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The purpose of this research was to study factors affecting the management of
total suspended particulate produced by the industrial boiler from studying the personal
factors, factory general factors, boiler factors, and pollution treatment factors,of 68 factories in
23 provinces. Data was collected from interviews and analyzing the data with stepwise
multiple regression analysis statistics by using the SPSS program.

The study results showed that personal factors, factory general factors, boiler factors
and pollution treatment factors affect the diversity of the total suspended particulate measured
from factories at the staticically significant level of 0.05. These factors were work experience,
employee training in air pollution, complaints, the number of boilers, the fuel used in bumning,
the function of boilers and the maintenance of boilers.

According to the analysis of stepwise multiple regression, the number of complaints
about the total suspended particulate produced by the industrial boiler, and the duration of use
of the poliution treatment system are positively related to the quantity of suspended particulate
measured from the factories as it increases. The number of maintenance system factors
negatively relates with the quantity of suspended particulate from the factories in that when the
number of maintenance is reduced, the quantity of suspended particulate increases.

This research shows us that the diesel fuel boiler, cornish boiler and scrubber

treatment system produce the least suspended particulate.
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CHAPTER 1

INTRODUCTION

1.1 Source and importance of problem

Thailand has been in line with the economic and social development plan No.8
(Year 2540-2544) which is occurred from the participation of Thai citizens from
different occupations and various regions of the country. The main objective of this
plan is to develop Thai society in the future in order to be “good economic, no social
problem, and sustainable development”. The environment management is the strategic
mean of the plan. It focus on the reduction and control of water pollution as well as
reduction and control of waste. Also, it aims to support technology development for
disposal system. The green technology would be applied to minimize the
environmental problem.

Industrial sector has a high growth rate as comparing between year 2512 and
2544. Tt is found that there were a mere 5,000 factories in 2512 and 80,000 factories in
2544. (Source : Statistics Information from Industrial factories, Information Center,
Department of Industrial Works) Social problems occurred from an increasing
environmental pollution raises relative to an increase in the numbers of industrial
factories. There are 2 ways to solve the pollution problems. The first way is protect
waste from its originate sources. This includes reducing waste by using clean
technology, reusing, and recycling. The second way is destroy the existing waste. It
starts from waste handling and storage, then waste transportation, next waste
treatment, waste disposal, and waste control.

The government has involved in supporting and investing with private sectors
in contributing a company to purposely run a business in waste treatment. The
company is capable to dispose waste and water pollution whereas air pollution is still
subject to the originated factories to take care of.

There are 1,956 & 2,107 cases from 3,068 & 2,863 people sue at the
Department of Industrial Works in 2542 & 2543 respectively. Each entrepreneur has
different method of solving air pollution, then it is classified that problems into 2

steps. The first step the combustion process, for example, the combustion of Lignite
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and Tard generates black fog, ash, Sulfer dioxide ashes, and Nitrogen oxide. The
second step production process, the production itself can make dust.

At present, the Ministry of Industry has introduced a regulation #2 (2536)
followed the Factories Act 2535 subject : limit of mixed substance released from the
factory into the air. There are 3 major sources of mixed substance to pollute the air.
Industrial boiler is the first source. Secondly, air can be polluted from smelting works.
Lastly, it occurs from general manufacture. In 2001, there are 8,500 factories operating
industrial boilers (The Department of Industrial Works, 2000). These factories are
scattering all over the country including an urban area in which it causes the pollution
claims.

In my opinion, it is crucial to study and analyse the characteristics of
enterprenuer’s  personality, environment, boiler, disposal system, and the
environmental management, especially the dust from the industrial boilers. It will be a
benchmark for proper management in air pollution in the future.
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1.2 Research Concept

Personality Environment
- Sex - Type of business
-Age - Area
- Education - Employee
- Work Position - Machine
-Revenue - Location
- Experience - Registered asset
- Training - Claim

l l
l

Air pollution management from the _
industrial boilers I Quantity of Dust

Ny

Boiler

- Type of boiler

- Vapour production rate
- Type of fuel

- Quantity of fuel

- Highest vapour pressure
- Operating hour

- Maintenance

- Operating day

- Boiler check

T

Disposal system
- Type of system

- Working process
- Installation expense
- Operating expense

- Maintenance

FIGURE 1 : Research Concept
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1.3 Objective

1.3.1 To study the general environment of entrepreneur and location

1.3.2 To study situation and factors relating to pollution caused from
boiler in industrial factories

1.3.3 To find factors affecting to the management of air pollution from

boiler in industrial factories

1.4 Hypothesis

1.4.1 Difference in general environment has a effect on pollution
management

1.4.2 Difference in boiler has a effect on pollution management

1.4.3 Difference in disposal method has a effect on pollution
management

1.4.4 General environment, boiler, and disposal method havea

relationship with pollution management

1.5 Scope
1.5.1 General scope
This is a social study in form of survey research in order to study how to manage the
air pollution caused from boiler in industrial factories.
1.5.2 Specific scope
1.5.2.1 To study the factories with boiler and examine dust in the air
1.5.2.2 To study personnel, for example, sex, age, education level,
work position, salary, experience, and training
1.5.2.3 To study general environment of factories including operation,
raw material, production capacity, area, machine, registered capital and claim
1.5.2.4 To study boiler such as type of boiler, rate of production, type
of fuel consumed, amount of fuel consumed, pressure, working hour of boiler, the
number of day used for boiler, and boiler check
1.5.2.5 To study the disposal system, for example, type of system used,
installation cost, maintenance cost, implementation cost, energy consumed, and

peripheral
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1.6 Glossary

1.6.1 Management means the process happened from situation

1.6.2 Air pollen means air condition polluted by boiler

1.6.3 Boiler means equipment containing water and fuel to burn it for energy
and air pressure

1.6.4 Industrial factory means factory that uses boiler

1.7 Potential Benefit
1.7.1 To know the appropriate disposal system to manage air pollution
1.7.2 To know the concept of pollution management
1.7.3 To find the concept in support and develop the disposal system
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CHAPTER II

RELATED DOCUMENT AND RESEARCH

The researcher has studied on factors affecting the management of total
suspended particulate produced by the industrial boiler in order to get a prgser
disposal system for reducing dust. The rescarcher has searched document and
researches for genenal data and guidclines for this survery.

2.1 Knowledge of pollutant

2.2 Air pollutant control

2.3 Knowledge about dust treatment system

2.4 Selecting disposal system

2.5 Boiler

2.6 Related research

2.1 Knowledge of pollutant

There were many pollutants in the air affecting to human health, plants and
animals. These pollutants also destroy natural environment. Important pollutants will
move from one place to another such as fog from combustion comprised of SOy, NOy,
CO and floating substance (e.g. dust). Hidrocarbon (HC) caused from the fuel
combustion, Toxic substance defined by legal regulation, Heavy metal, and smelly
substance in food transformation process. (Sirikalya Suwachitwanon and colleges,
1999:5)

In addition, secondary pollutants occurring from the reaction between primary
pollutants are not negletable. One obvious example is the photochemical smog from
the reaction between NO, and HC in car’s exhausted gas, when it reacts with the
sunlight in Los Angeles, United Stated of America.

2.1.1 The origin of air pollutant

In general, air pollutants come from human and nature. However, in some
cases, pollutants from human creation will transform into secondary pollutants such as
photochemical smog. This could be called “complex source” of pollutants. There are 3
types of complex sources.
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2.1.1.1 Human creation

The sources related to fuel combustion are boiler, burning surface in
industrial factories, machines, burning tree and plant, heat released equipment, and
explosion

The sources related to mixing are strip-mining, civil engineering and
road construction

The sources related to mixing and transformation are metallic heat
treatment, distillation, smeltation, and other production.

The sources related to evaporation and leakage are leakage and
evaporation from fuel tanks and chemical factories.

2.1.1.2  Nature

A volcano explosion, naturally toxic gas, forest wildfire,
decomposition, fermentation, soil scattering, plant evaporation, spore spread

2.1.1.3  Secondary or complex sources

Photochemical smog, sulfate, and Nitrate acid rain and floating

substances in toxic soil.

2.1.2 Types of pollutants
Wongpan Limpanee and colleges stated that air pollutants could be classified
into 2 categories: particulate and vapour.
2.1.2.1  Particulate
Particulate are pollutants in the air or exhausted gas which are in the status of
solid or liquid at normal temperature and pressure. The characteristic of it is the size
less than 200 micron to 0.1 micron. The general word known of it is dust, powder, dirt,
ash, fog, smoke, and spray.(Table 1)
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Table 1 Size of substance

Related Document and Research / 8

Substance Biggest Size (Micron) Smallest Size(Micron)
Vapour 500 40
Coal 250 25
Dust 200 20
Steel dust from the mill 200 1
Cement 150 10
Ash 110 3
Stamen, Pistill 60 20
Fog 40 1.5
Spore 30 10
Bateria 15 1
Insectiside 10 0.4
Colour spray 4 0.1
Smog 2 0.001
{ Cigarette Smoke 1 0.01
Oil Smoke 1 0.03
ZincOxide Smoke 0.3 0.01
Coal Smoke 0.2 0.01
Virus 0.05 0.003

Source : Air pollution (2543)

2.1.3 Vapours

Vapours include gas and complex substances. In general, its boiling point is
below 200 degree cencius. The word “Vapour” and “Gas” can be used
interchangeably. In deep, vapour means substance that becomes gas whose status is
liquid or solid in normal temperature and pressure. However, gas is in form of gas
with the normal temperature and pressure. In the process of industry and car,

sometimes temperature might be higher or the pressure is lower, it turns substance into

gas.
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Table 2 Some toxic vapour

Substance « Limit of concentration in the atmosphere

Acitone 1000
Amonia 50
Benzene 25
Carbonmonoxide 30
Clorine 1
Formaldihide 5
Gasoline 500
Hydrogenchloride 5
Hydrogenfluoride 3
Hydrogensulfide 20
Methylacetate - 200
Methylbromide 20
Methylmercaptant 20
Napta 200
Nitric Acid 10
Nitrogendioxide 5
Sulpherdioxide 5
Terpentine 100

Source : Air pollution (2543)

Value in Table 1.2 is a threshold limit of healthy employees working under the
social condition for the normal period of working hours. The limit of vapour
concentration in any society should be less in order to be safe for each and everyone
i.e. baby, elderly.

2.2 Air pollutant control
Wongpan Limpasenee & colleges stated that the best solution for air pollutant
control is to prevent the occurrence of air pollutants. However, for the existing
pollutants, it is necessary to find the way to minimize them. There are 2 methods.
2.2.1 Dilution
2.2.2 Control from its origin
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2.2.1 Dilution

2.2.1.1 The traditional way of dilution is to use a funnel. Pollutants from
the funnel will be whirled and scattered by the air and diluted until it is in the sage
condition before failing to the ground. The method is useful for the pollutant with high
assimilative capacity relative to place and time.

2.2.1.2 The relative height of the funnel must be 2.5 times the height of the
highest building around that area. In this height, the scattering of plume from the wind
will be 5-10 times of the building height. The relative height also depends on the
following factors; wind, scattering, and temperature.

2.2.1.3 Funnel is not the efficient way to reduce air pollution except it is
used together with the control from its origin.
Social planing must take a consideration to air-zoning in order to prevent the
concentrated pollutants harming to the area. There should be a specific location for
factory. Air-zoning is dealing with meteorology, daily data from meteorology can be a
warning of bad air. Then, the society can find to way to solve problem in advance. For
example, to stop the smog from factory in order to stop adding pollutants into the air.

2.2.2 Control from its origin
There are 3 ways to control the pollutants from the factories.
2.2.2.1 Modification in production process to be cleaner
2.2.2.2 Use of clean fuel
2.2.3.2 Elimination of waste before emitting to the air. The appropriate
method to control pollutants depends on the type of pollutant, pollutant occurrence
process, and the required level of control.

Pollution control has 2 characteristics. One is to minimize to pollution. Second
is to dispose it before emitting to external environment. In general, it is crucial to
emphasize on the former. The latter will be taken when the former method is not
applied properly. (Sirikalya suwajittanon and colleges , 2542 : 170)

2.3 knowledge about dust treatment system

Dust collector can be classified by mechanism into Table 3.1. In terms of dust
collecting efficiency, bag filter is the best solution. However, the weak point of bag
filter is that it is slow to pass the filter approximately 1 m/min. Therefore, this type of
equipment has a big size in order to collect huge amount of dust. Besides, it can not
stand for high temperature and humidity. For these reasons, electrostatic precipitator is

most fashionably accepted. The reasons are its speed of collecting and bearing to high
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temperature. Scrubber is also a good dust collector. Nevertheless, it lost a lot of
pressure and the following problem, which is the difficulty in disposing waste.
Therefore, scrubber is not widely used at present. (Dr.Chikao Kanaoka and colleges,
2541 : 110) The details are described in Table 3.

Table 3 Pros and Cons of dust collector

Sequence Type Pro Con
1 Gravity Lowiost pressure, simple Require large area,
structure,easy maintenance low efficiency
2 Centrifugal Simple structure, easy Need many gas inflow rooms,

maintenance, and require small | efficeincy depends on change in
area Release dust continuously | dust andin frow rate

Lowlost presure, i.e.appropriate
for rough substance Ineffect to

temperature

3 Scrubber One-step process, reduce Corrosion Problem, need more

temperature and humidity i.e. | expense on water disposal,

suits for diposing and liquid regeneration, If the
neutralizing acidic gas & mist, temperature is low, the dust will
efficiency can be controlled be forzen, floating force will be

lower, gas will not be scattered

4 Electrostatic High efficiency up to 99% or | High initial cost, sensitive to
more, applicable for wet and | change in flowing rate,

dry dust, lower lost pressure, | ineconomical, inapplicable to
low electricity consumption, | electric resistant dust, efficiency
mild maintenace, capable to | decreases gradually

dispose high-temperature gas

5 Filter Dry process, simple checking, | Influence by the speed of
high efficiency wind, gas needs to be cooled

to 90-280 degree before
touching with hunidity

Source : Air pollution (2543)
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2.3.1 Dust collector typed gravity force or sediment room

When bad air passed through the sediment room, pollutant would fall into the
basement of the room according to gravity. The speed of the air passing through the
room must be as slow enough so the sediment fallen will not spread over again.
(Wongpan Limpasenee and colleges, 2540 : 223) Extending the pipe can reduce the
speed of air.

