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ABSTRACT

The Tambol Council and Tambol Administration Organization (TAO) Act clearly state
that the TAOs are assigned the responsibility of solid waste management (SWM). When solid
waste problems occur, it is the duty of TAO to solve such problems. The objectives of this
research were to study the existing condition of solid waste management systems for the three
TAOs in Nongmuangkai district, Phrae Province by considering economic, technical factors, and
comparing SWM alternative that consisted of individually solid waste management, and the joint
solid waste management.

The results showed that in Nam Rat, Wang Luang and Thung Kwaew TAO follows, the
generation rate (Kg/person/day) was 0.52, 0.50 and 0.50 respectively and Average was 0.51. The
characteristics of solid waste were, N (%) 2.64, 2.52 and 2.03 respectively, P (mg/kg) 1,938.67,
1,6861.43 and 2,968.22 respectively, K (mg/kg) 4,589.50, 4,141.94 and 4,322.06 respectively C (%)
73.74, 40.10 and 40.82 respectively, C/N ratio 15.91, 27.93 and 20.12 respectively, Ash (%) 24.29,
12.23 and 18.65 respectively, Volatile solid (%) 75.72, 87.77 and 81.33 respectively, Total solid (%)
56.60, 36.75 and 42.19 respectively, Moisture content (%) 43.50, 63.24 and 57.85 respectively,
combustible (%) 39.18, 69.14 and 45.21 respectively, Non combustible (%) 58.48, 30.29 and 54.79
respectively, Hazardous waste (%) 2.34, 0.57 and 0.0 respectively, Calorific value (BTU/Ib) 3,526.2,
6,226.0 and 4,060.4 respectively and density (kg/cubic meter) 180, 213 and 202 respectively.
Existing solid waste was disposed by open dumping and open burning. The result of technical
aspect found that the waste characteristics were not composted because of the unsuitability of C/N
ratio. Then this study will focus on only the central sanitary landfill. The result of economic
feasibility study of sanitary landfill system found that the present value of Nam Rat, Wang
Luang, Thung Kwaew TAO and Central SWM were 33.04, 31.22, 30.74 and 40.81 million
baht, respectively. A comparison of the SWM alternative found that the total present value of
individual SWM was 95.00 million baht. The individual SWM present value was more than the
Central SWM present value of about 54 million baht or about 2 folds. Regarding Economic aspect,
the Central TAO solid waste management is more suitable than the individual TAO solid waste
management.

KEY WORDS: SOLID WASTE MANAGEMENT/ TAMBOL ADMINISTRATION
ORGANIZATION/SANITARY LANDFILL
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CHAPTER I
INTRODUCTION

1.1 The Significance of the Study

The environmental problems in Thailand have become very important
situation. The primary causes of the problems are the increasing of the population, the
economic growth, and the depletion of the resources and technology. In the reign of
King Rama V, a law was enforced in order to deal with the solid waste and water
pollution (Sethamanit, 1993). In 1991, an estimation of the solid waste generation rate
in Thailand was 37,000 tons per day, in Bangkok was 89,000 tons per day, or 24
percentages of all. Meanwhile, 13,000 tons of its or 35 percentages was generated by
the residents in 1,030 municipals. The rest of the solid waste mounts 15,000 tons per
day or 41 percentages were generated in Tambol Administration Organizations
(TAO). In addition, it has been found that only 50 to 60 percentages all of them was
collected and disposed by the related organizations (The Pollution Control
Department, 1999). While, a study of this particular department on the solid waste
disposal in Thailand found that open dumping and burning, sanitary landfill and
incineration were 72, 27 and 1 percentage respectively (World Bank, 2000). However,
it was found that 318,000 tons of hazardous waste generated annually in various

communities and has not been collected and properly disposal.

TAO have encountered with many problems on the solid waste management
(SWM) such as disposal site selection, operating and maintenance, technical aspect,
limited budget, the procedures and guidelines for the establishment of the center of the
solid waste disposal site have not been implemented. The solid waste recycle rate is
relative low. The currently existing laws do not enabling for management, such as
local regulations that was co-investment on the SWM, the local residents unawareness

and lack of understanding and negative attitude on the SWM. There are residents in
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the disposal site vicinity oppose the construction of the solid waste disposal systems
(The Pollution Control Department, 2000). Furthermore, it was found that the solid
waste was not completely disposed. In addition, infectious and hazardous waste were
not properly disposed, these activities were caused to chemical hazardous incidents
and cumulative polluted substance into environmental. While, in the past the pollution
management did not effectively prevention and solution. Meanwhile, the participation
of the local entrepreneurs, the residents and the organizations were relatively low (The
Office of Environmental Policy and Planning, 1997). According to Sudjai Jampa and
her staff (Chulalongkorn University,1996) studied on solid waste management found
that the problems of its were the lack of environmental technician, equipment, central
government supporting on budget, disposal site, people participation on maintaining
cleanliness in their own communities, complaints and public opposition on personnel
performances. These findings conformed that the study result Srisurang Kehanak
(1999) which stated that TAO had the same problems which were shortage of
personnel and budget, disposal site, unskilled personnel and ineffective management.
The current disposal was regularly opposed by the public and hit the headlines. Part of
the oppositions were because of the technical improper management and performance,
namely solid waste mostly was disposed by open dumping and without sanitary
landfill, and caused pollution such as strong smell, flies, mosquitoes, scattering of
solid waste particles, smoke from burning, contaminated water to residential areas and
seeped through subsurface soil, underground water, and annoyance of collected trucks
(Sukreeyapongse, 2000). In the mean time, many other problems arose, such as the
littering of solid waste in the public places, such as roadside, water sources and paddy
fields. Overflowing toilet treatment or sucking was improper according to sanitary
principles, proposals by business persons to perform the solid waste disposal facilities,
community solid waste disposal center management, dumping construction material
ruins into catchment, truck drivers littering pebbles, stones, dirt and different kinds of

waste on roads (Supawong, 1999).

The Constitution of the Kingdom of Thailand 1997, widely states in article 290
that local administration organizations are assigned to comply with provisions of

mandatory laws to maintain and make the most use of natural resources and
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environment, including the participation in considering in pilot projects or activities
which might affect the environment conditions and health impact. Hence, local
administration organizations must deal with all solid waste related problem
management in the provincial, municipal and TAOs areas. Furthermore, the Tambol
Council and TAO Act clearly states that the TAOs are assigned the responsibility of
solid waste disposal one’s area (Sukreeyapongse, 2000). In addition to this, article 18
of the Public Health Act of (1992), states that the TAO is authorized to solid waste
management, this particular TAO is empowered to manage with all around system,
namely collecting system, and disposal system. The National of Conservation and
Promotion of Environment Quality Act, (1992) states the methods for local
government organizations to perform duties other than the ones described in the Public
Health Act of (1992). This means that the TAO are authorized to submit a plan for the
construction of its own solid waste disposal system may have to co-operate with TAO
other in the vicinity areas (Supawong, 2000). This conforms the national policies of
community solid waste administration established by the Ministry of Natural
Resources and Environment which aim to promote and encourage the cooperation
among TAO in order to achieve the effectiveness of SWM. The policy emphasizes on
the construction of the solid waste disposal center by targeting at 38 provinces or not
fewer than 50 percentages nationwide in 2006 (Pollution Control Department, 2000).
A study to compare the basic investment value during the period of 2000-2010,
studied by Khonkaen University (1998) at Tha Pra municipal with the cooperation of
some nearby TAO, was refered by Damrong Rajanupab Institute (1999) found that
the method of sanitary landfill cost the least with the expenditure of about 64 million
baht for the solid waste disposal of 76,422 tons per year, or on the average of 1,507.94
baht/ton. As the joint investment with a nearby TAO, the cost was 140 million baht for
the solid waste management 330,979 tons/year, or on the average of 1,088.19 baht/ton
which was about 419.75 baht/ton cheaper than the cost at the Tha Pra municipal. The
estimated saving for the end project was 127.91 million baht. However, this study did
not cover on the economic factor, the people participation, and the environmental
impact assessment, which would be the key factor for consideration for selected the

solid waste management.



Sanga Wangkaom Introduction / 4

The Nongmuangkai district on the west bank of Yom River in Phrae Province
consists of Nam Rat, Wang Luang and Thung Kwaew TAO with adjacent boundaries
and with the total area of 108.58 square kilometers. As of 1991, the populations were
3,688, 2,980 and 2,508, respectively. The total population was 9,156 with four
schools, one community hospital, two health centers and four temples (Nongmuangkai
District Administration Office, 1991). In the past, related personnel encountered
different types of problems in dealing with solid waste disposal. For instance,
personnel at Nam Rat which has been begun SWM in 2000 by contracting a private
sector to be responsible for solid waste collection and transportation to dumping areas.
The organization charged 15 baht/month/household. The disposal site was a 30-rai
hill-foot preserved forest, four kilometers from the community limit. The problems
arose were a certain number of solid waste was not collected, cans were not sufficient,
improper disposal methods, namely they are dumped and piled up without sanitary
landfill (Pangkaew, 2003). The tendency of the consequence problems in Nam Rat, the
disposal site was on foot hill, solid waste was washed by rain during the rainy season,
surface and sub-surface water were likely to be chemically and disease contaminated
inevitably, especially the Yom River which flows through these three TAO and
agricultural zones in the vicinity of the disposal site. This is a very risky situation
because all kinds of poisonous elements were likely to accumulate diseases would get
into the food chain and health impact. In 2000, Wang Luang TAO has been begun
solid waste management project by hiring a private business firm to collect and
disposal, and charged 20 baht/month/household, the disposal site used was 60 rai
preserved forest and foot-hill utility area and was located five kilometers from the
community limit. The problems encountered were similar to the Nam Rat’s
(Jainonthee, 2003). Wang Luang was likely to face the same pitfalls as Nam Rat.
However, Officials of Thung Kwaew TAO's hadn’t begun their solid waste
management project because they lacked a disposal site. It was expected to begin in
2002. Pending this, the local residents ran the so-called “self-employed” business
dealing with their household solid waste their own ways, such as open-air burning,
household compound burying, etc. Some of the residents dumped and littered solid
waste on the banks of the irrigation waterways, and some of them threw it on the Yom

river shores, (Nakrong, 2003).
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The considerations on the above mentioned problems and the ones likely to
arise in the future, including the area advantage of those three TAO, related policies,
laws and other studies, did not cover the financial economic and/or environmental
impact factors pertaining to the community solid waste management center.
Consequently, this research should focus on the establishment of the community solid
waste management center, including the aspects of financial economy and technical, in

order to achieve the most suitable of TAO solid waste management.

