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Abstract— Plastic waste is one of the problems in a big city that is never stopped to be solved. It is estimated that only 50% of 
discarded plastic waste can be recycled and the rest discharged to landfill. An unusable increase in plastic has a significant 
percentage, especially plastic bags. Low density polyethylene (LDPE) is one type of plastic with various colors that many of us 
encounter everyday in various applications and often end up as garbage. Plastic waste is also identified to shorten the age of landfill 
when it accumulates and there is no proper treatment process due to properties that are not easily broken down by microorganisms. 

Incineration is a method of processing solid waste into useful energy. The use of incinerators is often inefficient because it requires 
a lot of fuel or gas and the gas emissions are high enough to reduce air quality. Incomplete combustion of various types of disposable 
plastic waste (unusable) made from polyethylene can cause carbon monoxide (CO) from combustion fumes and other hazardous 
substances. At the time of combustion the more solid the exhaust gas, the dirtier the air emissions because it contains a lot of 
particulates. Perfect combustion by theoretically is very difficult to achieve because in reality not all oxygen reacts with the fuel 
elements. Provision of excess air is useful to ensure the implementation of the complete combustion process.  The combustion system 
in this study used batch incineration by placing LDPE plastic waste on top of combustion. The initial heat needed to ignite waste is 
supplied by burners who use LPG for 30 grams. Combustion control turns off the burner once in the combustion chamber if it has 
produced enough heat to allow the self-burning process. Measurement of opacity height using the LDR sensor (Light Dependent 
Resistor). 

Excess air affects the temperature and emissions of incinerators. The smallest excess air, which is 5%, has a better combustion 
process efficiency value and lower emissions produced. And the greater the excess air will affect the decrease in insenerator 
temperature and lower combustion efficiency. Incomplete combustion will cause the level of smoke opacity to be higher until it 
reaches 5.93%. 
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I. INTRODUCTION 

World Bank Group 2018 data, in Indonesia the most types of plastic found in garbage samples taken from water streams are 
plastic bags with an average of 16% of the total waste in all cities in Indonesia[1].  Various problems arise from plastic waste 
such as disruption of urban drainage functions to damage the ecosystem. Plastic waste is also identified to shorten the age of 
landfill when it accumulates and there is no proper treatment process due to properties that are not easily broken down by 
microorganisms. One effort to reduce the burden of the landfill on accumulation of unusable plastic waste is combustion using a 
waste combustion plant. Apart from being able to reduce the volume of waste, the energy generated from waste incineration can 
also be used as energy (waste to energy). Incineration is a method of processing solid waste into useful energy. The solid waste 
is converted to ash, emissions, and heat. In developed countries like the United States, 0.9 million tons of waste are burned 
using incinerators each year and produce 620 kWh / ton of energy [2]. 

There are several factors that influence the performance of an incinerator are turbulence and mixing, the water content in 
waste, fuel, temperature, operating time of incinerator, and maintenance[3]. The use of incinerators is often inefficient because 
it requires a lot of fuel or gas and the resulting gas emissions are high enough to reduce air quality. On the other hand, plastic 
waste has a high calorific value so that it can produce energy that can help combust waste completely and without leaving as 
much ash [4]. The use of energy stored in plastic is expected to reduce the need for fuel (diesel or LPG) in incineration 
operations so that the complete combustion process can occur without additional fuel.  

Pollutant sources because the waste burning activity is an activity that is very visually visible in the release of various 
compounds into the air as pollutants or combustion fumes. Smoke density is one indicator of environmental pollution which can 
be observed directly in the form of small particles in the air (aerosols) as a result of incomplete combustion processes. This 
makes the incinerator technology often rejected by the community in its application. Incomplete combustion of various types of 
disposable plastic waste (unusable) made from polyethylene can cause carbon monoxide (CO) from combustion fumes and 
other hazardous substances. When combustion of garbage becomes more concentrated, the exhaust gas will make the air 
emissions dirty because it contains a lot of particulates [5]. 
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The process of incineration involves taking into consideration the temperature the combusting gases reach, the length of time 

the gases remain at elevated temperatures, how well the air and the gases are mixed and whether there is adequate oxygen to 
permit complete combustion [6]. Perfect combustion by theoretically is very difficult to achieve because in reality not all 
oxygen reacts with the fuel elements. Provision of excess air is useful to ensure the implementation of the complete combustion 
process. Good mixing of air and fuel in actual combustion is usually not achievable but can be approached through the addition 
of air. The addition of excess air must be good with a minimum value because if too much can increase energy loss in 
combustion and increase NOx emissions. 

