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ABSTRACT

The purpose of this research was to study the potential of the carbonization
process as an alternative to existing wood waste management methods in the Bangkok
area. Data recording the amount of wood waste generated in Bangkok area for 1 year
was collected from June, 2005 to May, 2006. The carbonized products of the wood
waste, which are charcoal and wood vinegar, were studied. The physical properties of
charcoal, moisture content, fixed carbon, ash, volatile matter, heat content, and sulfur
content, were characterized according to the ASTM D 2015, D 3172 and D 3177
methods, respectively. The specific gravity and acidity of the wood vinegar product
were investigated. The chemical components of wood vinegar acetic acid, propanoic
acid, methanol, small carbonyl compounds, and phenolic compounds, were analyzed
by using GC and GC-MS techniques. Bio - testing of wood vinegar to inhibit the
growth of Xanthomonas camprestris pv. Citri (Hasse) Dye was also done. The
economic outcomes from the carbonization process and products were evaluated.

The results showed that wood waste generated in the Bangkok area was estimated
at about 21 tons per day. The wood waste generated in the rainy season was higher
than that generated in the cool and hot seasons. The pH of the wood vinegar remained
consistently low and the acidity ranged from 2.60 to 2.63. Acetic acid was observed as
a major component in wood vinegar. The wood vinegar product from the
carbonization of wood waste can inhibit canker diseases in plants. The economic
evaluation showed that the carbonization of wood waste generated in the Bangkok
area can increase profit and it could be as used an alternative wood waste management
method for Bangkok Metropolitan Administration.

KEY WORDS: WOOD WASTE/ CARBONIZATION/ WOOD VINEGAR/
CANKER/ CHARCOAL
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CHAPTER I
INTRODUCTION

1.1 Background and importance of the problems

Bangkok is the capital of Thailand that comprises of 50 districts covering the area
of 973,263 rais. The population living in Bangkok censured on December 31%, 2006
reached to 5,695,956 persons [1] which accounted to the population density at 5.85
persons per rai. According to the increase of population density rate situation in
Bangkok, the central of economic transportation, politic, and education development,
it caused the environment problems in Bangkok such as air pollution from traffic
congestion and noxious fumes from industrial sector that import on both physical and
mental health of people.

Bangkok Metropolitan Administration thus started planning many projects to
increase the green area throughout the capital due to the reason that green color and
shade of trees can help relax and reduce people’s stress. They have supported planning
trees in urban area by promoting trees planting along the roadside and establishing
public parks at 620 places within the area of 4,880 rais which accounts to 1.38 square
meter per person.

Bangkok has protected those trees by watering and pruning trees to be in good
order, preventing branches leaning against the electric wires, cutting some trees to
avoid fallen tree on household and pruning branches of trees on the street. These led to
prevent the reduction of driving visibility that cause the wood waste problem. From
this activity, it is recorded that the amount of solid wastes was up to 8,291 tons per day
in 2005 that comprised of wood waste at the percentage of 10.79. Moreover, the
gathered data from Ornutch nightsoil treatment plant in year 2005, it was found that
the amount of wood waste were approximately 20 tons per day. Ornutch nightsoil
treatment plant was the place for supporting wood waste generated from street isles,
households, public parks of all district in Bangkok. The method for handling wood

waste of Bangkok Metropolitan Administration was to separate wood waste into two
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parts based on the size of diameter. Wood waste with diameter less than 4 inches are
conveyed to wood chipper in order to make the compost that is quite a good way of
wood waste management. However, according to much of lignin in wood structure, it
take long time to compost, particularly a large amount of larger than 4 inches wood
waste are piled and transported to landfill causing wood waste management.

One of the alternatives utilization of wood waste providing the benefit and value
added from biomass is the carbonization, the process for charcoal and wood vinegar
producing. The wood vinegar presently is the product which is widely interesting.
Both wood vinegar and charcoal can be used in various activities such as industrial
sector, households, livestocks and agriculture. Moreover, wood vinegar and charcoal
can be produced from all types of trees which comprises wood.

This research is aimed to point out the use of wood waste which is able to recycle
the biomass besides only making the compost by means of the carbonization process.
The quantity, property, and characterization of charcoal and wood vinegar produced
from the carbonization process were studied. The bio-efficiency of wood vinegar
inhibiting bacteria growth was also investigated. Finally, the economic was calculated

worthwhile in order to be an alternative utilization of wood waste in Bangkok area.

1.2 Conceptual framework

Conceptual framework is divided into five steps. Firstly, collecting data with

regard to wood waste issue in Bangkok area by reviewing the literatures and related
research, developing a data collection, and preparing kiln. The second step is charcoal
and wood vinegar production, which is implemented by selecting required wood waste

from Ornutch nightsoil treatment plant, in to the carbonization process. Thirdly,

examining the properties and characterization of the carbonizated products, bio-
efficiency of Xanthomonas campestris pv. Citri (Hasse) Dye was also investigated
bacteria growth. Fourthly is to analyze the economic worthwhile by collecting cost
and benefit data and calculating those collected data. Lastly, all data are compiled
analyzed and summarized. The following conceptual framework is shown in Figure
1.1
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Wood waste from Ornutch nightsoil treatment plant

\ 4

Producing charcoal and wood vinegar
by carbonization process

Charcoal Wood vinegar
Efficiency Quantity Efficiency Components Quantity
- Fixed carbon bio-testing to - Acetic acid
- Ash inhibit of - Propanoic acid
- Volatile bacteria growth - Methanol
matter - Small organic acid,
- Moisture carbonyl compounds
- Heating and penolic compounds
value
- Sulfur

Economic analysis

Figure 1.1 Conceptual framework
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1.3 Objectives of the study

According to the significance of study, there are four objectives which are shown
as follow:

1.3.1 To study the alternative of wood waste management in Bangkok by using
carbonization process to produce charcoal and wood vinegar.

1.3.2 To study characterization of charcoal and wood vinegar from carbonization
of wood waste.

1.3.3 To study bio-testing of wood vinegar.

1.3.4 To analyze the economic worthwhile from using carbonization process to

manage wood waste in Bangkok.

1.4 Hypothesis

Carbonization process can manage and reduce wood waste in Bangkok.

1.5 Scope of the research

This research is conducted by taking wood waste from Ornutch nightsoil
treatment plant through carbonization process for producing charcoal and wood
vinegar. This research studies in regard of the characteristic of charcoal and wood
vinegar, the bio-testing of wood vinegar to inhibit of bacteria growth, and economic

analysis of carbonization process in handling wood waste.

1.6 Definition of terms used in research

1.6.1 Wood vinegar is liquid products which generally dark brown and viscous
liquids.It is a by product from carbonization charcoal.
1.6.2 Wood waste is wood from pruning, thinning and cutting trees in Bangkok

area which was collected at Ornutch nightsoil treatment plant.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) /5

1.7 Expected outcomes

1.7.1 Carbonization process can be the directive of biomass recycling from wood
waste by producing charcoal and wood vinegar.

1.7.2 Carbonization process can be the directive in promoting wood waste
recycling for value add in term of economics.

1.7.3 The method can reduce the environmental impact caused by trees pruning
in Bangkok.

1.7.4 Bangkok Metropolitan Administration can apply this method to utilize

wood waste in Bangkok by producing charcoal and wood vinegar.
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CHAPTER II
LITERATURE REVIEW

This research approach to study quantity and quality of charcoal and wood
vinegar, chemical components of charcoal and wood vinegar, bio-efficiency of wood
vinegar to inhibit bacteria growth and economic analysis used in wood waste
management in Bangkok by carbonization processing.

Review of literatures was carried out in following topics:
1) The concept of solid waste management
2) Plants in Bangkok
3) The concept of wood vinegar

4) Related research

2.1 The concept of solid waste management

2.1.1 The concept of solid waste

2.1.1.1 Type of solid wastes

Divided solid waste along to arising area and biophysics into 12 types as
follow: [2]

1. Garbage: high moisture content of solid waste food, carcass, waste
vegetable etc.

2. Rubbish: low moisture content of solid waste which is divided as
combustible solid waste such as waste paper, paper box, leaves, tree branches.

3. Ashes: the white or grayish powder remaining after something has been
thoroughly burned.

4. Street refuse: leaves, fragment of grasses, tree branches, dust etc.

5. Bulky waste: electric fan, refrigerator, television, waste furniture etc.

6. Abandoned: car, motorcycle, truck, engine, boat etc. which have useless

condition and leaving at public places.
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7. Construction and demolition waste: arising from construction etc.

8. Industrial solid waste: arising from industrial activities.

9. Animal and agricultural waste: arising from agricultural activities such as
planting, fishing etc.

10. Sewage treatment residuals: all residuals from waste water.

11. Dead animal: carcass of animal, which is left at public places.

12. Special waste: solid waste, which is needs special management for
health care.

Wood waste was divided in rubbish, street refuse and recycling solid waste. It was

to use good method to management and don’t manage sump up with other waste. [3]

2.1.1.2 Source of solid waste
1. Domestic waste, dividing into two items.
1.1 General waste: waste paper, cloth remnant, waste food, plastic bag,
food container, soot, animal dung or carcass etc.
1.2 Hazardous waste: toxic wastes as chemical residuals such as
cleaning emulsion, car accessories, chemical container etc.
2. Industrial waste, dividing into two items.
2.1 General waste or non-hazardous waste: waste paper, cloth remnant
etc.
2.2 Hazardous waste: acid, heavy metal, chromium, cadmium etc.
3. Agricultural waste: agricultural residuals such as chemical elimination

for insects, chemical fertilizer etc.

JICA [4] found that ratio of solid waste from source and activity in Thailand.
(Table 2.1)
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Table 2.1 Source and ratio of solid waste

Source Ratio of solid waste

1. House 315 g/person/day (1.09 liter/person/day)
1.1 Place 296 g/person/day (1.01 liter/person/day)
1.2 Personal business 343 g/person/day (1.77 liter/person/day)

2. Office 32 gl/square meter/day

3. Hospital 660 kg/place/day

4. Hotel 2.9 kg/room/day

5. Department store 26 g/ square meter/day

6. Saw mill 315 kg/person/day

7. Market 320 g/person/day

Source: [4]

2.1.1.3 Components of solid wastes

Defined the components of solid wastes into 10 different types as follow. [3]

1. Vegetables, fruits, and food are defined as the left over vegetables, fruits.
Together that food from the cooking or preparation processes (excluding shell, bones,
fish bones, corncobs, the cassia) are cooked rice, fruits” skins, and meats.