In practice, this equipment is useful to distinguish the pollutant with the size of
more than 50 micron due to the limitation of the room’s length. The smaller pollutant
needs more length to distinguish. The appropriate room can be used as a precleaner to
screen big pollutant before passing the gas flow through other equipment. This will
help reducing corrosion. The sediment room has a lower pressure with less than 2.5
cm. Water. The important parameter is the steady last velocity of sediment. The
velocity comes from the balance between gravity, drag, and buoyancy.

2.3.2 Dust collector typed centrifugal or cyclone
Cyclone is an equipment without any moveable part. It makes gas flow into 2
cycling flows. The outside flow touching with the cyclone wall will move downwards.
Whereas the inside flow will move upwards. The outside flow touching the cycle wall
will bring dust down with centrifugal force. The inside flow with clean air will release
to the atmosphere.Cyclone itself is not good enough to reduce dust as per standard. If
cyclone is used with other equipment such as wet scrubber, electrostatic scrubber.
(The Department of Industrial Works, 2543 : 3-23)
2.3.2.1 type of cyclone
Cyclone can be divided into 4 types according to the gas inflow and outflow
from cyclone.
1) Gas comes from aside and dust is collected in the
middle axle
2) Gas comes from aside and dust is collected outside
3) Gas comes from the middle and dust is collected in the
middle axle

4) Gas comes from aside and dust is collected outside

2.3.2.2 Cyclone can also classified into 3 groups according to the

figure.
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1) Normal Cyclone
Unclean gas flow will pass to the side of cyclone. Dust touching the wall with
force will fall down to basement by gravity. Clean gas will flow from the basement of
cyclone upward out of cyclone. For the cyclone, which the gas comes from the middle,
the fan will evacuate gas into the cyclone.
2) High efficient cyclone
This cyclone is made by increasing length and reducing diameter. It will help
increasing retention timing the cyclone and increases force to the dust. It is very useful
for collecting dust with 5-10 micron. The more length and fewer diameters, the
cyclone is more efficient. However, this cyclone is quite costly because lower pressure
and high fuel consumption.
3) Multiple cyclones
Many cyclones with small diameter are used. Gas inflow will come from
upwards with the fan. In general, the diameter of cyclone is ranged between 5-30
centimeters. It can collect 90% of small dust with 5-10 micron. Normally, the design
of cyclone is applied from the geometric mathematic such as a stable ratio of width,
length, and height while the diameter varies.This ratio is in form of cyclone diameter

(D)
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Nomenclature for a Tangential Entry Cyclone

D, = Body Diameter

L. = Body Length

Z. = Clone Length

D, = Exit Tube Diameter

S¢ = Length of Exit Tube Diameter
H¢ = Inlet Height

B. = Inlet Width

FIGURE 2 : Ratio of cyclone
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Table 4 Ratio of the design in non-metric cyclone

Normal Type* High Efficient
Element of Cyclone Type**
Body Diameter (D./D.) 1.0 1.0
Inlet Height (Hc/D.) 0.5 0.5
Inlet Width (S./D.) 0.25 0.2
Length of Exit Tube Diameter (S./D¢) 0.625 0.5
Exit Tube Diameter (D¢/D,) 0.5 0.5
Body Length (L./D.) 2.0 1.5
Cyclone Length (Z./D.) 2.0 2.5

Source : The Department of Industrial Works (2543)

Remark : *The diameter of normal cyclone ranges between 1.2-3.6 meters and
the reduced pressure is 5-12.5 water centimeter
** The diameter of high-efficient cyclone is less than 0.9 meters and

the reduced pressure is 5-15 water centimeter

2.3.2.3 The notice of pollutant emission in case of highest darkness
indicates that the production process is over cyclones’ control. There should be a
record of period and time of the highest darkness in order to inspect the equipment in
production process afterwards. For cyclone, sometimes the average of darkness is not
an indicator of production effectiveness. The size of collected dust is too big to scatter
light efficiently. Thus, the darkness might be low while there is a high emission of
pollutants. The instantly falling dust beside the pollutant emission is an indicator of the
said status.
2.3.2.4 Point to consider about security for cyclone Cyclones are mostly
located in the hot area. In order to avoid heat stress, it is necessary to set a time limit
for using cyclone in the middle-temperature area and to not put cyclone in high-
temperature area. Most of cyclones are also installed at places with positive pressure.
In case there is toxic gas in the bad air, leakage will lead to high concentration in
limited area.
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2.3.3 Scrubber or Dust Disposal Machine typed Wet
Dust disposal machine typed wet is an equipment using liquid to collect dust
out of bad air. Water, therefore, needs to touch with the air directly. The co-joint of
dust and water will be disposed as well. (The Department of Industrial Works, 2543 :
3-32)
2.3.3.1 The machinism of scrubber
Scrubber will eliminate the dust from gas by using liquid (usually water) and
separate the liquid from the gas flow. Liquid will act as a belt conducting dust from
the bad gas. The mechanism is divided into 3 steps.
1)Most of dust is disposed when it hits directly to the liquid
with a higher speed than that of liquid.
2)While the dust comes closer to the liquid, the speed of dust
will be equal to the speed of liquid.
3)Smaller dust will scatter through the surrounding gas by the
liquid until their speeds are equal.
2.3.3.2 Types of Scrubber
The scrubber can be classified into 4 types as follows.
1) Spray Tower
It is simple equipment with many injectors in airy column. Its purpose is to
delay the time for dust to contact with liquid. Bad gas flows from the bottom up to the
top whereas the injector will spray water down. The disposal efficiency can be
increased by injecting the scattered liquid throughout the column in order to raise the
contact area between liquid and gas. In general, the ratio between liquid to gas is
approximately 0.4-2.7 liter/cubic meter and pressure is less than 2.5-5.0 water
centimeter. This system suits for basic disposal and heat ventilation for bad gas.
2) Cyclone Scrubber
Jet tube with many injectors is installed in the middle of cyclone scrubber’s
bottom. Bad air comes from the side of scrubber, it flows in cycle within the column.
Water from injector will collect dust. The water with dust will be contacted with the
wall by ..Force. In general, the ratio between liquid to gas is approximately 0.27-0.67
liter/cubic meter and pressure is about 5-15 water centimeter. This system suits for
dust disposal.
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3) Venturi Scrubber

Venturi scrubber is the most efficient scrubber to trap dust. Bad gas will flow
into venturi and be accelerated to the cyclone’s tail. Then, water will be injected to
trap the dust and pour according to the gravity. After that, bad gas will accelerate at
the high speed whereas the pressure is reduced because of the limited area. The
efficiency in disposing small dust increases when speed increases and pressure
decreases. This is because water drops increase, size of drops become smaller. Next,
gas will be flown into the seperator. Normally, venturi is a self adjustment of gas
pressure. The injection rate of water into the veturi is about 0.8-2 liter/cubic meter
with the pressure of 15-175 water centimeter. One of new scrubber is designed in
order to adjust the pressure, called Variable-Troat Venturi Scrubber. However, the
efficiency of this scrubber can be varied when the position of disk is changed.

4) Self-Induced Spray Scrubber

For this equipment, water is contained in the chamber. It let the bad gas flow
through with high speed. Bad gas will be trapped by water and generate the water film
at this point. This equipment needs a little amount of water since water will be
circulate continuously. The ratio of liquid and gas is approximately 1.34-3.34 liters per
cubic mater and the reduced pressure is 7.5-25 water centimeter. The more speed of
the gas flows, the efficiency of collecting dust will be higher since there are a lot more
of water drops. Mostly the demister is stored at the exit of treated gas to decrease the
vapour. Information relating the design of wet scrubber can be concluded in Table 5.

Table 5 Information relating the design of wet scrubber

Type Speed of bad | Ratio of liquid to Reduced pressure
gas (m/s) gas (I/ m’) (water cm)
Spray Tower 0.61-1.52 0.4-2.7 <2.5-5.0
Cyclone 30.48+ 0.27-0.67 5-15
Venturi 1.02-2.03 0.8-2 15-175
Self-Induced Spray 15.24 1.34-3.34 7.5-25

Source : Manual of operation in air pollution management (2543)
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2.3.4 Electrostatic precipitator
This equipment is appropriate for disposing dust from gas that flows rapidly.
The efficiency of this equipment is rated at 99.99% or above.Mechanism of
electrostatic precipitator consists of 3 steps as follows. (Mutita Triwitayapoom and
colleges, 2541 :38)
1. Adding negative charge to dust
2. Collecting charged dust to the neutral surface
3. Disposing the dust
2.3.4.1 Gas flows horizontally through two collecting electrodes
arranged parallel. Between these 2 electrodes, there is a sealed high-voltage wire. If
the discharging electrode, negative pole, and collecting electrode, positive pole, are
high enough, there will be an electric wind. It works at the voltage of 40-50 kilovolt,
lower than the ground voltage. Electrons is liberated to crash with dusts causing the
corona phenomenon which can be seen in blue colour. Once the negative charges pass
the electrode, they will be collected and piled by the electrostatic. The pile of charges
is called dust resistivity resulting in lower pull force. However, the new coming
charges will not lose its pole instantly, it will lose when knocking by rappers.
2.3.4.2 Types of electrostatic precipitator
Electrostatic precipitator is divided into 2 types.
1) Electrostatic precipitator typed one step with high voltage.
This equipment adds charge to dust and collects them at 1 step in 1 electric field. It
suits for controling solid and liquid substances. This equipment can be further
classified into 2 types; plated and piped.
(1) Plated type
It is more perferly used than the tubed type in the industrial factories. Bad gas
will flow into the collecting electrode. The disposal process divided into 2 types;
knocking with dry electrostatic and liquid film with wet elctrostatic.
(2) Tubed type
Electric poles look like a tube with a diameter of 0.15-0.31 meters and length
of 1.85-4.6 meters. Bad gas will flow into this entry. Dust will be collected at the
charge collector. At the top of the tube, there is an injector called the wet electrostatic
scrubber. The disadvantage of this equipment is that it is difficult to clean up.
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2) Electrostatic precipitator typed two steps with low voltage In
contrast, it is linked by alphabetical order. First, bad gas is broken by the electric
charge. Then it is passed into the electrode. Direct electrical current is applied at
11,000-15,000 volts. The advantage of this equipment is that it reduces the corona
effect and is more economical. It suits for controling smoke and vapour.

2.3.5 Filter
The mechanism of the filter is to collect dust from bad gas. Filter is made from
cloth. Bad gas after flowing through filter, will become good gas. It leaves dust at the
filter. After that, dust will be removed from the filter. There are many methods of
removing the dust, for example, removed by cleaning method, capacity, type of filter,
characteristics of cloth i.e. heat resistance, work process of filter (Continuous or
Incontinuous), Dust collected at outside or inside the filter. (The Department of
Industrial Works, 2543 : 3-49)
2.3.5.1 In this regard, filter can be classified by cleaning method into 3
types.
1) Shaking Type
This filter consists of many holes. Each hole has a lot of small filters inside.
The benefit of having several holes is that the filter is still able to work while it is
cleaned. The cleaning will be done occasionally according to the pre-programming.
Draft loss is also done occasionally. Normally, butterfly valve will be closed and the
filter is shook from the top or blew by the air. Sometimes, the filter is shook from the
middle with higher frequency and lower amplitude.
2) Reverse Air
The type of filter is designed by blowing the air reversibly from external
source to the cleaning channel. Like the shaking type, the butterfly valve is closed
during the cleaning process. Meanwhile, the ventilation valve will open in order for
the air to flow in. Dust will be collected at the bag and fallen to the collector.
3) Pulse jets
Pulse jets will be divided into 2 parts, upper and lower by tube sheet. The
upper is functioned as a manifold for releasing good gas. Each filter hammered by
woolen fabric in order to get venturi. This filter will clean dust by air pressure. It
comprised of compressed air reservoir, diaphragm valve, Solinoid valve. The inflow
will come from the top in the control of diaphragm valve which open and close
rapidly. The diaphragm valve is also controlled by solenoid valve. The frequency of
open and close valve of 0.015 second/time will generate high pressure (5-7
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atmosphere pressure or 5.065*10 5 - 7.09110 5 newton/square meter) . The filter with
capacity of 1,000 cubic meter needs 1-2 cubic meter of air to slip the dust off. In
general, many filters will be cleaned at the same time. The lower functions as
precipitator and collector of big dust without pre-filter. The filtered dust will be
collected outside out of the filter bag. This kind of filter is able to collect dust at higher
speed (1-5 meter/minute) than the first 2 filter. In addition, there is no necessary to use
another equipment to split the dust.

2.4 Selecting disposal system

When the quantity of dust is higher than standard, it is necessary to find the
appropriate disposal system. Therefore, selecting the appropriate method needs to
consider the following factors (Sirikulya Suwajititanon and colleges, 2541 : 173)

1.Process of dust collection

2 Need in equipment

3.Expense

2.4.1 Factors for selieting disposal system

2.4.1.1 For 6, it is crucial to study the characteristic of dust and flow of
gas. The examples of dust characteristic are size, density, feature, agglomeration,
abrasion, static electricity, hygroscopicity, burning temperature, and concentration.
The examples of gas flow are flowing rate, temperature, humidity, acidity, smell,
stickiness, combustion, and etc.

2.4.12 There are many factors to consider regarding the dust
collector’s installation. Those are process water, wet collection, heat recycling,
disposal, collection by products, and limitation of location.

