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Abstract

The research work was aimed at proposing a 3R anogie at AlT to solve the current
solid waste problems. The solid waste audit coretliot AIT showed that 700 tons/year of
solid waste was generated and the per capita af s@ste was about 0.5 kg/day. The
percentage composition of organic and inorganiddselaste was 60% and 40%
respectively. The audit study also showed that 88%e solid waste in AIT is disposed in
the landfill, 4% of solid waste is recycled and 8%solid waste is gardening waste that is
composted inside the AIT campus. The chemical aimbf the solid waste at AIT showed
that the carbon and nitrogen content of the waste2wery high, but due to a low C/N
ratio, the solid waste cannot be composted and uselde production of manure. The
moisture content of the wastes was also as higi8&s that shows a high rate of organic
degradation of the solid waste at AIT. Thus, thiorifec value of the solid waste at AIT
was also as high as 16.39 MJ/kg. The high calonfitue of the solid waste at AIT
indicated that the solid waste was suitable for aséRDF. The study of the formal and
informal sectors in the Tha Kong Municipality shalvthat the amount of solid waste
recycled was 44% and the amount of solid wasteodesgph in the landfill was 56%. The
BCA showed that there was a benefit in the recyclactivities in the Tha Kong
Municipality. However, the BCA showed that thereswao benefit in the recycling
activities in AIT. The physical analysis of the idolvaste showed that 25.1% of the total
solid waste generated was plastic, which showetdttiese is a lack of awareness in solid
waste management at AIT. Hence, awareness progranms®lid waste management are
necessary at AIT.
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Chapter 1
I ntroduction
1.1 General

The Asian Institute of Technology (AIT) locatedtire Pathumthani Province of Thailand,
is one of the most reputed institutes in Thailaridh\an average population of about 3,800
(Soulalay, 2006). One of the major problems fadmgdIT is the need for proper disposal
of hundreds of tons of solid waste generated eyear. Solid waste contains inherent
valuable materials such as paper, glass, plastiesls, rubber and textiles, etc.

The problem of solid waste management in AlIT haobee more and more complex with
increasing environmental concern. Solid waste mamagt is a comprehensive task that
consists of the main functional elements such as:

Generation

Storage

Collection

Transportation

Processing, resource recovery and recycling and
Disposal

oukrwnpkE

The major objectives of solid waste managementeseurce conservation and protection
of the environment. Safe disposal of solid wastesminimum cost is very much required
in this connection. Optimization of the system @&wentually the total cost of solid waste
management should be achieved.

1.2 Statement of the Problem

The biggest problem AIT faces is the mismanagerottiie large amounts of solid waste
generated. There is a lack of a proper recycliregesy in AlT at present. There is also an
odour problem caused from the garbage bins, duenpyoper storage and irregular
collection of wastes. This has become a nuisantieeté\IT community, because of odour
problems, which results in pathogens and a lot@gquitoes in the surroundings.

There is also a problem caused by the locatiom®fwaste recycling bank located inside
the campus near the Student Villages and the Studlemitories. People often complain
about the odour problems related to this. Hence stte selection of the waste recycling
bank and other disposal facilities must be takeéo gonsideration by the Department of
Infrastructure of AIT, who take care of the solidste in AIT.

The Tha Kong Municipality has great difficultiestiying to define their actual solid waste
management costs. They do not have a proper ditedlst accounting in place. When
solid waste management systems based on user reas place, often the fees barely
cover costs of collection and transport leavingcfieally no financial resources for the
safe disposal of waste.

Therefore, the municipal authorities find it diffic to find a solution for the disposal of
solid wastes. They then start looking at wastetrineat methods like composting or



incineration to eliminate their problems. These twdseatment methods do not eliminate
the need of a disposal site. The municipal autiesrihave a difficult task in finding an
ideal site, planning and designing a new landit#éuse it is a lengthy and costly affair
(Zurbrtigg, 2002)

Hence, the need for the 3R concept arises anaahnide a priority solution to this serious
problem. The 3Rs are basically: Reduce, Recycle Rewse. Recycling can provide an
opportunity to recover some of these valuable sulzsts from solid waste, particularly in
the form of long-term energy and resource consEnvaRecycling both conserves and
uses energy, materials and products. If it consemere than it uses, it may save
materials, money and environmental degradation.

1.3 Objectives of the study
The objectives of the study are indicated as fadtow
1. To conduct a solid waste audit study in AIT usingass balance diagram.

2. To study the physical and chemical properties didseaste collected from the
various locations in the AIT campus.

3. To perform a technical feasibility study on theidalaste management of the AIT
campus.

4. To study the options for solid waste reduction,see@nd recycling in the AIT
campus.

1.4 Scope of the Study
The scope of the study is indicated as follows:

1. Analysis of physical components, including comtles, non-combustibles,
miscellaneous categories, moisture content and tahsity. The analysis of
chemical composition (element composition such asHC N, S, CI, 0O),
constituent moisture, ash and combustible conterwell as calorific values is
also carried out.

2. Among the recycling materials, paper, glass, plastind metals are evaluated
for recycling and reuse processes. The market pateri secondary materials is
also studied from the collection crew to the trader

3.  To determine the mass or material balance of swdidtes in AIT campus with
the help of a solid waste audit study. In this wty improvement of the
existing situation of the solid waste managememrtlihcan be planned out.



4.

The research identifies and analyzes the spedfie@s of recycling activites by
the formal and informal sectors in the Tha Kong rogality with respect to
AIT such as:

a) The administrative approaches such as various miges and
market mechanisms.

b) The quality and quantity of the recycled wastedpoed by these
sectors.

c) The role of the formal and informal sectors in \eastcycling.



Chapter 2
Literature Review
2.1 Solid Waste
2.1.1 Définition of Solid Waste and Function

“Waste” is a material discharged and discardedrasecessary from each stage of daily
human life activities, which leads to adverse intpaon human health and the
environment. The word “waste” refers to uselessuysad, unwanted, or discarded
materials.

Municipal solid wastes are the wastes from residentcommercial, institutional,
construction and demolition, municipal servicedudmg the wastes from treatment plant
sites (e.g. sludge from wastewater treatment plamd municipal incinerators. Industrial
process wastes and agricultural wastes are exclooedViSW.

MSW compositions can be divided into three typaganic wastes (combustible wastes,
plastic, wood, paper, textile, leather, rubber,)etmorganic wastes (non-combustible
wastes, ferrous material, non-ferrous materiaggylatone, ceramic, bones, shells, etc.) and
miscellaneous wastes. MSW compositions vary baseth® location, season, economic
condition and social life styles of a particulaaqs.