1.2 Objective

The objective of this research were to study existing condition of solid waste
management systems for the three TAOs in Nongmuangkai district, Phrae Province by
considering economic, technical factors. The study compared the two cases, as

emphasized on individually solid waste management, and the joint solid waste

management.
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1.3 The Conceptual Framework

This study was designed for implementation on quantity and characteristics of
solid waste issue, the existing SWM, technical feasibility, economic feasibility and the

suitable alternative as following flow diagram:

Quantity and characteristics of solid waste
- Current quantity
- Quantity prediction

- Characteristics

The existing solid waste management
- Collection system

- Disposal system

b. 4

Technical feasibility
- Collection system

- Disposal system

l

Economic feasibility

- Economic analysis and evaluation

The suitable alternative to decide on the

individual SWM or joint SWM

Figure 1-1 Conceptual framework
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1.4 Scope of the Study

This research emphasized on the solid waste management, collection and
disposal system of three TAOs, are Nam Rat, Wang Luang and Thung Kwaew, in
Nongmuangkai district, Phrae province. They have joint boundaries with the total area
of 108.58 square kilometers. These areas have similarly in geographic, economic and
population characteristics, and also the problems of SWM. The scope of time starts

from the TAO has been SWM since 2002.

1.5 Expected Outcomes

It was expected that all of the TAOs in the areas of research would obtain a

suitable solid waste management.

1.6 Definitions

1) Individual solid waste management means each Tambol Administration
Organization (TAO) collected and disposal the solid waste by owned management,
and one TAO it has one disposal site.

2) Joint solid waste management means all Tambol Administration
Organization collected and disposal the solid waste by combined management, and

only one central disposal site.
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CHAPTERII
LITERAURE REVIEW

2.1 Tambol Administration Organization (Sub District Administrative

Organization)

Chuchai Supawong (1999) stated the history and missions of the

Tambol Administration Organization (TAO) as follows:

2.1.1 The brief history of the TAO

The Royal Thai government had set a goal and tendency to promote
democratic governance by decentralizing governing and ruling authority and power to
all grass-root levels of local and rural organizations. Consequently, a new form of local
administration was established. This was called “Tambol Administration
Organization”. And the act of Tambol Administration Organization, 1994 was enacted
in 1994. The purposes of the enactment were to upgrade the subdistrict or Tambol
council to be a legislative organization, make the subdistrict administration more
effectively and to accommodate the decentralization of power to the public at the

farthest extent.

2.1.2 The missions and duties of the TAO

1) Provide land and waterway maintenance.

2) Maintain the sanitary, cleanliness and order of roads, waterways,
pavements, sidewalks and all public places, including the solid waste disposal.

3) Prevent diseases and do away with communicable diseases.

4) Prevent and relieve public disaster.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 9

5) Promote local education, religion and culture.

6) Promote women, children, old-aged citizens and the disabled
welfare and development.

7) Protect and maintain natural resources and environment.

8) Perform other functions as assigned by the higher organization.

2.2 Solid Waste Management Concept

There are many successful methods of solid waste management. Normally the
management begins with the dealing with its sources, such as reducing the dumping
frequencies, use of an easily recycled solid waste method, keep improving the

collection and hauling, waste recycling and reuse.

Kriangsak Udomsinrote (1994) defined the term of “solid waste management”
as a principle of processing the control of solid waste dumping, the temporary storage
in containers, collection and hauling, recycling and disposal, by emphasizing on the
maximum benefit of the public health, landscape, economy, environmental

preservation and the recognition of the local public.

Precha Yamcharernwong (1988) provided principles of considerations in
making decision on effective/maximum outcome solid waste management. He stressed
that the community solid waste must be moved from its sources as soon as possible
and in the most hygienic-oriented manner with the least pollution-affected on the
environment. Meanwhile, the following considerations must be adhered.

1) Types, quantity and condition of the solid waste to be dealt with. This
information would help determine the most effective management.

2) Expenditure in investment and maintenance upkeep cost.

3) Environmental problems. These were soil, water sources and air pollution.
Other causes that affected human health and well - being.

4) Making use of parts of solid waste in order to create energy, material

5) Laws, regulations, procedures and related organizations
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The above-mentioned considerations were guidelines for determining the most
suitable SWM for local communities with different factors. For instances, types and
quantity of solid waste. In the meantime, budget, allotted or procured, and
environmental conditions were not the same, either. These differences surely affected

the determination of the SWM.

2.2.1 People’s perspective on solid waste management approaches

The Damrong Rajanupap Institute, (1999) studied the poll and obtained
the guidelines on the public’s opinion and point of view from natural resources and
environmental conservatives which were summarized as follows:

1) Promotion of awareness and learning. Information distribution and
learning enhancement network on solid waste management should be carried out.

2) Administration and management. Encouragement of the procurement
and installation of Tambol incinerator, use of dumping truck and household disposal
site as well as village disposal site.

3) Exercise efforts to achieve cooperation from existing potential
organizations in the village and TAO, should be used to help distribute information
and to achieve village public relation programs.

4) People participation process. This process should be carried out by the

cooperation of the government, local residents and private sectors.

2.2.2 Solid waste management policy

The Pollution Control Department, Ministry of Science, Technology
and Environment (2000), set the following solid waste management policies.

1) Limit the quantity of solid waste generated by residents.

2) Provide local organizations with financial, personnel and academic
support so that they achieved a circular solid waste management in accordance with

hygienic science traits.
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3) Encourage and support local government organizations to cooperate
on garbage management focusing on community solid waste disposal center.

4) Support regulations and procedures for suitable solid waste
management

5) Promote and support private sector and residents to participate in the

solid waste problem solving.

2.3 Solid Waste Characteristics and Compositions

Sunee Piyapanpong (1992) classified the characteristics of solid waste as

follows:

2.3.1 Physical characteristics

The physical composition, this composition could be divided according
to categories of material that became trash. This could be classified as combustible
solid waste, such as paper, cloth, food scraps, vegetables, wood, leather, etc, and

noncombustible waste, such metal scraps, glass, tiles, etc.

Density, this characteristics refered to the mass value per one cubic unit
of solid waste. Normally, density is divided into bulk density or the density of
uncompressed waste, and transported density or the density of solid waste being
transported in dumping trucks and compressed owing to the vibration and force
applied by solid waste collectors, as well as the weight of the solid waste itself. The

normal density of solid waste in Thailand is 250 kilograms per cubic meters.
2.3.2 Chemical characteristics
1) Moisture content, this chemical characteristic is amount

water in the solid waste. Generally, this is divided into inherent water and attached

water. The approximate moisture value in Thailand is 50-60 %.
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2) Total solids, this is the quantity of dry solid waste after water being
squeezed out.

3) Volatile solids, this is part of solid waste is combustible at extreme
heat and transformed into CO, and steam.

4) Ash, this is un-combustible part of the solid waste.

It should be noted that the moisture content, quantity of combustible material
and ash amount are inter-related. Therefore, they are usually called “the three
components”, and can be used when consider and determine the mode and detail of
solid waste disposal system.

5) Calorific value, this is the amount of heat resulted from the
combustion of waste which is very useful when consider the mode of solid waste
disposal system, especially to determine whether or not the combustion is appropriate
because it is necessary to use booster fuel to disposed the solid waste with heat value
lower than 800 kilocalories/kg which requires additional expenditure.

6) Chemical composition, this composition consists of the quantity
value of nitrogen (N), phosphorus (P), potassium (K), carbon (C), and hydrogen (H).
Most of this composition is used to determine the mode and design the solid waste
disposal system, and to calculate the C/N ratio, as well as food ingredient quantity in
organic substance is a very important to composting.

7) Hazardous waste, such as heavy metal. It is used to evaluate the
scope and contamination hazardous level contained in the solid waste and is toxic to

environment.

2.3.3 Biological characteristics

This data is an analysis to find the quantity and categories of
microorganisms like bacteria, fungi, virus, etc. Some of them are pathogenic or cause
diseases, and some are non-pathogenic. Some, like decomposition bacteria, are

beneficial for boosting recycling.
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2.4 Solid Waste Prediction

Thares Srisathit (1992) said that the solid waste prediction was very important
in planning the SWM for it clearly pinpointed every part of the plan, beginning with
the collection, transportation, disposal, acquiring a disposal site, and preparing the
budget. Hence, The prediction must be carried out correctly in accordance with the
reality of the community environment in order to achieve the maximum desired
consequence. The estimation of solid waste quantity can be accomplished in many
ways. It depends on the expertise of the estimator who must have sufficient
appropriate current data to judge. The most vital primary factor of the aspect is the

local population who generated solid waste. This includes the local daily birth rate.

2.4.1 Population forecasting

The population forecasting is very vital for the future planning because
of the annual population changing rate is the determiner of the waste quantity. It is,
therefore, necessary to study and forecast the future population trends and growth in

accordance with the following principles.

Geometric rate of growth, this rate is used as a measure to find size
changes of the population at a given time, and heed the fact that the population growth
is not the same each year. The growth rate in the next year is higher than the previous
year rate because of the source base of growth is greater. This is based on a bank rate
calculation with interest calculated from additional multifold capital by using the

following formula.
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P,=P, (I+r) "
As P, = the total population at a given time (at the beginning
period of the study)
P, = the total population at a given time (at the late period
of the study)
n = the number of years between the beginning and late
period s of the study)

r = growth rate

2.4.2 Exponential rate of growth

This rate is a measure used to measure the population size changes at a
given time. It yields the result closer to the reality than the geometric rate mentioned
above which periodically doubles the capital one at a time. For instance, when a year
is used as a time unit, it doubles the interest rate once a year means that the population
change takes place once a year. This doesn’t conform the fact because the population
changes occur in a matter of minute all year round. This points out that changes

happen continuously, and the following calculation formula is used.

P,=P,e™
As P, = the total population at a given time (at the beginning

of the research period)

P, = the total population at another given time (at the late
of the research period)

n = number of years between the beginning and late
periods of the research)

r = growth rate

log e = constant = 0.4342945
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2.4.3 Population forecast methods

There is not any forecast that gives the most correct answer. It is, therefore, a
methodic estimation by a forecaster is based upon his/her appropriate experiences.
The accuracy or how close the forecast is to the real situation depends primarily on the

forecaster. In practical, the formula of exponential rate of growth is used.

The limitation of this method = the forecaster must use the data which is not
more than ten years old, and the considerations the population growth rate must be
based on the suitability, such as the hypothesis decreasing. In this case, the decreasing

tendency must be concurrently considered solid waste prediction.

2.4.4 Solid waste quantity prediction

This is a way to find the solid waste generation rate based on the
formula of one person at a given time. It is the determiner for the calculation of future
solid waste quantity when the population is known. There are two methods of this
prediction.