2. Paper is defined as all the materials that are produced or manufactured
from paper based textiles, such as, newspapers, magazines, books, cards, paper bags,
paper boxes, etc.

3. Plastics refer to any material or product that is made from plastics, such
as, plastic bags, plastic plates or dishes, plastic toys, fiberglass products etc.

4. Cloths refer to any textile that is manufactured from natural or synthetic
fibers, such as cotton, linen, fur, and nylon. Cloths include clothes, handkerchiefs,
socks etc.

5. Wood is defined as any material or product that is made from wood,
bamboo, hays, wooden splints and including flowers.

6. Glass is defined as all the materials or products that are manufactured

from glass, such as mirror, bottles, light bulbs etc.
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7. Metals are products that have metallic constituents, such as, metallic
cans, electric wires, nails etc.

8. Stones, tiles, bones of animals, ad shell refer to useless pieces of stones,
bones and shell, such as, ceramics, shell, bones of animals, fish bones etc.

9. Rubber and leather refer to all kinds of products that are produced from
rubber or leather, such as, leather shoes, leather balls, leather bags etc.

10. Other refer to all kinds of products and materials that cannot be included

into any of the groups or categories mentioned above.

Table 2.2 Origins, types, and components of solid wastes

Origins Types of solid wastes Components
1. Households, Garbage The wastes are produced from
restaurants, preparation of food in restaurants or
shops offices, from markets. Generally these solid
and market wasters are associated with food
products.
Refuse - Flammable wastes, such as, paper

boxes and packaging, leafs, debris
from trees, and

furniture, etc.

- Non-Flammable wastes, such as,
steel and other metals, cans, glasses

etc.

Ash Wastes from the combustion process
2. Industrial factories ~ Wastes from industrial ~ Depends on the characteristics of the

processes factory and the production processes
involved.
3. Hospital and Special wastes Toxic wastes, infectious wastes,
research work places explosives, and radioactive wastes.
4. Animal farms Agricultural wastes Grass, hays, animal wastes

Source: [4]
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2.1.2 Solid waste management in Bangkok
Government organization responsible to participate was Cleaning office and
local organization 50 districts. Cleaning office plan to control and proceed in cleaning.
Solid waste management, maintenance temporary toilet and displace toilet, local
organization have to keep solid waste in their local areas.
Local organization in each district was collect solid waste in their area,
collect solid waste from houses, markets, hospitals, on street etc. Then solid wastes

were taken to Ornutch, Nong Kham, and Tha Rank solid waste management office.

2.1.3 Wood waste management in Bangkok

Wood waste was collected from all areas in Bangkok. Take to Ornutch nightsoil
treatment plant for manage, compost process, to distributed people and to maintain
plants in Bangkok. In the process take wood waste diameter less than 4 inches to
chipper machine before take to organic compost process, [5] include 2 steps, first,
Fermentation step, It was close system, used less time to ferment, temperature about

40°C-50°C. Organic fertilizer was used less time to digest in big tank with machine to
twist wood waste. This process used less time and a little bad odor. Then this fertilizer

pass to second step, Maturing step, It was close system, control bad odor with air
condition system before emit to outside. By filter system, biofilter as management
odor with bio processing, to convince about odor from fermentation step and maturing
step for protect about nearly communication. After that this fertilizer take to screening
phase for fine texture to pack in bag, for sell and distributed to pant nursery and
people. Waste from this process will take to stoves. Nowadays many wood waste in
Ornutch nightsoil treatment plant therefore should recycle this biomass to used except

fertilizer because it will the new alternative in wood waste management in Bangkok.

2.2 Plants in Bangkok

Plants in Bangkok was big trees in public parks, streets, houses, government
places. Bangkok Metropolitan Administration plan to plant trees for increasing green

areas. The way to maintenance plants in Bangkok divided 2 part [6], new plant was to
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plant for replace draft plants and died plants or to plant in the empty hold and
reinforce plant was plant to add in line or alternate to plant in the same areas. The
responsible institute was public park office, local government, many people in their

areas was participated.

Wood waste management was function of Department of Highways to look after
Vibhavadi Rangsit road, Expressway and Rapid Transit Authority of Thailand (ETA)
to look after under express way areas, Public Works Department to look after under
the bridge areas, State Railway of Thailand to look after that sides of railway areas
and railway station areas and Local government offices was 50 districts take
responsibilities in their local areas and take wood waste to Ornutch nightsoil treatment
plant.[7-8]

2.3 The Concept of wood vinegar

2.3.1 Background of wood vinegar

Thai knowledge in the past and found that Thailand used wood vinegar in
Ayuthya period. From Principle of old style doctor said that used 3 pieces of stones
which used as stove, using half of coconut shell put on the stones, put hot charcoals in
the coconut shell, allow heat to burn coconut shell to obtain wood vinegar flow to hold
of coconut shell, take a cup to received wood vinegar and used to paint ringworm and
chloasma areas, it feel pain and to get well but Thailand did not have name to
called.[9]

Japan was produced charcoal about 15 century and developed method to increase
quality and yield. Wood vinegar was used in Meiji period.

Wood vinegar was liquid products which generally dark brown, fire fume odor. It
producted from condensed fume during carbonization charcoal, temperature in kiln
about 300 - 400°C. Many compound in firewood were disintegrated by heat, to get
many value chemical compounds but keep fume in temperature about less than 300°C.
Hemicelluloses were disintegrated and celluloses begin to disintegrated. It has little
value chemical compound but can not use and keep fume in temperature more than

425°C. Tar disintegrated to be carcinogen were 3,4-Benzopyrene and 1,2,5,6 -
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Dibenzanthracenementyl cholinsrene. Although that substance were easy to refine in

temperature about 60— 70 °C but some value chemicals compound were lost. [10]

2.3.2 Tool for transform fire wood
Transform firewood to charcoal by:
1. Retort or oven method
Take firewood to completely seal kiln as use outside heating to dried
wood to charcoal. This kiln is expensive and high cost to produce. Product was good
quality charcoal, high fixed carbon, it used to industrial.

2. Furnace method

Take firewood move pass carbonization chamber in kiln, it suffer heat
in systematic control, found in laboratory.

3. Kiln method

In the process, burning past of firewood to used heat in carbonization
process.

Retort or oven method or Furnace method was tool for used outside heating
in the process, to made firewood high temperature for disintegrated chemicals
component, occur many volatiles. This volatile did not burn by flume, cause can keep
it to other useful. This process was destructive distillation, as product was gas and
liquid such as acetic acid, methyl alcohol, formic acid and by product was charcoal
however charcoal from destructive distillation had heat content and fixed carbon.

As for used kiln to transform firewood to charcoal was used same principle
about destructive distillation but kiln used heat from carbonization firewood in kiln,

difficult to keep gas from kiln. Gas was burned from flame in kiln. Although using kiln

was difficult to control temperature but many people like to used this method because

low cost.

4. Carbonization method
A carbonization kiln applied to use carbonization system, used oxygen

gas in the process. This process produced about half the amount of carbon dioxide as

incineration as well as virtually no dust, black smoke and dioxins. Carbonization

system completely seals the carbonization box containing the raw materials, which
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enables high thermal efficiency and energy saving because the carbonized gas is
burned completely in the combustion chamber located in the lower part of the system
and the heat from this combustion is used for carbonization.[11-12]

This research used Carbonization machine series MES-200 PC that are shown

systematic of Carbonization kiln (Figure 2-1)

ﬂ Exhaust gas

Raw materials
conveyer (Option)

Exhaust fan /
k m Exhaust gas
i
7/ L_I J

+
é Wood vinegar

Cooling

1 Fixed quantity
supply conveyer

Dryness and
carbonization |\
screw

L A
1. Raw materials
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Figure 2-1 Systematic of carbonizationkiln

The operating procedure; Series MES-200 PC follow:

Before start up, open switch to operate the carbonization kiln, and then fill up
diesel to carbonization kiln, prepare combustion chamber until temperature rise to
used temperature. Take wood chip in raw materials conveyer. Wood chip will move to
dryness and carbonization zone by screw. Set temperature and feed speed for
carbonized wood waste. Heat from hot blast stove will pass to dryness and
carbonization zone. During carbonization process occur gas. Gas was condensed to
wood vinegar and some gas non condensed will back to hot blast stove to reduce
diesel and. Charcoal will pass to discharge conveyer by screw. When end of the

process switch off the carbonization kiln.
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Many types of kiln different in aim to used divide to [13]

1. Permanent kiln was fat clay kiln, stone kiln to use in charcoal industrial
because have more product usual take product about 35 %, low cost and easy to find
materials to make kiln.

2. Temporary kiln was husk cover kiln, sawdust cover kiln, clay cover kiln
was used carbonization charcoal for utilization because low cost and easy to make
kiln, only to dig hold in soil for put firewood and then take materials such as saw dust,
husk, soil, grasses to cover up and burn. Products were charcoals. Particularly, clay
cover kilnwas produced less yield about 10 %.

3. Transfer Kiln was Mark flow kiln, fuel tank kiln. It easy to used because
it can moved in everywhere.

Transforming firewood or energy from biomass to charcoal by different kiln
or method, it affect to quantity and quality of yield.

2.3.3 Preparation firewood

Firewood should cut in long side about 70 — 100 centimeters and dry in air
about 2 weeks before carbonization. In carbonization processing should select
firewood in same side, straight firewood because easy to arrange in kiln. [14]

Lumps, branches or wood waste used in process should damp that mean
wood dry to air about 2 weeks or more as for dry wood. If we used fresh wood in the
process was used more time and more outside firewood or more dry wood it was easy
in carbonization. All wood and fruit can be carbonized but arranged in correct
position. Should arranged in center to bottom of kiln because arranged in more heat it
will ash. The burning fruit, part of water in fruit was evaporated by heat and part of

bark was charcoal. [15]

2.3.4 Carbonization process and keeping wood vinegar

Carbonization process to provide 4 parts follow this:

Step1 Dehydration
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Dehydration phase temperature about 20 - 270°C must used outside heat for
firewood in endothermic reaction, store heat in firewood for exothermic reaction in the

next step.