Management can be defined as the judicious usersams to achieve an end. “An end” is
the removal of the rejected material from the maleifow pattern. It was generally
accepted that the cost of solid waste managemesittireanumber of dollars required to
eliminate the rejected material from the materidwf pattern. If this could be
accomplished by dumping it in a used gravel pigyling it to the sea, volatilizing it into
the atmosphere, or whatever, that was the minimosh @he source of solid waste can be
classified into five categories as follows:

1. Domestic/Residential Solid Waste

» Garbage, consists of results from food marketimgparation, and consumption in
relationship to residential units. It contains pstrible organic material that needs
special consideration due to its nature of attngctiermin (rats and flies) and of
producing very strong odours.

* Rubbish/trash consists of paper and paper prodplstics, cans, bottles, glass,
metals, ceramics, dirt, dust, yard and garden wsasted the like. Except for the
yard and garden wastes, these materials are noespiltle.

* Ash is the residue from combustion processes iegultom household activities.

» Bulking wastes include furniture, appliances, nesttes, and springs, and similar
large items.

2. Commercial and Institutional Solid Waste
This category consists of the waste that originftes offices, retail stores, restaurants,

schools, hospitals, and so on. Moreover, theret@oeadditional categories, which are
construction and demolition wastes, and speciatesad he former includes the materials



associated with the demolition of old buildings ahd construction of new buildings. The
latter is the wastes that are generated by spfidities such as hospitals and research
laboratories.

3. Municipal Solid Waste

This category includes the solid residues, thatiltedrom the municipal functions and
services such as the street refuse, dead anintEsdaned vehicles, water and sewage
plant residues, park and beach refuse, and lanescagte.

4, Industrial Solid Waste

There are two sources of the refuse generated @ itldustrial sites: (1) the
commercial/institutional part of the plant and {8 manufacturing process. The quantity
and characteristics of the wastes from these twicces are considerably different.

5. Agricultural Residues

This residue will be indicated only in the problenthe rural areas because agriculture
poses the significant and unique problems. Theasaate from confined animal feeding
and crop residues.

2.1.2 Typesof Solid Waste

As a basis for subsequent discussions it will dpfbkto define the various types of solid
wastes that are generated. It is important to bar@what the definitions of solid waste
terms and the classifications vary greatly boththa literature and in the profession.
Consequently, the use of published data requiresiderable care, judgment, and common
sense (see Figure 2.1).

2.1.3 Integrated Solid Waste M anagement System

Integrated solid waste management is the term eghpio all of the activities associated
with the management of society’s waste. The basal @f ISWM is to manage the
society’s waste in a manner that meets public heaid environmental concerns and the
public’s desire to reuse and recycle waste maseriahobanoglous et al. (1993) suggested
a classical simplified diagram showing the intdatienship of these functional elements
in a solid waste management system. The diagrasuch linkage of all elements is
illustrated in Figure 2.2.

Generally, the municipality is responsible for tbellection and the disposal of solid
wastes. Open dumping is the basic MSW disposaltipeador many municipalities
because there is no need to invest in engineemsigds, construction facilities or in
technical operations. Open dumps require a langg #éaea for dumping MSW and for the
degradation of solid wastes under natural conditidgnvironmental impacts from open
dumps are leachate contamination to subsurfacegeouhdwaters, landfill gas emission
(e.g. CH and CQ) and breeding of disease vectors. Some open ditegpase burned in
order to reduce the amount of MSW for saving lareharesulting in air pollution. Hence,
it is better to recover some of the materials, ckeand reuse them for long-term benefits
in costs as well as the environment.
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Figure 2.2 Functional Elements of Solid Waste M anagement Systems
2.1.4 Sour ces of Solid Waste

Municipal solid waste includes all the waste pragiian the community except industrial
and agricultural wastes. The source of waste medlto land use and zoning. The most
important segments can be classified such as rg&tle commercial, institutional,
construction, demolition, industrial, treatmentrpitaand the agricultural sectors. A wide
range of solid waste generating facilities, adtgt and the locations is given in Table 2.1,
where MSW is normally assumed to include all comityuwastes with the exception of
industrial process wastes and agricultural wastes.

Plastic wastes can be a part of each type of wamteces and the quantity may vary
according to the utilization. Table 2.1 shows thajon sources of plastic scraps, bags,
bottles etc., scattered around the environmenta@u@smanagement and littering.

2.2 Composition and Char acteristics of Solid Waste

Generally, there are physical and chemical charmatts in municipal solid waste.
Composition is the term used to describe the iddizi components that make up a solid
waste stream and their relative distribution, usuélased on percentage by weight.
Knowledge of the physical and chemical compositbrthe solid waste is important to
enable one to assess what type of disposal metheal lbe carried out, especially with
plastics, which are originally non-biodegradablenature. Solid waste is a heterogeneous
mixture of wastes.



Table 2.1 Sour ces of Solid Wasteswithin a Community

L

d1

Source Typical facilities, activities Types of solid wastes
or locations wher e wastes
ar e gener ated
Residential Single family and multifamilyFood wastes, paper, cardboar
detached dwellings, low, plastic, textile, leather, yard
medium and high rise waste, wood, glass, tin cans,
apartments, etc. aluminium, other metals, ashe
including bulky items,
consumer electronics, white
goods, yard wastes collected
separately, batteries, oil and
tires, rubber, household
hazardous wastes
Commercial Stores, restaurants, marketsPaper, cardboard, plastic, wog
offices, buildings, hotel, print food waste, glass, metals,
shops, service stations, autg hazardous wastes, etc
repair shops, etc
Institutional Schools, restaurants, marketgs above in commercial

offices, buildings, hotel, print
shops, service stations, auto
repair shops, etc

Construction and
Demolition

Schools, hospitals, prison,
government centers, etc.

Wood, steel, concrete, dirt,
plastic, etc

Municipal services
(excluding treatment
facilities)

Street cleaning, landscaping
catch basin, parks and
beaches, other recreational
areas

, Special wastes, rubbish, stree
sweepings, landscapes, and tr

trimmings, catch basin debris,
general waste from parks,

beaches and recreational areg

ee

Treatment plant sites
municipal solid wastes

Water, wastewater and
industrial treatment processé
etc

Treatment plant wastes,

pqyrincipally composed of

residual sludge

Municipal solid waste

All of the above

All of thbave

Industrial wastes

Construction, fabrication,
light and heavy
manufacturing refineries,
chemical plants, power plant
demolition, etc

Industrial process wastes, scrg

materials, etc. Non-industrial
wastes including food wastes,

srubbish, ashes, demolition ana

construction wastes, and
hazardous wastes

ip

Agricultural

Field and row crops,
orchards, vineyards, dairies,

feedlots, farms, etc

Spoiled food wastes,

agricultural wastes, rubbish an

hazardous wastes

The common composition in physical characteriséios food wastes, paper, cardboard,
plastics, textiles, rubber, leather, garden tringajnwood, glass, tin cans, non-ferrous
metals, ferrous metals, dirt, ashes and birches, Téte average physical and chemical
composition of the waste varies from place to pldepending upon the type of waste,
economy, climate, social and cultural activities et



Information on chemical characteristics of solid stes is important for evaluating
alternative processing and recovery processesmis important characteristics are:

1. Proximate analysis:
« Moisture (loss at 10 for one hour)
+ Volatile matter (additional loss on ignition at 860
» Ash (residue after burning)
» Fixed carbon (remainder)
2. Fusing point of ash
3. Ultimate analysis: percent of C (carbon), H (ogen), O (oxygen), N (nitrogen),
S (sulphur) and ash
4. Energy Content (low and high calorific valuedyles)

Besides the above analysis, other chemical anatystbods are also performed depending
upon its requirement, such as investigating watdlufppon potentials for sanitary landfills
and air pollution potentials for incinerator opé&as, chemical recovery and designing
incinerators and other components.