1) Finding the generation rate at the source of the solid waste. This is
carried out by weighing the solid waste at its source, then compare with the unit of the
source, such as a house, apartment, person, premise compound, etc. For instance, the
rate at a hotel is 0.50-3.1 kg/room/day, the rate at a theme park is 0.013 kg/sq
meter/day.

2) Finding the producing rate at the disposal site. This is carried out by
weighing the solid waste at the site, then divided by the number of the local
population.

3) Calculation for the future solid waste quantity.

This is carried out of using this formula follows:
Quantity of solid waste at year n = population at year n x generation rate

at year n, Whereasn =1,2,3 ....... n
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2.5 Solid Waste Collection System

Suthirak Sujarittanon, (1988), mentioned a collection, and the route of
transportation, he said that there were certain compositions of the collection and
transportation of the solid waste were suitable to areas of responsibility. These

compositions as follows:
2.5.1 The collection and hauling service

The solid waste collection and hauling services can be classified into 5
categories as follows:

1) Curb

2) Alley

3) Set out — set back

4) Set back

5) Backyard carry

2.5.2 The collection and transportation system

1) Hauled container system (HCS). In this system, solid waste
container moved from their locations to the elimination site and brought back after
being emptied. Some cans are relocated. This system is divided into subsystems.

- The conventional HCS
- The container-exchange system

2) Stationary container system (SCS). In this system, large-size

containers and a solid waste compressor might be installed into the subsystems.
- The automatic transfer SCS

- The conventional SCS
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2.5.3 The solid waste collection and transportation route arrangement

1) The dumping truck route.

This management is a very important task, and a trial and error
approach should be used in order to find the advantage and disadvantage aspects.
However, there’s no fixed principle on this, and potential components are:

- Regulations at the disposal site, such as solid waste collection
point. Traffic laws and the frequency of solid waste picking up.

- Garbage trucks: current condition, types, and number solid waste
collecting personnel.

- The starting and final points are near the main roads.

- In case of the solid waste collecting point is on hill slopes,
collection should be from the upper part to the lower one.

- The last solid waste collected point must be as close to the disposal
site as possible.

- The solid waste in the traffic jam areas should be collected as early
as possible on each day in order to avoid hard traffic.

- Areas with high quantity solid waste should receive the first
priority of collection.

- Areas with little solid waste and many separate collection points,
collection should be performed in one trip and on the same day.

2) Collection and transportation arrangement steps

First step, prepare a map of the working area with the correct scale,
fill out necessary information about route arrangement, i.e. collection points, number
of trashcans, collection frequency. In case of SCS, solid waste quantity at each point

must be estimated, and information symbols to be used on the map.
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. F
Hauled container system = N
. . sw
Stationary container system =——
N/F

F = frequency of solid waste collection
N = number of containers
SW = quantity of solid waste at each collection areas
For the HCS, the solid waste quantity at each point does not directly
affect the route arrangement, but for the SCS, such quantity does affect the number of

containers and has effect on the one-trip of the garbage truck dumping.

Second step, summarized of the number of points of solid waste
collection and transportation for equal frequency of service and for equal frequency

of collection on a daily basis.

Third step, set the basic collection and transportation route with the

initial and final points as close to the garbage truck garage as possible.

Fourth step, upon the completion of the route arrangement, calculate
the average route distance in order to have each route as close to each other as

possible. It is necessary to re-arrange if the routes are so far apart.

2.54 Types and number of solid waste collection and transportation

equipment

Sunee Kuansirirote (1988) wrote about the preparation of the type and

number of solid waste collection and transportation equipment.

1) Types of hauling vehicle
- Non Compaction Side Loading Truck
- Compaction Trucks

- Dumping truck
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- Pick-up and Agricultural Truck
- Motorcycle Truck
2) Principles and considerations for choosing hauling vehicle

- Quantity and characteristics of the solid waste to be collected
and transported.

- Methods used in collection and transportation. For instance, if
the method of container is chosen, the specifically designed must be considered.

- Expenditure. The baht/ton basis expenditure is not the same
with different types of trucks run on the same distance. The same type of truck with
different loading capacity brings about different expenditure.

- Terrain conditions in the area of service. In order to achieve
mobility, small vehicles should be used when operating on narrow roads.

- Number of personnel and employees. This directly affects the

effectiveness and expenditure.

2.6 Solid Waste Disposal System

There are three solid waste disposal systems to be considered and chosen

suitably.

2.6.1 Sanitary landfill

Sanitary Office, Bangkok Metropolitan Administration (1996), states

the proper sanitary landfill as follows:

American Society of Civil Engineer defines sanitary landfill as “on land
solid waste disposal =~ must not harass or cause health or safety hazard of the public.
The practice must base on sanitary engineering by filling solid waste into the possible
smallest area, and by reducing the solid waste volume to the minimum. The disposal

site must be filled daily or periodically as time permits.”
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1) Types of sanitary landfill

According to the Pollution Control Department (1995), there are three
types of sanitary landfill.

- Area ramp method. This method begins at the original soil level
without digging work. The solid waste is compacted horizontal and the level gradually
increases as set.

- Trench method. This method begins at the subsoil level. Dig the
ground to the set level, and the solid waste is then compacted and arranged with
several thin layers. The suitable sanitary landfill method relies on the terrain feature in
the elimination area. However, the combination of both methods is considered the
most suitable because the remaining dirt from the trench method can be use to build a
mound in the area ramp method.

- Area filled method. There are basins in some community areas can be
leveled up to flat area. Accomplishing this in some areas, earth from other sites may
be necessary to cover the waste.

2) Principles for selecting solid waste disposal sites.

According to the Pollution Control Department (1999), the principles
for selecting solid waste disposal sites are as follows

- The site selected is not located in a class 1 or 2 water area, in
accordance with the cabinet resolution on the classification of waterways.

- Located at least 1 kilometer from any archaic site.

- Should be located at least 5 kilometers from an airport or airfield.

- Located at least 700 meters from a current drinking water source or
supply water work facilities.

- Should be located at least 300 meters from a natural or man-made
water source, including water-damp area, except for those water sources that are
located in the solid waste sanitary landfill area.

- Should be located in a geological-oriented area with study subsurface

to withstand the solid waste weight.
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- Should be located on a high ground. If located on a low ground with
the likely of sudden  flooding or forest ebb, a prevention measure must be
accomplished and available at all times, including appropriate corrective actions to be
taken incase of floods.

- Should be a site with low level of subsurface water. A prevention
measure must be available if located on a site with high-level subsurface water.

- Should be a one-piece stretch of land that is large enough to undergo
sanitary landfill missions for at least 20 years.

3) Requirement area
The area needed to be utilized as solid waste disposal site relies on the
solid waste quantity, compaction, compaction ratio, depth of crates, and time duration
to landfill. Data on solid waste collection is reported in pound per person per day or
gram per person per day. The solid waste quantity varies depending on the community
population changes. The selected site should be large enough to accommodate and
undergo the disposal for at least 20 years.
4) Cover Material
During an operation, covering material must be used daily with the
thickness of at least six inches. The covering materials should possess the following
characteristics.
- Dry, in order to withstand the weight of trucks.
- Least water seepage.
- By-product gas seeps to the atmosphere.
5) Problems found in solid waste disposal in Thailand.

Technical problems, in operating training classes for performance
and related personnel, it was found that they lacked basic knowledge and
understanding of disposal methods.

- Personnel problems.

- Performance and related personnel lacked motivation and low wages.
Transference and changes of personnel in charge brings about work discontinuation
and job study and learning is required.

- Work stoppage occurred pending the repair of damage mechanical

equipment.
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6) Advantages and disadvantages of sanitary landfill

The advantages, it is the most economized method of solid waste
disposal when the site is already available.

- The investment cost is cheaper than other methods, and is suitable for
both short and long-term operations.

- Upon the completion of the operation, the land can be utilized for
other purposes.

- Easy to operation, both the management and maintenance.

The disadvantages, sites selection is difficult because of people’s
opposition the sanitary landfill near their homestead.

- Operating must be closely supervised so that the landfill is operated
properly.

- Upon the completion of the coverage, the site must be left for a
period of time before it is utilized for other purposes.

- In some cases, covering material has to be transported from other

places, caused more expenditure.
2.6.2 Composting system

The Office of Sanitary, Bangkok Metropolitan Administration (1988),
stated the composting as follows:

Definition, the fermentation of the solid waste for composite is a means
of recycling organic elements based on a biological process in order to bring about a

rather stable, rather dry black material which possesses soil nutrition characteristics.

1) Methods of decomposition.
- First method, aerobic decomposition. This is accomplished by
recycling organic material in order to obtain the following final stabilized products.

CHONS +0, » CO+H,0+NO3+S04™

Aerobic Bacteria
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Phosphorous element causes phosphate to present, and the carbon dioxide
also presents when organic element recycling reaction takes place. This process results

in plant nutrient, such as nitrate, sulfate and phosphate, etc.

- Second method, anaerobic decomposition. This is accomplished by
recycling organic elements using non-oxygen in order to obtain the following final

products.

CHONS ... » CO+CH4+NH3+H,S

Anaerobic Bacteria

The gas portion in the final products vapors which emits a great deal of smell,
and goes at a long distance. This process takes place approximately two months, six
months to one year slower than the aerobic decomposition.

2) The optimal conditions for decomposition.

In order to obtain the maximum result, the following factors should be
considered for they play significant roles.

- Types of the solid waste, the unsuitable amount of the solid waste to be
decomposed should not exceed 50%.

- The moisture content is between 55-65 %.

- Optimal size: 2.3-5.0 centimeters

- Two periods of temperature. The first period is 10° — 40° C at the
recycling of mesophilic bacteria, and the second one is 45° C at the recycling of
thermophilic bacteria.

- The optimal C/N ratio should be between 25-35

- The optimal of the C/P ratio should be between 75-150

3) Composting systems. There are 7 systems of compost fermentation.

Window system

Static composting system

Round-trip padding fermentor

Dynamic composting system

Tunnel reactor composting system
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- Invessel composting system

- Brikoll Composting System

4) The advantages and disadvantages of the composting system.

The advantages

- The process doesn’t require large area.

- The screened compost can be used as soil nutrition matter.

- By-product items are obtainable from sorting out solid waste, such as
metal, glass, and plastic scraps.

The disadvantages

- Relative high construction expenditure.

- A highly qualified personnel is required to supervise and control the
system.

- Marketing problems.

- Problems with machines and components are out order so often, for
instance, crushing machine.

- An additional process is needed to eliminate the remaining parts left from
the fermentation process. This accounts for 60 % of the total garbage and must be
eliminated by means of landfill.

- Limitation on site determination for this must be far away from a
community.

- Strong smell during the recycling process is very harassing.

- A certain amount of some heavy metal found in the compost which the

final product, such as Hg, Cd, Pb.

