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Abstract— Flue gas emission is the single greatest cause of air pollution of the transportation sector. The 

use of fuel is the most important factor in measuring flue gas because it affects the resulted emission. Direct flue 

gas emission can be used as reference for estimating emission more accurately based on real field condition. Flue 

gas emission measurement was done with gas analyzer while the motorcycle was running with dyno test. The 

result of the study showed that motorcycle flue gas emission which used pertamax was better than the ones 

which used pertalite. HC emission factor for pertalite motorcycle was 0,118 gram HC/km and for pertamax 

motorcycle was 0,017 HC/km. The CO emission factor for pertalite motorcycle was 7,422 gram CO/km and 

for pertamax motorcycle was 3,619 gram CO/km. The CO2 emission factor for pertalite motorcycle was 20,377 

gram CO2/km and for pertamax motorcycle was 24,109 gram CO2/km. Lower HC and CO emission means 

better performance of fuel combustion. While for CO2 emission, higher amount means better performance of 

fuel combustion. 
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I. INTRODUCTION 
 

Pertalite and pertamax are the market name for the most used motorcycle liquid fuel in Indonesia, especially 

in Surabaya City. One of the differences of the two fuels is the octane level. Pertalite contains octane level or 

Research Octane Number (RON) 90, while pertamax contains octane level 92. Fuel octane level affects the 

production of flue gas emission. High octane level decreases the potential of self-ignited process happening. 

Self-ignited is a process in which the fuel ignites by itself during compression process in the machine’s 

combustion space [1]. 

 

Flue gas is the residue of fuel combustion inside the vehicle machine which comes through the machine’s 

discharge system. Every liter of fuel combustion will emit 100 gram of carbon monoxide; 30 gram of nitrogen 

oxide; 2,5 kg of carbon dioxide, and other substances including sulfur [2]. Combustion process relies to 

combustion temperature and oxygen concentration during the process. Incomplete combustion is caused by less 

optimal combustion temperature that increases CO concentration. Incomplete combustion also causes HC 

concentration to increase [3]. 

 

Calculation of emission factor is done in order to plan emission reduction. The regulation published by IPCC 

stated that every country is encouraged to define local emission factor. Local emission factor is meant to make 

the estimation more accurate, not in over estimate or under estimate condition. Emission factor is the number 

which represents pollutant value discharged to the atmosphere, and connected with polluting activity. Emission 

factor is depends on the characteristic and type of the vehicle, fuel specification, operational condition, and 

environmental condition.  
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Motor emission factor is also affected by geographical characteristic, fuel characteristic, vehicle technology, 

and driving cycle. Emission factor represents real emission rate. Emission factor is obtained through experiment 

data and vehicle emission test [4]. 

 

Emission test needs to be conducted regularly so that the combustion system in the vehicle combusting space 

always reaches near complete condition. Emission test is conducted for several minutes and consists of some 

part which represents different driving patterns [5]. Emission test uses gas analyzer which detects flue gas 

existence in the form of CO2, CO, NOx, and HC concentration as well as discharged O2 rate. 

 

This observation aims to determine emission factor number for pertalite and pertamax fuel for motorcycle in 

Surabaya City. Surabaya is the second biggest city in Indonesia after Jakarta. The topographic condition in 

Surabaya City generally has quite flat elevation with tropical climate. The resulted emission factor number can be 

used as a reference in implementing emission inventory and in government regulation for air quality control. 

 

II. MATERIALS AND METHOD 
A. Data Collection 

The data needed for this study was primary data of motor vehicle emission test result. Primary data was 

obtained by direct measurement in the field. Flue gas emission estimation for each vehicle was conducted using 

gas analyzer and dyno test. Dyno test principle was performing a running motor condition while being in static 

condition caused by the traction force between the wheel and the dyno. The traction force happening was 

equivalent to the traction force between the wheel and the road. Fig.1 showed the scheme of flue gas sampling 

for concentration data collection. 

 

 
Fig. 1 Scheme of Flue Gas Sampling 

 

The emission test tool used was Heshbon HG – 520 Automotive Emission Analizer produced by Republic of 

South Korea (Fig. 2). This analyzer is an equipment to measure the gas emission density of an motor vehicle 

enabling to diagnose the motor vehicle status and its preventive maintenance so that it can provide a function to 

prevent the air pollution in advance [6].  

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 7, JULY/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/ 97



 

 

The output of the gas analyzer consisted of three type of flue gas concentration, which were Hydrocarbon 

(HC), Carbon monoxide (CO), and carbon dioxide (CO2). The average temperature during test was 29,10C and 

the average air pressure was 1.014 hPa. 

 

 
Fig. 2 Automotive Emission Analizer HG-520 [6] 

 

B. Emission Factor Calculation  
Factor emission number came from the statistic average from the emission test control data. Factor emission 

calculation was obtained from the average emission load value for each flue gas produced from motor vehicle 

machine. Emission factor in this study was stated in gram gas per kilo meter (gram/km) unit. Gram stated the 

amount of pollutant emitted to the atmosphere by certain activity and kilometer stated the travelled distance of 

the vehicle in certain amount of time. 

