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Abstract. This paper presents an analysis of THC, NMHC, CO, NOx and CO2 emissions during 

testing of two bi-fuel vehicles, fuelled with petrol and gaseous fuels, on a chassis dynamometer 

in the context of the Euro 6 emissions requirements. The analyses were performed on one Euro 

5 bi-fuel vehicle (petrol/LPG) and one Euro 5 bi-fuel vehicle (petrol/CNG), both with SI engines 

equipped with MPI feeding systems operating in closed-loop control, typical three-way-catalysts 

and heated oxygen sensors. The vehicles had been adapted by their manufacturers for fuelling 

with LPG or CNG by using additional special equipment mounted onto the existing petrol 

fuelling system. The vehicles tested featured multipoint gas injection systems. The aim of this 

paper was an analysis of the impact of the gaseous fuels on the exhaust emission in comparison 

to the emission of the vehicles fuelled with petrol. 

The tests subject to the analyses presented here were performed in the Engine Research 

Department of BOSMAL Automotive Research and Development Institute Ltd in Bielsko-Biala, 

Poland, within a research programme investigating the influence of alternative fuels on exhaust 

emissions from light duty vehicle vehicles with spark-ignition and compression-ignition engines. 

1. Introduction 
Due to necessity of limiting vehicle emissions there is a growing interest in alternative fuels like  

hydrogen, natural gas – methane (CNG – compressed natural gas), liquefied petroleum gas (LPG), 

methanol, ethanol, bio-diesel and others.  Of particular interest in the above are: natural gas (methane), 

occurring naturally in the earth [1,2] and LPG which is colourless gas comprised of various 

hydrocarbons, mainly propane and butane. The driving forces of financial and ecological pressure 

groups are the main reason for the evaluation studies of alternative fuels (LPG and CNG in particular). 

Gaseous fuel distribution is well developed in many countries and these fuels are less expensive than 

petrol due to tax differences and subsidies in some countries. 

From the ecological point of view these fuels are interesting due to impact on CO2 emissions 

(greenhouse effect) - gaseous fuels contain more hydrogen and less carbon than petrol or diesel fuel 

(figure1), and higher carbon fractions produce more carbon dioxide CO2 [3]. There are the additional 

advantages of the reduction in evaporative and refuelling emissions, particulate and NOx emissions 

benefits and reduction of cancirogenous hydrocarbons emissions. Alternative fuels are suitable for SI 

stoichiometric or lean-burn engines with MPI or DI fuelling systems and CI engines with indirect (IDI) 

or direct-injection (DI) fuelling systems.  Major advantages and disadvantages of LPG and CNG fuels 

are shown in table 1 [3-5].  
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Figure 1. Carbon fractions for different fuels. 

 

 

Table 1. Major advantages and disadvantages of gaseous alternative fuels 

Fuel    Advantages    Disadvantages 

Methane 

(Natural 

Gas) 

• can be produced from a variety of feedstocks, 

including renewable, 

• very low emissions of ozone-forming 

hydrocarbons, particulate matters and toxic 

compounds, 

• higher calorific value than petrol on a mass 

basis, 

• potentially more complete combustion and 

lower cold start emissions than petrol (due to 

its gaseous state), 

• negligible sulphate and evaporative emissions. 

• higher vehicle 

purchase cost, 

• lower vehicle range, 

• exhaust emissions of 

methane (a potent 

greenhouse gas) are 

relatively high, 

• limited refuelling 

infrastructure – CNG 

requires special 

refuelling stations. 

Propane-

Butane 

(LPG) 

• cheaper than petrol today, 

• lower emissions of ozone-forming 

hydrocarbons and toxic compounds, lower 

particulate matter emissions, 

• most widely available clean fuel today, 

• excellent fuel, especially for fleet vehicles. 

• cost will rise with 

demand,  

• limited supply, 

• its composition varies 

widely between 

countries and regions. 

