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ABSTRACT 

The solid wastes rapidly increasing to the problem of storage, transportation, disposal and environmental 
impact.Removal of solid wastes by burning was a popular way in municipal subdistricts. Because of it was convenient and 
highly effective in the solid waste minimization.This research studied to reduce air pollution from the solid waste 
incineration. This study used tools for trapping dust, smoke and air pollutant. This study conducted for the solid waste 
incineration was four systems.The first system was the solid waste incineration that did not turn on the air pollution control 
system.The second system was the air pollution control with the smoke burning alone.The third system was the air 
pollution control with the wet scrubber alone. The air pollutants were treated with water. The fourth system was the air 
pollution control with the smoke burning and the wet scrubber.This study was conducted the solid waste incineration that 
was 1, 2, 3, 4 and 5 kg in every system. The objectives of this research were the evaluation of relationship between the 
internal temperatures in incinerator to time at various waste quantities and the performance evaluation of the air pollution 
control systems. The results of this study found that the solid waste incineration in the first system which this system was 
used in the comparison, had a lot of smoke and soot and black smoke.The efficiency of the solid waste incineration of this 
system was  90.44 %   ±4.58 %. The air pollution control with the smoke burning alonefound that the smoke and soot from 
the solid waste incineration were decreased than in the first system. This second system had the efficiency of the solid 
waste incineration was  90.04 %   ±4.84 % and the efficiency of the air pollution control system was  12.90 %   ±5.69 %. The 
results of this study also showed the air pollution control system with the wet scrubber alone. They found that the smoke 
and soot from the solid waste incineration were decreased more than in the first and second system because the water was 
sprayed to eliminate air pollutants. The internal temperatures in incinerator were higher than the first and second system. 
This third system had the efficiency of the solid waste incineration was 89.53%   ±4.91 %and the efficiency of the air 
pollution control system was  40.75 %   ±3.97 %. The last system was the air pollution control with the smoke burning and 
the wet scrubber.The results of this study showed that this system could control air pollution more than all the systems that 
were tested. This fourth system had the highest efficiency of the solid waste incineration and the air pollution control 
system were 92.50%   ±3.57 %and 52.31%   ±7.02 %, respectively. 
 
Keywords: solid waste incineration, air pollution control. 
 
1. INTRODUCTION 

The amount and rate of increase of the solid 
wastes in municipal subdistricts were the big problem in 
Thailand. Departmentof Pollution Control( 2014 (
researched the amount of solid wastes in 7,782 municipal 
subdistricts all over the country in 2013. The amount of 
solid wastes occurred all over the country with a total of 
26.77 million tons.They increased from the year 2012 
were 7.47 percent. The rapid growth of urban communities 
was a catalyst to the increasing of solid wastes. The solid 
wastes were eliminated with incorrect method as 26 
percent of the solid waste that occurred throughout the 
country. They were accounted for 6.9 million tons per 
year.Elimination of the solid wastes were not properly by 
most were the solid waste incineration that were discarded 
into areas. The piles of solid wastes were dumped and the 
waste incinerations were causes of air pollution, soil 
pollution and water pollution as shown in Figure-1.  
 

 
 

Figure-1. The solid waste were discarded into areas 
for burned. 

 
Many wastes were discarded in empty spaces 

scattered around the city which, was a leading cause for 
environmental pollution and health risk of residents. A 
fraction of generated wastes were collected by local 
governments and disposed of in designated dumpsites 
which were classified as open dumping. Burning was 
practiced from time to time to reclaim landfill space. 
Sometimes, solid waste pickers burn the solid wastes to 
search for recyclables such as metals. The level of 
awareness on health risks associated with these improper 
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practices was very low (Saengtorng and Keeratiurai, 2011, 
and Sangarun and Pasomsouk, 2012). 

The municipal subdistricts had a wide range of 
activities and more solid waste sources in the area. The 
municipal subdistricts not got any cooperation from the 
public and government agencies in helping to maintain 
cleaning of the communities. Solid wastes being dumped 
in empty space and in other public places. The solid 
wastes rapidly increasing to the problem of storage, 
transportation, disposal and environmental impact. The 
current solid waste management was not the separation 
system. As a result, the local government must cost a lot to 
collection, transportation and disposal. 