II. MATERIAL AND METHODS 

 
The combustion system in this study uses batch incineration by putting waste on top of the combustion. The heterogeneous 

mixture of waste in the furnace changes when the waste is reduced to ash through the reaction of gasification and oxidation. The 
initial heat needed to ignite waste is supplied by burners who use LPG. Control combustion when using 30 grams of LPG gas 
and turn off the burner in the combustion chamber if it has produced enough heat to allow the self-burning process. 
Characteristics of scrubbers can be seen in Table I and figure incinerator design series can be seen in Fig.1. The flow rate of air 
entering the combustion is determined based on the flow rate of the feed plastic material. The air flow rate is determined based 
on the weight of the plastic material entering the combustion chamber and air excess with the following formula Eq.1. 

 

................................................................................................................................ (1) 

 
LAU   = Speed of air entering the combustion chamber (L / s) 
AE (%) = Excess air planned 
LFM   = Plastic material entering the combustion chamber (kg) 
S   = Stoichiometric combustion requirements (L air/kg plastic). 
 

TABLE I 
CHARACTERISTIC OF INCINERATOR 

Parameter  Value  
Long (cm) 45 
Wide (cm) 45 
High (cm) 54,6 
chimney height (m) 1,35 
chimney diameter (cm) 6,3  

 

 
Fig1. Incinerator design series 

 
Gas emissions studied here include CO2 and CO. These gas emissions were measured with a direct reading instrument using 

Gas Analyzer Sensonic type S-1400 at the outlet of the chimey. Emission measurements were carried out on the chimney with 
measurement time every 5 minutes during the incinerator operation time for 30 minutes. The performance test of the incinerator 
was carriedout to estimate the combustion efficiency of the equipment given by the formula in Eq.2. The test was done using 
different types of waste and taking into consideration the amount of combustion air required and the volume reduction of the 
waste after the incineration process as shown in Table 3. 
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η = ......................................................................................................................................................... (2) 

Plume opacity is defined as the extent to which light transmission decreases or the extent to which visibility decreases from 
the visible background. In the optical physics context, the plume opacity can be reduced to a mathematical term, "given that (I0) 
is the incident light flux and (I) is a light flux that leaves plume with the same light path, then opacity depends on transmittance 
(I / I0) through the plume. Opacity can also be defined as the percentage of opacity based on the Eq.3. 

........................................................................................................................................... (3) 

Energy use from plastic waste (unusable) is expected to increase the efficiency of incinerators so that the use of oil or gas can 
be reduced. The best conditions are expected from this study with variations in air clearance to determine the optimum point 
and emissions resulting from combustion of the incinerator. 

III. RESULT AND DISCUSSION 

 
In the experiment using LDPE plastic waste uses a variety of excess air to obtain optimum conditions in the combustion 

chamber and emissions produced from the combustion. The excess air used is 5%, 15% and 25% based on stoichiometric air 
needs which can be seen in Table II. 

TABLE II 
THE COMBUSTION EQUATION AND THE STOICHIOMETRIC AIR REQUIREMENT WASTE 

Waste 
(1Kg) 

Combustion Equation 
Stoichiometric 

air requirement 
(perkg waste) 

Plastic  14,9 

Excess air 5% 15,65 
Excess air 15% 17,13 
Excess air 25% 18,62 

 
The results of the measurement of the combustion chamber temperature with variations in excess air K1L1M2 (5%), 

K1L2M2 (15%) and K1L3M2 (25%) there is a comparison of changes in temperature in the combustion chamber, especially in 
larger excess air values. Changes in combustion temperature occur in the range 200-300 ºC which occurs during combustion. 
The results of changes in the temperature of LDPE plastic combustion with a water content of 0.007% based on the weight of 
plastic waste with excessive air variation can be seen in Fig.2. 

