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The paper presents a study for determining the fuel economy (efficiency) of a passenger car using petrol and LPG. A methodology consistent with the operating conditions of the car is used. Results of tests under different road and weather conditions were obtained and the costs of both fuel types are assessed. 
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Introduction

The development of the automobile industry and the presence of more ecological and cheaper alternative energy sources, allowing effective work of the internal combustion engines, led to wide usage of LPG and methane installations in the automobiles. Due to its superior technical and economical characteristics, the LPG has established itself as an alternative to the petrol, making commercially possible chains of LPG stations to be built. From environmental point of view, which has recently gathered serious attention because of the global warming and pollution, the LPG again turns out to be a successful competitor to the gasoline. In order to find out the exact effect of using LPG as an alternative automobile fuel, a study has been conducted under the following conditions in Poland: motorway, urban and extra-urban.

Preface

Two main factors determine the interests of using LPG in the automobiles - rising of the petrol price and increasing of the environmental requirements. A comparison between the costs of running the car on petrol and LPG is done in order to determine the period of time that takes to pay off the additional LPG system installed. It is essential that using other types of fuel modifies to some extent the characteristics of the engine.

The LPG fuel generates about 7% [1] higher heat of combustion per unit mass. The density of LPG in liquid form is about 30% less than petrol. Therefore the heat generated by LPG burning per unit volume is about 20% less than petrol.

Assuming that both types of fuel has the same energy conversion efficiency of heat transformation into mechanical work in the internal combustion engines, LPG expressed in dm3/100km, is about 20% higher than petrol. Construction and adjustment of individual engine systems, which are further adapted for use with LPG but gasoline is the main fuel, is optimized for that fuel.

Construction and adjustment of the engine is optimized for petrol, but when working on LPG additional adjustments are required.

Comparative measurements performed at the Institute of road transport in Poland [3] confirm the above basic formulations. In Fig. 1 are presented the results of measuring the consumption of petrol and LPG conducted on test bench in laboratory conditions.
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Fig. 1. Comparison of fuel LPG and petrol A95 depending on the automobile speed measured in laboratory conditions.

The selected modes of measurement conditions describe typical automobile road conditions. The lowest average speed is usual for driving in urban environment with high traffic, the highest - driving on a motorway. The test car has petrol engine with multipoint fuel injection system equipped with a gas vaporizer (second generation). Comparing the fuel consumption in dm3 per 100 km (Fig. 2) shows that when the car runs on LPG has 28-30% higher fuel consumption than petrol regardless of the operating mode.
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Fig 2. Variation of the LPG – petrol A95 relation at different automobile speeds measured in laboratory conditions

Fig. 3 [3] shows the results of measuring the consumption of LPG and petrol at a constant speed for engine with first generation gas evaporator system. The difference in fuel consumption for both speed modes varies from 33% to 43%.
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Fig. 3. Comparison of the LPG – petrol A95 relation at different automobile speeds measured at operating conditions

The measurements show that the LPG consumption on an engine that runs with properly regulated system (fuel mixture is near stoichiometric) is higher from 27% to 30% compared to engine run on petrol under the same conditions. In case the mixture of the LPG system used for gas supply is not properly regulated the consumption may be higher or lower than indicated [2] and ranged from 20% to 40%. Automobile consumption of LPG depends on many factors:
- Construction of the LPG installation;
- The road conditions;
- Driving style;
- Fuel quality;
- Weather conditions;
- Technical condition of certain systems of the car (chassis, suspension, brakes, engine).

In addition, fuel consumption varies with the degree of engine wear and its adjacent systems. Fuel consumption measurement is one of the most difficult tasks to perform properly. Number of factors affecting fuel consumption in operation is significant, but their origin and influence is accidental. To reduce the impact of this randomness in the fuel measurement, research should be carried out over a longer period.

Research method
The tests were carried out on Mitsubishi Carisma automobile, model 2001. The engine is a SOHC full injection (1 600 cm3, 103 HP) running on A95 gasoline. The car is fitted with STAG-300 IV generation LPG system (A.C., Bialystok, Poland), Valtek LPG injectors, and the vaporizer Tomesetto Alaska. The vehicle can run independently on gasoline and LPG, as well as on a mix mode - the engine is run for short period using petrol and later switched over to LPG mode, so that the engine is warm enough.

Calculating the consumed petrol A95 has been performed by recording the amount of fuel tanked at the petrol station.

Tanking the car with LPG and reporting the amount of the gas filled is carried out at gas station with fuel dispenser FAS-230. The dispenser has flow rate between 5–50 l/min., accuracy of the measurements is ( 0,5%. 

Due to different qualities of the petrol and LPG and the errors of the fuel dispenser flowmeters, the test vehicle has been each time tanked at the same place (tanking column, station).
Measurements are carried out under the following conditions:
- extra-urban cycle in warm and sunny weather with environment temperature 27 ° C;
- extra-urban cycle in cold weather with environment temperature 3 ° C;
- motorway in cold weather with environment temperature 3 ° C;
- urban traffic in Lublin in warm and sunny weather with environment temperature 27°C.