2.6.3 Incinerator

Suthirak Sucharitranon (1992), provided facts on the use of an
incinerator that it was a means of combusting all categories of solid waste in the form
of solid, liquid and gas matters, requiring 1300-1800 degree F of heat for the complete

combustion.
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1) Types of Incinerators

The dual chamber excess air type, this is a small-size type incinerator.
Generally, the combustion takes place in the first combustion chamber with excess air.
Smoke passes through to the second combustion chamber with the temperature of
1,600 degree F. The smoke and smell are eliminated in this chamber.

The rotary Kiln type, this type operates with excess air, and with the
capacity of elimination of two tons of garbage per hour.

The starved air type, this type of incinerator was developed with the
theory similar to the pyrolysis process. The combustion takes place in the first
combustion chamber with less air in order to regulate the combustion temperature. Gas
passes through to the second combustion for the complete combustion.

2) The advantages and disadvantages
The advantages
- Requires less area than those of other modes of disposal.
- Reduces garbage transportation problems
- Minimum smelly problems
- Capable to reduce garbage quantity or volume than other modes.
The disadvantages
- Facilities construction and operations are very high.
- Highly qualified system supervisor is necessary.
- Equipment maintenance and repair upkeep is very expensive
- Encounter restraints on construction site because of the local
resident opposition.

- Ash and remaining particles must be disposal by means of landfill.

2.6.4 Comparison and considerations for solid waste disposal system

Vicharn Wongwiwat (1992), studied the three solid waste disposal
systems employed by the Bangkok Metropolitan Administration, i.e. the sanitary
landfill, the incineration and the composting. He found that the hygienic-oriented

sanitary landfill was the most suitable for Thailand.
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1) The sanitary landfill is required even though the other systems are
selected because at the final phase of the incineration and composting systems,
remaining particles, accounting for 35 to 70 %, must be disposed by sanitary landfill.

2) Solid waste in Thailand contains high level of moisture.

Brought about by vegetables, fruit and rainy season wetness. Moderate
heat is suitable, i.e. not exceed 4,500 kilocalories/kilogram. During the rainy season, it
might be necessary to use the maximum heat for combustion. In addition, the
investment and execution of incinerator factory is very high, and if a perfect system is
not chosen, air pollution might occur. Meanwhile, the system flexibility is relative
low makes the management more difficult than other systems. In case the incinerator
becomes out of order, the operation halts which causes considerable damage in solid
waste disposal.

3) The composting system, the unwanted remaining particles accounts
for 70 % of the total solid waste, and the sanitary landfill must be used to disposal
these parts and is concurrently carried out with the composting. In the mean time,
quality, transportation and marketing problems arise with the composting method,
coupled with the high cost of the fertilizer factory construction which requires a
relatively high technology while the system flexibility is rather low.

4) The sanitary landfill system does not require a very high technology
or very highly skilled personnel. The system flexibility is high, and the investment
expenditure is cheaper than the other means. The environmental condition can be

maintained, provided that the operation is strictly supervised.

2.6.5 Optional considerations

The following two considerations should be scrutinized for selecting

the solid waste disposal system.

1) Technological consideration.
Consider the simplicity. The system should not be very complicated.
This includes the operation and maintenance simplicity as affect the appropriate

qualified personnel requirement.
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- The technologic characteristics of the system. It is obvious that each
system possesses different capacity in disposal and reducing the solid waste quantity.
For instance, approximately 10-20 % of ash remains in the incineration system must
be disposed by sanitary landfill. It should be considered that the sanitary landfill
method eliminates all of the existing solid waste while the incineration does away with
all types of diseases because of its extreme temperature.

2) The economic consideration.

The new-generation economists have tried their best to change the
social-economic aspect to be more scientific because they hold that the world’s current
resources are insufficient to fulfill the consumer’s need. They redefine the term by
emphasizing scarcity definition economics. They emphasize the principle of effective
utilization of limited resources as surpass the consumer’s need. There are so many
definitions of economics as can be summarized as “Economics is a branch of
sociology focusing on finding limited producing factors to meet exceeding human’s

need.”

2.7 The Economic Analysis

The Federation of Thai Industries (1994), stated to the economic feasibility

study as follow:

2.7.1 Benefit-cost analysis
Classification of benefit-cost
Generally, the project cost analysis consists of follow:
- Research and development cost
- Investment cost
- Operating cost
- Maintenance cost
- Direct cost
- Indirect cost

- Opportunity cost
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Benefit Analysis. In order to prevent errors, negligence of certain
benefits, simple comprehension, and operating simplicity, the benefit analysis consists
of the following considerations.

- Direct benefit
- Indirect Benefit

2.7.2 Investment decision making

1) Decision making without time-value adjustment. This is a simple
measuring factor that helps approximate decision making. The analyst knows the
estimated investment and benefit and is able to inform instantly the better project. For
instance, each of the two projects with the same investment and benefit cost at a given
time. The first project yields a longer period of benefit. Hence, it can be judged that
the first project is better than the first one. This principle is not practical if the
investment and benefit costs are different. This principle is suitable for a one-year time
project because the time-factor is not involved.

2) Decision-making principles with time-value adjustment. The time-
value adjustment is a process with financial benefit and expenditure or benefit-
differential due to the project at different future time brought for adjustment at the
same time or at zero-value time. The future value adjusted to be current value is
called present value.

A project with more than lyear period and with the gross benefit of
each project is different from each other each year. Some project with higher gross
benefit in one year and lower in another. This is difficult to compare because of the
unequal value of the present and future money, and with the involvement of the
interest.

The interest involvement causes differences in money value. A
hundred baht this year costs more next year and beyond. This means a hundred baht
were deposited in a bank this year with a 10 % per year interests would cost 110 baht
next year. On the contrary, the next-year 110 baht would cost a mere 100 baht at the
present time. Likewise, the benefit earned from the next-year project or ten years

ahead, would not cost as the same amount of money earned today, because the latter
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could be utilized instantly. Meanwhile, the three-year or ten-year benefits are
considered the far-away plan. The benefactor has to wait for three or ten years to reap

the benefit.

2.7.3 Time-framed money adjustment

P = present money value
F = future money value
1 = interest rate per year
n = time period of value adjustment (year)
R = equal annual money value
This formula used to adjust money value at a given time, and to compare

with the money value at another given time by using the principle of multifold interest.

1) Calculation for single-payment present and future money value.
Use the formula below to adjust P value of present year for future value

of any year n.

Capital plus interest at 1¥ yearend =P (1+i)
Capital plus interest at 2nd_ yearend =P (1-+)?

Capital plus iﬁterest at 3rd; yearend =P (1+i)°

Capital plus interest at n yearend =P (1+i)"

Or F=PA+i)"
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2) Finding equal per year expenditure
Calculate R or equal per year expenditure in n year from the present
capital (P) is similar to a bank loan of 10,000 baht with installment of the equal annual
capital and interest for a period of n years with prescribed interest rate. It is required to
calculate the equal pay-back amount in the period of the scheduled years.
Use the formula below to R, or the sum of creditor/debtor in each year
for a period of n years.

R; Ry R; R,

| . }

0 1 2 3

F = R, + Ry (14i)+ R (14 + ..o +R; (1+1)™"

In case the creditor and debtor are equal, the formula follow:

1) Finding the present value

Owing to the finding of the present value is the back process from the

total amount of money, and the formula below is used.

F

(1 + it

P =

2) Finding present value of an annuity

Finding the present value of an annuity is to find the present value from
a single number. In practical, an investment project may arise and bring about an equal

benefit for several consecutive years. Expenditure, especially the operating and
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maintenance cost, might also arise in equal amount and for several consecutive years.

Different values can be adjusted to the present value.

Finding R or creditor/debtor sum in each year for a period of n years,
compared to the present financial value, can be carried by using this formula.

R1 R2 R3 Rn

bl )

lO 1 2 3 n

P
Formula: P=R1 (1+D)"' +R2 (1+D)?* +............. + Rn (1+D)™
Where as RI=R2=R3=............ =Rn
1 gL — ]
1 {%}

In practical, benefit on a previous project investment does not turn out
in the first years, for instance, a palm oil production project, yields the benefit in the
fifth year in equal amount for a period of six years for the ten-year project. In this
case, an investor or analyst pays attention only to the present benefit during the span of

the fifth and tenth years, and this can be calculated.
2.7.4 Economic analysis criteria

1) Simple payback period. This is the period the accumulated gross
benefit equals the investment cost. The result brought about by this investment
evaluation is the rapidity of capital payback. The payback money can be used to invest
in other activities. The simple payback period is simply calculated and popular among
analysts. However, it has certain disadvantages for it does not include neither the
consideration of the post-payback benefits nor the periodic money value adjustment.

However, these problems solved by using formula follow:

investment cost
Net CashFlow

Simple payback period =
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Annual net benefit
Net benefit/year = earned benefit/yr-net annual cash flow
In case of the unequal annual benefits, the annual net benefits will be added
up until the year the accumulated net benefit equals the investment capital, and this
year is the simple payback period.
Simple payback period < 1 yr (small-scale project)
Simple payback period <4 yr (medium-scale project)
Simple payback period > 1 yr (large-scale project)
In case the equal annual benefit and net annual cash flow, use this
formula to calculate:
Simple payback period = investment cost—annual cash benefit

Since annual net benefit or net cash current = benefit earned/yr-net annual cash flow

2) Net present value (NPV), this value is the difference between present
value and the whole project calculated from the net benefit in each year transformed to
the present value by using the acceptable minimum rate. This is the adjusted value
reduced rate. The judgment of decision making, the investment should proceed with

the positive NPV, and should not with the negative version. Use this equation for the

calculation.
n
NCF
NPV =3, — - TIC
(] i i ) .
j=1

TIC = Total investment cost (in baht)

NCF = Net cash flow in year n (baht per year)
n = Project period
1 = Interest rate

NPV >0 Investment worthy

NPV <0 Investment unworthy
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Calculating net benefit with the following known factors
Interestrate: 1 = ........... %
Equipment worn-out time.......... years
(Operational and installation period)
Corporate tax .......... %
Cash flow calculation (F)
Annual economized sum ...........
Minus annual worn-out cost..........
Before tax-deduction profit.............
Tax (tax rate x before tax-deduction profit ).........
Annual worn-outcost ..
BEREI = = = U, ............. +

Extra cash flow: F

3) Internal rate of return (IRR).