Information on the composition of solid waste isportant in evaluating alternative
equipment needs, system and management progranmegdaams. Information and data on
the physical composition of solid wastes are imgoartin the selection and operation of
equipment facilities, in assessing the feasiboityesource and energy recovery, and in the
analysis and design of disposal facilities. Physicel chemical composition of each type
of waste contributes major part in designing digpdecilities because some wastes cannot
be treated as compared to other wastes.

The composting method is employed mainly for dispa@$ organic wastes. Based on the
composition, nature, the components of solid wemste categorized as organic and
inorganic. The composting materials include garbggess, straw and paper.

2.2.1 Density

Density is defined as the mass per unit volumenyf substance. Density data are often
required to obtain the mass and volume of wasterthest be managed. Municipal solid
wastes delivered in the compaction vehicles usualyy from 120 to 280 kg/tn The
density of solid waste is determined for transgamaand other purposes. It should be
noted that density values are different betweenpamted and un-compacted refuse.

2.2.2 Moisture Content

Moisture content usually is expressed as the ptagerweight of moisture per unit weight

of wet or dry material. For the wet-weight moistamntent, it can be expressed as:
Moisture content (%) = (a — b) x 100/a

Where, a = initial weight of sample as delivered; Wweight of sample after drying

For most municipal solid wastes, the moisture aantell vary from 15 to 40% depending

on the composition of the wastes, season of the, yranidity and weather conditions,
particularly rain.



Moisture content is important because it affecesdtability of the combustion process and
combustion efficiency during cold starts of an merator as well as for composting and
other processes. For composting processes, theumoontent is maintained between 50
to 60% throughout the process for desirable cauiti

2.2.3Volatile Solids and Ash Content

Dried samples are gradually heated t0%5(050C is also used for better results) for 2
hours in a muffle furnace and the percentage ddtilelsolids is calculated as follows:

Volatile Solid (%) = 100 x (loss in weight)/(netydwveight)

This value states the approximate percentage @nargnatter present in the material. The
value for percent ash is 100 minus percent solitiss value is important to determine the
percent in volume reduction and ash content fomerator design and to evaluate the
efficiency of the incinerator.

2.2.4 Calorific Value

The term “heat of combustion or calorific valuefees to the amount of heat liberated per
unit of the substance burned or a measure of tleeggravailable from the fuel in a
standard condition. This process involves enthalplieat content (H) of the system. The
heat of combustion is expressed for this studyalorees per gram of sample.

The heat content of various solid waste materiglgniportant in the volume reduction

process used to dispose of the waste. For exampm@asuring the energy balance and
analyzing heat content of the solid waste beforé after incineration is essential for

incinerator design and disposal of the waste.

Stability of the waste product is a function of itheeat content. Not all solid waste
samples with similar total heat contents (enthalp@ heat of combustion values) are
similarly ignitable and combustible. The readilyadable heat content of a solid waste
sample or its potential heat could be an imporéspeect in evaluating the efficiency of an
incinerator or for measuring the usefulness ofniactor residue.

Potential heat is defined as the difference betwkerheat of combustion of a represented
sample of the materials and the heat of combusti@my residue remaining after exposure
to a simulated standard fire, using combustionraaletric techniques.

Some incinerator residue and fly ash samples hagative potential heat values. Such
samples are high in carbonates, which absorb hpah wlecomposing (endothermic
reaction). Analysts can obtain the residual heaitertt of the sample by deducting the
potential heat in the total heat content. The redideat content in a residue or fly ash
sample is not easily obtainable and would probablist regardless of the incinerator
efficiency.

The condition for a standard fire cannot be siradawvhen dealing with incinerators since
a combustion aid is employed for the total heatcambustion values. Solid waste is
ignited and burnt to completion and can be meashyedpplying the same calorimetric
technique except omitting the combustion aid allmwily flash heat of ignition to ignite
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the sample. The approximate Btu value of solid @astn be calculated by using the
following equation:

Btu/lb =1454xC+620%x (H-1/8%x QO) +41 xS
Where C = carbon (%), H = hydrogen (%), O = oxy{#h and S = sulphur (%).
2.3 Solid Waste M anagement Systems

There are six functional elements that constithee $WM system, which are listed as
follows:

* Waste generation

e Storage

» Collection

» Transfer and transport

* Reduce, reuse, recycling and recovery
» Disposal

2.3.1 Waste Generation

Waste generation includes those activities in whigdterials are identified as no longer
being of value and either discarded or gatheredthey for disposal. The generation of
waste can depend on the following factors:

» Geographic location

» Season of the year

* Frequency of collection

» Characteristic of population

» Extent of salvage and recycling
» Legislation

* Public attitudes

Solid wastes from residential sources vary conaiglgrin composition of quality. The
variations depend on the economic status, ethmagposition and social habits of people
living in a particular area, e.g. backyard burnaigvaste etc. The quantities of waste also
varies with the seasons, the geographical charstatsrof the land, rainfall, climate, the
choice of consumer goods and the habits of thelpefyy e.g. what they eat, drink and the
packaging/packaged material they buy.

Nowadays, in many parts of the world, plastic & tiiajor material used in many products.
Not only as a packing material but also as a me&msrrying of products, plastic bags
become unavoidable in everyday life. Because ofymaavantages that plastics have
compared to others such as paper, metals, rubber, tke use of plastic material is
increasing in every sector of civilization, resudfiin the generation of plastic wastes.
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2.3.2 Storage

Solid waste storage facilities may be classifiedoasiary (or individual) and secondary
(or communal) storage facilities. In developing mwies, it is essential that storage
facilities be as far as possible, animal proofeatgroof and weather proof, waste able and
robust enough to meet the exigencies of normal use.

Haan (1998) suggested that in Asian countriesyén®us communal storage options like
depots, enclosures, fixed store bins, concrete ggpgons and 200 litre drums; the last one
is used frequently with reasonable success unédantinagement of local authorities.

The following factors are considered in the on-sttage of solid waste such as:

» Type of container to be used

» Container location

* Public health and aesthetics

* Collection methods to be used

To a large extent, the type and capacities of ¢oets used, depends on the space
available for the placement of containers. Therg b@many types of containers such as
plastic containers, metal containers, rubber caetai and concrete containers. But for
household and curbside waste containers, the dstalis the plastic container and the

lining used for this container is also the plab#gs.