The fuel consumption per 100 km is calculated as an average for the covered distance for the entire study. It has to be taken in consideration that initially the engine is ignited and run on petrol until engine temperature reached 300C when it is automatically switches to LPG. In cold weather conditions, when the engine is ignited greater amount of petrol is consumed. Therefore, when calculating the LPG consumption this should be taken into account. Determining the cost of fuel for petrol Ep and Eg LPG can be calculated as follows:
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where
Lp and Lp are the distances covered with engine run on petrol and LPG;

Qp and Qg - cost norms for 100 km with the engine of run on petrol and LPG;

Cp and Cg - unit prices in zloty per liter of petrol and LPG;

n - number of times engine ignited on petrol;

Gp - Average rate of petrol fuel consumption for the period between engines ignited
on petrol and switching over to LPG.

Road tests
During the experiments, the automobile was initially warmed up to 30° running on petrol and afterwards the LPG tests were conducted. It is necessary to warm up the engine so that there is enough heating of the fuel air mixture so as to allow for the start of combustion process. During the summer period such warming up was not necessary, the automobile was directly ignited on LPG. All the routes were covered in various days throughout the week in order to properly reflect the different road traffic which is unequal during the separate working and non-working days. In such a way the real lifestyle and traveling habits of people are represented. In the course of the experiments the speed limits regulated by the Polish laws were strictly kept – 50 km/h urban, 90 km/h extra-urban and 130 km/h on the motorway. The tests results are shown in Table 1
Table 1
Experimental results of Mitsubisi Carisma run on petrol and LPG
	Road conditions
	Mileage
	LPG
	Petrol A95
	LPG price
	Petrol A95 price
	Price per 100km

LPG
	Petrol
	Economy
	LPG consumption

	
	Km
	l/100
km
	l/100km
	zloty/liter
	zloty/liter
	zloty
	zloty
	zloty
	%
	%

	Extra-urban driving 270C
	1994.5
	8.77
	6.59
	1.9
	4.4
	16.66
	26.48
	9.82
	37.08
	33.12

	Extra-urban driving 30C
	1054.9
	9.23
	6.98
	2.03
	4.55
	17.54
	28.07
	10.53
	37.52
	32.19

	Motorway driving 30C
	668.8
	8.96
	7.00
	1.96
	4.19
	17.02
	28.13
	11.11
	39.49
	28.03

	Urban 

270C
	858.5
	10.74
	7.98
	1.9
	4.02
	20.41
	32.08
	11.67
	36.38
	34.61


During the tests the price of the fuel varied in the range of 1.90-2.03 polish zloty per liter LPG and 4.02-4.55 polish zloty per liter petrol. Whit such price movements the relative price between the two types of fuel changes disproportionately. In order to define the actual savings of zloty using the two fuel types, the comparison has been made running the vehicle under different road conditions. For this purpose the fuel prices was the same for the four testing cycles, namely 1,9 polish zloty per liter LPG and 4.02 polish zloty A95 petrol. The calculations in Table 2 show that the ongoing savings from running LPG vehicles are in the range of 9.82 polish zloty (extra-urban/outside settlement) to 11.62 polish zloty (urban) per 100 km. The variation in the fuel prices (Tabl.1) should be taken under consideration. In some occasions the savings reached 13.03 polish zloty per 100km and more.

When looking on to the zloty saved the real savings related to the relative fuel consumption under the different exploitation condition are not reflected. Therefore, Fig.4 depicts the change of the relative consumption in zloty proportionately to the average fuel consumption in liters per 100km engine work with LPG. As a result the overall relative savings (Fig. 5) achieved under city conditions is the least – 36.4%, and greatest on the motorway - 39,5%.
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Fig. 4. Saving rates in zloty of Mitsubishi Charisma automobile with petrol engine running on LPG
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Fig. 5. Relative savings rates in percentage of Mitsubishi Charisma automobile with petrol engine running on LPG
To determine the distance required to pay out the installed LPG system the following equation is used:
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(3)
where ETOp and ETOg are the cost of servicing, maintenance, technical reviews, and other fees associated with the normal operation of the car using petrol and LPG, in zloty;
ELPG the price of new gas system fourth generation and the costs for installation, validation and commissioning in zloty.

When considering  that the buying and the installation of a fourth generation LPG system costs 3800 zlotys, the calculations shows that the LPG system is payed out after minimum mileage of 38,000 km without the costs for petrol used for igniting the engine and additional costs for maintenance fees  and others. These costs for the various road and weather conditions vary from 0.040 to 0.180 liters of fuel consumption for ignition or from 0.16 to 0.72 zloty. Assuming that average rate for taxis is 0.080 liters fuel consumption for each ignition , the cost will be 0.32 zloty for ignition.

This shows that for vehicles that cover low mileage per year – less than 5000 to 10,000 km it is not cost-effective to be equipped with a LPG system. It is economically profitable to install LPG system on vehicles used for public transport, cargo transport and personal vehicles with high mileage per year (38,000 km), such as taxis, postal vehicles, company cars carrying a supply of goods and service vehicles.

Conclusion. 

The study shows that the cost of fuel using LPG reduces in the range from 9.82 zloty (for extra-urban cycle/outside settlement) to 11.62 zloty (urban conditions) for distance of 100 km. With LPG system fourth generation price of 3800 zloty, it appears that the system is paid out for mileage over 38,000 km. In order to cover all the expenses for one year it is recommended installing LPG system on vehicles used for public transport, cargo transport and personal cars with high annual mileage (≥38,000 km), such as taxi services, postal vehicles, company cars, carrying a supply of goods and service vehicles.
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