Dehydration has 2 ways follow as:
1. Direct Draft Technique
To set fire to part of firewood in the kiln for burning firewood to
charcoal form and occur heat for dehydration in firewood. This way was low
efficiency and fail to control air flow in the kiln will make much ash affect to decrease

yield.

2. Indirect or Reverse Draft Technique

To set fire in front of kiln and to transmit heat by air flow to
dehydration from firewood, if firewood has more moisture content will used more
energy and times. Therefore as should died fresh wood in air to save energy and
times.(Table 2.3)

Table 2.3 Energy used to decrease humidity for firewood 1 cubic meter

Moisture (%) Heat content used firewood (kg)

(million calories)

20 70 20
25 110 30
30 150 40

Source: [11]

Table 2.3 showed that drying firewood in low moisture to save more energy.

Ordinary, to dried firewood about 2 — 4 weeks [16] or more than it up to moisture in
fresh firewood as well as up to species of wood because some species if to dry long

time may was destroyed by microorganism such as weevils, termites [17]

Dehydration divide to 2 parts follow as:
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Part1l Temperature about 20 — 180 °C

In this part, be led air flow regularly control overall kiln. Ordinary hot air
will lift up and was forced to flow in the end of kiln because flow out a funnel in
bottom of kiln. Hot stream from discharge of firewood will touch cold air in the
bottom of kiln as condensed to drop form. Therefore it have drain pipe in the bottom of
kiln and should supported the bottom of kin by little firewood. For protecting firewood
touched wet the bottom of kiln because it made all firewood did not transform to
charcoal, to called not complete charcoal.[18]

Beginning set fire in front of kiln when temperature about 180 °C wood was
discharged only free water and bound water. It did not from structure of wood. Flume

was white and blue color and it was only stream.

Part 2 Temperature about 180 — 270 °C

In this part, hemicelluloses begin disintegrated and end temperature at 260
°C. Should control this temperature long reasonably for firewood stored heat overall
kiln. Fume in this part was yellow color, carbon monoxide (CO), carbon dioxide(CO,),

acetic acid and methanol but little to useful.

Step2 Carbonization process

This step temperature about 270 - 400 °C divide to 2 parts follow as:

Part 1 Temperature 180 — 300 °C

In this part, firewood stored more heat to exothermic reaction, Firewood
burned and disintegrated at temperature about 275 °C, fast disintegrated, fume was
white and yellow, acridly smell, who produced charcoal called Mad Flume. [19] Mad
flume was decreased and gray color, necessary to control stable temperature in long

reasonably. Heat content in front of carbonization transmitted overall in the kiln. If

temperature increased in short time it made firewood with keep more heat content
become to ash before firewood with keep heat content less than and will have fire
flash in front of kiln. If occur this case, firewood at top of the kiln become to ash and
fire wood at bottom the kiln become to not complete charcoal to be low yields, can be

control temperature by control air in front of kiln and used thermometer but only to
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measured temperature will mistake when add more fire in front of the kiln and more
quickly. It can be to observed color of flume and used white ceramic placed near the
smokestack to observed color of flume again.

Part 2 Temperature 300 — 400°C

Cellulose was continued disintegrate and lignin began to disintegrated at
temperature 310 °C and end at temperature 400 °C

This step, flume included value adds chemicals compound from
carbonization process and many useful. Keep wood vinegar, Wood vinegar Institute in
Japan set standard to keep wood vinegar, begin to keep at temperature 80 — 150 °C
temperature in kiln at 300 — 400 °C. To take bamboo near the fire stack of kiln when
temperature at 400 °C, flumes carried carcinogen should leave bamboo out from fire
stack. [20]

Wood vinegar can keep with easy tools with heat transfer process from fire

stack with high temperature to fire stack with low temperature it condensed to liquid.

Collect in dark room and to pure before used. [21] Tools to keep wood vinegar used
stainless tube or straight bamboo diameter 4 inches, puncture in bamboo for flume out
and to puncture 2 cm in the bottom [22] for wood vinegar out. Taken bamboo from fire
stack of kiln about 20 — 30 cm because if near less then will joint the long of stack it

will affect to air flow in the kiln and affect to quality and yields.

Step 3 Refining charcoal

When carbonization process completed at temperature 400 °C. Charcoal will
had low fixed carbon and much of tars, low quality. When burn at temperature over
425°C, tars in charcoal will emit carcinogens, 3,4-Benzopyrene and 1,2,5,6-

Dibenzanthracenementyl cholinsrene. So increase temperature by adjust air flow in

kiln, temperature increase 400 to 500 °C. If adjust air flow quickly temperature by the
time temperature increase to 500 °C to make firewood temperature at the top of kiln
increase to 700 °C ,in short time will make firewood become ash so as controlling
temperature can be observe flume. The man who produce charcoal will close chamber
for air flow and wait for heat to overall kiln, temperature in kiln about 500 °C this time

not have flume will close flume stack. [23]
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At fire stack Temperature

Color of flume Color of flume temperature (10 cm.from

At ceramic the top) Remark

(°C) (°C)
White and pale  Transparent water 82 -85 320- 350 Begin
yellow carbonization
(Mad flume) process
Brown and Brown liquid 85-90 350 — 380 Begin to keep
grey Wood vinegar
Brown and Brown liquid 90 - 100 380 — 400 -
grey
Brown and Brown liquid 100 - 150 400 - 430 Dark wood vinegar
white and little line And more sticky
Brown and Brown liquid 150 - 170 430 - 450 Stop to keep
white and big line Wood vinegar
Brown and 150 - 230 450 - 500 Complete
white - carbonization
process
Pale blue and Point of brown 230 - 250 500 - 530 -
white liquid
Blue and white - 260 — 300 540 - 570 -
Purple and blue Point grey and 330 - 350 600 — 650 Begin to refining
Not moisture charcoal

Transparent grey 700 — 800 Close kiln
flume

Source: [23]



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 19

Step 4 Cooling

When close kiln will leave to cool before used. Before open Kiln,
temperature should lower than 50 °C because temperature of charcoal at 60 - 70 °C
can be spontaneous combustion if obtain oxygen gas in air. So as closing kiln should
begin close at flume stack to ventilate heat content and gas in kiln after that close the
kiln.

All carbonization process will use more time or less time to go up moisture

in firewood, controlling temperature and sized of kiln.

2.3.5 Refining Wood vinegar
Wood vinegar from kiln can not used immediately [24-25] because
carbonization charcoal occur overall in kiln but begin in front of, at the top and
transmit to the bottom of kiln. So as flume from flume stack was mix flume between
low temperature flume and high temperature flume, and when temperature at 300 °C,
lignin begin to disintegrated will have tar and volatile substance. Oil base can not used
in agricultural because it closed stomata and fixed root, it made wood died but used to

protect wood from microorganism.

Refining Wood vinegar was to do this follow:

1. Leaving to be deposited

To keep wood vinegar in high tank, length more than wide about 3, leaves it
to deposit about 90 days, wood vinegar will separate in 3 parts. The first top was light
oil, the middle was wood vinegar and the bottom was tar. If mix charcoal about 5 %
by weight charcoal will adsorb light oil and tar to the bottom of tank about 45 days.
[26]

In this step chemical in wood vinegar will react to oxygen to be change to
polymerization such as Formaldehyde, reaction with Phenol change to tar and
deposited or fixed in wall in tank, if keep wood vinegar to filter without leaves to
deposit will occur more tar.

Tank to keep wood vinegar should have valves to separate wood vinegar and
tar in the bottom tank. Tar used to protect poison animals such as ants, termites,

centipede etc. and disintegrated by self in short time.
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After to deposited fully time, take wood vinegar filter by filter textile before
useful. Wood vinegar not have tar less than 1 % will check by see transparent if have
tar more than 1 % wood vinegar will turbid and dark. Wood vinegar was different by
species of wood.

2. Filtration

Used filter textile or filter tank with charcoal it made different in
characteristics. Because charcoal decreased acidic wood vinegar and it was materials
used in industrial.

3. Refining

To separated chemical component in wood vinegar to used in medicine
industrial.

Filtration and refining will do after to be deposited because wait for reaction in

wood vinegar completely.

2.3.6 Characteristic of Wood vinegar
Wood vinegar different from arrack vinegar or synthetic vinegar was it have
chemicals component more than 200 types from carbonization process to occur new
compound many types such as organic substance and alcohol, disintegrated from
hemicelluloses, phenol disintegrated from lignin. Wood vinegar had value adds
chemicals component such as water about 85%, organic acid 3% and inorganic
substance 12%, pH about 3, specific gravity about 1.012 — 1.024 with different from

species of wood. [27]



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 21

Table 2.5 Chemical components in wood vinegar

Types

Components

Organic acid

Phenol

Carbonyl compounds

Alcohol

Neutral integredients

Basic integredients

Formic acid, Acetic acid, Propanoic acid, Butanoic acid, Isobutanoic
acid, Valeric acid, Isovaleric acid, Crotonic acid, Isocapronic acid,

Tiglic acid, Enantric acid, Levulinic acid, etc.

Phenol, 0.m.p — cresol, 2.4 —and 3.5 — xylenol, 4 — ethyl —and 4 —
propylphenol, Guaiaclo, Cresol,

4 — ethyl — and 4 - propyl — guaiacol, Pyrogallol, 5 — methylpyrogallol,
5 — ethyl pyrogallol — and 5 — propyol pyrogallol — 1,3 — dunethyl
ether, Catechol, 4 — methyl, 4 — ethyl, and 4 — propyl catechol, etc.

