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Abstract- The use of plastic continues to increase with the development of technology, industry, economy, and population. Increased 

use of plastic has an impact on the increase in waste produced. Waste management with an incineration system can reduce the volume 

of waste by more than 90% in a short time, and produce heat energy which can be utilized further. Pyrolysis is a technology that can 

convert biomass and plastic into energy. This research uses an integrated pyrolysis reactor and incinerator. The pyrolysis reactor is 

located in an incinerator with dimensions of 15 cm x 15 cm x 25 cm, while the dimensions of the incinerator combustion chamber are 

45 cm x 45 cm x 50 cm. Pyrolysis uses 300 grams of LDPE plastic waste with enumeration first. The resulting pyrolysis products were 

81 g of oil, 52 g of tar, and 167 g of gas. 
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I. INTRODUCTION 

The use of plastics and plastic-based goods is increasing along with the development of technology, industry, economy, 

and population. In Indonesia, plastic needs continue to increase every year. The advantages of plastic compared to other 

materials include strong, lightweight, non-corrosion, easy to form and inexpensive [1]. This increase has an impact on the 

increasing amount of waste produced from plastic, the total domestic waste disposed to TPA is around 10% - 20% is a plastic 

waste [2]. 

Plastic waste is garbage that is composed of chemicals that are harmful to the environment. Plastic waste has a negative 

impact on the environment which can reduce soil fertility. Softening agents such as epoxidized soybean oil (ESBO), di (2-

ethylhexyl) adipate (DEHA), and polyclorine biphenyl (PCB), acetyl tributyl citrate (ATBC) and di (2-ethylhexyl) phthalate 

(DEHP) are found in plastic as used to remove stiff and brittle. Softening material found in plastic can cause tissue paralysis and 

cancer (carcinogenic) [3]. 

Plastics are one type of macromolecules formed by the polymerization process. Polymerization is the process of 

combining several simple molecules (monomers) through chemical processes into large molecules (macromolecules or 

polymers). Plastics are polymer compounds whose main constituent elements are Carbon and Hydrogen. One of the raw 

materials that are often used is Naphta, which is a material produced from refining petroleum or natural gas. As an illustration, 

to make 1 kg of plastic requires 1.75 kg of oil, to meet the needs of the raw material and the energy needs of the process [4]. 

Plastics can be grouped into two types, namely thermoplastic and thermosetting. Thermoplastic is a plastic material which, 

if heated to a certain temperature, will melt and can be reshaped into the desired shape [5]. Thermosetting is plastic that if it has 

been made in solid form, cannot be thawed again by heating. Based on the properties of the two groups of plastics above, the 

thermoplastic is a type that allows it to be recycled. Recyclable types of plastic are coded in numbers to facilitate identification 

and use [6]. 

Pyrolysis is the process of decomposition of a material at high temperatures without air or limited air. The decomposition 

process in pyrolysis is also often referred to as devolatilization [7]. Pyrolysis products generally consist of three types, namely 

gas (H2, CO, CO2, H2O, and CH4), tar (pyrolitic oil), and charcoal. The parameters that influence the speed of the pyrolysis 

reaction have a very complex relationship, so that the mathematical model of the velocity reaction pyrolysis formula formulated 

by each researcher always shows different empirical formulas [2]. Pyrolysis generally begins at a temperature of 200 0C and 

persists at temperatures around 450-500 0C so that the pyrolysis process can occur at this temperature and the results of 

pyrolysis will be affected by the time and type of material [8].  
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II. MATERIALS AND METHODS 

This research was conducted with a batch system. The pyrolysis reactor is placed in the incinerator combustion chamber. 

The dimensions of the incinerator combustion chamber are 0.45 m x 0.45 m x 0.5 m equipped with fireproof and, and pyrolysis 

combustion chambers are made using iron plates with a size of 0.15 m x 0.15 m x 0.2 m. Type K thermocouple is placed in the 

incinerator and pyrolysis combustion chamber which records temperature changes every second to determine the temperature 

changes that occur in the incinerator and pyrolysis combustion chamber. The pyrolysis combustion chamber is given an iron 

pipe as a distributor of pyrolysis gas with a pipe thickness of 0.003 m with a length of 1.5 m with a valve as a control for 

opening or closing the results of pyrolysis. 

