio 0.069 

Stoichiometric volume fraction % 9.48 

Lower heating value (MJ/kg) 45.8 

Heat of combustion (MJ/kgair) 2.9 

Table 3: Properties of CNG FUEL [11] 

Shashikantha [12] suggested the conversion to 

SIPGE (or DCNGE) can be called a success since 

comparable power and efficiency could be developed. CNG 

operation of SIPGE yielded almost comparable power and 

higher efficiency, which establishes the fuel flexibility of the 

machine under spark ignition operation. The spark advance 

needed for producer-gas operation is much higher at 35° 

BTDC as compared to compressed natural gas operation 

where it was 22 °BTDC, compression ratio being same, i.e., 

11.5:1 in both the cases. This indicates that with ignition 

timing adjustment almost full flexibility between the two 

extreme fuels, i.e., producer-gas and compressed natural gas 

is a feasible concept with the requisite gas induction fittings. 

Kato [13] had developed a new engine Toyota 

Camry that uses CNG as fuel by modifying the base 2.2-liter 

gasoline engine in the unmodified base engine, torque and 

power for CNG decrease compared to gasoline. The new 

engine has adopted a high compression ratio, intake valves 

with early closed timing, intake and exhaust valves with 

increased lift and a low back pressure muffler, which 

thereby restored the loss of engine power. 

Das and Reddy [14] developed a CNG fuelled 

spark ignition engine in the engine and unconventional fuels 

Laboratory at IIT Delhi. Results of the work have shown 

that maximum level of carbon monoxide emissions was 

0.325%. NOx emission concentration achieve the peak value 

around an equivalence ratio of 1:1, whereas if it reduces the 

leaner and richer mixtures. Results of the work shown an 

improvement in the performance and emission characteristic 

of the CNG fuelled engine using a specially designed electro 

mechanical fuel system. 

Das and Ghosh [15] carried out investigation on 

gasoline and CNG as fuel for spark ignition engine. Through 

analysis investigation of different performance parameters, 

such as efficiency, specific fuel consumption, the presence 

of CO and NOX in the exhaust of SI engine run with CNG as 

fuel have been measured and plotted as a function of air 

index at different running condition. The CNG fueled engine 

shown improved efficiency by 3.5 % depending on the 

compression ratio and air index, emits less CO but slightly 

higher amount of NOx. 

E. Ramjee and K. Vijaya Kumar Reddy [16] 

conducted experimental investigations on a single cylinder 

4-stroke air cooled type Bajaj-Kawasaki petrol engine to 

compute performance and exhaust emissions of the test 
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engine. All tests were carried out under steady state 

conditions for both petrol and CNG fuels and the results 

were compared. 

Component  Nomenclature Volumetric% 

Methane CH4 89.9 

Ethane C2H4 4.6 

Propane C3H8 1.0 

Butane C4H10 0.3 

Pentane C5H12 0 

Hexane C6H14 0 

Carbon dioxide CO2 0 

Nitrogen N2 4 

Oxygen O2 0 

Table 4: Natural gas composition [16] 
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According to M.I, Jahirul[17] the compressed 

natural gas vehicles exhibit significant potential for the 

reduction of gas emissions and particulates. There are many 

problems for compressed natural gas applications such as 

onboard storage due to low energy volume ratio, knock at 

high loads and high emission of methane and carbon 

monoxide at light loads. However, these can be overcome 

by the proper design, fuel management and exhaust 

treatment techniques. Thermodynamic properties of petrol 

and CNG are given in the Table no.4.3 

Properties Gasoline 

 
CNG 

Stoichiometric ratio 

 
14.2 15.7 

Octane number 

 
96 120-130 

Higher heating value (MJ/kg) 

 
45 50.3 

Lower heating value (MJ/kg) 

 
42.2 45.9 

Density @ 250 C (kg/m3) (DIN 

51757) 

 

749 2.52 

Molecular weight (kg/kmol) 

 

106.2 

 
16 

Minimum Ignition Energy(MJ) 

 

0.33 

 
0.26 

Laminar flame speed(cm/sec) 

 

30 

 

37.5 

 Flammability limits(Vol% in 

air) 

 