This rate is defined as the deduction rate that makes the benefit
present value from the investment equals to the investment capital present value.
Finding this investment benefit is done by means of right-or-wrong testing by finding
the deduction rate that causes the equality between the benefit present value earned
and the present value of the expenditure cost. In other word, the net present value is

equal to or close to zero, and this obtained deduction value is the IRR.
2.7.5 Sensitivity Analysis

According to Benjapon Tangkasemwattana (1994).  Calculating
investment capital-benefit and investment-efficiency to analyze the project is a means
that gives a recommendation so that the analysist could make a effective decision prior
to the investment provided that he/she has a perfect list of information. However, the
primary factor might vary which affects the decision making index. For instance, the

plus and minus of the production quantity increase in the range of +- 5%,

how it affects the NPV, B-C ratio, IRR or N-K ratio, whether or not it affects the

investment decision making. The sensitivity helps you decide more effectively.
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2.8 Related Researches

Studying documents and research papers, has found that the subdistrict or
Tambol Administration Organization (TAO) is a relatively new local organization.
Consequently, research material on this is rather scarce. This researcher conducted his
research by studying related works on solid waste management systems at the TAO

and similar levels as follows:

Pisal Padungsirikul, (1994).Who studied the characteristics of solid waste in
municipal areas in Nonthaburi province, found that most of it was as follows : Food
scraps 48.4 %, plastic containers 24.00 %, wood scraps 6.40 %, paper 50.6 %,
hazardous waste 0.04 % and others 20.90 %, density = 330 kg/cubic meters,
calorific value = 2,006 kcal/kg

Jarin Thongkasem and others, (1992), studying the design of the solid waste
of municipal and sanitary organizations in Chantaburi, Suratthanee and Phuket
provinces. Considering the characteristics of the targeted items, they found that the
most suitable means of solid waste disposal in these three provinces were the sanitary
landfill and incinerator. They cited the following reasons. The LSCV values were
1,426 kcal/kg, 1,323 kcal/kg and 1,433 kcal/kg, respectively, and were higher than the
incinerator minimum value of 800 kcal/kg. The researchers said that the composting
system was not suitable for none of the three provinces because of the C/N ratio values
were 15.5, 14.8, and 23.1, respectively. These were lower than the criteria values, is
25-30. They also found that the solid waste density values in the targeted provinces
were 240 kg/day, 258 kg/day and 221 kg/day, respectively. According to the
researcher’s findings, the generation rates in Chantaburi, Suratthanee and Phuket were
0.60-0.80 kg/person/day, 0.85 kg/person/day and 0.80 kg/person/day, respectively.
They concluded that the most suitable solid waste disposal system for each province
with the following reasons. In Chantaburi, the sanitary landfill system suitable because
of the solid waste characteristics suitable, low investment cost and the availability of
requirement area. But in Suratthanee and Phuket, the incineration suitable because of
the unavailability of sanitary landfill sites. Nonetheless, the incinerator system

required higher investment cost.
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Suthirak Sujittranon and others, (1997), conducted a research to find the
suitability of solid waste management of Phrae Province municipal, and designed a
basic system. They found that the generation rate in the municipal area was 1.21
kg/person/day. The compositions of the solid waste were paper, leaves, and food
scraps, their average were 28.40 %, 22.21%, and 21.56%, respectively. The average
density was 239.50 kg/cubic meters. The combustible quantity was 93.33 %. The non-
combustible quantity was 6.67 %. The moisture content was 54.83 %. The average
C/N value: 10.09. The average nitrogen value was 0.71 %. The average phosphorous
quantity was 0.72 %. The LSCV was 1,521.77 Kcal/kg. The ash quantity was 33 %.
Judging from the above mentioned, it was determined that either the composting
system or the incinerator system was unsuitable to the solid waste disposal in Phrae
municipal area. But the sanitary landfill system was suitable. The solid waste fee was
12.40 baht per household per month. The attitude of samples on the joint solid waste
management among the municipality and the sanitary organization found that agreed

with were 62 %, disagreed 14 % and absentees 22 %.
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CHAPTER III
RESERCH METHODOLOGY

The method used in this study was a survey research. The objective of this
study was to study existing condition of solid waste management systems for the three
TAOs in Nongmuangkai district, Phrae Province by considering economic, technical
factors. The study compared the two cases, as emphasized on individually solid waste

management, and the joint solid waste management.

3.1 The Studied Population

There are totally 5 TAO's in Nongmuangkai district as (in figure 3-1) the

targeted population in the research as follows :

1) TAOs on the east bank of the Yom River:
- Mae Khammee TAO
- Tham Naktham TAO

2) TAOs on the west bank of the Yom River:
- Nam Rat TAO
- Wang Luang TAO
- Thung Kweaw TAO
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Figure 3-1 Studied areas
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3.2 The Studied Areas

The 3 TAO's studied areas were selected by purposive sampling as details as

follow :
1) Nam Rat
2) Wang Luang
3) Thung Kwaew

The researcher chose the purposive sampling by choosing the three TAOs that
were located on the west bank of the Yom. These were the Wang Luang, Nam Rat
and Thung Kwaew TAO’s which had joint boundaries and their basic structure, terrain
features, economic and social status were very similar. Taro Yamane’s formula (in
appendix B) was used to survey resident’s attitude. The allowed sampling error was

.05. The results were as follows:

Table 3-1 Number of sampled household by TAOs

Totally No. of No. of sampled
Targeted TAO's household household
Nam Rat 995 J6.2
Wang Luang 790 128
Thung Kwaew 674 110
Total 2,459 400

Source: Nam Rat, Wang Luang and Thung kweaw TAOs.

This can be summarized that the number of the household representatives was

400 as accounted for 16.26 %.
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3.3 Research Tools

3.3.1 Questionnaire

This was carried by adapting the studied of Suthirak Sucharittanon and
staff, (1997). This included questionnaire forms used surveying and data collecting
on economy, social, land use, resident’s attitude on solid waste management and
future projects, these were carried out by consulting experienced and informed
personnel on research study. This was divided into four parts as follows:

The first part included personal individual data were gender, age,
educational level, household and marital status, etc.

The second part included economic and social data, such as the number of
members in families, gender, educational level, occupation, income, number of
persons in labor sector, individual member expenditure, living condition, house and
land ownership right, utility use of land, etc.

The third part of the implement dealt with the current means of solid
waste management. This included the services, solid waste disposal, service fee, etc.

The fourth part involved the resident’s attitude on the current and future
management of solid waste. This included the solid waste management, service fee

and improvement of solid waste disposal system in the future.

3.4 Study Procedure

The phases of data collection to lead to the study of the suitability of the solid

waste management at those three TAOs were arranged as follows:

3.4.1 Studying general information of the studied areas

In studying and planning the solid waste management, it was necessary to
collect all types of information from related public sector in Phrae province, namely
Meteorology Station, Nongmuangkai Administration Office and the three related

TAO:s.
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In addition, the researcher perform a field work in order to obtain the primary data for
the augmentation of his study and planning which included certain current information
on economy, social, population, land use, analyse solid waste quantity and
composition, community physical condition, road and traffic systems, terrain features,
weather and climate, locations of solid waste disposal systems, Tambol level tourism
planning, resident attitude, as well as studying past information on solid waste
management in the area of research in order to augment the analysis which brought
about the following results :

3.4.1.1 The general information on the areas of study included the community
physical characteristics, road and traffic systems, sub-district development planning,
terrain features, soil and subsurface water.

3.4.1.2 Population and land use information included population and household
conditions. The purpose of the population study was to estimate the trend of solid
waste quantity in the future. The mission was carried out by gathering information on
the number of non-resident persons, such tourists, out-of-area students, venders,
laborers, etc, census information from the Nongmuangkai District Office, population
changes and the 10 year period prediction to facilitate the solid waste estimation in the
future. The following information was also yielded.

- Terrain feature and soil characteristics. These were gathered from the
condition of the sub-district location, direction of water flow, etc.

- Tambol development and land use included sub-district development
plan caused increasing land use, increasing population, as well as studying land use in
the area of research.

3.4.1.3 Economic and Social Information, The study of economic, social and
resident attitude was accomplished by means of interviewing sampling group of
persons. A number of interviewees were 400 persons. The method used was simple
random sampling of household registration documents. The process covered all
aspects, including economic and social status, such as family structure, housing
condition, occupation, income, etc. Needing for solid waste management co -
operations on solving solid waste problems was included in the study of resident’s

attitude.
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3.5.1.4 Current organization management information included general
administration, personnel management, budget management which include the
financial and treasure TAOs which looked into their past records three years back by
considering all types of income and expenditure, supporting financial sources,
different infrastructure and utility plans, analyse their investment capacity on solid

waste management.

3.4.2 Solid waste management study

This phase of study focused on the following current aspects. Collection
and transportation systems, including collecting zones, number of dumping trucks,
types of collection, solid waste containers, composition of solid waste, the current
solid waste disposal system. Studying of the solid waste composition and
characteristics in the areas of study, the analysis of the solid waste composition and
characteristics was carried out by collecting a sample on June 2002. Then, the physical
characteristics analysis was performed in order to obtain the bulk density,
compositions and chemical characteristics which included the moisture content,
volatile solid material, ash content, calorific value, nitrogen, potassium, phosphorous,

carbon contents and C/N ratio.

3.4.3 Studying the alternative suitability

After accomplishing the study and planning the solid waste management,
the studying of the suitability was performed in order to consider each system and
choose the most suitable one from both the integrated and disintegrated modes. The

steps of study and data collection were as follows:

3.4.3.1 Survey, collect and analyse the information and data on current
and future population, current and future solid waste generation rate, future solid waste
quantity, terrain features, climate condition, land use, flood and solid waste disposal
site surroundings.

3.4.3.2 Study problem nature and establish suitable alternative.
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The basic information included the physical information on the solid
waste such as characteristics, quantity, future population, etc. The technical
information included the collection and transportation, disposal system and control
system. The financial information included the solid waste disposal investment cost
for each system, operating and maintenance cost for each system and the bank loan
interest rate.

3.4.3.3 Basic design and cost estimation

The basic design and cost estimation was accomplished to select
a system consisted of the following phases.

- Establish a basic principle, including the solid waste disposal
components. These were the systems of collection, transportation, sanitary landfill in
accordance with the hygienic standard, composting.

- Basic design was apparent that designing different aspects in
order to select the most suitable system of solid waste management depended on the
established component principle. To help estimate the cost of civil engineer,
infrastructure, engine mechanism, electricity and geographic architecture.

- Cost estimation included the costs of construction, machines
and accessories, operation and maintenance.

