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ABSTRACT  

Incinerator produces power and heat from waste, reduces waste disposal, and reduces air pollution. The objective of 

the research of incinerator and ESP is to minimize air pollution in campus. UNTIRTA as a university having vision as 

a Smart and Green Campus, develops a municipal incinerator type fluidized bed with capacity 25 kg.  Incinerator made 

by 1.2 mm steel plat, complete with burner and air blower to supply the air for combustion process. Solid waste was 

collected from area inside the campus such as paper, plastics, and organics waste. The results shows that the incinerator 

is in good performance and also effectively reduce the exhaust emissions for pollution control in the campus. 
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1. INTRODUCTION  
The construction of the University of Sultan Ageng 

Tirtayasa campus in Sindangsari, Banten, Indonesia has 

been completed. The 12-hectare integrated campus is 

equipped with modern facilities. The future plan for the 

green and sustainability campus is to create an integrated 

waste management system in the campus. An integrated 

waste management system other than landfill is an incin-

erator system. Referring to the vision of the university, 

the research of incinerator inside campus becomes im-

portant. The incinerator is equipped with a particulate 

smoke reduction system using electrostatic precipitator 

(ESP) technology. The technological development re-

quires researchers to create various tools that can provide 

comfort and health for humans. Clean air in the campus 

and green environment is a mandatory in the era of mod-

ern academic society. The smoke containing particulates 

can be harmful to human health [1]. The particulate air 

infects to the human body through the respiratory, it can 

cause irritation to the nose, throat and lungs. The partic-

ulate air is also resided in the lungs for a long time and it 

makes a serious damage in long-term reaction [2]. The 

current development issues of ESP and unsolved prob-

lems in the field of smoke filters have recently been sum-

marized by Sudrajad [1], Mizuno [3] and Porle [4]. Jour-

nal by Hackam [5], focuses on controlling of air pollution 

using electric current with ESP technology. Recently, the 

trend of the air purifier industry is to increase the effi-

ciency of reducing particulate emissions by utilizing fil-

ter technology that uses electrical effects. 

Incinerator is a machine of the waste processing 

technologies through direct combustion with sufficient 

air at high temperatures. The incinerator converts waste 

materials into combustion gases and ash (bottom ash and 

fly ash). The temperature in the combustion chamber of 

incinerator can reach 800 to 1100℃ and produces flue 

gas with a high temperature. This experiment uses Fluid-

ized Bed (FB) Incinerator. It is an incinerator that uses 

sand media such as silica sand for mixing between the air 

and the grains of sand. 

The ESP technology, a high voltage is applied to the 

wires to form an electrical field between the collecting 

plates, and ionizes the gas around the wires to supply 

ions. While the gas that contains dust or mist flows be-

tween the collecting plates and the wires, the air particles 

in the gas are charged by the ions. The Coulomb force 

caused by the high electric field by the wires causes the 

charged particles to be collected on the collecting plates 

and the gas is cleaned. This is the principle of electro-

static precipitation (ESP), and a small and large industrial 

applied ESP. Electrostatic precipitators are highly effi-

cient filtration devices that minimally impede the flow of 

gases through the device, and can easily remove fine par-

ticulate matter such as dust and smoke from the air 
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stream. Nowadays these ESPs are gaining importance to 

obtain the environmental clearance for setting up of new 

industrial plants and green environment [6]. Figure 1 

shows the basic concept of ESP, while the air containing 

dust and smoke is filtered by ESP system. 

 

 

 
 

Figure 1. Schematic diagram of ESP [6] 

 

2.  METHODS  
This research was conducted an incinerator capac-

ity 25 kg at the Untirta Sindangsari campus and equipped 

with an ESP system. The waste used is plastic waste, 

leaves and paper obtained from campus waste. ESP is 

made using five plate units where each plate is equipped 

with a wire length 300 mm and diameter 0.1 mm. The 

wires are connected to a DC high voltage supply and con-

nected to the ground. The electrodes plate for collection 

made of stainless steel due to the aggressive gases and 

fumes, and also to avoid oxidation which will be caused 

by the use of water for washing. The voltage 5 until 35 

kV (DC) from a DC power supply high-voltage is sup-

plied to the plate and wire rod. The high voltage is re-

quired to produce a corona discharge which is caused by 

ionization of the aerosol particles surrounding a conduc-

tor. The corona power is a result from the current and 

voltage applied to produce an electric field. Particles 

through an electrode wire with a high negative charge 

will be negatively charged (carry negative change) and 

will be attracted to another electrode plat with a positive 

charge.  

 
Figure 2. Schematic Diagram of Experimental 

 

3. RESULTS AND DISCUSSION 

The characteristics of particulate diameter as 

experimented by ESP were determined. Result of 

experimental data is shown in the filter paper without 

ESP and with ESP system for 5 until 35 KV with range 5 

KV. The sample filter paper was tested using scanning 

Electron Microscope (SEM) at 5000 times magnification 

with SED detector. Figure 3 shows the SEM results with 

scale 2.5 cm : 10 μm.  

 

 
Figure 3. Results of SEM 

 

The Figure above shows the SEM test results from 

filter paper samples taken from the exhaust gas of 

incinerator. Small particles that are micrometer in size 

represent the diameter of dust in the exhaust gas. The 

picture of the fiber seen in the photo by the SEM above 

shows the fiber on the filter paper. Calculation of the 

    

(a) Without ESP (b) ESP 5 KV (c) ESP 10 KV (d) ESP 15 KV 

    

(e) ESP 20 KV (f) ESP 25 KV (g) ESP 30 KV (h) ESP 35 KV 
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diameter particulates taken from clusters shaped like 

grapes. From the photos of SEM results, it can be seen 

that the higher voltage to the ESP plates the amount of 

particulate matter is less. 

 

Table 1 Particulate Diameter by ESP Voltage 

 
Without 

ESP  
ESP 5 

KV 
ESP 10 

KV 

ESP 
15 
KV 

D aver-
age 𝜇𝑚 

2.64 2.689 2.728 3.23 

 ESP 20 
KV 

ESP 25 
KV 

ESP 
30KV 

 ESP 
35KV 

D aver-
age 𝜇𝑚 

3.33 3.64 3.81 
4.17 

 

 Table 1 shows the size of the particulate without 

ESP and using ESP at a voltage of 5 to 35 KV. From the 

table 1, it can be seen that the ESP voltage affects the size 

of the particulate diameter. The greater of voltage used in 

ESP, it will affect to the greater of size particulates that 

come out from ESP filter system. This is because dust 

with a small size will be captured by the plate on the ESP. 

A negative voltage wire will cause a corona effect in the 

area around the wire, by corona effect the small dust par-

ticles will be thrown towards the plate and patch. 

 

4. CONCLUSION  
 The experimental for incinerators that equipped 

with electrostatic precipitators were presented. The ef-

fectiveness of corona discharge in ESP analyzed visually 

by using SEM. The filtration by using ESP process was 

found to be effective because a decrease in amount of 

particulate matter was observed from exhaust gas of in-

cinerator. From the SEM results, it can be seen that the 

higher voltage to the ESP plates the amount of particulate 

matter is less and affect the greater size particulates that 

come out from ESP system. Because the device has no 

moving parts and is constructed from metal, it is quite 

robust. The activities of civitas academia on campus gen-

erate an increase in waste and risk of pollution. Therefore 

the using incinerator equipped with ESP is the best solu-

tion for the disposal of waste and reduce air pollution. 

The implementation of electrostatic precipitator for the 

incinerator in the university in this research was success-

ful. 
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