2.3.3 Collection

The frequency of collection includes not only tteglgering or picking of solid waste from

the sources, but also the hauling of the wasténgoldcation where the contents of the
collection vehicles are emptied. Collection systeaahgresent are classified according to
the type of operation into categories: Hauled CoetaSystems (HCS) and Stationary
Container Systems (SCS).

The HCS is the system in which the containers fisedtorage of waste are hauled to the
disposal site, emptied and returned to either thiginal location. The SCS is the system
in which the containers used for storage of waesteain at the point of generation, except
for occasional short trips to the collection vedicl

Moreover, short-range transfer stations may be dadach divides the waste collection
into two phases, primary and secondary collectlanthe primary collection, house-to-
house collection is performed by a small non-matativehicle, such as a hand cart or an
animal cart. When full, the primary collection veleiis emptied directly into a large motor
vehicle.

The collection frequency depends on the charattea$ wastes, climate, container size,
activities of the people, etc. Problems of plasan also be found in collection systems.
Because plastic bags are light and able to floairirthey may be carried away by wind or
other circumstances and left in the streets and@mment while collecting or transferring
the household and other municipal solid wastes.
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2.3.4 Transfer and Transportation

The definition of transfer and transport referstie means, facilities and appurtenances
used to affect the transfer of wastes from smadtiicles to large vehicles, and transport
them over extended distances to either proces®ngres or to disposal sites. Transfer
operations can be used successfully with almostyge of collection system.

The transport of collected waste is a major probiendeveloping countries. A high
proportion of vehicle operating time is spent cangporting wastes to the disposal sites
due to traffic and road conditions and a small pagll For overcoming such a situation,
transfer stations should be introduced and thesaetishould hinge upon economics, the
total cost of collection, direct haul and disposal.

2.3.5 Reduce, Reuse, Recycling and Recovery

Different researchers have highlighted the impaaof reuse and recycling. Recovery or
resource recovery is the extraction of economicasigble material or energy from solid

wastes. Reuse is the claim of material in form iémdubsequent use in the same form, for
e.g. returnable bottles.

Recycling is more possible in developed countridsere settleable constituents comprise
a higher fraction of collected wastes, wages arenafoo high to permit recovery, sorting
and processing of these materials to be carried poofitably. In this case, private
scavenging of solid wastes plays a vital role mrcycling process.

Fudery (1990) defined that resource recovery/réngads different between developed and
developing countries. In developed countries, resouecovery is done mechanically and
is institutionalized by the government, while inetldeveloping countries, recycling
operations are done by waste pickers or scavengits,junk dealers, even without the
encouragement and support by the government. ibied also that most of the refuse
scavenged for recycling, except paper, are nondgatiable wastes such as plastics,
glass, metal, bone, non-ferrous, ferrous matee#ds Like reusing and recycling other
materials, reusing and recycling of plastic materelso has benefits such as resource
recovery and improvement of aesthetic qualities.

2.3.6 Processing and Treatment

Processing and treatment is a technique to impedfieiency of SWM systems and to
recover resources whether it is a usable mateoiaversion product or energy. There are
various methods for treatment out of which incitieraand composting are most widely
used. By incineration, volume of waste to be diggos reduced, whereas, by composting
of wastes, organic soil substitutes can be recavéfimal disposal of each type of waste is
one of the most important issues in MSW systemsaly be slightly easier to handle food
and other non-hazardous wastes, but for hazardalsi@n-biodegradable wastes such as
plastics, it becomes a lot more complicated.

2.3.7 Disposal-Sanitary Landfill Method

A landfill is an inelegant biological reactor, irhigh the wastes decompose over time. It is
the most significant and cheapest method for fiigbosal of municipal waste. It is simple
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to operate and can be used for land reclamatidiillimg the low lands with waste. Most
of the world’s solid wastes are disposed in thelfiéls, which is the main method of
disposal in developing countries. Although landfdl may be the most attractive method
for final disposal, non-biodegradable material® IjMastics may take a very long time to
degrade. Therefore, plastics may remain unchangkide other wastes may decompose
over time.

2.4 Role of the Informal and Formal Sectorsin Municipal Solid Waste M anagement

Amin (1996) defined that the formal sectors are &merprises, which enjoy official
recognition, protection and support. The informatter is the sector that operates in an
unregistered, unregulated or casual activitieduahng individual and family enterprises.
The term “private sector, private enterprise ovgie firm” can be used to refer to both
formal and informal sectors.

Amin (1992) concluded that three broad approacbesdefine the informal sector are
noticeable in which: (a) people, (b) activities(Oy habitats are in focus.

As mentioned by Amin (1992), the informal sectoinigolved in the following manners:

» Through the role of mobile hawkers (good buyingrelmedoor)
* Through the small sector manufacturing shops
» Through the small sector manufacturing enterprises
* Through the waste pickers
* By improving casual labour to the junk-dealers wilecting, handling,
sorting
* By providing labour to the local governments far @wn share of garbage
collection and disposal
Poerbo (1996) stated that in the informal sectgragch, urban waste is viewed as an
economic resource, which has multiple results stsch

* Reduction of waste
* Reduction in public expenditures for waste managgme
* Employment generation

Haan et al., (1998) pointed out that besides thgetacale private sector which is mostly
involved in the reprocessing of waste materials intermediate materials or products),
many small-scale entrepreneurs are active in raxycln general, the small-scale private
sector consists of two groups: (1) individuals dadhilies, performing activities which
provide them with just enough income to live ond §2) micro-scale enterprises, operating
in much the same way as their larger counterplawtsnot always officially registered.

Amin (2000) summarized the role of the informal teedn SWM that it is actively
participating in resource recovery, recycling aeducing the amount of wastes to be
finally disposed of (i.e., at transfer stationsgusites, and landfills). The significance of
the informal sector in SWM is self-developed by dme-earning motivation. Its
performance is not stable under market-driven mgish@. The informal sector, however,
still works in conjunction with the public and tl@mal private sector. Romaos and Chifos
(1996) stated the role of the informal sector inN8\&s shown in Table 2.2.
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Informal sectors are driven to collect solid wadbesause of economic constraints they
face and for employment possibilities. The formedter, on the other hand, is involved in
the regular waste business and is fully legalized eegistered. In Thailand, the total
quantity of wastes collected at the source by tastevpickers is about 286 tons, and 5% of
the garbage originates from the cities. The scaaengell the sorted waste components to
small-scale recycling shops located around theodmlpsites. The quantity of materials
received by these shops varies between 1 — 6 sdgy (Muttamara et al., 1994).