2.4.1.3 Expenses include electricity cost, disposal expense, water
supply, gas treatment, labour cost, insurance, and depreciation. In addition,
engineering study, design, construction, testing, and selecting the most appropriate
system are also considered as expenses. The mechanism in dust differentiation can be

classified as per Table 6.
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Table 6 Classification of the mechanism in dust differentiation

Type of dust | Smallest icon | Lost lost lost Highest | Concentration

collector (micrometer) pressure Temperat { Concentration Remark

(mm. H20) ure (C) (g./m3)

Gravity 20 15 1,000 10 In front of others
Inert 20 50 1,000 10 In front of others
Cyclone 1 200 1,000 5 Simple structure
Filter 0.01 200 250 0.1-200 Not for combined
Stone Floor 0.1 300 1,000 0.1-200 Not widespread
Scrubber 0.2 2,000 - 1-100 With disposal
Electrostatic 0.02 30 1,000 1-50 Not for explosion

Source : Air pollution (2542)

2.4.1.4 In terms of efficiency in collecting dust, filter is the best. However, the
speed of gas passing through the filter is very slow, 1 meter/minute, the size of this
will be huge in order to dispose a lot of gas. In addition, this equipment can not stand
high temperature and humidity. In this case, electrostatic precipitator can be used
instead even though its efficiency in collecting dust is a bit lower than filter. Scrubber
is one of the best dust collector. Nevertheless, the pressure is lost a lot in the process
together with it causes water pollution problem afterward. Therefore, scrubber is not
used as a dust collector intentionally.

2.4.2 states pros and cons of each dust colletor
2.4.2.1 states pros and cons of each dust colletor. The data below is the
efficiency of each collector.

Filter 95-99 %
Electrostatic Precipitator 80-99.5 %
Wet 75-99 %
Centrifugal 50-95 %

After Burner 50-90 %




Apiwat Theanpirakul Related Document and Research / 22

2.4.2.2 Efficiency in collecting dust depends on over-load and
maintenance. The figures above are roughly initail efficiency of dust collectors in
normal condition. The life cycle of each collector is as follows: 11 years for wet, 15
years for multi cyclone, 9 years for Fiber Filter However, the life cycle of collectors
will be shorter in practice. Most probably, it would be about %2 or 1/3 of the standard
life cycle. More important thing is that efficiency varies from its producer. It is
suggested that before purchasing the collector, the factory should check the condition
of service, maintenance service, details of producer.

2.4.2.3 Operating expense and maintenance expense vary to the type
and the use of dust collector. Table 7 shows the formula of expenses, widely used in
USA. Table 8 shows the evaluation of installation expense in different industries.

Table 7 Operating expense/maintenance expense

Type Formula
Centrifugal G=S ( 0.7457PHK .\
6.356 E
Scrubber G=S (0.7457HK (Z+Qh ) + WHL +M)
1,980
Electrostatic Precipitator G=S (JHK+M)
Filter .
G=$ 0.7457 PHK ,
After Burner 6,356 E
AN

Source : Air pollution (2542)
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G = Operating Expense/Maintenance Expense per year (Dollar)
S = volume (cfm)

P = Lost pressure (inch H20)

H = Operating hour (hour)

K = electricity expense (dollar/kilowatt-hour)

E = Efficeincy of fan

M = Maintenance Expense/year (Dollar/ft3/min)
F = Fuel Price (Dollar/ft3/min)

W = Volume of liquidity (Gallon)

L = Price (Dallar/Gallon)

Z = Cleaing efficiency (Horse power/cfm)

J = Electric Power (Kilowatt)

h = Water level lifted by the pump (Foot)

Q = Water circulation (Gallon)

Table 8 Initial expense (Investment) of dust collector

Initial expense (Unit : 1,000 Dollars)
Type Volume of gas (Unit : ft3/min)

2 5 10 | 15 100 300 500
Gravity 0.5 1.2 26 | 15 28 - -
Mechanic - - 4 13 23 80 -
Scrubber - 7.5 10 | 30 55 150 -
Electrostatic Precipitator : High pressure - - - 85 120 265 415
Electrostatic Precipitator : Low pressure - 13 24 | 105 | 200 - -
Filter (280C) - - 30 | 88 155 430 720
Filter (120C) - - 15 | 45 82 225 375
After Burner (Direct flame) 82 12 18 - - - -
After Burner (Catalyte) 16 20 29 - - - -

Source : Air pollution (2542)
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2.5 Boiler
Boiler is a water container with fuel to burn and heat up the water until vapour
generates adequate pressure. Thus, boiler needs to be pressure-resistant. Energy from
vapour is very useful in various industries; making hot water in hotel, ironing in
hospital, generating electricity in factory, sterizing in food industry. More than 2,000
years ago, a hero of Alexadia invented an equipment by using vapour. Next, during the
industrial revolution in England, Newcoman developed boiler to be more safety and
more efficient. Until WW II, package boiler was invented. This new invention make
boiler more convinient to install and widely use til now. In general, boiler was
comprised of
- Injection system : water pump, water tank
- Fuel system : fuel tank, fuel pump, burner or injector
- Wind system : fan
- Evaluation & Control system : water measurer, pressure switch, flame checker,
electricity conduct checker
- Safety system : including safety valve

Boiler can be classified by structure, size, pressure, temperature or type of fuel.
However, classification of boiler by water or tube is the most accepted. If boiler
consists of tube, it is called tube boiler. Otherwise, it is called fire boiler. No matter
what type of boiler is, the mechanism is similar. Boiler will be heated up and heat
transfers to water. Water will become vapour finally.

2.5.1 Type of boiler

Noiler can be classified into 3 types.
2.5.1.1 Fire Tube Boiler

Heat or flame run inside the tube and water is outside the tube. It is the most
accepted boiler. The pressure inside should be higher than 250 pounds/inch2. In USA,
this boiler must not generate vapour over 12 tons/hour. Some countries in Europe
allow for the limit of 15 tons/hour to reduce the highest pressure. This type of boiler
can be further divided into 2 types.

1) Vertical

The shell and tube are located vertically in a small area. The efficiency is low
since hot gas will pass through the tube too fast. This causes a lot of heat loss. It also
can be classified into 2 kinds.
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(1) Injection
This boiler reduce humidity. However, it gets a lot of heat meaning that it can
be easily breakable. Therefore, the raw material needs to stand high temperature.
(2) Flood over tube
The part of storing vapour is more spacy than injection’s. However, it is
difficult to build a storage part.
2) Horizontal
Fuel will be consumed in the burner. Hot gas will pass through the tube for
many times depending on the design, normally 2-3 times.
(1) Package boiler
The structure is strong. It is very convinient to install. The package boiler is
widely used in urban since it needs fuel like diesel, bunker oil, gas.
(2) Pig
Some countries used this for many years. It is often used in a rice mill. If there
is only one big tube, it is called Comish boiler. If there are 2, it is called Lancashire
boiler. It is economical with this type.
(3) Locomotive boiler
It is designed for a steamy train. The burner is square in shape. Since it is
square, iron must be held every side. Decaying monitoring is difficult. Gas can flow
one-way i.e. hot gas from burner flows to small tube and releases out. At present, it is
not used in the train. Instead, it is used in a saw mill or wood mill.
(4) Marine boiler
It is designed to use in a boat for limited space. The diameter and length of
boiler are about the same. It consists of a big tube and small tubes. The big tube
functions as a burner.
{(5) Cochran boiler
The shell is vertical while small tubes are horizontal. Burner is in the shell. The
diection of gas can be one-way or two-way. The fuel used for this boiler is charcoal or
wood.
2.5.1.2 Water Tube Boiler
There is water inside the tube whereas heat or flame is outside. The tube will
range from 0.25 tons/hour to 150 tons/hour. It can be designed to stand for the highest
pressure of 5,000 pounds/inch2. Since there is water flowing in the tube, it must be a
food treatment for water. Otherwise, the life cycle will be short and the tube could be
chocked. Water tube boiler can be diveded into 2 types: Straight tube boiler & Bent

" tube boiler.
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1) Straight tube boiler
The figure of tube looks straight but it can be vertical, oblique, or horizontal.
(1) Horizontal
The shell is horizontal. Between tubes, there will be a metal or insulator. The
purpose of this is to retain hot gas in cycle.
(2) Vertical
The shell is vertical while tubes are horizontal crossing each other. There are
many holes in the shell in order to clean them easily. However, the boiler made in
Thailand does not punch holes. At present, the government pays a close attention to
this point, it is obliged to have holes in boilers. The flow of hot gas is one-way, thus it
leaks heat from a chimney. Noodle factories often use this boiler.
(3) oblique
Its production capacity ranges from middle to big-size factories. Fuel is burned
under water tubes. Hot gas will soar through tubes. The gas will circulate down and up
again before releasing from a chimney. Vapour is stored in the top of the drum.
2) Bent-tube boiler
It ranges from small to big size, 100 tons/hour. The good point of this boiler is
that it can stand high pressure. It can also be classified as follows.
(1) Partial Bent
Usually this boiler is big in size with high capacity. One boiler can be invented
with 2,3, and 4 drums or A-type, D-type, and O-type. It is used in sugar factories,
electricity factories.
(2) Twist
Most of them are small. The vapour production rate is very high. Water must
be released out after use. It is difficult to repair this boiler. Therefore, it is not widely
used in Thailand.
2.5.1.3 Special
Its characteristics are different from Fire and Water tube boilers. For example,
there is no fuel combustion. Heat is generated from electricity. It suits for the
industries that need cleanliness such as hospital or garment, a place where is risky to
conflagration., a place with no pollution allowed.



Fac.of Grad.Studies, Mahidol Univ. M.Sc. (Appropriate Tech. for Res.Dev.) /27

2.5.2 Pros and Cons of water tube compared with fire tube boiler

2.5.2.1 Pros of water tube boiler
1) Stand for high temperature
2) More safety
3) Higher vapour production rate
4) Easy to maintain

2.5.2.2 Cons of water tube boiler
1) Costly
2) Better quality of water
3) Difficult to maintain
4) If the vapour is not stable, the pressure will not be stable as

well
2.5.2.3 Characteristic of good boiler
Each type of boiler has pros and cons. Therefore, it is crucial to select boiler by
considering the working specification. A good boiler should have following
charateristics.

1) Simple design but strong
2) Safety
3) Directly compatible equipment
4) Heat transfer and water vetilation
5) Huge area of heat transfer
6) Easy to chek, test and maintain
7) Adequate space for burner
8) Huge area of vapour storage

2.5.3 Fuel and combustion

There are many ways to make vapour from water; heat from fuel combustion,
heat from electrical coil, heat from nuclear. Among these, heat from fuel combustion
is considered to be economical.

Combustion means the raction between fuel and oxygen. The reaction takes
place very fast and generates energy in form of heat. It increases temperature of mixed
substance between fuel and oxygen. If the energy released from the reactionis higher
than energy lost to the environment, the temperature of mixed substance will
continuously increase. This causes a chain reaction.
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Combustion control means the control of quantity of oxygen and fuel inputing
into the burner. The mixture of oxygen and fuel depends on the design of a sieve or
injector, figure and size of spray, which is generated from the fragmentation of liquid
fuel or the grind of solid fuel.

In factories, the objective of combustion is to change chemical energy in fuel into heat
energy in order to produce vapour. Mainly, we focus on the combustion in the boiler
with the consideration of following factors.

Every fuel is comprised of carbon, hydrogen, oxygen, nitrogen, sulfer, and
humidity. Since the characteristic of fuel depends on the portion of these compound, it
is important to analyse these compound before selecting the type of fuel.

The characteristic of fuel is important to the design of heat transfer equipment.
Calorific value means the heat generated from combustion of 1 unit of fuel. In
Thailand, most of fuel used in urban area is liquid fuel, for example, bunker oil or
diesel. Solid fuel is widely used in agricultural area since it is the remaining from
harvest. Gas becomes more crutail after natural gas source was found.

2.5.3.1 Solid fuel

Although it is abundant and economical, it needs a lot of space for combustion.
The burner size must be big. Beside, it consists of high porpotion of ashes and wastes,
which can decay boiler wall. In practice, solid fuel will be grinded before putting into
the burner in order to combust fast. Major solid fuel is as follows.

1) Coal

It is originated naturally from overlieing stratum under pressure and
temperature of earth surface. Coal can be further classified into different types by
period of overlieing stratum. At the first stage, it is called Pete, consisting of high
porpotion of vapour and ashes. Next are Lignite, Pituminus, Semiautrasite, and
Antrawhite respectively. These fuels consist of 30-80% of carbon. And it generates
heat at 20,000-30,000 kj/kg. Only Lignite has been found in Thailand.

2) Coke

It is made from burning Pituminus with very little oxygen (carbonization
process) in order to reduce vapour and ashes, in turn, increase carbon. Heat generated
from Coke is at 28,000 kj/kg. It is used in mining industry or small heat generator.

3) Charcoal

It is made from wood with carbonization process. Heat generated form
Charcoal is about 30,000 kj/kg. Charcoal will be a substitute of Coke in the countries
with plenty of woods.
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2.5.3.2 Liquid fuel
1) Petrolium important factors of petrolium are
carbon and hydrogen. Carbon and hydrongen mix into hydrocarbon. There are many
combination which differentiates the characteristics of oil. Petrolium from any part of
earth can be classified by portion of hydrocarbon and waste after use.

(1) Paraffin Base

It consists of hydrocarbon, mostly paraffinic. After the extraction, waste of it is
paraffin wax and high-qualities lubricating oil.

(2) Alfaltic Base

It consists mostly of Nepthanic. The leafover after extraction is asphalt.
(3) Mixed Base
It consists of many hydrocarbon, for example, Paraffinic, Aeromatic. The
residual of it is Oliffinic, aq mixture of Parrafinic wax and asphalt. Most of petrolium
belongs to this mixed base.

(1) Diesel can be classified into 2 groups according to the

speed of engine.
1. Fast speed
It is appropriate for truck, bus, and boiler. Its boiling point is between 180-200
celcous degree. It consists of sulfer less than 1%(Refering to MOC Regulation #5,
2525)
2. Slow speed
It suits for big engines such as ship, diesel train, stream train.

(2) Bunker oil can be divided into 5 grades (ASTM)
according to the production process and characteristic of combustion. Bunker oil
grade 1 & 2 are from the extraction. Grade 1 is a bit more heavy than kerosine and can
be used in a heat generator. Grade 2 or gas oil will be differentiated by extractoin (at
the lower floor of grade 1) and can be further proceeded to be benzene by
craddling Bunker oil grade 5 & 6 is the waste of bunker oil after extracting other
grades. It looks dark brown and consists of higher portion of sulfer and ash comparing
with other grades. However, it is widely used in industrial boilers because of its low
price. Bunker oil grade 4 is from the mixture of 75-80% of grade 2 and grade 6. It is
used in small boilers.
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2) Characteristic of bunker oil

Characteristic of bunker oil is important for the design of burner. Those
characteristics are as follows:
Calorific value or heat value indicates the quantity of heat generated from burner. It
can be measured by putting fuel into bomb calorimeter, then pressure it with oxygen.
After lighting up the electric coil, fuel and oxygen reaction will increase water
temperature, calorific value per 1 ubit of fuel is measured at this stage.