 
Fig. 1 Integrated pyrolysis-incinerator reactor design 1) Incinerator combustion chamber; 2) Pyrolysis combustion chamber;3) Pipe resulting from pyrolysis;  

4) Chimney; 5) Valve; 6) Burner; 7) Thermocouple; 8) Tank; 9) Blower 

 

The incinerator process uses 1 kg of plastic waste, burned with the help of a burner during the combustion process. The 

pyrolysis reactor uses 300 g of LDPE plastic which is first enumerated with a maximum size of 0.05 m. Observations were 

carried out for 60 minutes, looking at changes in temperature and pyrolysis products produced. Pyrolysis products produced in 

the form of tar or solid residue and oil are weighed using digital scales, while the difference between the initial mass of plastic 

and solid and liquid products is assumed to be a gas formed in pyrolysis. 

III. RESULTS AND DISCUSSION 

A.  Changes in Incinerator Combustion Temperature and Pyrolysis 

The incinerator temperature in the first minute is 500 0C and continues to increase until the maximum temperature reaches 

617 0C and stabilizes until the 55th minute and then drastically lowers the temperature. Drastic reduction in temperature occurs 

because the incinerator combustion chamber combustion is reduced due to the fact that the waste burned in the incinerator is 

running low. 

The temperature of the incinerator at the initial 15 minutes fluctuates at the combustion temperature. The occurrence of 

temperature fluctuations in the combustion process can be influenced by mixing air with materials, air requirements in the 

combustion process, freezing temperature, combustion time and fuel conditions, so that fuel or plastic conditions have moist 

conditions and are supported by an unstable air supply resulting in temperatures on combustion is not stable [9]. 
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Fig. 2 Incinerator and pyrolysis combustion temperature 

The temperature of the pyrolysis combustion chamber in the 25th minute has reached 200 0C and continues to increase 

until the peak temperature reaches 345 0C in the 53rd minute. In the 30th minute, the pyrolysis temperature reaches 234 0C, only 

white smoke is produced on the pyrolysis pipe when the combustion test can burn. Then in the 45th minute, the temperature of 

the pyrolysis combustion chamber reaches 335 0C starting with oil droplets. 

 

B.  Pyrolysis Products 

The pyrolysis process can produce oil if condensation is carried out so that the gas vapor formed experiences condensation 

and converts the phase from the gas to liquid [10]. The integrated pyrolysis reactor with this incinerator is made not to add 

condensers, but oil from the pyrolysis process can be formed, this is because the recirculation pyrolysis reactor is made using ½ 

inch iron pipes with a thickness of 3 mm, with a pipe length of 1.5 m from the pyrolysis reactor, with thickness sufficient pipe 

and pipe length causes the heat transfer in the pipeline to run slowly. The condition of the iron pipe on the valve part is only 

warm so that the condition is expected to replace the condenser for cooling pyrolysis gas. 

Solids in LDPE are tar or solid residues weighing 52 g, oil 81 g and gas 198 g. The percentage of pyrolysis results 

obtained by tar or solids is 17%, 27% oil and 66% gas. The characteristics of liquid yellow pyrolysis oil from LDPE when 

tested for oil burns can burn and the physical characteristics of fine solids and hard tar/residue are solid black. 

 
Fig. 3 Solid residue 

 
Fig. 4 Pyrolysis oil 

 

 

IV. CONCLUSION 

Heat incinerators can be used for the pyrolysis process with the results of pyrolysis in the form of tar or solid residue 

weighing 52 g, oil at 81 g and assuming the gas event is 198 g. The pyrolysis process began to occur in the 30th minute and 

continued until the 60th minute. 
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