As a vehicular fuel, CNG exhibits significant potential for the reduction of gaseous emissions and 

particle emissions and improvements in energy security [6-22]; such effects have been discussed and 

confirmed in previous studies, in the context of both passenger cars (e.g. [13], [17]) and other vehicle 

types (e.g. [2]). 

The aim of this study was to assess and compare the emissions performance of Euro 5 vehicles, 

representative of the European market, operating on petrol and CNG or LPG, for comparison to the Euro 

6 limits introduced in September 2014 (figure 2). Some unregulated exhaust emissions (CO2 and CH4) 

were also measured and analysed. 
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Figure 2. . Progress in European emission regulations  

for passenger cars fitted with spark ignition (SI) engines. 

 

2. Research programme 

The analysis of exhaust emissions from the bi-fuel vehicles with a spark-ignition engines fuelled with 

CNG or LPG and, later, with petrol during the NEDC cycle was carried out on a chassis dynamometer 

in the Emissions testing laboratory (figures 3 and 4) of  BOSMAL Automotive R&D Institute in Bielsko-

Biala, Poland. The tests presented in this paper were carried out within a research programme 

investigating the influence of alternative fuels on exhaust emissions from automotive vehicles with spark 

ignition and compression ignition engines. The objective of the research presented here was to determine 

the influence of CNG and LPG fuel usage on exhaust emissions in comparison to the emission of the 

vehicles fuelled with petrol. 

The New European Driving Cycle (NEDC – figure 5), i.e. the current European legislative cycle, 

described in UNECE Regulation No. 83 [21], was selected as a representative test for this study. The 

test consists of two phases: the Urban Driving Cycle (UDC), followed by the high-speed Extra Urban 

Drive Cycle (EUDC). 

 

 

Figure 3. BOSMAL Emission Testing Laboratory – internal view of the climatic chamber. 
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Figure 4. BOSMAL Emission Testing Laboratory – schematic overview, showing the chassis 

dynamometer, the climatic chamber and the various emissions measurements systems. 

 

 

 
Figure 5. The New European Driving Cycle (NEDC) 

 

The tests were conducted on one Euro 5 bi-fuel vehicle (petrol/LPG) and one Euro 5 bi-fuel vehicle 

(petrol/CNG), both with SI engines equipped with MPI feeding systems operating in closed-loop 

control, typical three-way-catalysts and heated oxygen sensors. The vehicles had been adapted by their 

manufacturers for fuelling with LPG or CNG by using additional special equipment mounted onto the 

existing petrol fuelling system. The vehicles tested featured multipoint gas injection systems. The 

engines always start up on petrol and are automatically switched over to CNG or LPG operation after a 

few seconds (if the vehicle is in CNG) or after 1-2 minutes (if the vehicle is in LPG mode). The 

aftertreatment systems of the cars tested consisted of a three way catalytic converters (TWC) specially 

adapted for bi-fuel cars (fuelled with petrol and CNG or LPG). The usage of CNG or LPG fuel also 

caused some changes in the engine constructions of the cars tested. The constructions of the cylinder 

heads were modified for CNG or LPG operation by changes made to valve and seat materials. The 

changes to the engines and fuelling systems, together with the installation of a larger TWC cause a slight 

increase in vehicles mass compared to the standard (petrol only) model. 
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3. Test results 
A series of tests were performed on a chassis dynamometer facility on the test vehicles, fuelled with 

petrol and with LPG or CNG (in turn). Tests were undertaken in order to determine the influence of  

gaseous fuels (LPG and CNG) on emissions in comparison to Euro 6 limits and in comparison to tested 

petrol. Results obtained using all fuels are presented side-by-side for ease of comparison. Figures 6-11 

present the average emissions (in g/km) of THC, CH4, NMHC, CO, NOx, and CO2 for both phases, e.g. 

the UDC and EUDC, as well as for the complete NEDC (UDC+EUDC) from the test vehicles. 