Specific gravity is used to measure the heaviness or lightness of fuel
comparing with water. .

Enert measures the mobility of fuel. The mechanism is to measure time
(in second) fuel flowing through orific at the designated temperature. The unit is called
as per viscometer used ssch as Saybolt (Universal, Furol) and Red wood. Enert
depends on temperature and specific gravity i.e. if the temperature and API gravity are
low, enrt will be higher. Knowing enert can be useful to design the size of pump and
burner effectively.

2.5.3.3 Flash and fire points

Once oil is heated up until it becomes gas, light can be flame. This temperature
is called “Flash point”. If heat is still given, it will make a combustion. This
temperature is called “Fire point™. It is necessary to know these 2 points in order to
protect equipment from damage. Oil with flash point below 33C is dangerous.In
contrast, if 2 points is too high, it will be difficult for burner to make a combustion.
Pour point measures the mobility of oil at the standard status. This characteristic is
related to enert.

1) Gas

Gas can be in form of liquid or gas. There are 2 major sources of gas:
petrolium and natural gas. Gas is comprised of Methane(CHa), Propene(C;Hs),
Buthane, Carbondioxide(CO,) and Notrogen(N;). At present, there are 2 types of gas
used for boilers.

(1) Natural gas
It consists of 80-90% methane and 5-15% Ethene and the mere resto of others.
(2) LPG
It mostly consists of Propene and Butene. It suits for household’s use and car.
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Table 9 Types, qualities and usages of different types of fuels.

Type of fuel Heat (Kcal/Kg) Usage
Solid
Coal 4,500-7,500 Boiler, Raw material, Household, Industry
Lignite 3,000-5,000 Boiler, Household
Coke 6,000-7,000 Iron production, Industry
Woodcoal 6,700-7,500 Household
Wood 3,000-4,000 Household
Baggase 2,600 Boiler
Husk 3,400 Boiler
Liquid
Benzene 10,000-11,500 Engine
Petrolium 10,000-10,500 Industry, Electrical generator
Kerosine 10,500-11,000 Household, Jet
Diesel 10,500-11,000 Industry, Engine, boiler
Bunker oil 10,000-10,600 Boiler, Engine, Industry
Gas
Natural gas 9,000-12,000 Raw material, Electrical generator, Boiler
LPG 24,000-32,000 Industry, Household, Car, Boiler

Source : Manual of industrial boiler’s control (2538)

2.5.3.4 Combustion

Good combustion or complete combustion is the combustion that generates
heat equal to fuel’s heat and the result of combustion will be CO; and water. The
quantity of fuel and oxygen must also be in appropriate porpotion. In order to know
the combusiton’s completion, chemical equation is taken to study the reaction. L.H.S.
of equation is fuel and oxygen reactants while R.H.S. is the resulted product.
Since the fuel consists of Carbon(C) , Hydrogen (H>) or hydrocarbon (CHy)

Considering the combustion between C and O.

C+0, —»CO;

Meaning that 1 molecule of C reacting competing with 1 molecule of water
will generate 1 molecule of CO,. In the same way, H, and O; have an equation of
combustion as follows.
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2H,+0, —» 2H;0
2 mol 1 mol 2 mol
2(2kg) 32 kg 2(18 kg)
1) Combustion between fuel and air
Pure oxygen is usually not used as a fuel because of its high price. Therefore, it
needs to know the element of air.

By mass, air consists of 23% O, , 77% N
By volume, air consists of  21% Oz, 79% N
Therefore, if we burn Methene with air, the equation will look like below.
CH4 +2(02+ 7T9Ny) COy+ 2H,0 + 2(79) Ny
21 21

16 kg 2(32+79*28) kg 64 kg + 2(18)kg + 2(79*28)kg
21 21

2) Bumer
Burner depends on the type of fuel and desired heat. The burner should be
designed for good combination as follows.
(1) The mixing between fuel and air must be
thorough
(2) There must be enough time
(3) Temperature in burner must be high enough to
make continuous combustion Among these 3, C) can be accomplished most easily. For
example, quantity and speed of fuel and air have been adjusted to generate heat at the
point of higher than the fire point or the plug is sparked all the time during
combustion. For A) and B), it depends on the type of burner. In case of liquid fuel, the
most important equipment is an injector, making fuel into spray. The smaller the spray
is, the faster time is taken for burning. It is not useful only for better combination
between fuel and air, it also makes beurner smaller. An injector can be classified into 3
types.
1. Spray injector
Sometimes it is called “Blast Burner, which divided into 3 kinds according to
the pressure applied to the burner. The mechanism of these 3 kinds is similar. Full
flows through small tubes while pressured air comes from.Low-pressure burner25-

40% air at pressure of 1.08 bar is injected in order to make a combustion. This is used
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in small and medium factories. Medium pressure burner 3-5% of air at pressure of

1.25-2.0 bar is injected in order to make a combustion. This is used in mining industry.
High pressure burnerThe same portion of air at pressure of 2.00-4.45 bar is injected in
order to make a combustion.
2.0il pressure burner or pressure jet burner
It suits for big boilers such as ship and electrical engine. Fuel with high
pressure of 70-300 psi and inert of 50-120 sec Redwood is applied. Normally, fuel will
be warmed up before passing to the burner in order to decrease inert. Fuel is pressed
through small holes in swirl chanker, making better combination. It is convinient with
this burner since the pressure adjustment and oil flowing rate can be controlled easily.
However, its weak point is the small hole, which is always choked. It needs regular
cleaning.
3. Rotary cup burner
Fuel is input at the internal edge of rotating cone. Thus fuel is thrown to the
edge of cone and released from the top. At the same time, air is injected to combine. It
suits for fuel with high inert.
3) Conbustion control
It can be done by using orsat apparatus, gas chromatograph or notice. Using
equipment is crucial and effetive. In practice, it is difficult to find equipment, notice of
flame is an appropriate methof to check the abnormality.

2.5.4 pollution solving
2.5.4.1 From petrolium gas as a liquid fuel
It causes small pollution but is costly. Therefore, it is not used in big boilers.
2.5.4.2 Clear oil
It also causes small pollution but still costly.
2.5.4.3 Bunker oil
It is widely used but causes pollution. It makes soot and gas.Most frequent
claim is soot. However, more serious but invisible is carbonmonoxide gas,
sulferdioxide and nitrogenoxide. Lignite is the most widely-used fuel in generator,
followed by bunker oil.

; taw; A0V Q
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2.5.5 Soot
2.5.5.1 It can be seen from the chimney, because of
incomplete combustion. The following factors are the causes of the problem.
Temperature, Time ,Quantity of oxygen,Fuel characteristic,Wind speed
2.5.5.2 The solution for soot has to be made by considering
the cause of it. Then, it can be cured rather than worsen.
2.5.5.3 Liquid and gas fuel
Initially, temperature, time and quantity of oxygen could cause problem. A
while later, this wil be caused automatically. One of the causes is an inadequate wind
resulting in an inadequate oxygen. The problem can be solved by checking the
injector, the fuel pump, or type of fuel.
2.5.5.4 Solid fuel
Coal, wood are very popular at present. Soot happens from temperature, time,
oxygen, fuel, wind. If fuel is filled too much, the combustion is not complete, it makes
soot. Short combustion room is another reason for soot. If the oxygen is not adequate,
carbon is an outcome instead of carbondioxide. However, it is not good when the
oxygen is too high. High oxygen means lower gas temperature or it makes boiler cool.
Wind is another factor. If it is apeed, ash may be blew onto the chimney.

2.6 Related research

The study of filter cleaning in pluse jet system by Sampan Srisuriyawong
(1996) stated that an appropriate pressure for cassarva starch is equal to 90
pounds/square inch, 70 for cement dust. Woolen filter with ratio of facial area to throat
equal to 1.78 is not related to the dust concentration. Having applied an appropriate
pressure for cassarva starch of 90 pounds/square inch and 70 for cement dust, the
reduced pressure will be 70 water milimeter and 78 water milimeter respectively.

The efficiency of cyclone is studied by Somboon Panlerdjamnun (1987).

Cyclone from stairmand with diameter of 5*6 inches, radial fan bover with 0.5 HP
motor, and squared pad does not differ from the hypothesis.
The development of packed coal for boiler from Vachira Busayanon (1995) found that
when the packed coal is added into the undered type boiler, coal with smaller size than
9.8 mm. and 14% jiont measures SOy, NOx, O, CO; in combustion will generate
sulpher to atmosphere at 31-55 while normally 75 is released.
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Expert systemfor fired type boiler 10 tons by Bandit Wongder (1991) stated
that there were 5 problems from the boiler, water part. 1 broken pump 2 water level 3
pressure guage 4 water in the boiler 5 vapour in boiler. There are also 3 problems with
fire part. 1 equipment ; oil pump, oil warmer, water injector, main injector, burner,
combustion room, fan 2 system ; oil injection, lighting 3 boiler ; overheat, and
underheat.
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CHAPTER III

RESEARCH METHODOLOGY

The study focus on personality, environment, boiler and disposal system in
order to manage dust for industrial factories. The researcher hope to solve the problem
of the air pollution from boilers by this study.

3.1 Design
This is a survey research by studying and collecting data from documents,
books, researches, and sampling group.

3.2 Sample
This sample groupes of the rescarch are 70 enterprenuers owning industrial
factories with boilers are chosen.

3.3 Variables

3.3.1 Exogenous variables consist of
1)Personality
2)Environment
3)Boiler
4)Disposal System

3.3.2 Endogenous variable

Quantity of dust

3.4 Equipment

Questionnaire

3.5 Data Analysis
The data is to be tested for accuracy and completeness. Then, the program
SPSS for Windows is applied to analyze.
Analytical Statistics
1. Basic statistics consist of Frequency, Percentage, Arithmetic
Mean, Standard Deviation, and Median.
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2. Relation Analysis between 1 exogenous variable and endogenous variable,
independent-sample t-test is applied. In case of the relation analysis between more
than 2 exogenous variables, ANOVA (One way Analysis of Variable) is applied. Once
the difference is found significantly, LSD (Least Significant Difference) is applied to
test for 3 variables. However, if there are more than 3 variables, Duncan’s Mutiple
Range is used.

3. Stepwise Multiple Regression Anaysis is applied for many exogenous
variables with 1 endogenous variable.
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CHAPTER 1V

RESULT OF THE RESEARCH

From the study of factor affecting air pollution management, dust from
industrial boiler can be classified by personality, environment, boiler, and disposal
system. The data was collected by conducting a survey with questionnaires from 70
industrial factories. However, two of these could not provide an information to the
researcher. Therefore, the sampling factories used in this study is 68. The result of
study is as follows.

4.1 Mean, median, percentage of personality, environment, boiler,and disposal
system

4.2 Comparative study and variance analysis of personality environment,
boiler, and disposal system

4.3 Characteristic and relation analysis of the factors affecting the quantity of
dust from industrial boilers

4.1 Mean, median, percentage of personality, environment, boiler, and disposal
system

4.1.1 Personality
4.1.1.1 Sex

It is found that male is the representative of the factory accounting to the whole
100%. (Table 10)

4.1.1.2 Age

The average ages of the representatives are 38.1 years. Most of them are in the
age between 31-45 years, accounting to 55.9%. Samples of the age of 30 years or less
are the second largest with 20.6%. The last group with 20.6% is at the 46 years or
above age. (Table 10)

4.1.1.3 Education

38.2% of representatives are educated at bachelor degree and master degree
and 23.5% are at high school level. 20.6% of representatives are graduated from
college. Lastly, 17.6% are granted from primary, and secondary school. (Table 10)
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4.1.1.4 Work position

The study intends to focus on the actual representatives and it is favourly
responded by the representatives very well. 29.4% are at the level of entrepreneur,
General Manager and Manager. 25% of representatives are technicians while team
leader and general officer are at 17.6%. With the same percentage of 17.6%, the
questionnaires are surveyed from boiler’s controllers. The rest of 10.3% are engineers
and other. (Table 10)

4.1.1.5 Revenue

The median of representatives’ revenue is at 16,000 Baht per month. Most of
representatives (50.0%) have monthly revenue between 8,000-24,000 Baht. 26.5% has
revenue of 25,000 Baht per month or above. And 23.5% has revenue of 7,999 Baht or
less. (Table 11)

4.1.1.6 Experience

According to the study, the median of experience is at 8.76 years. Most of
sampling has experience between 6-15 years, accounting to 63.2%. Sampling of the
experience of 5 years or less are the second largest with 30.9%. The experience of 16
years or more accounts to 14.7%. (Table 11)

4.1.1.7 Other experience

It is shown that the representatives have no other experience from any other
workplace with the median of 0. 63.2% stated that here is their first working place.
19.1% has ever work some places else 1-5 years. Representatives with 6 or more years
experienced with otherwhere accounts to 17.6%. (Table 11)

4.1.1.8 Air pollution training
68.8% answers yes while the rest of 38.2% of representatives has never
participated in air pollution training course. (Table 12)

4.1.1.9 The period of training

In contrast to the question in 4.1.1.8, only 38.2% have never participated in any
training course. 15.2% participated in 2542 and 11.8% in 2543. 8.8%, 7.4%, 7.4%, and
4.0% joined the training course in year 2543, 2541, 2540, and 2530 respectively. The
rest of 2.9%, 1.5%, 1.5%, and 1.5% participated in 2544, 2533,2538, and 2539
respectively. (Table 13)
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4.1.1.10 Supporting staff for training
58.8% of representatives answer yes while 41.2% of representatives have never
supported their staff for training. (Table 13)

4.1.1.11 Frequency of supporting training

The median is equal to 1. In line with 4.1.1.10, 41.2% have never. 32.4%
supports staff for training once. 19.2% have ever sent staff for training twice. The rest
of 7.4% supports for 3 times or more. (Table 13)