Table 2.2 Role of the Informal Sector in SWM

Category Method of Work Material

Street pickers Recovery Bottle caps, bottles

Itinerant hawker Go from door to door Paper material, kitchen

(announced collector) utensils, glassware

Dealers, neighbourhood | Buying Metal, iron, steel, sheet, car

dealers or buyers spares

Small-scale entrepreneurs Buying Pipe materialahkietsed

iron, scrap

Large-scale entrepreneurs Large-scale processing | Raw material, iron scraps

technology

2.4.1 | nvolvement of Private Sectors

There are many different social groups involvedthie waste recycling process, the
householders, the street scavengers, the waseetol, the dump site scavengers and the
middle men. People engaged in waste recycling tanan important role in the existing
solid waste management system of the leading eidueatinstitutes in developing
countries. According to HABITAT (1992), several $eof thousands of people (up to 1 to
2% of Thailand’s population) make a living in tleeycling process.

Scavenging is practiced to a high degree in deuappountries and scavengers perform
efficiently as soon as collectors empty their loatithe disposal sites. The waste materials
are picked by garbage collectors and other workkning the collection stage, the
collected materials are sold to the middlemen.

Lohani (1984) indicated that existing scavengingcpices provide employment for new
arrivals and household incomes ranging from baseival in materials recovery. The

trader who buys secondary materials from scaverajassells to the wholesaler is known
as the middleman, who further sells it to the maaotufrer. The middlemen make large
profits from the scavengers. If the system is aiied to avoid middlemen cheating these
hard workers, organized scavenging would be a yegosperous livelihood for many

people, an economic gain for the city and an a@ment in the field of solid waste

management.

With regard to separation of wastes at the sousdeng into account the needs of the
scavengers at the lowest level, would mean mordament for scavengers, reduction of
costs for collection and disposal, an additionairse of income to households, reduction
of import of expensive raw materials from abroagltdr living conditions for scavengers
and elimination of illegal street scavenging. Soldste disposal operations currently
absorb 30 to 50% of municipal operating budgets #nedservices provided may only
cover the collection of a fraction of the wastesagated.
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Figure 2.3 Linkage between Solid Waste M anagement System and the Private Sector
(Suwar nar at, 1996)

2.5 Definition of the 3Rs

The 3Rs in Municipal Solid Wastes are: Reduce, Remsl Recycle. “Source reduction” is
defined as the prevention of waste at its sourcadaesigning products or changing
patterns of production and consumption. The deédinirefers to the reduction of either
toxicity, volume, or weight of a material used iprduct, the increase in the lifetime of a
product, the substitution of reusable productssiogle use ones or the reduction in the
overall consumption of goods (Lober, 1996).

“Recycling” is defined by Haan (1998) as a procefsgansforming recovered and sorted

material into intermediate materials (such as adsfjlass or ground or extruded plastic)
or into final products for consumer or industriseu Waste avoidance, waste reduction,
and recycling, are the principles by which the stdalized and developed countries apply
when they try to reduce their high amount of refussch of the processes will directly or

indirectly affect the volume, weight, compositi@md economy of solid waste.

The term “Reuse” has been employed to convey thening such as, further use or to use
again. For the study purpose “Recycling” is congdefor utilizing one or more of the
components from discarded or waste material andiSBEis used for further use or to use
again and again of material without going intooitiginal manufacturing process.
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There are many ways of defining the meaning of eeaasd recycling according to the
practices and perceptions. The following are thacepts by Sykes (1978) and Lund
(2001):

1. Reuse of a product, without alteration, to sehe purpose for which it was initially
intended (e.qg. refilling soft drink bottles).

2. Reuse of a product, without alteration, to seryeirpose other than that for which it was
initially intended (e.g. using old clothes as rags)

3. Reprocessing of materials incorporated in a yecbdo produce new products of the
same type (e.g. using crushed glass bottles to faetove new glass bottles).

4. Reprocessing of materials incorporated in a ycbdo produce new products of a
different type (e.g., using worn out rubber tires the production of road surfacing

material).

2.5.1 Importance and Benefits of Recycling and Reuse

“Recycle” and “Reuse” is the key element of an gn&ed waste management system.
Recycling and reusing materials reduces the flownaferials into the solid waste stream
and hence reduces the costs associated with tleetomh and disposal etc.

The importance and benefits of recycling and repsair listed as follows:

« Conservation of natural resources by utilizing wastergy.

* It improves the environment from negative impactssolid waste dumping by
reducing the amount of solid wastes.

« The use of recycled materials appears to resultaimeduction in energy
consumption and pollution compared with the usergfin materials.

» Benefits on public utilities such as affordable kedprices for recycled materials.

* Reduces medical expenses from possible negativacimpt dumping and less
pollution emission.

* Helps to establish industries of secondary material
» Generate income to the society because of markes v waste materials.

» Facilitate employment opportunities for people icauntry like scavengers, junk
men, middlemen, etc.

* Reduces the amount of waste that has to be impdsedroducing secondary raw
materials.

e Economical development from industrial establishteenlevy collection,
employment generation.
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2.5.2 Methods of Recycling
Recycling of materials are conducted by two means:

1) Closed loop, direct or non-sacrificial recycling.
2) Open loop, indirect or sacrificial recycling or nesse.

Closed loop methodHere the material is refined back to its virgispécification, it maybe
subsequently used for any purpose appropriate @b ritaterial specification. For e.g.,
copper maybe refined by means of electrolysis, reetise in electrical applications.

Open loop methadrhe original materials are treated as the sigupioint or raw material
for another manufacturing process. For e.g. comatad copper may be used in brass
extrusions (Henstock & Biddulph, 1975).

The recovery of materials from waste is very depahdon economic factors.
Manufacturing costs from secondary materials agh lur often higher than those from
virgin materials. Only high quality materials caimdf a ready maker. Often artificial
economic factors have to be favoured (Holmes, 1981)

2.5.3 Recycling Industries

Lohani (1984) illustrated that the recycling indies are a profitable profession. Many
companies such as paper mills and glass bottle factowers prefer to purchase recycled
materials in bulk quantities. According to the BMA990), the Glass Organization and
paper company operate on a yearly contract fornteathly delivery of a minimum
quantity of broken glass and paper. In the cas@agfer companies, the scrap paper
delivered is known as “quota holders” because tiase a quota to fulfill, i.e. they have an
obligation to deliver a specified quantity monthly.

Among the reusable materials, ferrous metal, papass and plastic are used for recycling
processes. Paper products which account for 558teototal waste stream, are considered
as the largest “product group” in municipal solidstes.

According to the BMA (1990), both formal and infaatrsections manufacture paper pulp,
cardboard box and magazines from the recyclablesrpaRecyclable glass or cullet
constitutes about 1 — 3% of the general wastersiredich is used to manufacture plain
glasses or cups.

Plastics constitute about 10 — 15% of the wastasir Plastic increases oxidation if used
with recycled material. Therefore, casual sortiagssential if these plastics are used as
one of the raw materials of granulated plastics.