Ngernmool (2000) concluded that responsible to 
were collected the solid wastes from the communities and 
then pour into the space. The solid wastes were released to 
decompose or were set on fire from time to time. Several 
studies had reported consistent patterns in the disposal of 
them. How such a way that was not valid. The results also 
showed that local governments could not be responsible 
for the management of the solid wastes in every area.  

Life cycle assessment has been successfully 
utilized in the field of solid waste management, for 
example, to assess differences in environmental 
performance between different solid wastes incineration 
strategies (Bergsdal et al., 2005) or related activities such 
as flue gas cleaning process of the municipal solid waste 
management of mixed solid wastes as well as of specific 
solid waste fractions (Mendes et al., 2004, and Arena et 
al., 2003).  
The Life cycle assessment result will support the 
municipality for further planning and optimizing 
improvements or strategies of the municipal solid waste 
management. The plastic fractions and wet feedstocks 
were separated from the solid waste stream as a first 
priority (Saengtorng and Keeratiurai, 2011). 

Waste incineration was one way to provide 
convenient and efficient for reducing the volume of the 
solid wastes. Researchers interested in the study of the 
solid waste management systems. This research studied 
the possibility of using the solid waste incinerators for air 
pollution control. The objectives of this research were the 
evaluation of relationship between the internal 
temperatures in incinerator to time at various waste 
quantities and the performance evaluation of the air 
pollution control systems.  
 
2. RESEARCH METHOD 
 
2.1 Study area and scope of research 

This research was studied the solid waste 
management in municipal subdistricts.Solid wastes in the 
municipal subdistricts would be managed by the 
Subdistrict Administrative Organization (SAO) or local 
authorities.  

This research had created a household waste 
incinerator in small prototype to control air pollution. This 
research studied to reduce air pollution from the solid 
waste incineration. The incinerator size corresponded with 
the amount of solid wastes that occurred in the 

communities and often to burn waste. The solid wastes 
used in this study, could burn and dried. This study was 
conducted the solid waste incineration that was 1, 2, 3, 4 
and 5  kg in every system. This study used tools for 
trapping dust, smoke and air pollutant. This study 
conducted for the solid waste incineration was four 
systems.The first system was the solid waste incineration 
that did not turn on the air pollution control system.The 
second system was the air pollution control with the 
smoke burning alone.The third system was the air 
pollution control with the wet scrubber alone. The air 
pollutants were treated with water. The fourth system was 
the air pollution control with the smoke burning and the 
wet scrubber. This incinerator had three critical 
components. They were the combustion chamber ,the 
smoke combustion chamber, and the wet scrubber 
chamber for the smoke treatment with water and 
sedimentation tank. 
 
3. METHODOLOGY 

The objectives of this research were the 
evaluation of relationship between the internal 
temperatures in incinerator to time at various waste 
quantities and the performance evaluation of the air 
pollution control systems as shown in Figure-2 . 
 

 
(a.) 

 

 
(b.) 

 

Figure-2. Details and section of solid waste incineration. 
 
3.1 Components of the solid waste incinerator to 
control air pollutants 

Theories and related researches were used to 
create the solid waste incinerator to control air 
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pollutants.This research concluded the main part of the 
solid waste incinerator, which could be divided into three 
main stages as follows. 

- The first stage was the combustion chamber. It 
was the first part of this solid waste incinerator.The 
internal of combustion chamber had the iron cores that 
were characteristic herringbone. It was used to prevent 
compaction of the solid wastes and increased cavitation 
for the optimization of combustion. 

- The second stage was the smoke combustion 
chamber. It was built to burn smoke from the combustion 
chamber. The smoke combustion chamber was controlled 
temperature that the temperature in this smoke combustion 
chamber was not less than 800 °C.  

- The third stage was the wet scrubber chamber 
for the smoke treatment with water.The second and third 
stages were connected with pipes between the smoke 
combustion chamber and the wet scrubber chamber. Water 
was used to capture dust particles. Water was sprayed as 
small droplets with the full cross-sectional area within this 
wet scrubber chamber.  