4.1.1.12 The period of supporting training

From the study of the period that representatives support their staff for training,
it is found that 41.2% have never. 14.7% sent their staff for training in 2540. The
representatives have supported their staff for training accounting to 10.3%, 7.4%,
7.4%, 5.9%, 4.4%, 4.4%, 1.5%, 1.5%, 1.5% in 2532, 2530, 2543, 2533, 2541, 2542,
2534, 2537, 2544 respectively. (Table 14)
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Mean = 38.1 S.D.=8.6

Personality Representative (%)

Sex

Male 100.0

Female 0.0

Total = 100 N=68

Age (Year)

<30 23.5

31-45 55.9

> 46 20.6

Min =23 Max = 60 Total =100 N =68
Education

Primary & Secondary 17.6

High school & College 23.5

College 20.6

University 38.2

Total =100 N =68

Work Position

Entrepreneur,General

Manager,Manager 294

Technician 25.0

Team leader 17.6

Boilers’ controller 17.6

Engineer 10.3

Total =100 N =068
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Table 11 Percentage of sampling groups classified by personality: revenue, and

work experience

Personality Representative (%)
Revenue (Baht/month)
<7,999 235
8,000 — 24,000 50.0
> 24,001 26.5
Med = 16,000
Min =4,500 Max = 200,000 Total=100 N =068

Experience (Year)

<5
6-15
>16
Med =8
Min =1 Max =25

30.9
544
14.7

Total = 100 N =68

Other experience (Year)

Med =0
Min =0 Max =20

63.2
19.1
17.6

Total =99.9 N

Il
(o))
0

Other experience (Year)

<2

3-9

>10
Mean = 6.6 S.D.=50
Min = Max =20

28.0
48.0
24.0

Total=100 N =68
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Table 12 Percentage of sampling groups classified by personality: air pollution ,
and frequency of training

Personality Representative (%)

Air pollution training

Never 38.2
Ever 61.8

Total = 100 N =068

Frequency of training (Times)

0 38.2

1 50.0

>2 11.8
Med =1
Min =0 Max =4 Total=100 N=68
Frequency of training, counted only when
training occurred (Times)

81.0
1 19.1

Total = 100.1 N =42
Med =1
Min =0 Max =4
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supporting staff for training, and frequency of supporting training

Personality

Representative (%)

Period of training

Never 38.2
2530 4.0
2532 7.4
2533 1.5
2538 1.5
2539 1.5
2540 7.4
2541 8.8
2542 15.2
2543 11.8
2544 2.9
Total =100.2 N =068
Supporting staff for training
Never 41.2
Ever 58.8

Total =100 N =068

Frequency of supporting training (Times)

v N = O

Med =1

Min =0 Max =6

41.2

32.4
19.1
7.4

Total = 100.1 N =68
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Table 14 Percentage of sampling groups classified by personality :
frequency of supporting training, and period of supporting training

Personality Representative (%)
Frequency of supporting training, counted only when
training occurred (Times)
55.0

1 325

2 12.5

>3
Med =1 Total=100 N =40
Min =1 Max =6
Period of supporting training

Never 41.2

2530 7.4

2532 10.3

2533 59

2538 1.5

2539 1.5

2540 14.7

2541 4.4

2542 4.4

2543 7.4

2544 1.5

Total =100.2 N=468




Apiwat Theanpirakul Result / 46

4.1.2 Environment

4.1.2.1 Business Type
From the study of business type, it is found that 35.3% are in food and drink
industry. 22.0% are in electronic industry and 17.6% in garment. There are 17.6%,
7.3% and 2.9% in flour, paper, and chemical industry respectively. (Table 15)

4.1.2.2 Area
The median in area used for setting up a factory is 20 rai. Half of the sampling
has an area of 10-47 rai while 26.5% occupy 9 rai or less. The rest of 23.5% operates
on 50 rai or more. (Table 15)

4.1.2.3 Number of employee
Median is equal to 175. A factory with 18-300 employees accounts to the
majority of 47.1% followed by 301 employees or more representing 30.9%. Finally,
22.1% have 17 employees or less. (Table 15)

4.1.2.4 Asset
In terms of asset, median is equal to 27.5 mil Baht. Most have an asset valued
between 9-99.99 mil Baht representing 51.8%. 30.4% have 100 mil Baht or more
while 17.9% have 9 mil or less. (Table 16)

4.1.2.5 Machine
Median is 2,228 horsepower. The majority of 44.1% use machine with 1,000-
9,999 horsepower and followed by 999 horsepower or lower representing 35.3%. The
remaining part of 20.6% is 10,000 horsepower or more. (Table 16)

4.1.2.6 Operating expense
The median of operating cost is 12 mil Baht per month. 45.3% spend their
operating cost at 150,001-19 mil Baht per month. The second largest portion of 34.4%
pay 19,000,001 Baht per month. The factories spending 150,000 Baht or less accounts
to 20.3%. And there is no answer from the representative accounting to 5.9%. (Table
16)
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4.1.2.7 Revenue
It is found that the median of revenue is at 15.5 mil Baht per month. Most of
them earn 900,001-25 mil Baht per month accounting to 45.3%. 32.8% has a revenue
25 mil Baht or more. The eamning revenue of 900,000 Baht or less is a minority of
21.9%. And there is no answer from the representative accounting to 5.9%. (Table 17)

4.1.2.8 Complaint
91.2% declare that they have never been accused of polluting the air whereas
the 8.8% admit that they have. (Table 17)

4.1.2.9 Number of complaint
Median is O since there was no complaint accounting to 91.2%. A mere 5.9%
was accused twice. The rest of 2.9% state that they are accused only once. (Table 17)

4.1.2.10 Number of boiler
The average number of boilers is 1.9. Most of them have 2 boilers, accounting
to 48.5%. Next, 35.3% has 2 boilers and 7.4% with 3 boilers. The company with 5
boilers and 4 boilers account to 5.9% and 2.9% respectively. (Table 17)
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Table 15 Percentage of sampling groups classified by environment: type of
business, area, and employee

Environment Representative (%)
Type of business
Food and drink 353
Electronic 22.0
Flour 17.6
Garment 17.6
Paper 7.3
Chemical 2.9
Total =99.8 N =68
Area (Rai)
<9 26.5
10-49 50.0
> 50 23.5
Med =20
Min =0.5 Max = 1,056 Total=100 N =68
Number of employee 22.1
47.1
<17 30.9
18 -300
> 301
Med =175
Min =5 Max = 5,212 Total =100.1 N =68
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Environment

Representative (%)

Asset (Baht)

No answer (12 representatives)

<9 mil
9 mil — 99.99 mil
> 100 mil
Med =27.5 mil
Min = 650,000 Max = 40 mil

17.9
51.8
30.4

Total = 100.1 N = 56

Machine (Horsepower)

<999
1,000 — 9,999
>10,000
Med =2,228
Min = 56 Max = 300,500

35.3
44.1
20.6

Total =100 N =68

Operating expense

No answer (4 representatives)
<150,000

150,001 — 19 mil

> 19 mil

Med =12 mil
Min = 40,000 Max = 900 mil

203
453
344

Total=100 N =68
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Table 17 Percentage of sampling groups classified by environment: revenue,

complaint, and number of boiler

Environment Representative (%)
Revenue (Baht)
No answer (4 representatives)
<900,000 219
900,001 — 25 mil 453
> 25 mil 32.8
Med = 15.5 mil
Min = 250,000 Max = 100 mil Total=100 N =68
Complaint
Never 91.2
Ever 8.8
Total=100 N=68
Number of complaint (Times)
0 91.2
1 29
2 59
Med =0
Min =0 Max =2 Total=100 N =68

Number of boiler

1 48.5
2 353
3 7.4
4 2.9
>5 59
Mean=19 SD.=123
Min =1 Max =7

Total =100 N =68
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4.1.3 Boiler

4.1.3.1 Dust measurement
From the study, it is found that most of companies measure in 2544,
representing 48.5%. 2543 is the following year with 32.4%. The rest of 19.1%
measure the dust in 2542. (Table 18)

4.1.3.2 Type of boiler

64.7% prefer fire type while 19.1 use water type. The rest of 16.2% select big
type. (Table 18)

4.1.3.3 Vapour production rate
The mean is at 3.8 tons per hour. Half of the companies produce vapour at the
rate of 1-3.99 ton per hour. Next ranking would be 4 tons per hour or more,
representing 33.8%. Lastly, 16.2% produce at 0.99 tons per hour or less. (Table 18)

4.1.3.4 Type of fuel
From the study, bunker oil is most selected with 52.9%. Husk comes second
with 26.5% and diesel is the third ranked fuel accounting to 10.3%. 5.9% and 4.4%
choose firewood and wood leafover respectively. (Table 18)

4.1.3.5 Fuel consumption rate
Fuel is used at the average rate of 343.8 kilograms per hour. The majority of
47.1% consume fuel at the rate of 100-399 kilograms per hour. Next portion is 400
kilograms or more accounting to 35.3% while the rest of 17.6% consume at 99
kilograms or less. (Table 19)

4.1.3.6 Vapour pressure
It is found that the average of vapour pressure from factories is 8.2 kilograms
per square centimeter. 64.7% has a vapour pressure of 5-9.99 kilograms per square
centimeter and followed by 10 kilograms per square centimeter or more with 20.6%.
Then, 14.7% have it at 4.99 kilograms per square centimeter. (Table 19)
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4.1.3.7 Boiler operating hour
The average working hour of boilers is 16.6 hours per day. 51.5% of boilers
operate 8-22 hours or more per day whereas 38.2% operate 23 hours or more per day.
The remaining 4.99% work 7 hours or less per day. (Table 19)

4.1.3.8 Boiler operating day
The average working day of boilers is 284.0 days per annum. 50.0% of boilers
operate 260-329 days per year whereas 26.5% operate 330 days or more per year. The
remaining 23.5% work 259 days or less per year. (Table 20)

4.1.3.9 Boiler check
All companies have boilers checked occasionally. (Table 20)

4.1.3.10 Frequency in boiler check
The median of frequency is once per year. 92.6% of companies have the
boilers checked every year. A mere 7.4% checks boiler every 2 year. (Table 21)

4.1.3.11 Boiler maintenance
Boilers are mostly maintained and repaired representing 97.1%. The
companies without maintenance account to 2.9% only. (Table 21)

4.1.3.12 Frequency in boiler maintenance
The median is once per year. 74.1% maintain once a year while 17.6%
maintain twice a year. The rest of 2.9% have never. (Table 21)
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Table 18 Percentage of sampling groups classified by boiler: dust measurement,
type of boiler, and vapour production rate

Boiler Representative (%)
Dust measurement (Y ear)
2542 19.1
2543 324
2544 48.5
Total=100 N =68
Type of boiler
Fire 64.7
Water 19.1
Pig 16.2
Total=100 N =68
Vapour production rate (Ton/ Hour)
<0.99 16.2
1-3.99 50.0
>4 33.8
Mean = 3.8 S.D.=34
Min =0.12 Max =15
Total=100 N=68
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consumption rate, and vapour pressure
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Boiler Representative (%)
Type of fuel
Bunker oil 52.9
Husk 26.5
Diesel 10.3
Firewood 5.9
Wood leafover 4.4

Total = 100 N =68

Fuel consumption rate (Kilogram/Hour)

<99

100 —-399

> 400
Mean = 3.8 SD.=34
Min =0.12 Max =15

17.6
47.1
353

Total=100 N =68

Vapour production rate
(Kilogram/Square Centimeter)

<499

5-9.99

>10
Mean = 8.2 S.D.=37
Min =0.70 Max =26

14.7
64.7
20.6

Total = 100 N =68
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Table 20 Percentage of sampling groups classified by boiler: boiler operation

Boiler

Representative (%)

Boiler operation (Hour/Day)

Mean = 16.6 SD.=75
Min =4 Max =24

10.3
51.5
38.2

Total = 100 N

II
o))
oo

Boiler operation (Day/Year)

< 259 23.5

260 - 329 50.0

> 330 26.5
Mean = 284 S.D.=64.1
Min =85 Max = 365 Total = 100 N = 68
Boiler mainténance

Never 0.0

Ever 100.0

Total = 100 N =68
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Table 21 Percentage of sampling groups classified by boiler: boiler check

Boiler Representative (%)

Frequency in boiler check (Time/Year)

1 92.6
> 2 7.4
Med=1
Min =1 Max =4 Total = 100 N =68

Boiler maintenance

Never 2.9
Ever 97.1

Total=100 N=68

Frequency in boiler maintenance (Time/Y ear)

Never 2.9
1 79.4
2 17.6

Med =1
Min =1 Max =2 Total = 100 N =68
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4.1.4 System
4.1.4.1 Type of disposal system
It is found that 52.9% use spray while 22.1 use cyclone. Trap pond comes third
with 13.2% and followed by scrubber representing 5.9%. The rest of 5.9% use filter.
(Table 22)

4.1.4.2 Installation expense
The median of installation cost is 750,000 Baht. Most of companies (51.5%)
spend between 90,001-3,000,000 Baht. The next portion of 25% is 90,000 Baht or
less. The companies spending 3 mil Baht or more on installation expense account to
23.5%. (Table 22)

4.1.4.3 Installation period

There are various periods of time companies installed the disposal system.
According to the study, 11.8% installed in 2536, 8.8% in 2537, 7.4% in 2540. The
equal 5.9% installed in 2524, 2525, 2528, 2535, and 2538. Beside in year 2518, 4.4%
of companies installed disposal system in 2519, 2526, and 2532. Furthermore, 2.9%
installed in 2516 with the same portion of those installing in 2530, 2531, 2533, and
2534. The equal mere 1.5% installed in 2515, 2517, 2527, 2539, 2542, 2543 and 2544.
(Table 23)

4.1.4.4 QOperation expense
The companies in average spend 5,042 Baht per month to run the disposal
system. The majority of 51.5% spend 2,001-6,000 Baht per month for this purpose.
27.9% pay 6,001 Baht per month or more. Then, the spending of 2,000 Baht or less
accounts to 20.6%. (Table 24)

4.1.4.5 Maintenance
60.3% said that they always keep maintenance whereas 39.7% has never
maintained the system. (Table 24)