3.4.3.4 Analysis and evaluation of the project’s economic aspect

Study the economic impact on the project by emphasizing on
the least cost method or to find the cost effective to be used as a factor to determine on

the project benefits whether it was worthwhile. These were the present value.
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CHAPTER 1V
RESULTS AND DISCUSSION

Solid Waste Management of Tambol Administration Organizations Case Study:
Nongmuangkai District, Phrae Province. It was studied in Nam Rat, Wang Luang and

Thung Kwaew TAO. The result was separated as 4 categories and presented following:

1) The general characteristics of the studied area
- The physical infrastructure, topography, climatology, traffic and
transport system, and TAO strategic plan
- Demography and land use
- Socio-economic status
- TAO financial status
2) Solid waste management
- TAO solid waste management
- TAO solid waste characteristics and the composition studies
3) Feasibility studies
- Center TAOs co-operating the solid waste management by sanitary
landfill and composting
- Individual TAOs operating the solid waste management by sanitary
landfill
- Center TAOs co-operating the solid waste management by sanitary
landfill
4) The comparing SWM
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4.1 The General Characteristics of the Studied Area

4.1.1 The physical characteristics

4.1.1.1 Location and boundary area, Nongmuangkai District located at
upon Phrae province, comprises of area about 221.71 kilometers square and distant
from Phrae province about 19 kilometers. The North of its adjacent Rong Kwang
district, the South adjacent Muang district, the East adjacent Rong Kwang and Muang
district and the West adjacent Long district

4.1.1.2 Topography, mainly area comprises of flat plain and mountain.
There is Yom river flow through out Tambol Thung Kwaew, Wang Luang, Nam Rat
and Nong Muangkai.

4.1.1.3 Traffic and Transportation system, there is asphalt and concrete
road connected between the Tambol and village. The communication and
transportation are convenient in this district. There is hard traffic at 06.00- 08.00 a.m.
and 15.30-16.30 p.m. because in this moment the students go to school and return to
home by vehicle.

4.1.1.4 Climate characteristic, there are 3 seasons in this district such as
summer (Mar-April), the rainy season (May-October) and winter (November-
February). What ever, in winter and summer is dry long terms period about 6 months.
In according to Phrae meteorological station, for period 30 years (1974-2003 A.D.),
found that mean max temperature was 37.5° ¢ in April and mean min was 14.4° ¢ in

January. (Shown that in Table 4-1)
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Table 4-1 Mean Temperature by month for period 30 years 1974-2003, Phrae province

Statistics | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov |Dec|Annu

Mean 21.7 | 242 | 27.6 | 29.7 | 28.8 | 28.0 | 27.5 | 27.2 | 26.9 | 26.3 | 24.3 |21.6] 26.2

Mean max | 30.9 | 33.4 | 36.1 | 37.5 | 35.2 | 33.5 | 32.6 | 32.2 | 32.2 | 32.1 | 31.1 |29.9] 33.1

Mean min | 144 | 16.6 | 20.2 | 23.4 | 24.0 | 23.9 | 23.7 | 23.6 | 23.3 | 22.3 | 19.1 [15.1| 20.8

Max 35.6 | 385 | 41.7 | 43.6 | 42.8 | 39.7 | 39.2 | 37.5 | 35.8 | 36.5 | 35.4 |34.9] 43.6

Min 46 | 94| 99 | 18.1 | 16.1 | 20.0 | 20.0 | 20.5 | 185 | 145 | 9.2 | 5.0| 4.6

Source: Phrae Meteorological Station

4.1.1.5 TAO strategic plan

According to TAOs strategic plan (2005-2009 AD.) that

effected to population growth and land use as conclusion following:

All TAOs (Nam Rat, Wang Luang and Thung Kwaew TAO) will be
developed the communication system, traffic system such as improving and
maintenance road and bridge. Economic aspect, they will be support and develop the
One Tambol One Product (OTOP). Agriculture aspect, they will be improve and build
catchment. Public health aspect, they will be to prevention and promotion for healthy
population. Natural resource and environment aspect, they will be to forestation and to

solid waste management.

4.1.2 Demography and land use

4.1.2.1 Population characteristics, the demography results of
household sampling survey were selected from 400 of totally 2,459 households,
separated as Nam Rat, Wang Lung and Thung Kwaew TAO are 162 (40.50% of total),
132 (33.00% of total) and 106 (26.50% of total) households, respectively. Male and
female interviewees were 172, 228 persons and convert to percentage as 43 and 57,

respectively.
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All memberships of the TAOs household samples were 1,538 persons and
separated to 720 males (46.82%), 818 females (53.18%), (Shown that in Table 4-2)
Then the male: female ratio= 1:1.14, and the average membership 3.85

person/household.

Table 4-2 Number and percentage of sampled household membership by gender

Male Female Total
Tambol
n % n % n %
Nam Rat 274 17.82 329 21.39 603 39.21
Wang Luang 247 16.06 259 16.84 506 32.90

Thung Kwaew 199 12.94 230 14.95 429 27.89

Total 720 46.82 818 53.18 | 1,538 100.00

As it was separated by age group found that, under 12 years old equal 207
persons, 12-14 years old equal 97 persons, 15-35 years old equal 408 persons, 36-59
years old equal 634 persons and over 60 group equal 192, and convert to percentage as

13.46, 6.31, 26.53, 41.22 and 12.48, respectively.

Table 4-3 Number and percentage of sampled household by age group

Age group n %
Under 12 207 13.46
12-14 97 6.31
15-35 408 26.53
36-59 634 41.22
Over 60 192 12.48
Total 1,538 100.00

As Table 4-3 it was find that household sample is mainly in workforce

between 15-59 years old (67.75 %).
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4.1.2.2 Education level

The consideration of education level, over 12 years old was considered

and group of them =1,3131. They were separated by ongoing studied = 312 (23.44%),
successful and illiterate=1,019 (76.56%). (Shown that in Table 4-4)

Table 4-4 Number and percentage of sampled household by education level

Education Successful Ongoing studied
level n % n %
Primary 581 57.02 129 41.35
Secondary 273 ol 142 45.51
Diploma 46 4.52 12 3.85
Bachelor 74 7.26 28 8.97
Graduate 4 0.39 1 0.32
[lliterate 41 4.02 0 0.00
Total 1,019 100.00 312 100.00

4.1.2.3 Land use

There are 195,839 rai of Nongmuangkai district, mainly population land

use are agriculture area 58,185 rai. Rice field area=37,263 rai, herb area-=10,681 rai,

fruit area = 1,965 rai and vegetative area=118 rai.
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4.1.3 The socio-economic status

4.1.3.1 The general of Nongmuangkai District on socio-economic status
- Administration aspect, Nongmuangkai District comprise of 6
Tambol, 35 wvillages, 5,780 households, 1 Tambol municipal and 5 Tambol
Administration Organizations. There were 19,870 populations in this district, male
were 10,324 persons, female were 9,546 persons and population density per area was
89.62 persons/kilometer square
- Occupational aspect, the populations in this district mainly
operate on agriculture, labour, commercial, government officer and the others as 62,
19, 8, 7, and 4 percentages, respectively. The average wage rate of population was 110
baht /day and per capita incomes was 26,451 baht/month.
- Education aspect, there were 2 secondary schools, 8 primary
schools, 1 informal school and 9 kindergartens in its.
- Religion, 98 percentage of citizen as Buddhism. There have
been 10 temples in this district.
- Public health facilities, there has been 1 community hospital, 1

district public health office, 5 health centers and 35 community basic health centers.

4.1.3.2 The results of sampled household on socio-economic status

Table 4-5 Number and percentage of workforce by Tambol

Item Nam Rat Wang Luang | Thung Kwaew Total
Membership 603 506 429 1538
Workforce 377 (62.52%) | 308 (60.87%) | 259 (60.37%) | 944(61.37%)

Non workforce | 226 (37.48%) | 198 (39.13%) | 170 (39.63%) | 594(38.63%)

Refer to Table 4-5, mainly sampled household members were workforces

(61.37 %), and non-workforces were 38.63 %.
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Table 4-6 Main occupation of sampled household by Tambol

Main Occupation Tambol Total
Nam Rat Wang Luang | Thung Kaew n=400
n=162 n=132 n=106

Government officer | 21 (12.96%) | 16 (12.12%) | 5 (4.71%) 42 (10.50%)
Commercial 23 (14.19%) |20 (15.15%) |5 (4.71%) 48 (12.00%)
Agriculture 92 (56.79%) | 71 (53.78%) | 88 (83.01%) | 251 (62.75%)
Labour 17 (10.49%) |23 (17.42%) |5 (4.71%) 45 (11.25%)
Business 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Others 9 (5.56%) 2 (1.51%) 3 (2.83%) 14 (3.50%)

Refer to Table 4-6, occupational of sampled household members mainly were

agriculture (62.75 %).

4.1.4 TAO financial status

Table 4- 7 Income and expenditure of TAO by the year 2002-2004

2002 2003 2004
Item Income Expenditure Income Expenditure Income Expenditure
(baht) (baht) (baht) (baht) (baht) (baht)
Nam Rat 3,920,825 2,632,347 4,742,866 4,407,012 5,270632 2,516,390
Wang Luang 3,902,037 2,801,451 3,795,223 3,119,438 4,138,868 3,912,827
Thung Kwaew 2,464,365 1,691,970 3,777,164 3,300,224 4,151,789 3,563,682
Total 10,287,282 7,125,768 12,315,253 10,826,674 13,561,291 9,992,899

Source: Nam Rat, Wang Luang and Thung Kwaew TAO

Refer to Table 4-7, trend of TAOs incomes to be increasing. While as

expenditure to be such as increasing.




Sanga Wangkaom Results and Discussion / 50

4.2 Solid Waste Management

4.2.1 TAOs solid waste management

4.2.1.1 The Collecting system

Nam Rat TAO has operated on the solid waste management since the
year 2001. The result was conclusion following: Collecting by NGO contract out
12,500 baht/month but get income from household =11,000 baht/month. Each 724
households that use TAO service was charged = 15 baht/month. Capacity of NGO
dumping truck = 12 Cubic meters, 1 truck. To start collect the solid waste at 09.00
a.m.-15.00 p.m. on Sunday and Wednesday per week, and collected 3 rounds/day.
There are 724 cans, and each can capacity =50 liters, they are adapted from tire and
located at the front of house (house-to-house).

In Wang Luang TAO has begun on the solid waste management since
the year 2000. The Collecting system, by NGO contract out 9,700 baht/month and get
income from household =11,000 baht/month. Each 550 households that use TAO
service was charged = 20 baht/month. Capacity of NGO dumping truck = 9 Cubic
meters, 1 truck. To start collect the solid waste at 09.00 a.m.-15.00 p.m. on Tuesday,
Thursday per week, and collected 3 rounds/day. There are 250 cans, and each can
capacity =50 liters, they are adapted from tire and located at the front of house (house-
to-house).