The study had the following details.This study 
collected the solid wastes from areas within the 
communities.The dried solid wastes were put into a plastic 
bag per 1 kg. They were prepared to burn proportionately. 
The proportion of the solid waste incineration at each 
times were 1, 2, 3, 4, 5  kg, respectively. Internal 
temperatures of incinerator were measured every one 
minute. This study also assessed the dynamics of heat at 
different times of the burning.This study also weighted 
total ashes fromthe combustion chamberand weighted total 
soot from the smokestack of the wet scrubber chamber. 
The weights of soot were measured with the millipore 
filter papers, which were installed on the top of 
smokestacks )The third stage of incinerator).The millipore 
filter papers were weighed to compare weight gain after 
incineration )APHA, AWWA, WEF., 1992).The study 
collected data on these forms of the all incineration 
systems. This study conducted for the solid waste 
incineration was four systems. 

- The first system was the solid waste 
incineration that did not turn on the air pollution control 
systems.They were not the air pollution control with the 
smoke burning and the air pollution control with the wet 
scrubber.This system was used in the comparison. 

- The second system was the air pollution control 
with the smoke burning alone.It was used for evaluating 
the effectiveness of the air pollutant removal system in the 
smoke from the solid waste incineration. 

- The third system was the air pollution control 
with the wet scrubber alone. The air pollutants were 
treated with water. It was used for evaluating the 
effectiveness of the smoke treatment system with water 
from the solid waste incineration. 

- The fourth system was the air pollution control 
with the smoke burning and the wet scrubber.It was used 
for evaluating the effectiveness of the total air pollution 
control system with water and the smoke burning from the 
solid waste incineration. 
 

4. RESULTS AND DISCUSSIONS 
Today, the solid waste management in municipal 

subdistricts was considered to be a major problem of the 
communities due to inappropriate management.People in 
communities would manage the solid waste their own 
families. Some families use a whole pile and set fire. Some 
families leave it in the space or on the street. 

Because of the amount of solid wastes had 
increasing every day. The solid wastes were managed with 
the incineration that this method was favoured in 
municipal subdistricts. This research studied to reduce air 
pollution from the solid waste incineration. This study 
used tools for trapping dust, smoke and air pollutant. 
 
4.1 Analysis of thecomposition of the solid wastes 

The solid wastes could be classified the 
composition into seven groups were paper group, garbage 
group, plastic group, glass group, metal group, wood 
group, and etc. The compositions of the solid wastes 
showed the results in the solid waste management as 
composting, recycling, incineration and sanitary landfill in 
Nakhon Ratchasima province, Thailand. The organic 
wastes that could easily biodegradable were used to make 
organic composting in this category waste management. 
The papers, plastics, metals and glasses were sold or 
reused or recycled.The solid waste recycling could be 
made with the establishment of the solid waste bank in 
municipal subdistricts of each province.The final of the 
solid wastes could not be used for any purpose. They were 
burned in the incinerator (Keeratiurai, 2012). 
 
Table-1. The percentage of the compositions of the solid 

wastes in the NakhonRatchasima, Thailand. 
 

The compositions of the 
solid wastes 

% 

Papers* 18.31 

Garbage 28.02 

Plastics* 24.83 

Glasses 3.82 

Metals 6.02 

Woods* 13.49 

Etc.* 5.51 
 

Note: * The solid wastes could be burned. 
 

The data in Table-1, this analysis of the 
relationship between the percentage proportion of each 
type of solid waste. The results of this study found that the 
solid wastes could be burnedthat were 62.14% of total 
solid wastes. This study showed the percentage of 
moisture content of the solid wastes was 68.281.22%. 
The solid wastes were mostly papers, plastics, and glasses 
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from the school and shops.These solid wastes were low 
density that was 0.0840.011 kg/litre. 
 
4.2 The evaluation of relationship between the internal 
temperatures in incinerator to time at various waste 
quantities 
 

 
 

Figure-3. The first system was the solid waste incineration 
that did not turn on the air pollution control systems 

 

 
 

Figure-4. The second system was the solid waste 
incineration that the air pollution control was 

the smoke burning alone. 
 