Hydrocarbons emissions i.e. THC, CH4 and NMHC (figures 6-8) of vehicle A fuelled with petrol and 

LPG in turn were similar for both fuels. For vehicle B fuelled with petrol and CNG in turn, the total 

emissions of hydrocarbons (figure 6) over the entire NEDC were by 25% higher when running on CNG, 

which is caused by very high methane emissions (figure 7) over the UDC phase (seven fold higher than 

for petrol).   

 

 
Figure 6. THC emissions over the NEDC cycle and its UDC and EUDC phases 

from the vehicles fuelled with petrol and gaseous fuels (LPG or CNG) in turn. 

 

  
Figure 7. CH4 emissions over the NEDC cycle and its UDC and EUDC phases 

from the vehicles fuelled with petrol and gaseous fuels (LPG or CNG) in turn. 
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The high CH4 emissions from vehicle B fuelled with CNG were due to the fact that the main composition 

of the fuel was CH4 (more than 96%), a compound which is very difficult to oxidize in a TWC. Although 

methane emissions are currently not subject to direct regulation in the EU, they are regulated in the US 

and are of concern due to methane’s role as a greenhouse gas (21 times as absorptive of infrared radiation 

as CO2) [23]. Furthermore, CH4 can be considered to be indirectly regulated in the EU, since there is a 

THC limit and a non-methane HC limit – the difference being methane itself.  

Methane, as the main (but not sole) hydrocarbon of natural gas vehicle (NGV) exhaust gas is a relatively 

inert component (no double carbon bonds or longer carbon chains and saturated molecular structure), 

which leads to it having a higher light-off temperature for conversion than other hydrocarbons (e.g. 

those which are unsaturated or with longer chains). Petrol does not contain any methane; however, 

methane is formed in petrol combustion by cracking processes.  

NMHC emissions (figure 8) of both vehicles fuelled with all fuels were lower than 30% of the Euro 6 

limit. NMHC emissions over the entire NEDC for vehicle B were 45% lower when running on CNG. 

The results show that using CNG led to higher THC emissions but lower NMHC emissions [24], relative 

to petrol, a phenomenon directly related to the composition of the two fuel types. 

 

 
Figure 8. NMHC emissions over the NEDC cycle and its UDC and EUDC phases 

from the vehicles fuelled with petrol and gaseous fuels (LPG or CNG) in turn. 

 

CO emissions of both vehicles fuelled with both fuels were lower than 50% of Euro 6 limit. For vehicle 

A, emissions of CO were considerably lower when running on LPG (a difference of 43% over the entire 

NEDC). A contrary trend was observed for vehicle B - CO emission over the entire NEDC was by 24% 

higher when running on CNG. It is worth pointing out that the vehicles are always started in petrol mode, 

even if CNG or LPG fuel was chosen as operating fuel and engines are automatically switched over to 

CNG or LPG operation after a few seconds (if the vehicle is in CNG) or after 1-2 minutes (if the vehicle 

is in LPG mode).  This goes some way towards explaining the small difference in CO emission for both 

vehicles during the UDC phase (figure 9). During the second phase of the NEDC cycle, i.e. the EUDC 

phase, these differences were at times much greater, since when in CNG or LPG mode, no petrol is 

consumed at all by the vehicles. 
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Figure 9. CO emissions over the NEDC cycle and its UDC and EUDC phases 

from the vehicles fuelled with petrol and gaseous fuels (LPG or CNG) in turn 

 

 
Figure 10. NOx emissions over the NEDC cycle and its UDC and EUDC phases 

from the vehicles fuelled with petrol and gaseous fuels (LPG or CNG) in turn. 

 

NOx emissions (figure 10) from both vehicles fuelled with all fuels were lower than 30% of the Euro 6 

limit. For vehicle A, emissions of NOx were considerably higher when running on LPG (a difference of 

35% over the entire NEDC), but for vehicle B they were 10% lower when running on CNG. The engine 

calibration and the precise chemistry of the TWC have a great impact on NOx emissions and it is possible 

that for other vehicles fuelled with petrol and with LPG or CNG in turn these trends could be contrary. 