Pollock (1987) indicated that although metal cosgsionly about 2% by weight of solid
wastes, its relatively high economic value can méken important component of
recycling programmes. Aluminium is the metal tak&o consideration here, and the main
portion of aluminium in solid wastes consists ofiminium cans, or used beverage
containers. Aluminium can recycling has increasedng the last few decades because of
an increased demand for aluminium, and increasenéngy prices (primary aluminium
production is very energy-intensive).
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Ferrous and non-ferrous metals are increasing énp#rcentage composition of solid

wastes in Thailand. They are valuable resourcdsetoecycled and cannot be treated by
composting or incineration. Table 2.3 gives sometlwd factories using recyclable

materials and their benefit/cost ratio of the pwithn. Table 2.3 indicates that the

industries with a benefit/cost ratio of 1 or monart 1 are making more profits out of the
recycling process.

2.6 Environmental Optionsfor Waste Recycling

According to HABITAT (1992), recycled materials laa lower environmental impact
compared to the new products. For instance, theclieg of paper means a lesser demand
for wood, which means lesser cutting of trees apdssibility for a sustainable use of the
forests. The saving of resources has an importaahanic advantage since it saves
foreign exchange and resources that are generatieid ¥he country. An added advantage
of recycling is the lesser demand for energy inpgtealuction process.

Some analysts assert that more than half of theseetan be economically recycladd
reused, while achieving such high recycling ragzpiire careful refuse handling, effective
control of regulations and constant education tzens. Pollock (1987) pointed out that
some valuable resources such as refillable glagkesoonly require a thorough washing
before reuse, those bottles are designed for ug0toound trips. Aluminium and steel
require more elaborate processing, but can be lextytmost indefinitely. The energy and
material savings associated with recycling theselyxcts are enormous.

2.6.1 Metals

Extraction of metals from low-grade ores is expessit is evident that recycling will,
sooner or later become necessary for most matefRasycling of metals has a long
history. Two main reasons exist for this early amass of recycling: a) Metals by their
rarity to early man, who had not yet mastered lasgale extraction have always been
relatively valuable compared with other materials Engineering practice has in the past
used solid metals, which, especially as procesapscmay easily be collected and
reclaimed by simple melting. The advantage of usiogp in steel making saves energy,
pollution etc. The recycling of ferrous metals s iategral part of the operations of the
iron and steel industry.

Iron is a natural element usually found as an axM#en iron is mixed with other
minerals, it is called iron ore. This is reducedailast furnace to produce metallic iron
called pig iron (so called because the moulds iclwiit is used to be cast are arranged
around a central channel like piglets suckling &)s®ig iron is impure and contains 3 to
4% carbon, as well as other chemicals such as masgaphosphorus, sulphur and silicon.
Some of these chemicals burn in the blast furnadertn slag, a layer of oxides on top of
the molten iron. Slag is also recycled in the pssce

Pig iron has two uses: a) It is cast into mouldprtxuce solid, heavy, often brittle objects
such as manhole covers, pipes, pulleys and objatiiscomplicated shapes such as valve
bodies, cylinder blocks for engines. b) In otheysyat is used for making steel.

Sometimes iron ore undergoes a direct reductiortgs® to produce small pellets of
sponge iron. They are so called because they aoeipand spongy. These too can be used
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for steel making, but they are unsuitable for fayngork until they have been converted
in an electric arc furnace. Steel is iron with lessbon and steel making is simply the
removal of the carbon by burning. This makes tleelsstronger, more flexible and easier
to cut than iron.

Tin cans are actually made of steel coated wittery ¥hin layer of tin, and often with
lacquer as well. They are a problem to the steé&lemas the tin, which has a lower melting
point, causes zones of weakness in the hot steatiing to hot shortness and other
problems. For this reason, cans are not used kg stakers, unless the tin has been
removed by de-tinning. Their use is restrictedhite production of low quality products
such as reinforcing steel. In many places whereetlsea shortage of steel scrap, cans are
accepted. It claims that even 50% of the cans sed for making reinforcing bars. Some
steel makers prefer rusting cans for a few weekzrbeaise.

In the original manufacture, tin is applied to thteel sheet by either of two industrial
processes. The more modern is electrolytic depositvhich results in an extremely thin
layer of tin (thickness of 0.0015 mm) and a weigh®.5% to 1%. In the other process, the
steel is dipped in a bath of molten tin resultingrimuch thicker layer of tin by a weight of
1.5% to 7%. The three types of de-tinning proceszes alkali de-tanning, alkali
electrolysis and acid de-tinning.

(a) Recovery of Process

Mostly reuse and recycling of valuable metal likeldy silver, brass, bronze, etc is
common in local cottage industries. However, fdreotmetals of different stages of the
waste stream like ferrous metals and some nontfernmetals are separated in a
mechanical resource recovery operation into thevibgaof an air classifier. Metals are
further concentrated by a succeeding treatmentrditgp to the heavies. Metals are
separated from heavies in two forms: ferrous andfeaous metals.

Ferrous metals such as iron, steel, etc are sepabgtelectromagnetic separators from the
composting systems and incineration plants befoedter incineration, some time prior to
treatment. The non-magnetic fraction aluminium,pmplead, etc maybe processed by the
heavy media separation system. Methods of sepgratuminium from municipal solid
wastes based on electromagnetic interaction, usilugninium magnets, are being
developed.

The scrap has to be collected, sorted, separatedinamany cases, physically processed
before metallurgical treatment. Coarse scrap isnecomted by cutting or shredding,
whereas fine material is compacted by briqueting.

(b) Manufacturing Process

Recycling maybe broadly classified as “closed loapd “open circuit”. In the former
category, the shortest route is simple collectgggregation and re-melting, the recycled
metal being used for applications broadly simi@it$ original use. This procedure offers
greater flexibility because of the contaminatiorihed scrap.

A somewhat longer closed loop involves the additiba refining stage in cases where the
metal is contaminated, either inadvertently dusegvice or intentionally by alloying with
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metallic or non-metallic additions. The open citcomiethod abandons the attempt to
recycle to the virgin specification material, buglies on its economic feasibility on

degradation to lower cost products, not themselesth recycling. The metal, is

therefore, ultimately lost to the entire system abhimakes the open circuit method
disadvantageous (Henstock et al., 1975).