Figure-3 and Figure-4 showed the relationship 
between the internal temperatures in incinerator to time at 
various waste quantities. The Figure-3 was the solid waste 
incineration that did not turn on the air pollution control 
systems. They were not the air pollution control with the 
smoke burning and the air pollution control with the wet 
scrubber.The first system was used in the comparison. The 
Figure-4 was the solid waste incineration that the air 
pollution control was the smoke burning alone.The second 
system was used for evaluating the effectiveness of the air 
pollutant removal system in the smoke from the solid 
waste incineration.The results of these studies found that 
the internal temperatures in incineratorof the second 
system were higher than the first system. The results of 
these studies also showed that the area under the curveof 

the second system were more than the first system. The 
results of the comparison between the solid waste 
incineration that did not turn on the air pollution control 
systemsand the solid waste incineration that the air 
pollution control was the smoke burning alone showed 
that the energy efficiency of the second system was better 
than the first system. 
 

 
 

Figure-5. The third system was the solid waste 
incineration that the air pollution control was 

the wet scrubber alone. 
 

The comparison between the solid waste 
incineration that did not turn on the air pollution control 
systemsand the solid waste incineration that the air 
pollution control was the wet scrubber alone. The results 
of these studies found that the relationship between the 
internal temperatures in incinerator to time at various 
waste quantitiesas showed in the Figure-3 and Figure-5. 
The Figure-3 was the solid waste incineration that did not 
turn on the air pollution control systems. They were not 
the air pollution control with the smoke burning and the 
air pollution control with the wet scrubber.The first system 
was used in the comparison. The Figure-5 was the air 
pollution control with the wet scrubber alone. The air 
pollutants were treated with water. This third system was 
used for evaluating the effectiveness of the smoke 
treatment system with water from the solid waste 
incineration.The results of these studies found that the 
internal temperatures in incineratorof the third system 
were lower than the first system. Because water was 
affecting to the internal temperatures in incinerator that it 
was reduced.The results of these studies also showed that 
the area under the curveof the third system were more than 
the first system. The area under the curveof the third 
system showed that the air pollution control with the wet 
scrubber alone had a stable of the internal temperatures of 
incinerator rather than the first system. The results of the 
comparison between the solid waste incineration that did 
not turn on the air pollution control systemsand the solid 
waste incineration that the air pollution control was the 
wet scrubber alone showed that the energy efficiency of 
the third system was better than the first system. 
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Figure-6. The fourth system was the solid 
wasteincineration that the air pollution controls were the 

smoke burning and the wet scrubber. 
 

Figure-3 and Figure-6 showed the relationship 
between the internal temperatures in incinerator to time at 
various waste quantities .The comparison between the 
solid waste incineration that did not turn on the air 
pollution control systemsand the solid waste incineration 
that the air pollution control were the wet scrubber and the 
smoke burning.The first systemwas the solid waste 
incineration that did not turn on the air pollution control 
systems. They were not the air pollution control with the 
smoke burning and the air pollution control with the wet 
scrubber.The fourth system was the air pollution control 
with the wet scrubber and the smoke burning. It was used 
for evaluating the effectiveness of the total air pollution 
control system with water and the smoke burning from the 
solid waste incineration.The results of this study found 
thatthe internal temperatures in incineratorof the fourth 
system were higher than the first system. The results of 
these studies also showed that the area under the curveof 
the fourth system were more than the first system as 
shown in Figure-3 and Figure-6. They showed that the air 
pollution control with the wet scrubber and the smoke 
burning had a stable of the internal temperatures of 
incinerator rather than the first system. The results of the 
comparison showed that the energy efficiency of the 
fourth system was better than the first system. The results 
of this study also showedthatthe comparison between the 
fourth system and the second system, and the comparison 
between the fourth system and the third system .The 
internal temperatures in incineratorof the fourth system 
were highest and the most stable than the second and third 
system as showed in the Figure-4, Figure-5 and Figure-6. 
The results of the comparison showed that the energy 
efficiency of the fourth system was the best. 
 
4.3 The performance evaluation of the air pollution 
control systems 

The total solids were in the wastewater tank. 
They were caused from the use of water sprayed to aerosol 
for the smoke treatment in the wet scrubber chamber. The 
total solids (g.) were divided with the solid wastes (g.) that 
showed the solid waste incineration that the air pollution 

control systems were the smoke burning and the wet 
scrubberhad effective in removing air pollutants higher 
than air pollution control system of the wet scrubber only 
as shown in the Table-2. 
 