Because of this, the observed change may not be directly attributable in full to the fuels chemistry itself, 

but to the interaction of the fuel chemistry with engine operation variables (spark timing, etc.) and also 

TWC chemistry. 

 

Although they are presently not subject to direct limits in automotive emissions legislation, CO2 

emissions are important with respect to global warming [23] and because CO2 emissions and fuel 

economy are intimately related. 

As LPG and CNG have lower carbon/hydrogen ratio (figure 1) than petrol, they produce lower CO2 

emissions per unit energy released during combustion. CO2 emission results are shown in figure 11. It 
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can be noted that for vehicle A for LPG these emissions were about 10% lower and for vehicle B about 

25% lower for CNG fuel than for petrol in both phases, as well as in the complete NEDC cycle.  

 

 
Figure 11. CO2 emissions over the NEDC cycle and its UDC and EUDC phases 

from the vehicles fuelled with petrol and gaseous fuels (LPG or CNG) in turn 

 

4. Summary/ Conclusions 
The main aim of this paper was to determine the influence of CNG and LPG fuels on emissions in the 

context of the Euro 6 emissions requirements and in comparison to the emission of the vehicles fuelled 

with petrol. The analysis were performed on two Euro 5 bi-fuel light duty vehicles (one bi-fuel vehicle 

petrol/CNG and one bi-fuel vehicle petrol/LPG) . 

On the basis of the analyses of results obtained during the NEDC emissions test, it has been found that 

both vehicle tested with a CNG or LPG multipoint gas injection and an integrated petrol/CNG or 

petrol/LPG ECU (Electronic Control Unit) already meets the Euro 6 emissions limits, without any 

further modifications, in particular: 

• THC, NMHC, CO and NOx emissions meet Euro 6 limits for the Light-Duty Vehicle (LDV) 

category.  

• Observed THC emissions for both vehicles and all fuels (CNG, LPG, petrol) were even lower 

than the NMHC limit stipulated by these regulations, so emissions limits in this area were 

comfortably met. NMHC emissions were almost 7 times lower than the Euro 6 limit when 

running on CNG. 

• THC emissions during the NEDC cycle increased when vehicle B was fuelled with CNG, in 

comparison to petrol, but this increase was far too small to cause problems with the Euro 6 

emissions limit. THC emissions for vehicle A fuelled with LPG and petrol were similar for both 

fuels. 

• CO emission during the NEDC cycle increased by 24% when vehicle B was fuelled with CNG, 

although CO emission from both fuel types was well below the limit. For vehicle A, emissions 

of CO were considerably lower (by 43%) when running on LPG. 

• NOx emissions from vehicle A when fuelled with LPG were about 35% higher, but from vehicle 

B when fuelled with CNG were about 10% lower in comparison to petrol. 

• CO2 emissions were decreased by 10% when vehicle A was fuelled with LPG and by 25% when 

vehicle B was fuelled with CNG 

Gaseous fuels (LPG and CNG) are commonly used in SI engines because their powertrains are relatively 

easy to convert from liquid to gaseous fuels. These fuels are very attractive as they are cheaper than 

petrol or diesel. This paper has shown that even certain pre-Euro 6 technologies can meet Euro 6 
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emissions standards when LPG or CNG is used as a fuel. Additionally, the CO2 emissions from vehicles 

operation on gaseous fuels (LPG or CNG) are low. For both these reasons, interest in producing and 

marketing bi-fuel passenger cars for the European market (among others) is sure to remain high, 

notwithstanding the current inequalities in NG distribution infrastructure and local availability.  

The good performance of LPG and CNG in terms of low emissions of particulates and CO2 confirm that 

LPG and CNG have significant environmental potential, even if certain emissions are sometimes higher 

than when running on petrol.  

The emissions and performance of bi-fuel vehicles changes when operating on fuel other than gasoline 

(e.g. LPG or CNG). The engine and aftertreatment technology, the individual engine calibration strategy, 

fuel and lubricant oil properties, ambient temperatures and driving conditions are the main factors 

influencing tailpipe emissions.  
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