4.1.4.6 Frequency in maintenance
On the average, the maintenance median is once a year. Regardless of 39.7%
of unmaintenance, 36.8% maintain once a year. 14.7% does it once in 2 years. The
frequency of once in 3 years and 5 years accounts equally to 4.4%. (Table 24)
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4.1.4.7 Maintenance expense
From the study, the average cost of maintenance is 5,648 Baht per year. 25.0%
of companies spend between 2,001-7,000 Baht per annum. 17.6% pay 2,000 Baht or
less. Lastly, 17.6% spend 7,001 Baht per year or more. (Table 25)

4.1.4.8 Lifecycle
The average life cycle of disposal system is 12.0 years. 63.2% of systems last

for 6-19 years while 20.6% last for 20 years or more. The system usage of 5 years or
less accounts to 16.2%. (Table 25)

4.1.49 Dust
The average of 264.9 milligram per air cubic meter is found. 41.2% of
companies found dust in the amount of 200-299 milligrams per air cubic meter while
35.5% found 199 milligram per air cubic meter or less. The rest of 23.5% measures
300 milligram per air cubic meter or more. (Table 25)
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Disposal system

Representative (%)

Type of disposal system

Spray
Cyclone
Trap pond
Scrubber
Filter

52.9

22.1
13.2
59
59

Total = 100 N=68

Installation expense (Baht)

< 90,000
90,001 — 3 mil
> 3 mil

Med = 750,000
Min =40,000 Max = 40 mil

25.0
51.5
235

Total =100 N =68




Apiwat Theanpirakul Result / 60

Table 23 Percentage of sampling groups classified by disposal system: installation
period

Disposal system Representative (%)
Installation period
2515 1.5
2516 29
2517 1.5
2518 4.4
2519 4.4
2524 59
2525 5.9
2526 4.4
2527 1.5
2528 59
2530 29
2531 2.9
2532 4.4
2533 29
2534 2.9
2535 59
2536 11.8
2537 8.8
2538 59
2539 1.5
2540 7.4
2542 1.5
2543 1.5
2544 1.5
Total=100 N=68

Remark : Year 2542 — 2544 is the period of installation prior to the measurement
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Disposal system Representative (%)
Installation expense (Baht/month)
<2,000 20.6
2,001 6,000 51.5
> 6,001 279
Mean = 5,042 S.D.=4,010
Min =300 Max = 25,000 Total=100 N =68
Maintenance
Never 39.7
Ever 60.3
Total=100 N =68
Frequency in maintenance (year/time)
Never 39.7
1 36.8
2 14.7
3 44
>4 1.4
Med =1
Min =1 Max =5 Total=100 N =068
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Table 25 Percentage of sampling groups classified by disposal system:
maintenance expenses, life cycle, and dust

Disposal system Representative (%)

Maintenance expense (Baht/year)

Never 39.7
<2,000 17.6
2,001 - 7,000 25.0
27,001 17.6
Mean = 5,648 S.D.=4,003
Min =1,000 Max = 100,000 Total=100 N =068
Life cycle (year)
<5 16.2
6-19 63.2
220 20.6
Mean = 12.0 S.D.=7.1 .
Min =2 Max = 28 Total =100 N =068

Dust (milligram/water cubic meter)

<199 353

200 —-299 41.2

2300 23.5
Mean = 264.9 S.D.=103.8

Min =125 Max = 640 Total=100 N =68
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4.2 Comparative study and variance analysis of personality, environment, boiler,
and disposal system

4.2.1 Personality of representatives

4.2.1.1 Sex
It is found that the representatives with the age of 30 years or less have dust in
the average amount of 277.27 milligram per cubic meter while the age of 31-45 have
the mean of 251.48 milligram per cubic meter. The average of 286.88 milligram per
cubic meter (Table 26) represents to the group of 46 years or more. According to the

statistic, age does not have a significant relationship with the quantity of dust
(P=0.481).

4.2.1.2 Education
The education level of primary school and secondary school has an average
dust of 278.12 milligram per cubic meter whereas the representatives with high school
graduation have 270.07 milligram per cubic meter. And bachelor and post-graduated
representatives have 256.30 milligram per cubic meter on the average. (Table 26)
After the statistic test, it is found that the level of education does not play a significant
role to the quantity of dust (P=0.849).

4.2.1.3 Experience
The representatives with working experience of 5 years or less have an average
dust of 291.43 milligram per cubic meter. The mean of 264.71 milligram per cubic
meter represents the group of 6-15 years experience. Lastly, the working experience of
16 years or more have a mean of 257.72 milligram per cubic meter. (Table 26)
According to the statistic, experience does not have a significant relationship with the
quantity of dust (P=0.667).

4.2.1.4 Other experience
Representatives who never worked at other place have an average dust of
247.44 milligram per cubic meter. The mean of 264.69 milligram per cubic meter
represents the group of 1-5 year’s experience at other place. The ones with working
experience from other place for 6 years or more will have a mean dust of 327.33
milligram per cubic meter (Table 26). The statistic shows that other experience does
not play a significant role to the quantity of dust (P=0.040).
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4.2.1.5 Air pollution training
According to the study, the representatives who never participated in air
pollution training have, on average, 271.11 milligram per cubic meter. In contrast, the
trained representatives have an average dust of 254.70 milligram per cubic meter.
(Table 27) Having tested by statistic, air pollution training is not related with the
quantity of dust (P=0.530).

4.2.1.6 Frequency in training

The representatives who never participated in air pollution training have, on
average, 274.25 milligram per cubic meter. The representatives with 1 training course
have 266.00 the representatives who never participated in air pollution training has, on
average, 271.11 milligram per cubic meter. In addition, the representatives with 2 or
more training courses have an average of 251.29 the representatives who never
participated in air pollution training has, on average, 271.11 milligram per cubic
meter. (Table 27) The statistic shows that the frequency is not relevant to the quantity
of dust (P=0.706).

4.2.1.7 Period of training

According to the study, the representatives who never participated in air
pollution training have, on average, 289.78 milligram per cubic meter. The
representatives who have training in 2537 or before have 265.88 milligram per cubic
meter. The representatives who have training between 2538 and 2542 have 242.63
milligram per cubic meter. The representatives who have training in 2543 or after have
251.29 milligram per cubic meter. (Table 27) The statistic shows that the period of
training is not relevant to the quantity of dust (P=0.530).

4.2.1.8 Supporting staff for training
The companies, which never support staff to train, have an average dust in the
amount of 287.38 milligram per cubic meter while the companies supporting staff
have 232.63 milligram per cubic meter. (Table 27) According to the statistical testing,
supporting staff for training plays a significant role to the quantity of dust (P=0.031).
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4.2.1.9 Frequency of supporting training

The companies, which never support staff to train, have an average dust in the
amount of 344.40 milligram per cubic meter. The companies supporting staff once
have 286.57 milligram per cubic meter whereas the companies supporting staff twice
have 274.90 milligram per cubic meter. The average of 232.63 milligram per cubic
meter is found from the companies supporting staff 3 times or more. (Table 28)
Having tested statistically, it is found that frequency of supporting training is related to
the quantity of dust (P=0.040).

4.2.1.10 Period of supporting training

The companies, which never support staff to train, have an average dust in the
amount of 310.14 milligram per cubic meter. The companies supporting staff to train
during 2537 or before have an average dust of 297.33 milligram per cubic meter. The
companies supporting staff to train during 2538 and 2542 have an average dust of
232.63 milligram per cubic meter. The companies supporting staff to train during 2543
or later have an average dust of 274.11 milligram per cubic meter. (Table 28) The
statistic indicates that the period of supporting training does not affect the quantity of
dust (P=0.145).
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Table 26 Percentage of sampling groups classified by personality: air pollution
management and quantity of dust (age, education, experience, and other

experience)
Air pollution management Quantity of Dust (mg/m3)
N Mean S.D. P-Value
Age (Year)
<30 16 277.27 100.20 0.481
3445 38 251.48 106.69
> 46 14 286.88 101.51
Min = 23 Max = 60
Education
Primary & Secondary 12 278.12 59.54 0.849
Highschool 16 270.07 127.49
College 14 245.75 72.06
Bachelor & Post-Graduate 26 256.30 122.85
Experience (Year)
<5 21 291.43 88.29 0.667
6-15 37 264.71 104.89
>16 10 257.72 133.70
Min=1 Max = 25
Other Experience (Year)
0 43 247.44 82.40 0.040*
1-5 13 264.69_1 129.15
26 12 327.33—| 126.70
Min =0 Max = 20

] indicates the difference of mean between P<= 0.05
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Table 27 Percentage of sampling groups classified by personality: air pollution

management and quantity of dust (air pollution training, frequency in training,

period of training, and supporting staff for training)

Air pollution management Quantity of Dust (mg/m3)
N Mean S.D. P-Value
Air pollution training (Year)
Never 26 71.11 91.88 0.530
Ever 42 254.70 121.88
Frequency in training (Time)
Never 6 274.25 95.25 0.706
1 34 266.00 77.28
>2 8 251.29 123.12
Min =0 Max =4
Period of training
Never 26 289.78 102.94 0.530
<2537 11 265.88 74.33
2538 - 2542 22 242.63 75.05
>2543 9 251.29 123.12
Min = 2530 Max =2544
Supporting staff for training
Never 8 287.38 101.59 0.031*
Ever 40 232.63 99.98

| indicates the difference of mean between P<= 0.05
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Table 28 Percentage of sampling groups classified by personality: air pollution

management and quantity of dust (frequency of supporting training, and period

of supporting training)

Air pollution management Quantity of Dust (mg/m3)
N Mean S.D. P-Value
Frequency of supporting training
Never 28 344.40 57.11 0.040*
1 22 286.57 102.09
2 13 274.90 87.01
>3 5 232.63 99.98
Min=0 Max =6
Period of supporting training
Never 28 310.14 493 0.145
<2537 12 297.33 81.76
2538 - 2542 7 232.63 99.98
> 2543 21 274.11 117.72
Min = 2530 Max =2544

] indicates the difference of mean between P<= 0.05
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4.2.2 Environment

4.2.2.1 Type of industry
Paper and wood have an average dust of 320.40 milligram per cubic meter.
Flour has 252.16 milligram per cubic meter. Food and drink have 283.94 milligram
per cubic meter. Garment has 251.83 milligram per cubic meter. Lastly, Chemical and
electronic appliance have 236.30 milligram per cubic meter. (Table 29) After testing
statistically, type of industry is not concerned with the quantity of dust (P=0.451).

4.2.2.2 Area
The companies with area of 9 rai or less have an average dust of 288.11
milligram per cubic meter while the companies with area of 10-49 rai have an average
dust of 262.68 milligram per cubic meter. Finally, companies with area of 50 rai or
more have an average dust of 243.25 milligram per cubic meter (Table 29). The

statistic shows that area of companies is not a significant factor affecting the quantity
of dust (P=0.453).

4.2.2.3 Employee
The companies with 17 or less employees have an average dust of 267.73
milligram per cubic meter while the companies with 18-300 employees have an
average dust of 271.19 milligram per cubic meter. The average of 251.67 milligram
per cubic meter is found from the companies with 301 or more employees. (Table 29)
According to the statistics, the number of employees is not a significant effect to the
quantity of dust. (P=0.787)

4.2.2.4 Asset
In terms of asset, the companies with 9 mil Baht or less have an average dust
of 316.20 milligram per cubic meter whereas the companies with 10-99 mil Baht have
an average dust of 252.49 milligram per cubic meter. Lastly, the companies with 100
mil Baht or more have 242.84 milligram per cubic meter. (Table 30) According to the
statistical test, asset does not affect the quantity of dust (P=0.182).
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4.2.2.5 Machine
According to the machines installed for production process, the companies
with 999 horse power or less have an average dust of 270.95 milligram per cubic
meter. The companies with 1,000-9,999 horse power have an average dust of 271.16
milligram per cubic meter whereas the companies with 10,000 horse power or more
have an average dust of 240.81 milligram per cubic meter (Table 30). Having test

statistically, the machines do not play a significant role to the quantity of dust
(P=0.630).

4.2.2.6 Product
It is found that paper, door, window, noodle industries generates 300.04
miligram per cubic meter of dust. Canned food and alcohol generates 280.06 miligram
per cubic meter while rice generates 251.83 miligram per cubic meter. Cleaning and
electronic industries generate 236.30 miligram per cubic meter. (Table 30) The

statistic shows that product of industries does not play a significant role to the quantity
of dust. (P=0.578)

4.2.2.7 Expense
The companies with expense 150,000 Baht per month or less have an average
dust of 288.92 milligram per cubic meter while the companies with expense 150,001 —
19 mil Baht per month have an average dust of 267.94 milligram per cubic meter.
252.99 milligram per cubic meter of dust is the average from the companies with
expense more than 19 mil Baht (Table 30). Expense according to statistic does not
affect the quantity of dust (P=0.629).

4.2.2.8 Revenue
The companies with revenue 900,000 Baht per month or less have an average
dust of 267.92 milligrams per cubic meter while the companies with revenue 900,000
— 25 mil Baht per month have an average dust of 273.87 milligrams per cubic meter.
257.08 milligrams per cubic meter of dust are the average from the companies with
expense more than 25 mil Baht (Table 31). Statistic shows that revenue is not a
significant factor affecting the quantity of dust (P=0.860).
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4.2.2.9 Claim
The companies without any claim have an average dust of 240.23 milligrams
per cubic meter. The companies without any claim have an average dust of 240.23
milligrams per cubic meter. The companies which ever been claimed have an average
of 519.16 milligrams per cubic meter. (Table 31) According to the statistical testing, it
is found that claim has an impact on the quantity of dust (P=0.000).

4.2.2.10 Frequency in claim
The companies without any claim have an average dust of 240.23 milligrams
per cubic meter. The companies with one claim have an average dust of 590.00
milligrams per cubic meter while the companies with 2 claims have an average dust of
483.75 milligrams per cubic meter. (Table 31) The statistic shows that the frequency
in claim plays a significant role to the quantity of dust (P=0.000).