 

 
Fig2. Effect of excess air on the temperature of the combustion chamber 

 

The results show the highest combustion temperature, that is in the experiment using a variation of air over 5%. At the 
combustion temperature ratio between the variations in excess air of 105%, 115%, and 125% the value of excess air will 
produce a combustion temperature above 300ºC. In excess air 15% and 25% work in a temperature range of 200-300 ºC. 
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 The increasing inclusion in the combustion chamber results in an increase in the temperature of the emission in the chimney 

and a decrease in the temperature in the combustion chamber. Excessive air supply results in a large amount of air passing 
through the combustion process without reacting with waste properly resulting from the high speed of air supply or the density 
of waste which inhibits the diffusion of air into the waste [7]. The water content in plastic can reduce the combustion chamber 
temperature because high humidity can reduce the heating value thereby reducing the conversion efficiency and performance of 
the incineration because a large amount of heat energy will be used for evaporation so that it can prevent the sustainability of 
combustion. 

Problems that often occur in applying combustion using excess air are air emissions in the form of particulate matter (PM) 
and carbon emissions formed from incomplete combustion processes. Based on the measurement results of CO and CO2 
emissions every 5 minutes throughout the time burning of plastic waste is 30 minutes. The performance test of the incinerator 
was carriedout to estimate the combustion efficiency of the equipment given by the formula in Eq.2 can be seen in Fig.3. 

 

 

Fig 3. The combustion efficiency incinerator 

The process of burning LDPE plastic waste takes place gradually. Fig.1 shows the initial stage of evaporation of the content 
of unburned plastic water using heat from the burner which results in decreased efficiency. When the heating plastic release of 
carbon or volatile material is converted into flammable gas. This gas then mixes with oxygen which can undergo an oxidation 
reaction. This condition when producing a high enough temperature and lasts long can be perfectly converted (complete 
combustion) produces water vapor and CO2. The opposite condition can occur if the temperature of the low fuel is caused by 
large excess air and plastic waste water content resulting in incomplete combustion which can produce CO gas. The main 
reaction of the combustion process between carbon and oxygen will form carbon monoxide (CO) and carbon dioxide (CO2). CO 
gas produced in the combustion of LDPE plastic waste will affect the opacity level. Fig.4 shows the working mechanism of the 
LDR light sensor (Light Dependent Resistor) which is one type of resistor that can change its resistance when experiencing 
changes in light reception.  

 
Fig 4. The working principle of Light Dependent Resistor Sensor against smoke opacity 
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Fig 5. Opacity level of the incinerator 

 
Determination of smoke opacity level based on equation Eq.3. The value of volt light that is seen on the LDR sensor will 

increase when the light resistance received by the sensor gets bigger. The opacity tool uses an LDR sensor which is a resistor 
whose value changes according to the intensity of the light that is about it. If the light gets brighter then the value of the 
resistance will be lower, but on the other hand, if the light gets dimmer the value of the prisoner will be greater. The level of 
smoke density in plastic combustion affects the readable opacity value of the tool. The smoke opacity level reaches 5,93% but 
this is still within the tolerance limit of 20%. The factors that influence the level of smoke concentration include fuel type, 
smoke density, temperature, air humidity, air circulation, exposure to smoke, and wind speed around the source. The correlation 
test results on opacity level plastic waste combustion are influenced by CO gas. The greater the CO gas produced in the burning 
of LDPE plastic waste, the greater the opacity value. Incomplete combustion results in a high concentration of smoke so that the 
value of the light read on the sensor will be even greater. Opacity influenced by particulates is a pollutant in the combustion 
process. Particulates in exhaust emissions can consist of various components. particulates are divided into various forms, 
namely in the form of aerosols, dust, fog, fume or smoke and smoke (carbon from combustion material) and soot. When 
incomplete combustion occurs, the insenerator tends to emit more concentrated smoke. 

 

IV. CONCLUSION 

Giving of excess air affects the temperature and emissions of incinerators. The smallest excess air, which is 5%, has a better 
combustion process efficiency value and lower co-emissions produced. And the greater the excess air will affect the decrease in 
insenerator temperature and lower combustion efficiency. Incomplete combustion will cause the level of opacity of smoke to be 
higher until it reaches 5.93%. 
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