Formaldehyde, Acetaldehyde, Propuonaldehyde, Isobutylaldehyde,
Butylaldehyde, Valerraldehyde, Isovaleraldehyde, Glyoxal, Acrolien,
Crotonaldehyde, Furfural, 5 — hydroxymethylfural, Acetone,

Methy! ethyl ketone, Methyl propyl detone, Methyl isopropyl ketone,
Methy! buthyl tutyl ketone, Diacetyl, Methylcyclo pentenone,

Methylcyclo pentenone, Methylcyclo pentenorone, etc.

Methanol, Ethanol, Propanol, Isobutanol, Allylalcohol, sobutylalcohol,

Isoamy! alcohol, etc.

Levoglucosan, Acetol, Maltor, Roganic acid methyl ester,
Veratrole, 4 — methyl, 4 — ethyl, and 4 — propyl veratrole,
3,4 — benzopyrene, 1,2,5,6 — dibenzanthracene,

20 — methylcholinseme, -hydroxy - valerolactone, etc.

Ammonia, Methylamine, Dimethylamine, Pyridine, Methylpyridine,
Dimethylpyridine, Trimethylamine, etc.

Source: [23]
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Table2.6 Chemical compound in wood vinegar

Compounds Content (%)
Acetic 2.70
Propanoic acid 0.12
Methanol 0.13
Furfural 0.11
Acetone 0.01
Cycloten 0.15
2 — Cyclopintemon 0.03
Fulfuryl alcohol 0.02
Gulaicohol 0.04
Tetrahydro Fulfuryl alcohol 0.06
Para — Cresol & Meta — Cresol 0.09
2 — Methoxy — 4 — Cresol 0.08
Ortho — Cresol 0.08
Nonan-1, 4 -Olld 0.04
Ethyl — Gulalcohol 0.01

Source: FFPRI, Japan: water 84.2 %, humus 15.8% source: [23]

2.3.7 Keep wood vinegar
Keep wood vinegar in dark container or keep in dark room and changed

container each month. [28]

2.3.8 Useful purpose of Wood vinegar
Wood vinegar can be useful follow:
1. Industrials
- To produced deodorizes substance. In Japan used wood vinegar more
than a millionaires. [29]
- To produced a nourish skin, used to paint or mix water to take a bath.
- To used in food fumigation industrial.

- To used in dyed clothes industrial.
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- To produced chemicals substance to protect organism.
- To produce medicine for skin disease, supplementary food for body
and liver mechanism.

- To produced prebiotics.

2. Household
Wood vinegar was substance with many useful and used instead of chemical
in houses follow:
- Concentrate 100 % used to cure wound.
- Mixed in water 1:20. To pure for destroy termites and ants.

- Mixed in water 1:50. To protectd termites, ants and poison animals

such as small centipedes, centipedes, scorpions, millipedes.

- Mixed in water 1:100. Spay bin to protect bad smell and insects.
Used for deodorized in bathroom, kitchen room and wet floor, to deodorized pets cage.
Used to fertilize wet garbage and food scrap after fertilized in 1 month mixed water in
5 folds.

3. Agricultural

High concentrated wood vinegar had more effect to destroy because it high
acidic before used should diluted for purpose to used. In different ratio will have
different characteristic [26] follow:

- To mixed water 1:20, spray in soil to kill organism and insects.
Effective of wood vinegar will compatible with fumigation, do before agriculture
about 10 days because wood vinegar with spray in soil will reaction alkaline substance
to be carbon monoxide (CO) it toxic in wood but carbon monoxide reaction with
oxygen to be carbon dioxide gas (CO,) as can be plant tree.

When wood was activated by organic acid was activate resistant disease
with thick leaves, hard, dark green, increased chlorophyll for good photosynthesis.
Wood were strong and good growth but did not use in high concentrated.

- To mixed water 1:50, spray in soil to killed organism with destroy
wood but used high concentrate will affect to wood.
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- To mixed water 1:100, to pure at the bole of the tree to cure wood
disease and protected insect to lay eggs.

- To mixed water 1:200, spray in leaves and soil around tree every 7 —
15 days to protect insects and fungicidal, to kill disease, and activate growth wood. To
pure in the bole of tree and spray in fertilizer pile to increase organism to digest in
short time because wood vinegar was the source of food for microorganism.

- To mixed water 1:500, spray young fruit for good growth after have
fruit about 15 days and spray again before harvest about 20 days to increase sugar in
fruit because wood vinegar assist synthesis sugar and amino acid affect to increase
quality and quantity of yield.

- To mixed water 1:1000 assist to decrease using chemicals because
chemical substance effect in low acidic solution.

- To made high fertilizer. Used wood vinegar concentration 100%,
fertilize with crush cherry shell, fish scarp, meat scarp or soybean waste. As used
protein 1 kg per wood vinegar 2 liters and filter waste out when used mixed water
1:200.

- To fertilized with herbs used medicinally such as margosa leaves, old
galingale, citronella grass etc. to increase effective of wood vinegar when used protect
insects and disease can be keep in long time.

Implementation of wood vinegar in farm crops.

Sukhoung Haitook, agriculturist in Surin Province said that used wood vinegar to
protected insects and organism in soil in peanuts plot, used when peanuts was 7 days,
ratio wood vinegar 20 ml. water 20 liters (or 1 : 1,000) spray every 7 days until
harvest, spray in plot 40 liters/rais. Results was fungicidal did not destroy, peanuts
have much fruit and better than plot was not used wood vinegar and used wood
vinegar to improved soil in local red glutinous rice, used ratio wood vinegar 1 grass :
water 20 liters (or 1: 77) spray in paddy field 50 liters/rais. Results was rice have green

leaves.
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House Porkachang, Agriculturist in Loei province said that used wood vinegar
soak seed of rice type Kor Khor 6 to improved growing and protected fungicidal, ratio
wood vinegar 0.33 liters : water 1 earthen jar (or 1 : 242) to soak seed about 2 nights
and to dry 1 day. Results was seed grow in short time and leaves were green more than
plot didn’t use wood vinegar. Beside used wood vinegar to protect red cicada and
white cicada in maize plot. Cargrill 717 mixes used when maize about 20 days, raio
wood vinegar 1:water 200 per plot 2 rais, spray around leaves and trunk 1 time. Result
was cicada don’t destroy and to protect red cicada and white cicada in sugarcane type
k— 200, 90 Tor Oor 2 used when sugarcane about 2 months, use ratio wood vinegar 1 :
water 400 spray 200 liters per plot 300 rais spray around leaves and trunk 1 time.
Results was worm and cicada disappear and didn’t dispersed.

Ban-Mai Samrong Plant Institute, Nakhon Ratchasima Province said that used
wood vinegar for nourished trunk and increased green bean yield. Used when green
bean about 20 days, ratio wood vinegarl: water 400 , spray in plot every 7 days for 3
times, used before green bean leaf had yellow. Results was green bean had more green
before use, good growth and yield before use about 101 kilograms per rais after use

yield about 147.5 kilograms per rais.

Prasop Sura, agriculturist in Surin Province used wood vinegar to increased yield
of rice, ratio wood vinegar 20 cc mixed water 20 liters (or 1 : 1,000) spray since grow

until harvest, spray every 1 month. Results was seed rice not lean and good weight.

Tongchan Harnchun, agriculturist in Khonkaen Province. Used wood vinegar
with corn type Pumpui to increased growth and yield, nourished trunk, ratio wood
vinegar 20 cc mixed water 20 liters (or 1: 1,000). Used when corn about 15 — 20 days
(height about 30 cm.). Spray every 7 days per a time. Results was corn leaf and trunk

bigger.

Prasert Panwong, agriculturist in Loei Province. Used wood vinegar in paddy
field, used 2 times, the first, used to prepared soil before to glow will drain water in

field. This time was pour wood vinegar in paddy field, each 5 liters (1 plot equal 1
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ngan). In second times sprayed when rice was ear of rice because aphid dispersed and
make yellow leaves, ratio wood vinegar 1 liters per water 400 liters. Results when

prepare soil to protect fungicidal.

Experimentation used wood vinegar in fruit.

Precha Thongau, agriculturist in Loei Province and Sudjai Pitirajo, agriculturist
in Surin Province, used wood vinegar in mango trees to increased flowers, protected
aphid and black fungi, ratio wood vinegar 1:water 400 spray all bush when since to
have flowers every 7 — 15 days per time. Result was big and long bouquet and have

more fruit if used when didn’t have aphid will better than aphid dispersed.

Niyom Thanaphomchai, agriculturist in Khonkaen Province, used wood vinegar
in lemon trees to protected aphid, ratio wood vinegar 1: water 100 used before have
flowers, sprayed all every 2 days, 2 times. Result was aphid will weary but stable
quantity.

Phet Haanchun, agriculturist in Khonkaen Province. Used wood vinegar with
sapodilla trees to nourished leaves, trunks and flowers, ratio wood vinegarl: water
200. Use when sapodilla about 7-15 days. Results good leaves all bush, beautiful

flower and more fruit.

Prasert Panwong, agriculturist Leoi Province. Used wood vinegar in tamarind
trees, sprayed with biological water in young phase, ratio water 200 liters : wood
vinegar 1 liters : biological water 1 liters spray for 4 times and observe insects and

WOorms.

Boonmee Sitti , agriculturist Khonkaen Province. Used wood vinegar in guava
trees to increased taste and protected aphis, ratio wood vinegar 60 cc: water 20 liters
(or1:333). Use when guava about 2 — 3 months spray all bush every 15 days. Result
aphiswas died and big fruit.
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Experimentation used wood vinegar in vegetable.

ThongLoum Chairat, agriculturist Surin Province. Used wood vinegar in turnips,
caterpillars, cauliflowers, onion to protected fungicides, ratio wood vinegar 1: water
1,429 or wood vinegar 2 spoons with mixed water 20 liters (or 1 : 1 : 1,429). sprayed
all plot every 7 - 15 days per time. Result was increase yield, big leaves, no insects to
disturb.

Soodjai Pithirajo, agriculturist Surin Province. Used wood vinegar in cucumber
plot to protected from insects, aphis and worms, ratio wood vinegar 1: water 400. Used
when vegetable about 20 days sprayed all plot every 7 days per time. Result protected
from aphis but not protected from worms, green leaves and crisp fruit.