And in Thung Kwaew TAO has begun on the solid waste management
since the year 2002. The Collecting system, by contract out = 5,500 baht/month, and
get income from household =10,008 baht/month. Each 504 households that use TAO
service was charged = 20 baht/month. Pick up for hauling = 3 Cubic meters, 1 truck.
To start collect the solid waste at 09.00 a.m.-15.00 p.m. on Tuesday, Thursday per
week, and collected 3 rounds/day. There are 223 cans, 60 liters capacity=103 and 130
liters capacity=111, they are adapted from plastic and located at the front of house

(house-to-house).
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Table 4-8 The attitude of sampled household towards solid waste management

Result (%)

Sampled Household Attitude
Nam Rat Wang Lung | Thung Kwaew

1) TAOs Service

- Good service 66.3 65.2 64.2

- Fare service 351 34.0 35.1

- Bad service 0.6 0.8 0.7
2) TAOs Fee Rate

- Suitable 90.1 82.2 78.5

- Unsuitable 8.0 ) 15.2

- Absence 1.9 4.6 6.3
3) Disposal system improvement

- Agree -y 93.8 76.9

- Disagree 4.3 6.2 23.1
4) TAOs disposal system center

- Agree 45.7 37.4 34.3

- Disagree 543 62.6 65.7

4.2.1.2 Disposal system
Each TAO solid waste disposing by open dumping and open
burning. The distance of disposal site from community of Nam Rat, Wang Luang and
Thung Kwaew TAO were about 4, 4 and 10 kilometers. The soil characteristic of all
disposal sites wer lattalite and the area of the disposal sites of Nam Rat, Wang Luang

and Thung Kwaew were 30, 60 and 200 rai, respectively.
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4.2.2 TAO solid waste characteristics and composition

Table 4-9 The Solid waste characteristics and composition

Parameters Result
Nam Rat Wang Luang | Thung Kwaew

N (%) 2.64 2%2 2.03
P mg/kg 1,938.67 1,686.10 2,968.22
K amg/kg) 4,589.50 4,141.94 4,322.06
C (%) 73.74 40.10 40.82
C/N ratio 16\91 27.93 20.12
Ash (%) 24.29 12.23 18.65
Volatile solid (%) BYZ 87.77 81.33
Total solid (%) 56.60 36.75 42.19
Moisture content (%) 43.50 63.24 57.85
Composition
-combustible (%) 39.18 69.14 45.21
-non combustible (%) 58.48 30.29 54.79
-hazardous waste (%) 2.34 0.57 -
Calorific value (BTU/Ib) 3,526.2 6,226.0 4,060.4
Density (kg/cubic meter) 180 213 202

Source: Nam Rat, Wang Luang and Thung Kwaew TAO
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4.3 Feasibility Studies

4.3.1 Prediction of population and solid waste generation

1) The existing population

Table 4-10 Number of population, 1992-2002

A.Dyear | Nam Rat Wang Luang | Thung Kwaew Total
2002 3,795 2,941 2,579 9,315
2001 3,878 2,933 2,498 9,218
2000 3,785 2,962 2,498 9,245
1999 3,774 2,962 2,484 9,220
1998 3,797 2,946 2,534 9,277
1997 3,800 2,692 2,426 8,918
1996 3,940 2,802 2,408 9,004
1995 3,821 VD)) 2,406 9,024
1994 3,765 2,661 2,254 8,680
1993 3,760 2,661 2,254 8,675
1992 3,769 233 2,283 8,765

Source: Nongmuangkai District Administration Office

Refer to Table 4-10 population growth of TAOs in 1992-2002 was to be stable.
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2) Population prediction and solid waste generation

Table 4-11 Number of population prediction, 2002-2012

AD year Nam Rat | Wang Luang | Thung Kwaew Total
(persons) | (persons) (persons) (persons)
2002 3,798 2,941 2,579 9,315
2003 3,800 2R 2,644 9,433
2004 3,803 3,018 2,678 9,492
2005 3,806 3,045 2,711 9,552
2006 3,808 3,071 2,746 9,612
2007 3,811 3,098 2,780 9,673
2008 3,814 VM 2,815 9,734
2009 3,816 B\ 52Z 2,851 9,795
2010 3,819 BYL 2,887 9,857
2011 3,822 3,207 2,923 9,919
2012 3,824 3,235 2,960 9,981




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 55

This study cited to JICA study that the SW generation rate vary follow GDP

rise 7 % SW generation rate has been increasing 3 %, as shown that in Table 4-12

Table 4-12 Exiting and prediction of SW generation rate (kg/person), 2002-2012

A.D Nam Rat Wang Luang Thung Kwaew Total

year Pop. S.W. Pop. S.W. Pop. S.W. Pop. S.W.
(Persons) | G.R. | (Persons) | G.R. | Persons | G.R. | Persons | G.R.

2002 3,798 0.52 2,941 0.50 2,579 0.50 9,315 0.51

2003 3,800 0.53 2,992 0.50 2,644 0.50 9,433 0.52

2004 3,803 0.53 3,018 0.51 2,678 0.51 9,492 0.52

2005 3,806 0.54 3,045 0.52 2,711 0.52 9,552 0.53

2006 3,808 0.55 3,071 0.53 2,746 0.53 9,612 0.54

2007 3,811 0.56 3,098 0.54 2,780 0.54 9,673 0.55

2008 3,814 0.57 3,125 0.54 2,815 0.54 9,734 0.55

2009 3,816 0.57 3,152 0.55 2,851 0.55 0485 0.56

2010 3,819 0.58 3,179 0.56 2,887 0.56 9,857 0.57

2011 3,822 0.59 3,207 0.57 2,923 0.57 9,919 0.58

2012 3,824 0.60 3236 0.58 2,960 0.58 9,981 0.59

Note: pop = population
S.W.G.R = Solid Waste Generation Rate (Kg/person/day)
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AD | Nam Rat Wang Luang | Thung Kwaew Total

year TY Cum. TY Cum. TY Cum. TY Cum.
2002 720.8 7208 | 3367 | s367 | 4706 | 4706 | L7339 | 17339
2003 735.1 14559 | 5460 | o827 | 4825 | o9s31 | 17903 | 35042
2004 735.6 2,091.5 | S618 | 16445 | 4981 | 14512 | L8OLS | 53757
2005 750.1 20416 | 5779 | 22004 | 5145 | 19657 | 18478 | 71735
2006 7644 1 37060 | 940 | 28164 | S3L1 | 24968 | 18945 | 9068.0
2007 778.9 44849 | 6106 | 34370 | 5474 | 30442 | L9418 | 11,009.8
2008 793.5 52784 | 6159 | 40429 | 5544 | 35086 | 19541 | 129639
2009 7939 16,0723 | 6327 | 46756 | 5724 | 41710 | 20021 | 14966.0
2010 8084 | 68807 | 6497 | 53253 | 35900 | 47610 | 2050.7 | 17,0167
2011 823.0 | 7,703.7 | 6672 | 59925 | 6083 | 53693 | 20998 | 191165
2012 837.4 8,541.1 | 06848 | 66773 | 06266 | 59959 | 2,149.4 | 212659

Note: T/Y= Ton/Year (from 365xTon/day)

Cum.= Cumulative

4.3.2 Solid waste management by Individual sanitary landfill

The waste characteristics were not composted because of is unsuitable of

C/N ratio. The C/N ratio in TAOs solid waste of Nam Rat, Wang Luang and Thung

Kwaew were 15.9, 27.93 and 20.12, respectively (optimum=25-35), but the only

unsuitable C/N ratio for composting was Wang Luang (27.93). Then, from the
calculated showed that the mixed C/N of SW from 3 TAOs was 21.32 that were still

unsuitable for composting. Then, in this study will focus on only the central sanitary

landfill as following details:
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Table 4-14 Operating and maintenance cost and incomes of existing solid waste

management by individual TAOs, 2002-2012

A.D Nam Rat Wang Luang Thung Kwaew Total

year o&M Incomes O&M Incomes o&M Incomes o&M Incomes

(Baht) | (Baht) | (Baht) | (Baht) (Baht) (Baht) (Baht) | (Baht)

2002 {150000.00 (132000.00 |116400.00 {132000.00 | 66240.00 | 120096.00 {332640.00 [384096.00

2003 [154500.00 [135960.00 |119892.00 {135960.00 | 68227.20 | 123698.88 |342619.20 [395618.88

2004 |159135.00 (140038.80 |123488.80 [140038.80 | 70274.02 | 127409.84 |352897.78 |407487.44

2005 [163909.05 (144239.96 |127193.40 |144239.96 | 72382.24 | 131232.14 |363484.71 [419712.06

2006 [168826.32 (148567.16 |131009.20 |148567.16 | 74553.70 | 135169.10 |374389.25 [432303.42

2007 [173891.11 [153024.18 |134939.50 |153024.18 | 76790.31 | 139224.18 |385620.93 |445272.54

2008 [179107.84 (157614.90 |138987.70 [157614.90 |79094.02 | 143400.90 |397189.56 [458630.70

2009 [184481.08 [162343.35 |143157.30 |162343.35 |81466.84 | 147702.93 [409105.24 [472389.63

2010 [190015.51 [167213.65 |147452.00 |167213.65 |83910.85 | 152134.01 |421378.4 [486561.31

2011 [195715.98 (172230.06 |151875.60 [172230.06 |86428.18 | 156698.04 [434019.75 [501158.16

2012 [201587.46 (177396.96 |156431.90 [177396.96 |89021.02 | 161398.98 [447040.34 [516192.90

Refer to table 4-14 incomes of Nam Rat TAO less than operating and
maintenance cost, but in Wang Luang and Thung Kwaew TAO it was more than, as
combine three TAOs incomes more than operating and maintenance cost. Regarding to
economic aspect the joint SWM as one center is more suitable than individual SWM.

In addition, in Nam Rat TAO should be fee charge equal 20 baht/household/month.

According to Pollution Control Department (1992), to studied the
comparison of investment and operating cost on solid waste disposal system found that
sanitary landfill system was the least cost, namely the generation rate was 10-50
tons/day, disposal site 15-65 rai, investment cost 23-40 millions baht and operation
cost was 0.3-1.6 millions baht /year or 82-88 baht/ton. Then the researcher as refer to
the study of Pollution Control Department in ordered to analysis of TAOs economic

feasibility.
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Because of the generation rate in each TAOs on 2002-2012 A.D. were
2.3,1.9 and 1.7 tons/day, respectively and all three TAOs was 5.9 tons/day. Then, this
study assume from disposal site requirement of Nam Rat, Wang Luang Thung Kwaew
and Central were 7, 5, 5 and 16 rai. Then, investment cost was 21, 20, 20 and 25
millions baht, respectively. And the investment cost in this study calculated by cited
from inflation rate (1992-2001) in order to adjudge the money value follow as time

period.

