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Abstract— Emissions from burning plastic waste from incinerators are very dangerous for human health and the environment. 
Packed scrubbers are one of the tools that can be used to reduce these emissions. The purpose of this study was to determine the effect 
of media size and thickness of packing on the performance of packed scrubbers using PVC pipes. Emissions studied included SO2, 
NO2, and CO. The results showed that media size and thickness of packing affected packed scrubber performance. The smaller the 
size of the media used and greater the thickness of packing, the packed scrubber performance will increase. The size of packing media 
and thickness of packing that provides the greatest efficiency is ½ inch with thickness 30 cm and 30 cm, removal efficiency value of 
CO, SO2, and NO2 sequentially, namely 21.44, 41.103, and 28.027% 

 
Keywords— Emision, incinerator, packed scrubber, plastic, pipe 

 

I. INTRODUCTION 

Emissions from burning plastic waste using incinerators produce gas emissions that are harmful to human health and the 
environment. The most dangerous burning emissions of plastic waste are the content of SO2, NO2, and CO. SO2 gas is a gas that 
can damage plants, building materials, and can disrupt human respiratory system [1]. Whereas NO2 gas can damage the plant, 
cause eye irritation, and toxic at high concentrations. [2] Gas CO is a product of incomplete combustion that can cause 
headaches, nausea, dizziness and mental disorders. [3].  

Emissions of burning plastic waste can be reduced by using a wet scrubber. Wet scrubbers are absorption technology to 
reduce particulates and acid gases at pollutant source points. Generally, the type of wet scrubber that is often used is 
countercurrent packed column tower because it has a higher pollutant removal efficiency than other types [4]. Packing is the 
most important part in this wet scrubber because packing is a medium that provides contact surface area between the gas phase 
and liquid phase for mass transfer [5]. Some things that need to be considered when selecting packing media are media size, 
volume cavity, wetting properties, weight, easy to obtain and price [6][7]. Pvc pipe is one of the objects that can be used as 
packing media. Pvc pipe has less weight, low head loss, low initial and operating cost [8].  

The purpose of this study was to find the influence of media size and packed thickness on performance of packed scrubbers 
using PVC pipes for reduce emission the incinerator. 

II. MATERIAL AND METHODS 

Type of packed tower scrubber in this research is countercurrent packed column tower with two-stage packing. The wet 
scrubber column is made of acrylic with a thickness of 0.5 cm. Packed media thickness and size of PVC pipe media were varied 
into three groups. Characteristics of scrubbers can be seen in Table I and figure scrubber design series can be seen in Fig.1.  

TABLE I 
CHARACTERISTIC OF PACKED COLOUMN 

Parameter  Value  
Column diameter (m) 0.15 
Column high (m) 1.76 
Thickness of packing (m) 0.30 and 0.30 

0.25 and 0.25 
0.20 and 0.20 

Size of packing materials (in) ¾ , ½ and 1 
 

The column was randomly packed with pipe PVC. There are three sizes of pipe PVC used ½, ¾ and 1 inch. PVC pipes are 
cut to the same size as long as 1 cm. The scrubbing liquid (absorbent) was used to absorb gas emissions is water PDAM in 
Institut Teknologi Sepuluh Nopember (ITS), Surabaya. Absorbent flow system that enters the scrubber is not circulating. At the 
end of the column, the scrubber is equipped with a mist eliminator, which functions as a water retaining device which is carried 
over. 
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Gas to be absorbed comes from an incinerator with LDPE type plastic waste fuel. 1 kg of plastic waste is burned for each 

experiment. The condition of the plastic used is free from the water content (0% extra water). The auxiliary fuel used for the 
initial lighters is LPG gas 30g. Type of incinerator in this research is batch. Characteristics of incinerator used can be seen in 
Table II. Incinerator consists of four main parts are combustion chamber, burner, chimney, and air supply hole. During the 
combustion process, the air supply provided is 5%. Burning is carried out for 30 minutes. Gas emissions from the incinerator 
before heading to the scrubber reactor, are passed in the cooling media. This cooling media aims to reduce the temperature of 
the gas coming out of the incinerator. 

 

TABLE III 
CHARACTERISTIC OF INCINERATOR 

Parameter  Value  
Long (m) 0.775 
Wide (m) 0.55 
High (m) 0.59 
Volume of combustion chamber (cm3) 6750 
Excess air (%) 5 

 

 
Fig1. Scrubber design series 

 
Gas emissions studied here include NO2, SO2, and CO. These gas emissions were measured with a direct reading instrument 

using Gas Analyzer Sensonic type S-1400 at inlet and outlet of the column. This instrumentation was calibrated prior to their 
application. Measurements on the input and output scrubber are carried out at 5 minutes, 10 minutes 15 minutes, 20 minutes, 25 
minutes, and 30 minutes. Performance of packed scrubber is seen from efficiency value of removal gas emissions produced. 
Gas emission removal efficiency was calculated based on given Eq.1. 