 

The amount of emitted pollutant in weight unit (gram) was calculated using pollutant density ( pollutant). If the 

density was unknown, ideal gas formula was used [7]. The vehicle travelled distance was obtained from the fuel 

weight needed by certain activity (kg) multiplied with the fuel needed per kilometer (kg/km). The fuel weight 

needed for certain activity was calculated based on the fuel and air mix ratio (AFR). AFR can be explained as the 

amount of air to the amount of fuel which was inserted to each cylinder compared with stoichiometric 

condition. AFR shows the quality of combustion process and the performance of the machine based on the fuel 

consumption and emission [8]. 

 

III. RESULTS AND DISCUSSION 
 

Emission factor calculation was based on primary data of motor vehicle emission test. Based on the average 

emission calculation of each type of fuel, emission factor of pertalite and pertamax for each pollutant HC, CO, 

and CO2 is shown in Table 1. 

TABLE 1 

EMISSION FACTOR OF MOTORCYCLE WITH PERTALITE AND PERTAMAX FUEL 

Pollutant 
Emission Factors (gram/km) 

Pertalite Pertamax 

HC 0,118 0,017 

CO 7,422 3,619 

CO2 20,377 24,109 

 

Based on Table 1, the emission factor value for Hydrocarbon (HC) in pertalite is significantly higher 

compared to the pertamax emission factor value. The emission factor for HC gas is also higher compared to 

emission factor stated in US EPA.  
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HC emission factor based on US EPA [9] is 0,114 gram HC/km. HC is an incombustible fuel which affects 

incomplete combustion. McAfee [10] stated that HC concentration correlates with CO2 concentration. If HC 

concentration is high, the combustion process will not run optimally, thus lowering the CO2 concentration. This 

is because CO2 is a product from complete combustion process as stated in the formula: 

 

HC + O2 = H2O + CO2 

 

Based on Table 1, emission factor for CO2 pollutant in pertalite is lower compared to pertamax. McAfee [10] 

stated that CO2 is machine efficiency indicator. When the combustion doesn’t run optimally, then not all HC 

will be combusted into CO2 + H2O. Therefore, the HC becomes high in the sensory reading of emission test 

tool and CO2 concentration is low. 

 

Based on Table 1, the emission factor value for carbon monoxide (CO) pollutant for pertalite is also higher 

than pertamax emission factor value. McAfee [10] stated that CO2 also correlates with CO concentration with 

considering the HC concentration. CO2 is a product from complete combustion process. When the CO 

concentration is high, there will be fuel (HC) combusted incompletely. This incompletion can be caused by 

unbalanced mix of fuel with air in the combustion process. The balance of fuel and air mix is notated as AFR. 

  

 
Fig. 3 The Ideal AFR and Average AFR Comparation for Motorcycle with Pertalite and Pertamax 

 

Based on Fig. 3, the average AFR value of pertalite is 13,3 and the average AFR value of pertamax is 15,0. 

Schrader [11] stated that in complete combustion, the ideal mix ratio between air and fuel (AFR) is 14,7:1. 

However, in actual condition, it is rare to find combustion reaction with AFR 14,7. CO concentration of 

machine with ideal AFR of 14,7 is less than 1%. Higher AFR (less than 14,7) will produce higher CO 

concentration. High CO concentration shows that the combustion is incomplete, thus the CO2 concentration is 

low and HC concentration increases [9]. 

 

Emission test for HC, CO, and CO2, as well as AFR value from pertalite and pertamax shows that the usage 

of pertamax produces better flue gas emission compared to pertalite. Based on Indonesian Ministry of Energy 

and Mineral Resource (Kementerian ESDM), pertalite is the new type of fuel that is provided by Pertamina, 

Indonesian gas provider, to meet the regulation in Surat Keputusan Dirjen Migas Kementerian Energi dan 

Sumber Daya Mineral Nomor 313 Tahun 2013 which established quality standard or fuel specification for 

gasoline 90 type for local marketing.   
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Pertalite is considered cleaner than premium for having RON 90 value. Pertamax and pertalite contain zero 

lead so it can be said that it is more environmental friendly compared to fuel containing lead. The usage of 

pertamax for motorcycle is more encouraged because pertamax contain higher octane level. Webb [1] stated that 

pertamax with RON 92 value is ideal for vehicle consumption with consumption ratio 10 to 11. Motorcycle 

design with compression ratio 10 to 11 has been equipped with Electronic Fuel Injection (EFI) and catalytic 

converters technology. Thus the usage of pertamax is more apt to the motorcycle design and more 

environmental friendly. 

IV. CONCLUSION 
 

This study results emission factors value from HC, CO, and CO2 flue gas which is produced by incomplete 

combustion process in motorcycle. Incomplete combustion process in the machine increases HC and CO 

emission. Complete combustion process produces CO2 gas. Study result shows that the emission produced from 

pertamax is better compared to the pertalite emission. Factor emission number for pertalite motor HC was 

0,118 gram HC/km and for pertamax was 0,017 gram HC/km. Factor emission number for pertalite motor CO 

was 7,422 gram CO/km and for pertamax was 3,619 gram CO/km. Factor emission number for pertalite motor 

CO2 was 20,377 gram CO2/km and for pertamax was 24,109 gram CO2/km. 
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