Table 4-15 Investment, operating and maintenance cost and present value of sanitary

landfill in Nam Rat TAOs management, 2002-2012

Nam Rat
A.Dyear [™Thyvestment cost 0&M Total PV
(Million Baht) | (Million Baht) | (Million Baht) | (Million Baht)

2002 31.61 0.15 31.76 31.760
2003 0 0.15 0.15 0.145
2004 0 0.15 0.15 0.141
2005 0 0.15 0.15 0.137
2006 0 0.15 0.15 0.133
2007 0 0.15 0.15 0.129
2008 0 0.15 0.15 0.125
2009 0 0.15 0.15 0.121
2010 0 0.15 0.15 0.118
2011 0 0.15 0.15 0.114
2012 0 0.15 0.15 0.111

Total 33.04
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Table 4-16 Investment, operating and maintenance cost and present value of sanitary

landfill in Wang Luang TAOs management, 2002-2012

Wang Luang
A.Dyear [ nyestment cost 0&M Total PV
(Million Baht) | (Million Baht) | (Million Baht) | (Million Baht)

2002 30.11 0.11 30.22 30.220
2003 0 0.11 0.11 0.113
2004 0 0.11 0.11 0.109
2005 0 0.11 0.11 0.106
2006 0 0.11 0.11 0.103
2007 0 0.11 0.11 0.100
2008 0 0.11 0.11 0.074
2009 0 = 0.11 0.094
2010 0 0.11 0.11 0.091
2011 0 0.11 0.11 0.089
2012 0 0.11 0.11 0.086

Total 31.22
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Table 4-17 Investment, operating and maintenance cost and present value of sanitary

landfill in Thung Kwaew TAOs management, 2002-2012

Thung Kwaew
A.D year Tnvestment cost 0&M Total PV
(Million Baht) | (Million Baht) | (Million Baht) | (Million Baht)

2002 30.11 0.066 30.180 30.180
2003 0 0.066 0.066 0.064
2004 0 0.066 0.066 0.062
2005 0 0.066 0.066 0.060
2006 0 0.066 0.066 0.058
2007 0 0.066 0.066 0.057
2008 0 0.066 0.066 0.055
2009 0 0.066 0.066 0.053
2010 0 0.066 0.066 0.052
2011 0 0.066 0.066 0.050
2012 0 0.066 0.066 0.049

Total 30.74

Refer to Table 4-15, 4-16 and 4-17 the present value of Nam Rat, Wang Luang and
Thung Kwaew TAO were 33.4, 31.22 and 30.74 million baht, respectively.
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4.3.3 Solid waste management by central sanitary landfill

Table 4-18 Investment, operating and maintenance cost and present value of sanitary

landfill in central TAOs management, 2002-2012

Central SWM
A.D year Investment cost 0&M Total PV
(Million Baht) | (Million Baht) | (Million Baht) | ~(Million Baht)

2002 37.64 0.33 37.97 37.970
2003 0 0.33 0.33 0.322
2004 0 0.33 0.33 0.313
2005 0 0.33 0.33 0.304
2006 0 0.33 0.33 0.295
2007 0 0.33 0.33 0.284
2008 0 0.33 0.33 0.278
2009 0 0.33 0.33 0.270
2010 0 0.33 0.33 0.262
2011 0 0.33 0.33 0.254
2012 0 0.33 0.33 0.247

Total 40.81

Refer to Table 4-18 the present value of central SWM was 40.81 million bath.
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4.3.4 Comparing SWM

Then, it obtained the result of individual TAO economic feasibility

study. The comparing of TAO SWM following as in Table 4-19

Table 4-19 Comparison of individual TAO SWM and central TAO SWM, 2002-2012

Individual
Central
Nam Rat Wang Luang | Thung Kwaew Total PV
A.D year PV PV PV PV .
(Million Baht)
(Million Baht) | (Million Baht) | (Million Baht) | (Million Baht)
2012 33.04 S 30.74 95.00 40.81

Refer to table 4-19, regarding to the economic aspect, the present value
of individual SWM more than the present value of Central SWM about 54 million baht
or about 2 folds. Then, the suitable alternative of SWM in this studied area was
Central TAO SWM alternative, and the suitable disposal site was Wanng Luang TAO
because of this area located at the central of studied area, it was reduced the cost of

SW collection.
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CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Solid Waste Management of Tambol Administration Organizations Case
Study: Nongmuangkai District, Phrae Province. It was studied in Nam Rat, Wang
Luang and Thung Kwaew TAO. The objective of this study was to study existing
condition of solid waste management systems by considering economic, technical
factors. The study compared the two cases, as emphasized on individually solid waste
management, and the joint solid waste management. They have joint boundaries with
the total area of 108.58 square kilometers. These areas have similarly in geographic,
economic and population characteristics, and also the problems of SWM. The scope of

time starts from the TAO has been SWM since 2002.

The method used in this study was a survey research. The researcher chose the
purposive sampling by choosing the three TAOs that were located on the west bank of
the Yom. These were the Wang Luang, Nam Rat and Thung Kwaew TAO’s which
had joint boundaries and their basic structure, terrain features, economic and social
status were very similar. Taro Yamane’s formula was used to survey resident’s
attitude. A number of the household representatives were 400 as accounted for 16.26
% of the totally household. Questionnaire was used to this research tools. This was
carried by adapting the studied of Suthirak Sucharittanon and staff, (1997). This
included questionnaire forms used surveying and data collection on economy, social,
land use, resident’s attitude on solid waste management and future projects. This
questionnaire was carried out, by consulting of the experienced and informed

personnel. The results were separated as 4 parts and presented following:
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5.1.1 The general characteristics of the studied area

- Location and boundary area

Nongmuangkai District located at upon Phrae province, comprises of
area about 221.71 kilometers square and distant from Phrae province about 19
kilometers. The North of its adjacent Rong Kwang district, the South adjacent Muang
district, the East adjacent Rong Kwang and Muang district and the West adjacent Long
district. Mainly area comprises of flat plain and mountain. There is Yom river flow
through out Tambol Thung Kwaew, Wang Luang, Nam Rat and Nong Muangkai.
There is asphalt and concreted road, connect between Tambol and village. The
communication and transportation are convenient in this district. There is hard traffic
at 06.00- 08.00 a.m. and 15.30-16.30 p.m. because in this moment the students go to
school and return to home by vehicle. There are 3 seasons in this district such as
summer (Mar-April), the rainy season (May-October) and winter (November-
February). What ever, in winter and summer is dry long terms period about 6 months.
In according to Phrae meteorological station, for 30 years period (1974-2003 A.D.)
found that mean max temperature was 37.5° ¢ in April and mean min was 14.4° ¢ in
January. The result of household samples survey on demography were selected as 400
households, separated as Nam Rat, Wang Lung and Thung Kwaew TAO are 162, 132
and 106 household respectively. Male and female interviewees were 172, 228 persons
and convert to percentage as 43 and 57 respectively. All of TAOs household sample
membership are 15,38 and separated to male 720 (46.82%), female 818 (53.18%)
male: female ratio= 1:1.14, membership average=3.85. Nam Rat, Wang Lung and
Thung Kwaew TAO household sample membership = 603 (39.21%), 506 (32.90%)
and 429 (27.89%), respectively.

- The general of Nongmuangkai District on socio-economic status
Administration aspect, Nongmuangkai District comprise of 6 Tambol,
35 villages, 5,780 households, 1 Tambol municipal and 5 Tambol Administration
Organizations. There were 19,870 populations in this district, male were 10,324

persons, female were 9,546 persons and population density per area was 89.62
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persons/kilometer square. Occupational aspect, the populations in this district mainly
operate on agriculture, labour, commercial, government officer and the others as 62,
19, 8, 7 and 4 percentage, respectively. The average wage rate of population was

110 baht per day and per capita incomes was 26,451 baht. Education aspect, there are
2 secondary schools, 8 primary schools, 1 informal school and 9 kindergartens in its.
Religion, 98 percentages of citizen were Buddhism. There are 10 temples in this
district. Public health facilities, there is 1 community hospital, 1 district public health

office, 5 health centers and 35 community basic health centers.

5.1.2 Existing solid waste management

1) The Collecting system

Nam Rat TAO has operated on the solid waste management
since the year 2001. The result was conclusion following: Collection by NGO contract
out 12,500 baht/month but get income from household =11,000 baht/month. Each 724
households that use TAO service was charged = 15 baht/month. Capacity of NGO
dumping truck = 12 Cubic meters, 1 truck. To start collect the solid waste at 09.00
a.m.-15.00 p.m. on Sunday and Wednesday per week, and collected 3 rounds/day.
There are 724 cans, and each can capacity =50 liters, they are adapted from tire and
located at the front of house (House-To-House). In Wang Lung TAO has begun on the
solid waste management since the year 2000. The Collecting system, by NGO contract
out 9,700 baht/month and get income from household =11,000 baht/month. Each 550
households that use TAO service was charged = 20 baht/month. Capacity of NGO
dumping truck = 9 Cubic meters, 1 truck. To start collect the solid waste at 09.00 a.m.-
15.00 p.m. on Tuesday, Thursday per week, and collected 3 rounds/day. There are 250
cans, and each can capacity =50 liters, they are adapted from tire and located at the
front of house (house-to-house). And in Thung Kwaew TAO has begun on the solid
waste management since the year 2002. The Collecting system, by contract out =
5,500 baht/month, and get income from household =10,008 baht/month. Each 504
households that use TAO service was charged = 20 baht/month. Pick up for hauling =
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3 Cubic meters, 1 truck. To start collect the solid waste at 09.00 a.m.-15.00 p.m. on
Tuesday, Thursday per week, and collected 3 rounds/day.
There are 223 cans, 60 liters capacity=103 and 130 liters capacity=111, they are
adapted from plastic and located at the front of house (house-to-house).

2) Disposal system

Each TAO solid waste disposing by open dumping and open

burning. The distance of disposal site from community of Nam Rat, Wang Lung and
Thung Kwaew TAO were about 4, 4 and 10 kilometers. The soil characteristic of all
disposal sites were lattalite and the area of the disposal sites of Nam Rat, Wang Lung

and Thung Kwaew were 30, 60 and 200 rai, respectively.

5.1.3 Feasibility studies

The waste characteristics were composted because of its unsuitable of
C/N ratio. The C/N ratio in TAOs solid waste of Nam Rat, Wang Luang and Thung
Kwaew were 15.9, 27.93 and 20.12, respectively (optimum=25-35), from the
calculated showed that the mixed C/N of SW from 3 TAOs was 21.32 that was still
unsuitable for composting. Then, in this study will focus on only the central sanitary
landfill. The result of economic feasibility study found that the present value of Nam
Rat, Wang Luang and Thung Kwaew TAO were 33.4, 31.22 and 30.74, respectively.
Regarding to the economic aspect, the present value of individual SWM more than the
present value of Central SWM about 54 million baht or about 2 folds. Then, the
suitable alternative of SWM in this studied area was Central TAO SWM alternative.

5.2 Recommendation

The furthermore study, should be studied on joint SWM more than 5 areas.
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APPENDIX C
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