η =  ................................................................................................................................................................. (1) 
The results were analyzed by IBM Statistics SPSS 22. The analysis carried out includes the effect of media packed size on 

the efficiency of removal on each gas emission (CO, NO2, and SO2), and the effect of thick media packed on the efficiency of 
removal on each gas emission (CO, NO2, and SO2). Test that will be conducted includes testing the relationship between 
independent variables and dependent variables using Correlation Test. 

III. RESULT AND DISCUSSION 

Three media sizes of PVC pipe including ½, ¾, 1 inch and three thickness of packing including 20 cm and 20 cm, 25 cm and 
25 cm, 30 and 30 cm were applied to investigate effect packed scrubber on reduction gas emission of incinerator.  Reduction 
gas emission of the incinerator was calculated based on Eq.1. Fig 1 shows of media size versus packed scrubber removal 
efficiency in each parameter.  

The results show that the removal efficiency of packed scrubber with PVC pipe ½ inch was the highest. The highest 
efficiency value is 41,103 % where it obtains in SO2 removal with PVC pipe ½ inch. Removal efficiency in each parameter 
appears to increase when sizes of PVC pipe used is getting smaller. This was because of the smaller packed media size will 
increase the total contact surface area of gas emission with water. If total contact surface increase then the process of absorption 
will increase. This is supported by the statement of reference [9] that the contact surface area will greatly affect the mass 
transfer in the system.  
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This is in line with the research conducted by reference [8] which shows that the efficiency of gas pollutant removal is 

influenced by the size of the media used. The greater coefficient value of wettest area per wetted volume, more pollutant gas 
will be absorbed by the absorbent. This can be proven by calculating the surface area of the wetted media (A) divided by the 
contact volume of liquid absorber media packing (V). The result of calculation A/V value can be seen in Table III. The A / V 
value of the ½ inch PVC pipe media is greater than the value of the media pipe ¾ and 1 inch.  

 

 

Fig 1. Size of PVC pipe media versus efficiency 

TABLE IIIII 
RESULT OF CALCULATION A/V VALUE 

Pipe size 
(inch) 

Thickness of packing 
media (mm) 

Number of pipes 
Total surface area 

(mm2) 
Contact Volume 

(mm2) 
A/V 

½ 
300 2280 3436416 10597500 0,32 
250 1900 2863680 8831250 0,32 
200 1520 2290944 7065000 0,32 

¾ 
300 1056 1909923,84 10597500 0,18 
250 880 1591603,2 8831250 0,18 
200 704 1273282,56 7065000 0,18 

1 
300 480 1085184 10597500 0,10 
250 400 904320 8831250 0,10 
200 320 723456 7065000 0,10 

 
The results of this study are also supported by using statistical tests. Correlation test is used to determine the influence of 

media size on the removal efficiency of combustion gas emissions from incinerators. Correlation test results showed that size of 
packing media is negatively related to the efficiency of removal of gas emission incinerators. The point is that smaller size of 
the media used will increase the value of gas emission removal efficiency.  

The overall variation in the size of the packing media, which results in the highest removal efficiency is a ½ inch PVC pipe 
with removal efficiency values of CO, SO2, and NO2 sequentially, namely 21.44, 41.103, and 28.027%. 

Fig 2 shows thickness of packing media versus removal efficiency in each parameter. The highest efficiency value is 31.32 % 
where it obtains in SO2 removal with 30 cm and 30 cm thickness. When viewed from the graph, the increasing thickness will 
increase the efficiency of gas emission reduction 

 

Fig 2. Thickness of packing media versus efficiency   

The greater thickness of the media will increase the contact volume between absorbent and absorbate. It can be seen in Table 
III that contact volume value provided for each increase in thickness, the value is greater. Thus the total contact surface area 
provided for the absorption process will be even greater. So, absorption process in the scrubber reactor will occur optimally. 
This is supported by research conducted by reference [10] which states that the efficiency of removal of gas pollutants is 
influenced by thickness of the media, where thicker the media used will increase the value of efficiency.  
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The results of this study are also supported by using correlation tests. Correlation test is used to determine the influence of 

thickness size on the removal efficiency of combustion gas emissions from incinerators. Correlation test results showed that 
thickness size of packing media is positively related to the efficiency of removal of gas emission incinerators. The point is that 
smaller size of the media used will decrease the value of gas emission removal efficiency.  

Size of packing media influences performance of wet scrubber. Smaller size of media used the greater the efficiency value 
obtained, indicating that the better the performance of the wet scrubber to reduce emissions from incinerators. The size of 
packing media that provides the greatest efficiency is a ½ inch with removal efficiency values of CO, SO2, and NO2 
sequentially, namely 21.44, 41.103, and 28.027%.  

IV. CONCLUSION 

Size and thickness of packing media PVC pipe have an effect on reduction emission of the incinerator. Smaller size of 
media greater the efficiency value obtained, indicated that performance of packed scrubber to reducing emission from 
incinerator. And greater the thickness of packing can increase the efficiency of reducing the incinerator emissions. The size of 
packing media and thickness of packing that provides the greatest efficiency is ½ inch with thickness 30 cm and 30 cm, removal 
efficiency value of CO, SO2, and NO2 sequentially, namely 21.44, 41.103, and 28.027% 
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