Supat Deesri, agriculturist Khonkaen Province. Used wood vinegar in chili trees
for nourish trunk, leaves and bloom, ratio wood vinegar 2 spoons : biological water 2
spoons : water 20 liters (or1 : 1 : 1,429). Used when chili tree about 7 days sprayed all
plot every 7 days per time. Result was chili trees have many twig, big trunk, green

leaves and not have insects or aphis to disturb.

Thanom Nilkaew, agriculturist Surin Province. Used wood vinegar in cow-pea to
protected from insects, ratio wood vinegar 1: water 400 sprays all plot every 7 days

per time. Result was not have insects to disturb.

4. Used in Livestock

- Used for decreased bad smell and insects in farm livestock. First time
used by mixed water 1 : 100 after that add to 1 : 200 will effective high performance.

- Used by mixed in livestock food for digest and protected from
diarrhea disease but mixed in water the livestock did not like a smell fire flume.
Should mixed wood vinegar 2 liters and charcoal dust 8 kg and then take wet charcoal
dust mixed in livestock food 990 kg will take 1,000 kg of livestock food with useful

follow :
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1. Made livestock digest and great food absorbed, grow up in take a
food be the same or less than 5 % in the same time.

2. To suppressed gas and absorbed heavy metal in abdomen make
livestock good health.

3. To protected from diarrhea disease.

4. Approved quality and decreased water in meat will make quality in
meat increased both taste color and odor.

5. Approved quality of eggs will make yolk bigger and more sticky,
increased vitamin and decreased cholesterols.

6. Increased quantity of milk.

7. To suppressed ammonia gas and sulfur dioxide, decreased odor and
make relax for livestock and increase quality of manure.

8. Tosuppressed hatch of insects in dung, decreased amount of insects

in farm.

Ratio to used wood vinegar mixed with livestock food [24] follow:

1. Duck and Meat chicken age : begin - sale 0.7% - 0.8%
2. Duck and Egg chicken age : less than 100 days 0.4%

age : 100 — 150 days 0.6%

age : more than 150 days 0.8%
3. Pig age : begin - sale 0.5% - 0.8%
4. meat cow and milk cow age : begin - sale 1.0% - 1.8%

Source: 1. This ratio will be change by observe from dung
- If dung was hard to be decrease ratio.
- If dung was fluid to be increase ratio but not in top ratio.
2. If used to cure diarrhea to used in 2 ratio until to be better as to use

normally.

Experimentation used wood vinegar in livestock.
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Supat Deesri, agriculturist Khonkaen Province. Used wood vinegar in school to
expeled fly and decreased smell, ratio wood vinegar 50 cc. mixed in water 20 liters (or
1: 400) sprayed in livestock areas for a month. Results was smell of dung disappear
and will take great quality manure and also use with cow, buffalo or pig to protected
from outside disease and killed hail, ratio wood vinegar 30 cc mixed in water 20 liters
(or 1: 666) sprayed on animal skin 10 days a time and can be use supplementary food
for animal, ratio 5 cc. mixed in water 20 liters (or 1 : 400) used with animal from

infant to 3 months.

Kamsing Ornphu, agriculturist Nakhonratchasima Province. Used wood vinegar
in poultry by fumigation, ratio wood vinegar 1,000 cc mixed in water 5,000 liters
(orl: 5) smear on poultry skin. Result was no parasite to disturb, used for mixed with
food. By mixed wood vinegar 2 cc per water 50 cc per food 1 kilograms. By pour in
water for poultry to drink, ratio wood vinegar 1 cc per water 5,000 liters and used for
kill parasite with pet, ratio wood vinegar 1 : water 1 to smear on skin. Result was not

had parasite.

Silk Worm Institute Nakhonratchasima used by supplementary food, ratiol: 200
—1:10 sprayed on leaves in the threshing basket in food gel immediately every other
day used with elder silk worm (phase 4 and phase 5) until silk done. Result was wood

vinegar not danger for elder silk worm. Silk worm eat more food and growth sable.

2.3.9 Caution of wood vinegar
Data from Research of Promotion Plantation Information Office [28] related

to caution of wood vinegar.

1. Before use wood vinegar would leave to deposit more than 3 months
to separated between wood vinegar and tar.

2. Wood vinegar have property high acidic be carefully when use.

3. Wood vinegar wasn’t fertilizer but it was catalyst reaction so when
use in agricultural it will be supplementary efficiency but can be use replace fertilizer.

4. Use wood vinegar to protect organism and insects in soil be harmful

with wood should done before plant more than 10 days.
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5. Before use wood vinegar must be diluted with appropriately
purpose.

6. Wood vinegar spray for make bloom produce fruit should spray
before blooming because spray after blooming affect to insect not mix pollen because
pungent odor.

Nowadays agriculturist and individual produces a lot of wood vinegar each
producer will have difference technology, each species of wood affect to quality of
wood vinegar. No standard in quality of wood vinegar so before to use should study
about useful and ratio for appropriate purpose because wood vinegar have usefulness

and be harmfully if use incorrect way affect to harmful for yield.

2.4 Related Research

Silk Worm Institute, Nakhonratchasima [29] studied about effective of wood

vinegar with Indian mulberry tree in 3 phases. Experimental compared plot to used

wood vinegar and don’t used wood vinegar follow this:

- To ret phase used for assist root growing in seed, ratio 1: water 100 to
pour in ret bags every 15 days per times found that it good growth more than plot
wasn’t used wood vinegar.

- When Indian mulberry trees 1 month used for protect disease, ratio 1:
water 500 sprays all plot every 7 days per time and ratio wood vinegar 1: water 40
spray in soil every 7 days per time. Result was Indian mulberry leaves dried from
disease less than normally when compare with plot wasn’t used wood vinegar.

- In silk worm phase 1 until silk in nest spray wood vinegar for
supplementary food for silk worm, ratio wood vinegar | : water 250, wood vinegar 1 :
water 1,000 spray all plot every 7 days per time. Result was silk worm have more
percentage to in nest, good weight and nest weight more than plot wasn’t used wood

vinegar.

Chotitayangkul [30] studied about effective of wood vinegar, ratio wood vinegar:
water follow this, 1: 20, 1: 50, 1: 100, 1: 200 for resolved when peanut stop growing.
This research study peanut type Khonkean 60 — 3 to test standard. Results was ratio 1 :
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200 found that growth 36.37 % normal seedling 10.00 %, seed stop growing 6.00 %,
dried seed 47.33 % and test in field found that found that growth 40.0 %, normal
seedling 30.66 %, seed stop growing 20.00 %, dried seed 9.33 % and known that

ratio 1 : 200 can be good for resolved when peanut stop growing.

Vudhivanich [31] studied about the efficacy test of Thai herbal extract for growth
inhibition of Xanthomonas axonopodis pv.citri, the causal agent of bacterial canker of
citrus. The experiment was conducted by Paper disc diffusion method on double layer
NGA. The 23 kinds of Thai herbal extracted by 95 % ethyl alcohol at the
concentration of 100,000 ppm were tested. Five kinds of those could inhibit the
growth of bacteria on culture media and showed the typical inhibition zone. Those
were guava leaf, beleric myrobalan fruit, pomegranate fruit peel, nut gall fruit and
myrobalan wood fruit. But the other 18 kinds showed no inhibition zone. The five
kinds of extract that showed high efficacy were diluted to five concentration levels of
100,000, 50,000, 10,000, 5,000, and 1,000 ppm and tested by paper disc diffusion
method again. It was founded the guava leaf extract could inhibit the growth of
bacteria at 50,000 ppm, the myrobalan wood fruit extract could inhibit the growth of
bacteria at 10,000 ppm, the extract of bacteria myrobalan fruit, nut gall fruit and
pomegranate fruit peel could inhibit the growth of bacteria at all concentration levels

started at 1,000 ppm.

Hata T. et al. [28] studied about Pyrolysis of wood and wood-based waste is
considered to be one of the promising methods of supplying charcoals as solid
materials and liquids containing a number of valuable chemicals. In this study, They
characterized the chemical components in liquids from pyrolysis of solid wood and
wood-based composites such as particleboard, plywood and medium density
fiberboard (MDF) with phenol or urea-type adhesive, In addition, the effectiveness of
the liquids to control fungal growth in vitro was examined with consideration of the
bio-active components included in the liquids. Results showed that the chemical
composition of the liquids obtained from solid wood were greatly different from those
obtained from the composites. Fungicidal tests showed a significant difference in the
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effectiveness of controlling fungi between solid wood and the composites and the

liquids from the composites revealed higher effectiveness against the fungi tested.

Akakabe et al [33] studied about volatile organic compounds with characteristic
odor in bamboo vinegar. In this study found that cellulose and lignin are degraded in
to volatile low molecular compounds and tar in wood vinegar by pyrolysis. It is
thought that these carboxylic acids and phenol compounds were derived from
cellulose and lignin. The results indicate that the volatile organic compounds such as
carboxylic acids and phenol compounds were formed by pyrolysis in the process of
carbonization. Although there were many similarities between the components of
bamboo vinegars and those of wood vinegar, 3-methyl-1, 2-cyclopentadione (sweet,
medicinal) occurred in bamboo vinegars but were absent from wood vinegar. It is clear
that the differences in composition are unlikely to be sufficient to give rise to
significant odor differences, because the amounts of the compound were very low.
There would thus appear to be no individual component that might contribute to

differences in overall odor quality between bamboo and wood vinegar.
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CHAPTER IlI
METHODOLOGY

Research was aimed to produce the wood vinegar and charcoal from the wood
waste, which was collected from Bangkok area. This chapter explains the
methodology, which was conducted by studying the carbonization of wood waste in
Bangkok that affect to the characterizations of charcoal and wood vinegar production.
The bio-efficiency of wood vinegar and economic analysis of wood waste
management in Bangkok by using carbonization process was investigated at the end of
this chapter.