4.2.2.11 Boiler

According to the study, the companies with 1 boiler have an average dust of
370.00 milligrams per cubic meter. The companies with 2 boilers have an average dust
of 263.01 milligrams per cubic meter whereas the companies with 3 boilers have an
average dust of 255.29 milligrams per cubic meter. The companies with 4 boilers have
an average dust of 253.71 milligrams per cubic meter whereas the companies with
more than 4 boilers have an average dust of 169.36 milligrams per cubic meter. (Table
31) The statistic shows that the frequency in claim plays a significant role to the
quantity of dust (P=0.045) '
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Table 29 Percentage of sampling groups classified by environment : air pollution
management and quantity of dust (type of industry, area, employee, and asset)

Air pollution management Quantity of Dust (mg/m3)
N Mean S.D. P-Value
Type of industry
Paper & Wood 5 320.40 120.93 0.451
Flour 12 | 252.16 82.15
Food & Drink 24 | 283.94 131.25
Garment 12 | 251.83 48.89
Chemical 15 236.30 94.93
Area (Rai)
<9 18 288.11 128.17 0.453
10-49 34 | 262.68 107.25
=50 16 | 243.25 55.12
Min= 0.5 Max = 1,056
Employee
<17 15 269.73 118.36 0.787
18 - 300 32 | 271.19 108.34
> 301 21 251.67 88.46
Min =5 Max = 5,212
Asset (Baht)
<9 mil 10 | 316.20 142.41 0.182
9 mil - 99.99 mil 29 | 25249 94.20
> 100 mil 17 | 242.84 94.58
Min = 650,000
Max = 40,000 mil

] indicates the difference of mean between P<= 0.05
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Table 30 Percentage of sampling groups classified by environment : air pollution

management and quantity of dust (machine, product, and expense)

Air pollution management Quantity of Dust (mg/m’)
N Mean S.D. P-Value
Machine (Horse power)
24 270.95 115.00 0.630
<999 30 271.16 111.05
1,000 —- 9,999 14 240.81 61.89
> 10,000
Min = 56 Max = 300,500
Product
Paper & Wood 10 300.04 160.72 0.578
Canned Food 20 280.06 111.40
Rice 11 258.27 83.25
Garment 12 251.83 48.89
Chemical 15 236.30 94.93
Expense (Baht/month)
<150,000 13 288.92 136.17 0.629
150,001 — 19 mil 29 267.94 95.27
> 19 mil 22 252.99 100.87

Min = 40,000 Max = 900 mil

] indicates the difference of mean between P<= 0.05
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Table 31 Percentage of sampling groups classified by environment : air pollution

management and quantity of dust (income, claim, frequency of claim, and boiler)

Air pollution management Quantity of Dust (mg/m3)
N Mean S.D. P-Value
Income (Baht/month)
<900,000 14 267.92 129.54 0.860
900,001 — 25 mil 29 273.87 98.13
>25 mil 21 257.08 102.38
Min = 250,000
Max = 1,000 mil
Claim
Never 62 240.23 65.98 0.000*
Ever 6 519.16 78.25
Frequency of claim (Times)
0 62 240.23 ] 65.98 0.000*
1 2 " 590.00 70.71
2 4 — 483.75 59.35
Min=1 Max =2
Boiler
1 33 l—_—_370.00—~ 178.78 0.045*
2 24 [263.01 - 82.88
3 5 255.2 122.49
4 2 [253.71 41.92
>5 4 169.36= 37.76
Min =1 Max =7

] indicates the difference of mean between P<= 0.05




Fac. of Grad.Studies, Mahidol Univ. M.Sc. (Appropriate Tech. For Res. Dev.) / 75

4.2.3 Boiler
4.2.3.1 Period of measurement
In 2542, dust was found averagely 262.69 milligram per cubic meter. The
average of 269.69 milligram per cubic meter represents the quantity of dust in 2543
while the average of 262.69 milligram per cubic meter was found in 2544. (Table 32)
After having test with statistical method, period of measurement is not significantly
related to the quantity of dust (P=0.970).

4.2.3.2 Type of boiler
The companies installing fire-typed boiler have an average dust of 261.66
milligram per cubic meter whereas the companies installing pipe boiler have an
average dust of 281.14 milligram per cubic meter. The companies installing pig boiler
have an average dust of 271.34 milligram per cubic meter (Table 32). The statistic
shows that type of boiler does not affect the quantity of dust (P=0.821).

4.2.3.3 Vapour production rate
The companies producing vapour at the rate of 0.99 ton per hour or less have
an average dust of 259.87 milligram per cubic meter. The companies producing
vapour at the rate of 1-3.99 ton per hour have an average dust of 262.04 milligram per
cubic meter. The companies with capacity of 4 ton per hour or more have 271.34
milligram per cubic meter (Table 32). After having test with statistical method, vapour
production rate is not significantly related to the quantity of dust (P=0.934).

4.2.3.4 Type of fuel

The companies consuming bunker oil generate an average dust of 252.29
milligram per cubic meter. The companies consuming firewood generate an average
dust of 363.75 milligram per cubic meter. The companies consuming diesel generate
an average dust of 216.94 milligram per cubic meter. The companies consuming wood
leafover generate an average dust of 318.00 milligram per cubic meter. The companies
consuming husk generate an average dust of 277.72 milligram per cubic meter. (Table
32) According to statistical testing, type of fuel plays a significant role to the quantity
of dust (P=0.041)
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4.2.3.5 Claim
From the study of relation between bunker oil and dust, it is found that the
companies who never been claimed generated 252.29 miligram per cubic meter in
average. The companies with 2 claims have an average dust of 520.00 miligram per
cubic meter. (Table 32) The statistic shows that bunker oil has a significant effect to
the quantity of dust (P=0.000).

4.2.3.6 Vapour pressure
The vopour of 4.99 kilogram per square centimeter or less have 310.33
milligram per cubic meter while the vopour of 5-9.99 kilogram per square centimeter
have 259.47 milligram per cubic meter. In addition, the vopour of 10 kilogram per
square centimeter or more have 247.95 milligram per cubic meter. (Table 33)
According to statistical testing, vapour pressure does not play a significant role to the
quantity of dust (P=0.307).

4.2.3.7 Boiler operating hour
The companies operating boiler 7 hours a day or less have an average dust of
227.29 milligram per cubic meter whereas the companies operating boiler 8-22 hours a
day have an average dust of 282.57 milligram per cubic meter. The companies
operating boiler 23hours a day or more have an average dust of 287.47 milligram per
cubic meter (Table 33). It can be concluded that boiler operating hour affects the
quantity of dust (P=0.043).

4.2.3.8 Boiler operating day
According to the studay, the companies operating boiler 259 days a year or less
have an average dust of 255.77 milligram per cubic meter. The companies operating
boiler 260-329 days a year have an average dust of 271.60 milligram per cubic meter
and the companies operating boiler 330 days a year or more have an average dust of
276.50 milligram per cubic meter (Table 33). The statistic shows that boiler operating
day does not play a significant role to the quantity of dust (P=0.770).

4.2.3.9 Boiler check
The companies checking boiler once a year have an average dust of 266.77
milligram per cubic meter while the companies checking boiler twice a year or more
have an average dust of 240.47 milligram per cubic meter (Table 34). It can be
concluded that boiler check does not affect the quantity of dust (P=0.0.589).
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4.2.3.10 Boiler maintenance
According to the study, the éompanies which never maintained boilers have an
average dust of 452.50 milligram per cubic meter, on the other hand, the companies
which ever maintained boiler have an average dust of 259.15 milligram per cubic
meter (Table 34). Obviously, the statistic shows that boiler maintenance have a
significant effect to the quantity of dust (P=0.008).

4.2.3.11 Frequency in boiler maintenance
The companies which never maintained boilers have an average dust of 452.50
milligram per cubic meter. The companies maintaining boiler once a year have an
average dust of 267.07 milligram per cubic meter while the companies maintaining
boiler twice a year have an average dust of 223.50 milligram per cubic meter (Table

34). It can be concluded that frequency in boiler maintenance affects the quantity of
dust (P=0.012).
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Table 32 Percentage of sampling groups classified by boiler : air pollution

management and quantity of dust (period of measurement, type of boiler, vapour

production rate, type of fuel, and claims)

Air pollution management Quantity of Dust (mglm3)
N Mean S.D. P-Value
Period of measurement
2542 13 262.69 80.34 0.970
2543 22 269.39 115.25
2544 33 262.65 106.76
Type of boiler
Fire 44 261.66 99.39 0.821
Water pipe 13 281.14 136.42
Pig 11 258.27 83.25
Vapour production rate (Ton/hour)
<0.99 11 259.87 97.89 0.934
1-3.99 34 262.04 110.97
>4 23 271.34 99.56
Min =0.12 Max =15
Type of fuel
Bunker oil 36 252.29 92.28 0.041*
Wood l: 363.75 172.69
Diesel 216.94 65.09
Woodleafover 318.00 88.08
Husk 18 271.72 114.02
Claims
0 6 52.29 5.85 0.000*
2 2 520 56.56

| indicates the difference of mean between P<= 0.05
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Table 33 Percentage of ‘sampling groups classified by boiler :

air pollution

management and quantity of dust (fuel consumption rate, vapour pressure, boiler

operating hour, and boiler operating day)

Air pollution management Quantity of Dust (mg/m3)
N Mean S.D. P-Value
Fuel consumption rate (kg/hr)
<99 12 220.38 60.58 0.213
100 - 399 32 266.43 87.73
2400 24 284.95 133.41
Min = 10 Max = 2,400
Vapour pressure (kg/cmz)
<4.99 10 310.33 173.50 0.307
5-9.99 44 259.47 86.14
>10 14 247.95 90.30
Min = 0.70 Max = 26
Boiler operating hour (hr/day)
<7 7 227.29 66.82 0.043*
8-22 25 282.57 66.64
>23 36 287.47 105.88
Min =4 Max = 24
Boiler operating day (day/year)
<259 16 255.77 116.84 | 0.770
260 - 329 34 271.60 105.43
>330 18 276.50 92.16
Min = 85 Max = 365

] indicates the difference of mean between P<= 0.05
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air pollution

management and quantity of dust (frequencyin boiler check,boiler maintenance,

and frequency in boiler maintenance)

Air pollution management Quantity of Dust (mg/m3)
N Mean S.D. P-Value
Frequency in boiler check
(time/year)
1 63 266.77 106.86 0.589
>2 5 240.47 51.41
Min=1 Max =4
Boiler Maintenance
Never 2 452.50 265.16 0.008*
Ever 66 259.15 94.37
Frequency in boiler
maintenance (time/year)
0 2 452.50 265.16 0.012*
1 54 l: 267.07 98.44
2 12 223.50 65.13
=0

Min Max =2

] indicates the difference of mean between P<=0.05
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4.2.4 Disposal system
4.2.4.1 Type of disposal system

The companies installing cyclone have an average dust of 249.60 milligram per
cubic meter whereas the companies installing spray have an average dust of 294.35
milligram per cubic meter. The companies installing scrubber have an average dust of
182.09 milligram per cubic meter while the companies installing filter have an average
dust of 235.44 milligram per cubic meter (Table 35). The statistic shows that type of
disposal system does not affect the quantity of dust (P=0.094).

4.2.4.2 Installation expense
According to the study, the companies spend 90,000 Baht or less have an
average dust of 278.52 milligram per cubic meter. The companies spend 90,001-3 mil
Baht have an average dust of 267.30 milligram per cubic meter while the companies
spend more than 3 mil Baht have an average dust of 244.91 milligram per cubic meter
(Table 35). It can be concluded that installation expense does not affect the quantity of
dust (P=0.643).

4.2.4.3 Installation period
The companies installing the system in 2525 or before have an average dust of
296.72 milligram per cubic meter whereas the companies installing the system
between 2526-2535 have an average dust of 259.96 milligram per cubic meter. The
companies installing the system in 2536 or later have an average dust of 247.74
milligram per cubic meter (Table 35). The statistic shows that installation does not
affect the quantity of dust (P=0.293).

4.2.4.4 Operating expense
The companies spending 2,000 Baht per month or less have an average dust of
277.07 milligram per cubic meter whereas the companies spending 2,001-6,000 Baht
per month have an average dust of 264.44 milligram per cubic meter. The companies
spending more than 6,000 Baht per month have an average dust of 256.56 milligram
per cubic meter (Table 35). The statistic shows that operating expense does not affect
the quantity of dust (P=0.858).
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4.2.4.5 Maintenance
The companies without maintenance have an average dust of 273.37 milligram
per cubic meter whereas the companies with maintenance have an average dust of
259.22 milligram per cubic meter(Table 36). It can be concluded that maintenance
does not affect the quantity of dust (P=0.586).

4.2.4.6 Frequency in maintenance
The companies which never maintain the system have an average dust of
273.37 milligram per cubic meter whereas the companies maintaining once a year
have an average dust of 278.84 milligram per cubic meter. The companies maintaining
twice or more a year have an average dust of 228.56 milligram per cubic meter (Table

36). The statistic shows that frequency in maintenance does not affect the quantity of
dust (P=0.277).

4.2.4.7 Maintenance expense

According to the study, the companies without maintenance expense have an
average dust of 311.60 milligram per cubic meter. The companies spending 2,000
Baht per year or less on maintenance expense have an average dust of 273.37
milligram per cubic meter whereas the companies spending 2,001-7,000 Baht per year
have an average dust of 246.41 milligram per cubic meter. An average dust of 225.00
Baht per year is found from the companies with more than 7,000 Baht per year (Table
36). It can be concluded that maintenance does not play a significant role to the
quantity of dust (P=0.178).