Table 2.3 Factories Using Recyclable Materials and Benefit/Cost Ratio of the

Production

Factory Waste Material Used Benefit/Cost
Ratio
East Industrial Co. wood pulp, 600 t/m 1.260
waste paper, 1200 t/m
Mai Num Paper Mill Co. Ltd. wood paper, 70 t/m
waste paper, 400 t/m 2.132
Mahachai Paper Production Co. waste paper, 200 t/m 2.132
Mahakhun Plastic Factory waste plastic, 1.430
1 t/d (washed),
1.2 t/d (unwashed)
Sang Charoen Plastic Factory waste plastic, 1.260
1 t/d (unwashed),
850 kg/d (polypropylene)
Thai Glass Industry Co. Ltd. waste glass, 3150 t/m 1.640
Glass Organization cullet, 1800 t/m 1.577
Wongpanit Co. glass (cullet), 4158 t/m 2.245
waste paper, 4864 t/m 2.629
non{ferrous metals, 594 t/m 0.195
ferrous metals, 4528 t/m 1.393
waste plastic, 3153 t/m 0.901

Sour ce: Butsapak (1984)
(c) Ferrous M etals

The recycling of ferrous metals is an integral pHrthe operations of the iron and steel
industry. The ferrous scrap like plain carbon stakby steel and cast iron are recycled in
the iron and steel industries by fading in diffdrstages of its processing, depending upon
scrap metals grading or quality. Mostly, home sdsagecycled in the iron foundries and
steel making, casting and finishing units. The pmstsumer scrap or merchant scrap are
mixed in blast furnaces and iron foundries.
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(d) Non-Ferrous Metals

Non-ferrous metals are generally concerned withpegpaluminium, lead, zinc, etc. The
recycling of these metals has many features in comrvluch of these processes are also
applicable to tin, nickel, titanium and precioustat® The recycling of non-ferrous metals
is probably more highly developed than that of atiyer class of materials, the reason
being the price of precious metals, tin, titaniunickel and copper etc. The capital
requirements for the physical and metallurgicatpssing of non-ferrous metals are lower
than those for the recycling of ferrous scrap.

Non-ferrous scrap is of three types: 1) Home s@uPrompt industrial scrap (new scrap).
3) Post user scrap or old scrap. The handling dfemanetal results in the formation of
dross, which is difficult to recycle. Melting lossare significant in the process of non-
ferrous metals.

Generated scrap is collected and analyzed for cagopek aluminium. The alloy content of
scraps governs its processing. It is general mects far as possible to recover alloys as
alloys. Brass mills consume large amounts of brsgsp. It has been stated that
approximately 40% of the zinc in the brass prododhe United States is derived from
brass scrap. Lean copper alloys are also geneealbvered as alloys. As a result, less than
one third of the copper recovered in the UnitedeStés recovered as the pure metal. Over
90% of secondary aluminium is recovered as alloys.

Some non-ferrous scrap, for example, copper artidegap can be processed on either the
primary or secondary production circuit. In suclBas geographic location and quality of
the scrap determine which circuit is to be chosenhe case of copper, secondary copper
is fed in three points: the purest grade (No. lpeopto the wire bar furnace, medium
grade (No.2 copper) to the anode furnace and Ignade (No. 3 copper) to the smelting
circuit at the converting stage.

Kennedy (1985) indicated that aluminium is the nerstrgy-intensive material in common
use, while recycling aluminium requires only 5%msach energy as producing it from
bauxite, and each recycled beverage saves theyeeguivalent of a half can of gasoline.
One ton of re-melted aluminium eliminates the néedd 4 tons of bauxite and 700
kilograms of petroleum coke and pitch, while redgciemissions of air-polluting

aluminium fluoride by 35 kilograms.

Pollock (1987) indicated that although metals casgonly about 2% by weight of solid
waste, it's relatively high economic value can maékean important component of the
recycling programme (particularly aluminium, beaysimary aluminium production is
very energy intensive).

(e) Recycling Products

To produce other possible products with the knogdedf metal work, normally domestic
utensils, agricultural instruments etc are used.fEoous and non-ferrous scrap metals,
recycling is performed for the same product, somesi lower grade products, depending
on the condition of scrap metal, the value of thetahand ferrous metals used in lower
grade production.
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Figure 2.4 Flow Diagram of the Iron and Steel Industry

(f) Constraintsto Reusing and Recycling

* In steel making plants, the contaminants from the of scrap cannot be removed,
which adversely affect the quality of steel prodiice

» Scrap can cause technical difficulties by introdgdmpurities into the furnace.

e The melting of aluminium and the handling of the |t metal result in the

formation of dross, which is difficult to recyclBlelting losses are also significant
in the process of other non-ferrous metals.
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2.6.2 Glass

Glass is an inorganic man-made material, it is i@y to remove glass for composting
and other processes. The amount of glass is foondonsiderably large amounts in
domestic waste and can be reused and recycled.

Raw Materials

A 4 A 4 y

Primary Secondary
Production Production
A
Y
Engineering Materials
Secondary v Secondary
Materlgls < {/lManufacturing > Matengls
Industries > Industries
A \\_/ 7'y
Y
Products
A 4
Use
Y
Obsolete
Products
v
Discard

Figure 2.5 Generic Flowchart of Non-ferrous M etals

(a) Recovery Process

In the mechanical resource recovery operatiorthallglass finds its way into the heavies
of an air classifier. Glass is further concentrdigd succeeding treatment according to the
heavies. A very effective method of concentratitegsg is developed by CAL Recovery
Systems (CRS).
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In this system, a “stoner” inclined vibrating sargbrough which glass is forced, results in
a material on the screen, which is fluidized. Heapiarticles, mostly glass in the fluidized
mass, move in one direction and the lighter pasichove in the opposite direction. The
heavier fraction is again subjected to the screpmind fluidizing step. To meet cullet
specifications two methods are mainly used: Frddtafion and Optical Sorting (Diaz et
al., 1982).

(b) Manufacturing Process

Any glass object maybe broken into cullet. The ofseullet is a long established practice
in a glass container industry. Since the brokesgia virtually equivalent to original raw

materials and can be re-melted many times withegratlation. Raw material and glass
manufacturing processes is shown as follows.

Sodium oxide is used as flux, which reduces theingetemperature of sand from 1700
to only about 80WC. Calcium carbonate or limestone is used as #igliger to make the
resulting material insoluble. These three mate(sdéd, sodium oxide, lime stone) mixed
together in the proportion described, is knowrhas‘batch”.

Table 2.4 Glass Recovery

L ess Dense Fraction Composition
(%)
Fiber 4.5
Glass 28.5
Wood 3.4
Plastic 4.6
Metal 0.5
Other 58.5
Total 100

Stoner 1> Denser Fractior> Vibrating Screer> Stoner 2

Glass Composition
Concentrate (%)
Glass 93.8
Stones 5.6
Ferrous 0.4
Non-ferrous 0.2
Total 100

Table 2.5 Constituent of Glass

Sl No. Component % by weight
1 Sand (SiQ) 72
2 Soda Ash (N£) 14
3 Lime Stone (CaCg) 11
4 Alumina (AbOs) 2
5 Colourants and others 1
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The additives to the batch include:

e Aluminium oxide to reduce the expansion of the gllaand therefore, to prevent
cracking.

» Borax (0.5%) to assist the speed of melting.

» Decolourizing agents to remove the colour, as altre§iron present in the sand.

» Colourizing agents which help to remove the smadl gubbles given off during the
glass manufacturing process, the most common ngfiagent being arsenic oxide
with sodium nitrate.

* Cullet acts as a flux, which reduces the damagé¢oglass furnace from the
corrosive, high temperature materials and redusesast of materials.