Table-2. The total solids were in the wastewater tankfrom 

the solid waste incineration 
 

The smoke treatment 
processes 

Total solids (g.) / solid 
wastes (g.) 

The wet scrubber only 0.391  0.091 
The smoke 

combustionand wet 
scrubber 

0.450  0.109 

 
The percentage of efficiency of the solid waste 

incineration was calculated from the relation between the 
weights of ashes and the weights of solid wastes as 
showed in Table-3. 
 
Table-3. The efficiency of combustionin the combustion 

chamber (The first stage) that had the effect of air 
pollution control systems. 

 

Air pollution control 
systems 

The efficiency of the solid 
waste incineration (%) 

Not opened 90.44  4.58 
The smoke combustion 

only 90.04  4.84 

The wet scrubber only 89.53  4.91 
The smoke 

combustionand wet 
scrubber 

92.50  3.57 

 
Table-3 showed that theair pollution control 

systems were the smoke combustionand wet scrubber had 
the effect of the efficiency of combustion in the 
combustion chamber. 
 

 
 

Figure-7.The relation betweenefficiency in the controlling 
of air pollutants and the weights of solidwaste 

incinerationof the air pollution control systems. 
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Table-4.The efficiency of the air pollution control 
systems. 

 

Air pollution control 
systems 

The efficiency of the air 
pollution control 

systems (%) 
The smoke combustion 

only 12.90  5.69 

The wet scrubber only 40.75  3.97 
The smoke combustionand 

wet scrubber 52.31  7.02 

 
Figure-7 and Table-4 showed the percentage of 

the efficiency of the air pollution control systems. The 
efficiency of the air pollution control systems were 
evaluated from the weights of soot reduction of the second 
system, the third system and the fourth system that were 
compared with the first system of the solid waste 
incineration.Table-4 also showed that the wet scrubber 
system had efficiency in the controlling of air pollutants 
more than the smoke combustion system about 3.16 
times.It also showed that the smoke combustionand wet 
scrubber system had most efficiency in the controlling of 
air pollutants that was 52.31%  7.02%. Because of the 
smoke burning and wet scrubber system resulted the 
temperature in the combustion chamber was higher and 
more stable than the air pollution control was the smoke 
burning alone or the air pollution control was the wet 
scrubber alone. 
 
5. CONCLUSIONS 

This study aimed to determine the relationship 
between the internal temperatures in incinerator to time at 
various waste quantities and the performance evaluation of 
the air pollution control systems. The results of this study 
found that the solid waste incineration in the first system 
which this system was used in the comparison, had a lot of 
smoke and soot and black smoke.The efficiency of the 
solid waste incineration of this system was  90.44 %   ±
4.58%. 

The air pollution control with the smoke burning 
alonefound that the smoke and soot from the solid waste 
incineration were decreased than in the first system. This 
second system had the efficiency of the solid waste 
incineration was  90.04 %   ±4.84 % and the efficiency of the 
air pollution control system was  12.90 %   ±5.69 %. 

The results of this study also showed the air 
pollution control system with the wet scrubber alone. They 
found that the smoke and soot from the solid waste 
incineration were decreased more than in the first and 
second system because the water was sprayed to eliminate 
air pollutants. The internal temperatures in incinerator 
were higher than the first and second system. This third 
system had the efficiency of the solid waste incineration 
was 89.53%   ±4.91 %and the efficiency of the air pollution 
control system was  40.75 %   ±3.97 %. 

The last system was the air pollution control with 
the smoke burning and the wet scrubber.The results of this 
study showed that this system could control air pollution 

more than all the systems that were tested. This fourth 
system had the highest efficiency of the solid waste 
incineration was 92.50%   ±3.57 %and the highest 
efficiency of the air pollution control system was 52.31% 

 ±7.02 %. 
The results showed thatthe Subdistrict 

Administrative Organization (SAO)could be achieved 
through an integrated management approach.The solid 
waste management effectively, it was necessary to 
supplement with a solid waste separation system.The 
benefits of this approach in the management of solid 
wastes in municipal subdistricts werereduced the 
environmental impact of solid wastes, such as air 
pollution, water pollution from leachate,the sanitary 
landfill could be used longer (Keeratiurai, 2012). 
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