3.1 Chemicals

Acetic acid (AR grade), Merck KGaA, Dermstadt, Germany.
Methanol (AR grade), Merck KGaA, Dermstadt, Germany.
Propanoic acid (AR grade), Merck KGaA, Dermstadt, Germany.

Xanthomonas campestris pv. Citri (Hasse) Dye

o > L P

Media for bacteria, Wikimoto agar and L-broth (Luria & Bertani)

3.2 Equipments

Carbonization kiln series MES-200 MC

Chipping machine

Hammer mill

Gas chromatography, Thermo Finnigan, series Trace GC
Incubate series KB 8400, KB 8400F,FL

Petri disc diameter 90 mm

Glass wares

L N o g s~ w e

Paper disc diameter size 0.6 cm
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3.3 Study Procedure

Collecting data of wood waste in Bangkok area
From Ornuch nightsoil treatment plant

A 4

Preparation of charcoal and wood vinegar from
Wood waste by using carbonization process

A v A

Characterization Bio-testing Economic analysis

L 4 v v

Charcoal Wood vinegar Xanthomonas campestris pv.
Citri (Hasse) Dye

v

Conclusions

Figure 3.1 Study procedure

3.4 Collecting data of wood waste generated in Bangkok area.

The amount of wood waste in Bangkok area was collected by survey and used

secondary data from Ornutch nightsoil treatment plant since June, 2005 to May, 2006.
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3.5 Preparation of charcoal and wood vinegar by carbonization

process

Random selecting 150 kilogram of wood waste from the Ornutch nightsoil
treatment plant. Wood waste samples were cut into wood chip by chipping machine.
Exposed wood chip in the air for 3 days in order to evaporate the moisture. Take dry
wood chip into the hammer mill for resized before putting into the carbonization kiln
and separating resized wood chip into 3 groups which has 20 kilogram for each. The
moisture content in dry wood chip was measured before carbonize in the carbonization

kiln by following equation. A

% Moisture content = Wa — Wg x 100
Wsg

Where, Wa @ wet weight of wood chip
Ws : dry weight of wood chip

Then the resized wood chip was carbonized in the carbonization kiln at the
temperature of 450 °C for 90 minutes. The charcoal and wood vinegar were collected
at the end of reaction and measured in and milliliter units, respectively. After that, the
wood vinegar product was aged under the dark room for three months before testing in

next steps.

3.6 Characterization of charcoal and wood vinegar from

carbonization process.

3.6.1 Characterization of charcoal.

The chemical components of charcoal were characterized by ASTM D
2015, D 3172 and D 3177 methods. Analysis as follow moisture, volatile matter, fixed
carbon, sulfur, and heat content. Analyze in 2 conditions, were analyzed on wet weight

and dry weight.
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3.6.2 Characterization of wood vinegar

The chemical components, of wood vinegar were characterized by gas
chromatograp. As follow methanol, acetic acid, propanoic acid and the small of
organic acid, carbonyl compounds and phenolic compounds. Acetic acid and
propanoic acid were analyzed by GC with a capillary column of RTX-1 (0.25 mm i.d.
x 29 m, 0.25 um.). The oven temperature was programmed from 50 °C to 200 °C at a
rate of 10 °C/min. Helium was carrier gas, flow rate was 5.0 ml/min, split flow 125
and split ratio 25. Methanol were analyzed by GC with a capillary column of RTX-1
(0.25 mm i.d. x 29 m, 0.25 pm.). The oven temperature was programmed from was 50
°C to 250°C at a rate of 5 °C/min. Helium carrier gas, flow rate was 4.0 ml/min, split
flow 100 and split ratio 25. Small amount of organic acids, carbonyl compounds and
phenolic compounds were analyzed by GC-MS with a capillary column of HP-5 MS
(0.25 mm i.d. x 30 m, 0.25 um.). The oven temperature was programmed from 40 °C
stands by about 6 minutes, ramp to 100 °C at a rate of 10 °C/min. Helium was carrier

gas and flow rate was 1.0 ml/min.

3.7 Bio - testing of wood waste vinegar to inhibition of bacteria
growth

Bio-efficiency testing of wood vinegar to inhibition of Xanthomonas campestris
pv. Citri (Hasse) Dye, which can cause Citrus Canker disease in Citrus spp.

The bacterial Xanthomonas campestris pv. Citri (Hasse) Dye was prepared in
L-broth (Luria & Bertani) for 24 hours. Mixed bacteria 500 pl in Wakimoto’s medium
10 ml with warm at 50 °C. And then pour it in the plate with Wakimoto agar.

The wood vinegar was diluted with distillated water at the ratio of 1:0, 1:2, 1:4,
1:6, 1:8 and 0:1 (control sample), respectively. The amount of 20 pl of each diluted
wood vinegar samples was put in 6 mm diameter blank paper discs and placed on the
plate. The plates were incubated at 28°C for 45 hours. The clear zones of each disc

were measured and evaluated in comparing to the control.
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3.8 Preliminary economic analysis

Acquiring the economic data in regard of the charcoal and wood vinegar
produced by carbonization process. Analyze economic by using principle of input and
output. Input included price of firewood, electricity, fuel oil were used and output
included price of charcoal, wood vinegar, tar and gas were get from carbonization
process. Comparing the economic data of wood waste management between compost

making and charcoal and wood vinegar production by carbonization process.
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CHAPTER IV
RESULTS AND DISCUSSION

This study was aimed to determine the quantity and quality of charcoal and
wood vinegar produced from wood waste in Bangkok. Economic analysis in term of
cost and benefit of charcoal and wood vinegar production were evaluated. The results

and discussion of experiment were showen under topics as the following:

4.1 Collecting data of wood waste generated in Bangkok area.

4.2 Preparation of charcoal and wood vinegar by carbonization process

4.3 Characterizations of charcoal and wood vinegar from carbonization
process.

4.4 Bio- testing of wood vinegar to inhibit of bacteria growth

4.5 Preliminary economic analysis

4.1 Collecting data of wood waste generated in Bangkok area

The collecting wood waste data from Ornutch nightsoil treatment plant since June,
2005 to May, 2006 is shown in Table 4.1 and Figure 4.1

Table 4.1 The amount of wood waste data since June, 2005 to May, 2006 at Ornutch
nightsoil treatment plant.

Month, Year Amount of wood waste (Tons)
June, 2005 672.16
July, 2005 982.23
August, 2005 835.78

September, 2005 947.08
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Table 4.1 (Cont.)

Month, Year Amount of wood waste (Tons)
October, 2005 803.72
November, 2005 575.03
December, 2005 497.05
January, 2006 415.73
February, 2006 366.18
March, 2006 476.96
April, 2006 459.60
May, 2006 545.22
Total 7,576.74

Amount of wood waste (Tons)
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Figure 4.1 The amount of wood waste data since June, 2005 to May, 2006 at Ornutch
nightsoil treatment plant.

From Table 4.1 and Figure 4.1, the increase of wood waste in Bangkok area was
observed during raining season in Thailand (June, 2005 — October, 2005). The average

decrease of wood waste in winter and summer season compared to rainy season was
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investigated about 21.10 %. The average amount of wood waste generated in Bangkok
area can be calculated about 7,576.74 tons/year, 631.40 tons/month, or 21.05 tons/day.
Thus, the carbonization process of wood waste would be an alternative mean to utilize

wood waste generated in Bangkok area.

4.2 Preparation of charcoal and wood vinegar by carbonization

process

The preparation of charcoal and wood vinegar from wood waste was carried out
in the carbonization kiln with the combustion temperature range of 450 - 550 °C for

90 minutes. The results from carbonization process were shown in Table 4.2.

Table 4.2 The results from carbonization of wood waste.

Type %
Charcoal 30.80
Wood vinegar 25.40
Tar 0.82
Gas 43.11

Remark: Moisture content of the wood waste was 32.15 %

From Table 4.2, it can be seen that the products from carbonization of wood
waste compose of charcoal, wood vinegar, tar, and gas, which can be calculated into
the average percentage about 30.80, 25.40, 0.82 and 43.11, respectively. Charcoal,
wood vinegar, and gas were shown as a main component from carbonization process
of wood waste.

All product from carbonization process can be useful for many application such
as charcoal can be used as a firewood for cooking in household [9], wood vinegar can
be used as a biocide for agriculture, livestocks etc, Gas product can be recycled as a
fuel for carbonization kiln during the carbonization process of wood waste and tar can

be used as a wood preservatives.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) /41

4.3 Characterization of charcoal and wood vinegar from

carbonization process.

4.3.1 Characterization of charcoal from carbonization process.

The charcoal was characterized according to the ASTM D 2015, D 3172 and
D 3177 methods. The results are shown in Table 4.3

Table 4.3 Characterization of charcoal from carbonization process

Characterizations At wet weight (%) At dry weight (%)
Moisture content 4.7 -
Volatile matter 158 16.1
Fixed carbon 64.0 67.1
Ash 16.0 16.8
Sulfur 0.22 0.23
Heat content (kcal/kg) 5,790 6,070

From Table 4.3, the results indicate that the charcoal from carbonization of wood
waste was classified in the class of wood charcoal for cooking. The standard of wood
charcoal [34-35] is shown in Table 4.4

Table 4.4 The standard of wood charcoal

Characterizations for grilling for cooking
General characteristic Black color Black color
Moisture < 8 % by weight < 10 % by weight
Heat content > 7,000 cal/g > 6,000 cal/g
Ash < 3 % by weight < 8 % by weight
Volatile matter < 8 % by weight < 25 % by weight

Source:[34-35]
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From Table 4.3, The high content of ash in charcoal from wood waste was
probably from raw material, which was mixed between trunk, bark and leaves. The
heat content of charcoal from wood waste is lower than that of the standard heat
content of charcoal for grilling, which should be higher than 7,000 cal/g. [35]

The higher heat content can be obtained at the carbonization temperature higher than

500 °C, which usually decreases the wood vinegar content in the carbonized product

4.3.2 Characterization of wood vinegar from carbonization process.

Liquid from carbonization of biomass were given a number of names such
as bio-oil, bio-crude or vinegar. The liquid products obtained by carbonization of
wood (wood vinegar) are generally dark brown, viscous liquids, and low pH, which
contain a considerable amount of oxygen. Acetic acid, propanoic acid, and methanol
are found to be as a three main components in liquid product. [38]

Three main chemical components, which are acetic acid, propanoic acid, and
methanol were evaluated using gas chromatography technique. The interpretation
results are shown in Table 4.5 and the experimental chromatograms are summarized in

Appendix C.