4.2.4.8 Life cycle
The companies installing the disposai system for 5 years or less have an
average dust of 228.24 milligram per cubic meter whereas the companies installing the
disposal system for 6-19 years have an average dust of 271.08 milligram per cubic
meter. The companies installing the disposal system for 20 years or more have an
average dust of 274.42 milligram per cubic meter (Table 36). The statistic shows that

life cycle of disposal system does not significantly affect to the quantity of dust
(P=0.446).
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Table 35 Percentage of sampling groups classified by disposal system : air
pollution management and quantity of dust (type of disposal system, installation
expense, installation period, and operating expense)

Air pollution management Quantity of Dust (mg/m3)
N Mean S.D. P-Value
Type of disposal system
Cyclone 15 249.60 104.24 0.094
Pray 36 | 294.35 108.07
Scrubber 4 182.09 23.39
Filter 4 205.25 41.72
Pond 9 235.44 93.40

Installation Expense (Baht)

< 90,000 17 278.52 92.36 0.643
90,001 — 3 mil 35 267.30 111.00
>3 mil 16 24491 102.17

Min = 40,000 Max = 40 mil

Installation Period
<2525 18 296.72 111.01 0.293
2526 — 2535 23 259.96 i11.15
> 2536 27 24774 90.67

Min = 2515 Max = 2544

Operating Expense (Baht/month)

<2,000 14 2717.07 91.23 0.858
2,001 — 6,000 35 264.44 121.46
> 6,001 19 156.56 76.47

Min = 300 Max = 25,000

] indicates the difference of mean between P<=0.05
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Table 36 Percentage of sampling groups classified by disposal system : air
pollution management and quantity of dust (maintenance, frequency in

maintenance, and life cycle)

Air pollution management Quantity of Dust (mg/m3)
N Mean S.D. P-Value
Maintenance
Never 27 273.37 95.46 0.586
Ever 41 259.22 109.72
Frequency in maintenance
(Time/year)
Never 27 273.37 95.46 0.277
1 25 278.84 116.81
>2 16 228.56 92.89
Min=1 Max =5
Maintenance Expense (Baht/year)
No 27 311.60 122.51 0.178
<2,000 12 273.37 95.46
2,001 — 7,000 17 246.41 124.63
> 7,001 12 225.00 40.67
Min = 1,000 Max = 100,000
Life cycle (Year)
<5 11 228.24 65.021 0.446
6-19 43 271.08 20.79
>20 14 274.42 61.39
Min =2 Max = 28

] indicates the difference of mean between P<= 0.05




Fac. of Grad.Studies, Mahidol Univ. M.Sc. (Appropriate Tech. For Res. Dev.) / 85

4.3 Characteristic and relation analysis of the factors affecting the quantity of
dust from industrial boilers

From the study of the factors affecting the quantity of dust from sample, the
analysis is conducted on 1 endogenous variable with many exogenous variables basis.
The method is so called “Stepwise Multiple Regression Analysis”. The equation can
be written as follows.

y=a+bx; +byxa+ ...+ bixx
Where y = endogenous variable or the quantity of dust
a = Intercept

bi = coefficient of exogenous variable

The analysis is focus on the significant value between endogenous and
exogenous variables. Also, the possibility of variable is considered. The analysis of

environment, boiler, and disposal system consists of 10 exogenous variables.

Y = endogenous variable
X = exogenous variable
X;= Machine (Horse Power)
X,= Claim (Time)
X5= Number of Boiler
X4= Type of Boiler
Xs= Type of fuel
X¢= Operating period (Hour/Day)
X= Frequency in boiler repair (Year/time)
Xg= Type of disposal system
Xo= Frequency in maintenance (Y ear/time)

X,0= Period of system used (Y ear/time)
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According to Stepwise Multiple Regression Analysis, there are 3 variables selected

into the equation.

y =227.439 + 146.633x; — 18.479x9 + 2.841x10

From the equation above, the coefficient of decision (R?) = 0.553 meaning that

when the 3 variables; claim (time) (x») , Frequency in maintenance (Year/time) (Xo) ,

and period of system used (x10) are used together, it can explain the quantity of dust
(y) by 55.3% with Multiple R=0.744. In addition, having tested with significant
statistic, it is found that F value = 5.326 at the significant level of 0.000 and the

standard error (SE) of 18.434 (Table 37).

Table 37 Stepwise Multiple Regression Analysis

Sequence Exogenous variable | Multiple l R? Adjust B

SE. Beta t P-Valve
R R? B
Constant - - - 227439 18434 - 12338 0.000
1 Claim (time) 0695 0.483 0.476 146,633 17.464 0.702 8396 0.000
2 Frequency in 0.718 0.516 0.501 -18479 7.821 -0.198 -2.363 0.021
maintenance
(Year/time)
3 Period of system 0.744 0.553 0532 2.841 1231 0.194 2.308 0024
used (Year)
F = 5.326 P-Valve = 0.000 Standard Error = 18.434

Multiple R = 0.744  R® = 0.553

Adjust R* = 0.532
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CHAPTER V
SUMMARY, DEBATE AND COMMENT
5.1 Summary
5.1.1 Personality of factories’ representatives

100% of representatives are male with an average age of 38.1 years old,
education level of graduate. The majority of 29.4% is the enterprenuer with a salary of
16,000 Baht per month. Median of experince is 8 years while the past experince from
another place is 6.6 years. Most of them representing 61.8% used to participate in a
training course with an average of 1.2 times. 16.2% of representatives used to join
training in 2542. For the entrepernuer, 58.8% stated that they have ever sent their staff
for training with the median of once. Most of them supported the staff in year 2540,
representing 14.7%.

5.1.2 Environment

35.3% of the samples are in food and beverage industry. The median of area
used is 20 rai with 175 employees. The median of asset is 27.5 mil baht while the engine
power is 2,228 horse power. In terms of expense, 12 mil baht per month is the median.
In contrast, the median of revenue is 15.5 mil baht per month. The majority of 91.2 have

never been claimed for pollution.The number of boilers is 1.9 in average.
5.1.3 Boiler

Most of 48.5% measured the quantity of dust in 2544. 64.7% of boilers are fire-
typed. The average production rate is at 3.8 tons per hour. Most of fuel used in boilers
are bunker oil accounting to 52.9%. Fuel consumption rate is 343.8 kilogram per hour in
average. The vapour pressure is at 8.2 kilogram per square centimeter. The operation
period of boilers is at 16.6 hours per day, 284 days per year. The whole 100% has
boilers checked with the average of 1.1 times a year. 97.1% used to have a maintenance

with 1.2 times per year.
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5.1.4 Disposal system

52.9% of the companies selected water spray. Most disposal systems were
installed in 2536 representing 11.8%. The median of installation cost is around 750,000
Baht whereas the operating cost is 5,042 Baht per month in average. 60.3% have been
maintained 1.1 times a year with the average expense of 5,648 baht per annum. The life
cycle of the system is approximately 12.0 years and it can measure the dust of 264.9
miligram per cubic meter.

5.1.5 Stepwise Mutiple Regression Analysis

According to the study, it is found that there are 3 factors relating to the quantity
of dust : number of claims, frequency in maintenance (time per year), and period of
system used (year). The number of claims and period of system used have a positive
relation with the quantity of dust i.e. if the these 2 variables increase, the dust will be
higher. However, the frequency in maintenance is negatively related to the quantity of

dust. Once the maintenance occurs less frequently, the dust will be released more.
5.2 Debate

5.2.1 Statistical tools
In this study, the research selected the following tools.

5.2.1.1 Stepwise Mutiple Regression Analysis

The relationship between 1 edogenous variable and many endogenous variables

can be tested by this analysis. However, it can not be used for non-linear relationship.

5.2.1.2 Arithmetic Mean
Arithmetic mean and standard deviation is applied when S.D. is less than the

mean. Whenever S.D. is larger than mean, the median will be taken instead.
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5.2.1 Sample size

The data can be collected from only 68 samples since the factories scatters in
every part of the country and some provinces do not have an adequate database.
Together, it is quite difficult to meet the companies’ owners. Therefore, the information
is retreived from their representatives. It might be some inaccuracy as per the above
reasons.

5.2.2 Personality

The personality can not be concerned as the representative of the enterprenuer
since the questionnaires were responsed from various positions of work. Some of them
are not in the position of making decision. Therefore, it can not be concluded as a
relation. \"

5.2.3 Environment

According to the study, claims play a significant role to thequantity of dust at
P=0.000. The reason is that the factories which were claimed have released dust over
the limit of regulation.

5.2.4 Boiler

5.2.5.1 The number of boiler is a significant fator affecting the quantity
of dust, P=0.045. The large factories will operate many boilers, therefore, it is necessary
to employ some staff to take care of boilers. However, if they occupy only 1 boiler, they
will hire the staff occasionally. The long period of combustion makes tar, covering the

injector. This will decrease the efficiency of combustion.

5.2.5.2 From the study, the type of fuel is a significant factor also. The
P-value is 0.041 because solid fuel (wood, husk) leaf a lot of garbage. For liquid fuel
(bunker oil, diesel), it generates small garbage, heat, humidity, and mixed substance in
the fuel. It further bring to the difference in combustion.

5.2.5.3 Fuel consumption rate has not played a significant role to the
quantity of dust. The usage rate of fuel varies from the design for complete combustion.



Apiwat Theanpirakul Conclusion and Comment / 90

5.2.5.4 The period of boiler used is positively related to the dust with
P=0.043. The long period of burning will generate tar covering the injector. It causes
less efficiency in combustion.

5.2.5.5 Frequency in maintenance plays a significant role to the quantity
of dust (P=0.008) Maintenance can improve efficiency in fuel system, winding system,

measurement and control system, and safety system.

5.3 Comment
5.3.1 Comment from the research

5.3.1.1 The company’s owners should support the staff to train in order
to have more knowledge in air pollution, which will further bring to dust reduction.

5.3.1.2 The claimed companies must consider to the origin of the
problem. The appropriate fuel would be deisel. In addition, the maintenance should be
taken at least once a year. It appropriate operating period should be less than 7 hours a
day.

5.3.1.3 Related organization
Department of industrial works and department of industrial support should suggest
the factories with boilers to train in air pollution course.

5.3.2 Other comments

The directly related organization, department of industrial works and
department of pollution control, department of labour should support in terms of
budget in order to improve the disposal system with the appropriate technology. In
addition, there should be some courses of training from other organization in order to

provide knowledge and technology to the factories” owners.
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5.3.3 Comment for the next research

5.3.3.1 Study the factor affecting the air pollution management from the
same type of boiler

5.3.3.2 Study the factor in selecting the disposal system of the factories
operating boiler

5.3.3.3 Study the appropriate system for each and every type of boiler

5.3.3.4 Study the appropriate fuel for each and every type of boiler

5.3.3.5 Study the appropriate life cycle of each and every type of
disposal system
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16 AYNTAINT 1
17 NAUT 1
18 anha 1
19 ANIINY3 1
20 UATUYN I
21 LPFATE 1
22 qavan 1
23 MYIUY3 1
5 68
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iRuafsmuall dede i

o o d' a A 1 A 1 o P}
Mdun  wievesmsieely  URAINNIYBIAS AnfSumuosaseliulueins
' Y Pdayd a od
1. Huazooq wiie lovi 1gwewasaail
E4
(Particulate) - vl 300 dadnfuAegnuIAiLA
- oty 400 TaansudegnUIRNILAS
v 1
S AR GRTE 400 TaanTuABgRUIANWAS
ms0qe naevasuIaas 300 dadniudegnuariuas
A a o v
Haz/MIoNaAMAannal
agiitioy
mswaana il 400 TadnFudognuIAtuAT
2. Wan mswanna 1 20 fiaansuAognUIAALIAT
(Antimony)
3. dnny asnaana 1y 20 faansusegnUIRNILAS
(Arsenic)
4. NDAULAY AMTHABUNIBNIITNG 30 fiadnTuApgALIANILAS

(Copper)
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.
Syl siavesmsdedy  umasfiniwesds mSnuvesmsivelulueins
5. Az mswamia 'l 30 fadnfurogUIRNLAT
(Lead)
6. Ao mawaaa 1y 30 fadnSuregmunAniung
(Chlorine)
7, lolasounaslsd  mawdaialy 200 HadniuAegNUIARLAS
(Hydrogen chloride)
8, Uson mswaara 3 fiadnSuApgnINANIAS
(Mercury)
9. msuouveuuenlad mandanalil 1000 fiadnSuAognuisimms
(Carbon monoxide) #5e 870 dyuluduau
10. AIANNZIU mswaaialu 100 iadnSudognuAiLAg
. (Sulfuric acid) w3e 25 dauludwdiu
- 11. Tolasoudalnd  mawdarialil 140 fiadnSuAngnuisiwas
- (Hydrogen sulfide) w5e 100 damlududiu
12, damloslavonlad  mswdansadayse 1300 HadnsudegnuAimAs
(Sulfur dioxide) 3o 500 auludwmdiu
13. oon'lasueslulnsnn wieleild Falugdlulasnulaoonlesd)

=

3
(Oxides of nitrogen) HOINAIAY
- 0uHY 940 finanTudoaPLIRTILAS
- 1 9 1
#30 500 druludauaiu
- a A a a o 1 d
- oA 470 daaniuAognINANIAT
w30 250 dawlududin
=t a o a a o a
14.  ladu mswaana 870 AAANTUABYNUIANIAT

(Xylene) u5e 200 dwluduau



L Y

[, N

Apiwat Theanpirakul Appendix /102

[ o ot a A o 3/ o -
o 2 midaanlsuavesaswetulusimaiszuigesnainlseanu iaemean
seytmeanintassluvazlsznounsms lseau

A [F=Y 1 @ A 4 o a d (D a (a
'1uﬂmm"lumJam‘lﬁ'aﬂﬂmmizmﬂmﬂ1ﬁ°§awummta’fmﬁmmmmnznﬂmm

]
I3

Y9350l uszUgeRRNINNEA

q

3 a 1 1=y J a ad %o =) P o
Y9 3 i:ﬂumﬂsmm‘uENmssmawuﬂmi}aﬂuiummﬁ ‘114mmmmw‘nmm¢m

1 USSOIMA azguUNnll 25 oas it

sz o Ui 20 nsAIAN 2536

A w o
WARTAUU ‘Uﬂillizﬂ'l’du

(@iu vasdseenad)

FIUUATNNISNILNI NYAATNATTY



Fac.of Grad. Studies, Mahidol Univ.

" O

NAME

DATE OF BIRTH

PLACE OF BIRTH
INSTITUTION ATTENDED

POSITION & OFFICE

Nt Mgy b

-t g

M.Sc.(Appropriate Tech. for Res.Dev.) /103

BIOGRAPHY

Mr.Apiwat Theanpirakul
9 January 1958

Nakornsawan, Thailand

King Mongkut’s Institute of Technology
Thonburi Campus,1976-1981
Bachelor of Engineering

Mahidol University,1997-2002
Master of Science (Appropriate
Technology for Resource
Development)

1983-Present : Department of Industrial
Works, Ministry of Industry

Position : Engineer, Degree 7