5.2 

 
15.6 

Adiabatic Flame Temp (K) 

 

2227 

 

2266 

 Table 5:Thermodynamic Properties of Gasoline & CNG 

[17] 

Munde Gopal G., Dr. Dalu Rajendra S. [18] 

investigated that the engine thermal efficiency and exhaust 

gas temperature produced by the CNG burning is always 

higher as compared with that of the petrol/diesel. CNG 

produces less 8-16% of brake torque, brake power and 

BMEP compared to gasoline fuel due to reduced volumetric 

efficiency and lower flame speed of CNG. On average the 

reduction of CO, CO2 and HC emission are 20-98%, 8-20% 

and 40-87% respectively by CNG. Higher NOx emission is 

the main emission concern for CNG as automotive fuel that 

can be reduced by increasing fuel density and blending 

small quantities of H2.  

Kirti Bhandari et. Al [19] suggested that SI engines 

can be operated with CNG in place of petrol. In IC high 

injection pressure has the beneficial effect of increasing the 

performance of DF combustion. The combustion noise 

decreased with increasing the engine speed for the diesel 

and the DF engine. At constant engine speed, the maximum 

cylinder pressure is higher for DF engine than that for the 

diesel case, at all loads. Generally, the DF engine exhibited 

higher rate of pressure as compared to diesel engine. CNG 

dual fuel retrofitted vehicle provides large CO reduction 

(80-95 %) compared to gasoline vehicles. The emission 

impacts of NMHC and NOx can vary greatly depending on 

conversion. Greater emission benefits from CNG could be 

realized in a dedicated vehicle optimized for individual 

alternative fuel. Changes in ignition timing significantly 

influenced emission of NOx and HCs but had little effect on 

CO emissions. 

Musthafah Mohdet Tahir et Al [20] Conducted 

study on the single cylinder spark ignition (SI) engine in 

order to study the effect CNG into the spark ignition engine. 

The hydraulic dynamometer was used to study the 

performance of CNG and liquid fuel. The usage of sensor 

also applies to the test to extract the data during the ignition 

stage for liquid fuel and CNG. The heat generated by both 

types of fuel also had been extracted from the tested engine 

in order to define which usage of fuel would cause a higher 

heat transfer to the engine. The result showed that pressure 

inside cylinder for CNG is 20% less than gasoline. CNG 

fuel also produced 23% less heat transfer rate compared to 

gasoline. The results also explained why CNG produced 

18.5% lower power compared to liquid fuel (gasoline). 

Mr. Rakesh K. Chotalia et al[21] conducted 

experimental investigations on fuel injection using CNG in 

Single Cylinder four Stroke SI Engine had carried out. 

Desired pressure (4 to 8 bar) were injected in the intake 

manifold using CNG injector to check the performance. 

Experiments were done on different speed and load 

condition to check Engine performance. This research is 

helpful to improve engine economy, performance and 

efficiency. 

V. CONCLUSION  

The present research work provides the comprehensive 

review of the previous researches done in past on 

performance and emission analysis of compressed natural 

gas. It is concluded that natural gas represents a good 

alternative fuel for internal combustion engine and therefore 

must be taken into consideration in the future uses. The 

studies indicated that by optimizing the engine operating 

parameters and design factors such as engine speed, loading 

condition, compression ratio, injection timing, pilot fuel 

supply, inlet manifold condition and ignition timing the 

performance, emission and combustion characteristics can 

be improved.  The conclusion from the current review 

article can be summarized as follows:  

1) The supply of CNG in the engine considerably 

improves the brake power, specific fuel consumption, 

brake efficiency and brake torque.  

2) The higher calorific value of CNG results in increased 

rate of fuel burning decreasing the combustion duration, 

hence decreasing the brake specific fuel consumption.  

3) The use of CNG permits the higher compression ratio 

below the level of knocking, improving the overall 

efficiency of the engine.  

4) In a DF(Dual Fuel) engine, an increase in pilot diesel 

can extend the lean burning limit and decrease HC and 

CO emission but has opposite effect on NOx emissions. 

5) The average reduction of CO, CO2 and HC emission are 

20-98%, 8-20% and 40-87% respectively by CNG. 
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