Table 4.5 Characterization of wood vinegar from carbonization process.

Chemicals Content (%)
Acetic acid 36.38
Propanoic acid 2.08
Methanol 5.93

From Table 4.5, it can be seen that the carboxylic acids were found to be as
a major components in wood waste vinegar compared to alcohol. This results are agree
very well with the previous works [32] which indicated that carboxylic acids are the
major organic constituent in wood vinegar. It can be derived from the degradation of

cellulose in wood materials.
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In order to confirm these investigations, three sample of wood vinegar
obtained by carbonization of wood waste were tested with a pH meter, replicated three
times for each sample. The pH of these wood waste vinegars remained consistently
low, and the acidity being 2.60 to 2.63.

Lignocellulosic materials such as wood are mainly composed of cellulose,

hemicelluloses and lignin. Lignin is composed of phenyl propane units and it degrades
to gas, liquid tar and solid charcoal above the temperatures of 200 °C. The tar fraction

generally contains water, alcohols, acetic acid, and small amount of other organic
acids, carbonyl compound, and phenolic compounds [36-37]

In this research, the small amount of organic acids, carbonyl compounds,
and phenolic compounds (20 components) in wood vinegar were detected by GC-MS
technique. The results from GC-MS analysis are shown in Table 4.6. The GC-MS
chromatogram is summarized in Appendix C. The 20 components from carbonization
of wood waste may have a potential source of a number of valuable chemicals. Some
of those chemicals such as phenol may have importance in developing a new biocide
effective against wood biodegradation and plant pathology.[40-41]
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Table 4.6 The results from GC-MS analysis

Peaks Ret.ention Content
Curmber time Components %)
(Min.)
1 K L 2-Propanone, 1-hydroxy- 12.87
2 7.345 Furfural 4.33
3 9.861 Butyrolactone 5.07
4 9.901 2(5H)-Furanone 2.51
5 11.502  Phenol 4.96
6 12.442 2 Hydroxy-3-methyl-2-Cyclopenten-1-one 4.68
7 13.296  4-methyl- Phenol 5.23
8 13.555  2-methoxy- Phenol 2.14
9 13.697  2(3H)-Furanone 3.75
10 14.226  1,4-Benzenediol 3.59
11 15.456  1,2-Benzenediol 7.56
| 4 17.178  2,6-dimethoxy-Phenol 9.59
13 17.585  2,6-dimethoxy-3-Pyridinamine 6.54
14 18.444  3-Hydroxy-4-methoxybenzoic acid 1.71
15 19.252  5-tert-Butylpyrogallol 3.72
16 19.318  6-Amino-2,4-dimethylphenol 4.03
17 19.348  3,4-Altrosan 2.99
18 19.419 1-Methyl-N-vanillyl-(+)-s-2-Phenethanamine 6.83
19 20.878 1-(4-hydroxy-3,5-dimethoxyphenyl)- Ethanone 2.97
20 21.091  3,5-Dimethoxy-4-hydroxyphenylacetic acid 4.95
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4.4 Bio- testing of wood vinegar to inhibit bacteria growth

The bio-test of wood vinegar for growth inhibition of Xanthomonas campestris
pv. Citri (Hasse) Dye was studied. The causal agent of bacteria canker of citrus was
conducted by paper disc diffusion method. The diluted wood vinegar solutions at the
ratio of 1.0, 1:2, 1:4, 1.6 and 1:8 can inhibit the growth of bacteria on double layer
Wikimoto agar. The non-diluted wood vinegar (ratio 1:0) showed the largest average
inhibition zone of 2.2 cm. The diameter of inhibition zone varied according to the
concentration ratio of wood vinegar. (Table 4.3)

The inhibition of bacteria growth increases with increasing the concentration of
wood waste vinegar. It can be explained that higher concentration of wood waste
vinegar contains some components such as phenolic compound from lignin

degradation, which could increased inhibition of bacteria growth.

Table 4.7 Efficiency of wood vinegar for growth inhibition of Xanthomonas

campestris pv. Citri (Hasse) Dye

Ratio of Diameter of inhibition zone (cm.)
wood vinegar: Replications
. Average
distilled water 1 2 3
1:0 2.2 2.3 2.1 2.20
1:2 1.2 1.1 1.2 1.16
1:4 0.9 0.8 0.8 0.83
1:6 0.6 0.7 0.7 0.67

1:8 0.7 0.6 0.6 0.63
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Figure 4.2 Visible inhibition zone on double layer Wikimoto agar by paper disc

diffusion method

4.5 Preliminary economic analysis

Ornutch nightsoil treatment plant produced the compost production for manage
wood waste in Bangkok and distributed this product to people in Bangkok This
alternative was a good management but the compost used more time for disintegrated
to minerals and did not have income to organization. At the present, Bangkok has
increase of wood waste. They can use new alternative, carbonization process can

manage wood waste in Bangkok and increase income to organization.

Carbonization process

Figure 4.3 Principle of Input and Output

Analyzed economic by using principle of input and output. Input including wood
waste, electricity, diesel and output including charcoal, wood vinegar, tar and gas.

From results, inputs in this experiment include firewood, electricity and fuel oil,
used firewood 20 kg. for each replicate. It had moisture about 32.15 %, and the cost

was free because it was wood waste in Bangkok. Electricity could calculate by time
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was about 2.5 hours per each replicate and electric power estimate about 500 watt.
Used electricity fee was 2.87 baht per unit. [39] This experiment lost electricity fee
was 3.59 baht per each experiment. This experiment used fuel oil about 10.0 liters.
The cost was 253.4 baht. (cost of fuel oil was 25.34 baht per liter) The total cost in this
experiment was 256.99 baht.

Output in this experiment included charcoal, wood vinegar, tar and gas from the
carbonization process. Charcoal was 4.17 kg; price of charcoal was 10 baht per
kilogram. As charcoal in this experiment was 41.7 baht. Wood vinegar was 3.38 liters;
price of wood vinegar was 80 baht per liter. As wood vinegar in this experiment was
270.4 baht. Tar about 0.11 Kg., price of tar was 15 baht per kg. As tar in this
experiment was 1.65 baht. Gas about 6.75 kg; price of gas was 10.14 baht per
kilogram. As gas in this experiment was 68.45 baht. And this gas can recycled to use

in carbonization Kiln. It causes reduced fuel oil in the process (Appendix D).

Table 4.5 Preliminary economic analysis of yields from carbonization process

Wood Working Electricity Diesel Total Charcoal Wood Tar Gas Total Net total
waste hours cost vinegar income income
(kg) (hr) (baht) (baht) (baht) (baht) (baht) (baht) (baht) (baht) (baht)
20 25 3.59 253.40 256.99 41.70 270.40 1.65 68.46 382.20 125.21
500 8 11.48 126.70 138.18 1042.50 6,760.00 41.25 1,711.13 9,554.88 9,416.70
20,000 240 344.40 3,801.00 3,127.50  31,275.00 202,800 1,23750 51,333.75  286,646.25 282,500.90

From results that can estimate from baseline of wood waste about 500 Kg.
(Table 4.5) Wood waste data from Ornutch nightsoil treatment plant found that wood
waste data between June, 2005 to May, 2006 was 21.05 tons per day. Estimate about
21 tons per day. Carbonization process can managed these wood wastes and make

income to the organization was 282,500.9 baht per month.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

This conclusion can be drawn from this work are as follow:
From the experimental results it is demonstrated that quantity and quality of

yields from wood waste management by using carbonization process.

5.1.1 Collecting data of wood waste generated in Bangkok area
Wood waste data from Ornutch nightsoil treatment plant since June, 2005 to
May, 2006 found that wood waste in Bangkok had about 7,576.74 ton per year, about
631.40 ton per month and about 21.05 ton per day.

5.1.2 Preparation of charcoal and wood vinegar by carbonization process
Yields from carbonization process were charcoal about 30.80 %, wood
vinegar about 25.40 %, tar about 0.82 % and gas about 43.11 %.

5.1.3 Characterization of charcoal from carbonization process
The characterization of charcoal from carbonization process were showed
that at wet weight, moisture was 4.7%, volatile mater was 15.3 %, fixed carbon was
64.0 %, sulfur was 0.22 %, ash was 16 % and heat content was 5,790 kcal/kg. At dry
weight, volatile mater was 16.1 %, fixed carbon was 67.1 %, sulfur was 0.23 %, ash
was 16.8 % and heat content was 6,070 kcal/ kg.

5.1.4 Characterization of wood vinegar from carbonization process
The characterization of wood vinegar from carbonization process was
showed that pH was 2.06 to 2.63. Acetic acid comprised about 36.383 % of total
chemical compounds and was the major organic constituent in wood vinegar from

carbonization process, propanoic acid comprised about 2.082 % of total chemical
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compounds, methanol comprised about 5.932 % of total chemical compounds and
small organic acid, carbonyl compounds, phenolic compound were showed in the table
4.6

5.1.5 Bio-testing of wood vinegar for growth inhibition of bacteria
The bio-testing of wood vinegar for growth inhibition of Xanthomonas
campestris pv. Citri (Hasse) Dye. The causal agent of bacteria canker of citrus. Wood
vinegar could inhibit the growth of bacteria on double layer Wikimoto agar in
laboratory room. The ratio about 1:0, 1:2, 1:4, 1:6, and 1:8 (wood vinegar: distilled
water) and the results showed that inhibition zone was 2.2, 1.16, 0.83, 0.67, and 0.63

respectively.

5.1.6 Economic analysis cost and benefit from carbonization process

From wood waste data collection, carbonization process can managed these wood

wastes and make income to the organization was 282,500.9 baht per month.

5.2 Recommendations

From all the results of this study as mention above, it can be recommended as
given follow:

In future experiment, should collect wood waste data by sized of wood, or source
of wood to study about quantity and quality of yields. When using carbonization
process should be determined to varied temperature in combustion chamber to
compare about quantity and quality of yields. Wood vinegar can be applied to
inhibition tree disease in the field, and varied about concentration of wood vinegar and
compare with the pesticide. The characteristic of gas generation from carbonized wood

waste should focus for further study.
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APPENDIX A

Wood waste data generated in Bangkok area.

Wood waste data generated in Bangkok area since June, 2005 to May, 2006 from
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Wood waste data generated in Bangkok area since June, 2005 to May, 2006 from

Ornutch nightsoil treatment plant. (Cont.)

0b2'945°2 022GPS 009'RS D969k 08L99E NELGLP 0S0°ZER OE0GLS 02£E08 0BO'ZRE 082GER DEZEBE 081¢l9 IeLs
DZ9°ES1 0BBY 0506  0BLE  004L  ORS.  0BBL2  ObBREZ  ODBRSS  OLB6 TAUBTHLERLI
098 0982 020F%  OBLL inEnLERLIA
084°16¢ 052E2) DSLELL OBLPS  AusLLEntEALbULE
0£2°5 0£25 Rl ALY
099°%E O0LEE  OR&3 0026 02501 0228 01585 OLHL2 Bl L
094°L 0%: 000k RELALARS]
02422 05951 0204 SRIE BLUELRLS
DEB'90L 0051 04k L 063. 0295 0208 Oeke  O90EL OR&'LS  OLLOZ B 1%
02801 0OLE  DZEL 0% 0BZL fhLs 18
DE9'9E 02102 ORSE OOLL OB 00ls D5k 038 DEle L1t
00261 03 DEE 083 0058 093¢ 0499 SEERIE R
D18°62€ 02992 O0LSLL D502 0SLPE OLLBL 08F0Z  090EE  DZLLL 09506 OLLES  (8Z%E  0955E LU
0b2'921 05l OE0ZL O8IE  OLLEL 085 O0ERE  ORLBL 0BFGL 0SGEL  0SE'RS  OEES E8LEWRI
02652 019 019 0Z2Ll 0699  DIEE  DEB BRLAMREIAN
0869k 048k Okl 048 008l OEBL  OzBLL O0LZL OB PEALH LI
D00°0PE 0591 OBREE DBE0Z 009KZ ORELE (OZBSE  OBES  09//¢  [0B99k  0B0OSE (E2'52  (ZPEP PLEHALEWRT
008°ZkE 0Z9CE 00911 D08ES2 0S09 088l Op12 O0LEE  0L621  ORLP 0946 0SFFS 020K LIbHAL 80t
0297261 0BLL 05821 OOLE OBOE OGL. OOGE OSLEL  0/901  0S002 00592 08506  OLPSE PLEAPBLAELIM
06622 DBEE OlFl  OLLDL 012t 0889 Chamih, el
0209 O6ie 061 OBLL Rfbas UL EWRA
02k'£82 02551 0Z1E2 08921 O0LBL 04182 00295 (2956 0928  0/226  0SEBL  (BEDZ  (S06 EWIRLE R
090°502 01951 Okbr  OLLZL OLIOZ 0SOZL 09512 0204k  OEOEL  OSPEL 082k 0921 0ZLEL LELIA LR
04461 0B0¢ OlkL  OLle 0L T
018 0la SRS MR
081°4€2 0£512  OBBL  OOESL OkERL O&Fle  0Zk6  0BOBL ODEOL  D2iLE  OS6LE 09991 02Ske PR 3 Hld
DEB'GES 0EZek 08005 02605 0ZBLE  OLMRE  OLEBZ Okl D1G98 05155 DSIELL 08209 07842 U

RLE ‘BR ‘B ‘BR WU BR ‘g R BH B Be Lt B




Fac. of Grad. Studies, Mahidol Univ.

M.Sc.(Appro. Techn. for Resou. and Env. Dev.) /57

APPENDIX B

The yields of products from carbonization process

Replications
Avg. SD.
1 3
Kg) % (Kg) % (Kg) % (Kg) % (Kg) %

Firewood

Moisture - 28.25 - 34.67 - 33.52 - 3215 - 3.42

Actual weight 14.35 - 13.07 - 13.30 - 13.57 - 3.42 -
Charcoal 400 2783 450 3444 400 30.08 4.17 3080 0.29 334
Wood vinegar 3.20 22.66 4.61 3527 243 1830 343 2540 110 8.82
Tar 015 101 0213 09 007 049 011 0.82 0.04 0.29
Gas 6.96 4850 5.12 2933 7.85 5112 6.75 43.11 1.39 11.90
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APPENDIX C

The experimental chromatograms

The experimental chromatogram sample of acetic acid and propanoic acid.
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The experimental chromatogram standard of acetic acid and propanoic acid.
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The experimental chromatogram standard of methanol.
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The experimental chromatogram of small organic acid, carbonyl compounds, and
phenolic compounds.
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APPENDIX D

Economic Analysis

Input follows this:

Base on firewood 20 Kg.
Firewood: The cost was free.

Electricity: Time about 2.5 hours per each replicate. (20 Kg.)
: Electricity fee was 2.87 baht per unit.
: Electric power estimate about 500 watt.
Electricity fee = (2.5) x (1day) x (2.87) x (500) / 1000
= 3.59 Bath

Fuel oil: Used fuel oil about 10.0 liters.
: Cost of fuel oil was 25.34 baht per liter
Fuel oil = (25.34) x (10)
= 253.4 Bath
The total of cost = cost of firewood + cost of electricity + cost of fuel oil
= (0) +(3.59) + (253.4)
= 256.99 Baht
The cost of Input at firewood 20 Kg. was 256.99 baht.

Output follows this:
Charcoal: charcoal about 4.17 Kg.

:price of charcoal was 10 baht per kilogram.
Charcoal = (4.17) x (10)
= 41.7 Baht.

Wood vinegar: wood vinegar about 3.38 liters
: price of wood vinegar was 80 baht per liter.
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Wood vinegar = (3.38) x (80)
= 270.4 Baht.

Tar: tar about 0.11 Kg.

. price of tar was 15 baht per kilogram.
Tar = (0.11) x (15)

= 1.65 Baht.

Gas: gas about 6.75 Kg

- price of gas was 10.14 baht per kilogram
Gas = (6.75) x (10.14)

= 68.445 Baht.

The total of income = (income of charcoal) + (income of wood vinegar) +
(income of tar) + (income of gas)

(41.7) + (270.4) + (1.65) + (68.445)

382.195 Baht.

The total net of income = (the total of income) — (the total of cost)
= 382.195 - 256.99
= 125.207 Baht.

Base on firewood 500 Kg.

Firewood: The cost was free.

Electricity: Time about 8 hours per each replicate. (100 Kg.)
: Electricity fee was 2.87 baht per unit.

: Electric power estimate about 500 watt.

Electricity fee = (8) x (1day) x (2.87) x (500) / 1000
= 11.48 Bath
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Fuel oil: Used fuel oil about 5.0 liters.
: Cost of fuel oil was 25.34 baht per liter

Fuel oil = (25.34) x (5)
= 126.7 Bath

The total of cost = cost of firewood + cost of electricity + cost of fuel oil
= (0) +(11.48) + (126.7)
= 138.18 Baht

The cost of Input at firewood 500 Kg. was 138.18 baht.

Output follows this:
Charcoal: charcoal about 104.25 Kg.

-price of charcoal was 10 baht per kilogram.
Charcoal = (104.25) x (10)
= 1,042.5 Baht.

Wood vinegar: wood vinegar about 84.5 liters

. price of wood vinegar was 80 baht per liter.
Wood vinegar = (84.5) x (80)

= 6,760 Baht.

Tar: tar about 2.75 Kg.

. price of tar was 15 baht per kilogram.
Tar = (2.75) x (15)

=41.25 Baht.

Gas: gas about 168.75 Kg
. price of gas was 10.14 baht per kilogram

Gas = (168.75) x (10.14)
= 1,711.125 Baht.
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The total of income = (income of charcoal) + (income of wood vinegar) +
(income of tar) + (income of gas)

(1,042.5) + (6,760) + (41.25) + (1,711.125)
9,554.875 Baht.

The total net of income = (the total of income) — (the total of cost)
= 9,554.875-4,145.4
= 9,416.695 Baht.

Base on firewood 15,000 Kg.
Firewood: The cost was free.

Electricity: Time about 8 hours per day. About 30 days (15000 Kg.)
: Electricity fee was 2.87 baht per unit.
: Electric power estimate about 500 watt.
Electricity fee = (8) x (30) x (2.87) x (500) / 1000
= 344.4 Bath

Fuel oil: Used fuel oil about 5.0 liters.
: Cost of fuel oil was 25.34 baht per liter
: 30 days.
Fuel oil = (25.34) x (5) x (30)
= 3,801 Bath

The total of cost = cost of firewood + cost of electricity + cost of fuel oil
= (0) + (344.4) + (3,801)
= 4,145.4 Baht

The cost of Input at firewood 3000 Kg. was 4,145.4 baht.
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Output follows this:
Charcoal: charcoal about 3127.5 Kg.

:price of charcoal was 10 baht per kilogram.

Charcoal = (3127.5) x (10)
= 31,275 Baht.

Wood vinegar: wood vinegar about 2,535 liters

: price of wood vinegar was 80 baht per liter.
Wood vinegar = (2,535) x (80)

= 202,800 Baht.

Tar: tar about 82.5 Kg.

. price of tar was 15 baht per kilogram.
Tar = (82.5) x (15)

=1,237.5 Baht.

Gas: gas about 5,062.5 Kg

. price of gas was 10.14 baht per kilogram
Gas = (5,062.5) x (10.14)

= 51,333.75 Baht.

The total of income = (income of charcoal) + (income of wood vinegar) +
(income of tar) + (income of gas)

(31,275) + (202,800) + (1,237.5) + (51,333.75)
286,646.25 Baht.

The total net of income = (the total of income) — (the total of cost)
286.646 —4,1454
282,500.9 Baht.
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