* The batch materials are mixed, dried and changedtlire furnace, which needs to
be at about 158 to melt them into tracy (an amber-coloured liquithe tracy is
passed through a refining chamber and then is iméol¢éhe required shape.

(c) Recycling and Reuse Products

Waste glass is used as a flux agent in the brickufa&turing process. It lowers the
required firing temperature or lowers the heatiatpe and a shortening of the firing time,
resulting in a reduction in energy requirements rmadufacturing costs.

According to Tyrel et al., cited by Diaz et al. 89, the substitute for waste glass for one
half of the clay in red mixture reduces the heguned to fire the body to maturity by
approximately one million kJ/Mg (million gram). Withe tanned bodies, the reduction is
about 900000 kJ/Mg. Conversion in terms of fuelstonption is made possible through
the use of glass (i.e. a 50:50 glass-clay mixture).

In the manufacture of red bricks, a plant that poa$ 36 million face bricks per year,
would amount to about 1.818 Mrfor every 100 kJ of natural gas produced per yiear.
the manufacture of tanned body bricks, the savwmgsld be about 1.632 Ml of 1000 kJ
gas per year. Further more, the substitute wolddlréen a 30% increase in production of
red bricks without additional kiln capacity. In tipeoduction of tanned body bricks, the
increase in production would amount to 23%. Theartgnt factor to be considered for
using waste glass is that no organic material shbal present in the waste glass because
of interference with the fluxing action of glasfelproposed maximum level for organic
material is 10%. The glass must be ground to 206hme

(d) Glass Polymer Composite (GPC)

Recovered crushed waste glass, when mixed withhnpeiyat an appropriate ratio of 87%
glass to 13% polymer can be used to cast glassngolgomposite materials. GPC has
been developed for use as a sewer pipe on a sta#l §he pipe has been demonstrated to
have superior compression strength and resistansewvter acid and gases. According to
Diaz et al. (1982), GPC pipes would probably be petitive with concrete and vitrified
clay pipes up to 9.6 cm in diameter.

(e) Foamed Glass Insulation Panel and Glass W ool

Pulverized glass containing impurities has beerl usethe production of foamed glass
insulation panels having densities ranging from 22440 kg/mi. Walls and doors in
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which foamed glass panels serve as a core matexried been shown to have excellent
thermal and acoustic insulation.

Glass wool is used principally for thermal inswatiagainst heat and cold and for sound
absorption. Its manufacture involves the impingetmana jet of compressed air on a
stream of molten glass. Research conducted at lboseaMetallurgy Research Laboratory
of the U.S. Bureau of Mines showed that glass ewtor residue could be used to make
glass wool that would meet the requirements forroencial use.

The introduction of cullet results in a loweringtbe temperature at which a furnace must
be operated in glass production in energy consumatnd a prolongation of the refractory
linings of the furnace.

Diaz (1982) showed that an energy saving of 95&gkdan be made by substituting cullet
for primary raw material. He estimates that for0&clincrease in cullet, there would be a
corresponding 2.2% decrease in fossil fuel requiaefiiel saving of 4.4% and an electric
energy saving of 1.1%.

According to OECD (1989) for every ton of crushddsg used in the manufacturing
process, some 1.2 tons of raw materials are s&waty 19% of cullet introduced into the
furnace results in energy savings of 2 to 5%. Euoemt adoption of air pollution standards
has led to an increase in demand for cullet bysglasducers because its use reduces its
emissions. Outside the glass industry, cullet exdus the manufacture of abrasives. Tiles
are manufactured mixing cullet and waste ceranaciyets. The estimated recycling rate
of glass containers was 12% within 1988 (The SpaéiThe Plastic Industry, 1994).

(f) Constraintsto Reusing and Recycling

» Cost of transportation of waste glass to the ditgse.

* Lack of adequate technology for processing the evglstss to meet the rather rigid
specifications for cullet.

* Glass recovered from municipal solid waste has wéjgctionable characteristics
that must be removed or changed before the mata&iabe used as cullet in glass
manufacturing.

2.6.3 Paper

Paper and cardboard forms the second highest ansbuafuse. It exists in the waste in
the form of mainly writing and packaging materidiecycling of paper is increasing day
by day. Many big and small industries are foungrufit from these recycling activities.

Researchers in the University of Cincinati foundtton-degraded paper, food and other
items well preserved after 10 years in a landfiiper making using virgin pulp requires as
much as 300 rhof water for every ton of paper produced. Whiledurcing recycled paper
from waste paper needs only 36 ffihe Society of the Plastic Industry, 1994).

The Clean Japan Centre (1987) indicated that ameftevaste paper is said to correspond

to 20 standing trees. Enhancing the recovery riateaste paper, serves not only to protect
the green on the earth but also to prevent theeaser of carbonic acid gas involved in
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mass consumption of fossil fuels, which preservas immproves the environment of the
earth.

(a) Recovery of waste paper

People at the source remove the newsprint and gated papers prior to reaching the
disposal or processing site. The mixed paper gradesemoved through air classifiers.
The recovered light fraction is further processedough a specially designed fiber
recovery process to meet the specification of thip pubstitute. Some of these processes
follow the Cal Recovery System (CRS), and othecess designed by the National Center
for Resource Recovery and the Black Clawson Proddss Black Clawson Process is a
wet system for upgrading the fiber to paper martufaoy quality.

(b) Manufacturing Process

Papers are made from the fibers consisting of loskufrom trees and stalks, such as
wheat, rice, sugarcane, etc. These plants are hidwwn until the fibers are loose and free
of the substances that bind them. In some plaaéping of paper is done by boiling the
raw material with ashes and then pounding it withkcedden mallet. The process is called
pulping and the mass of fiber is no longer heldtbgr but ready to be suspended in water
for making paper, known as pulp. Softwood or cawifis pulps are used for tough
wrapping and packaging papers because of theirfloegs, deciduous or hard wood pulps
are used for printing and writing papers. Theresamme methods of making primary pulp
from wood pulp in paper making such as mechaniedlchemical pulping.

Mechanical pulping is done by pounding or grindagdjulosic material such as wood. It is

used for printing newspapers. Newsprint is very kvaad loses its strength altogether if
wetted. It absorbs liquids and contains tiny patof wood, which have not been reduced
to fiber and are visible to the naked eye.

In chemical pulping, wood or stalks are mechanycaiduced to small chips and then
cooked at high pressures with certain chemicals dattack the bonds between the fibers
and reduce them to pulp. The most common chemits#d are caustic soda and sodium
sulphate, which produce coarse and very strongsfikeown as “kraft” used for sacks and
boxes to hold heavy weight. Other various sulphstesh as ammonium and calcium are
used to produce fine fibers used for making highlityi printing and writing papers. All
pulp produced is bleached to a white colour and theed to the required colour.

Waste papers are vigourously snared in a hydrapwiik rotating blades to separate the

fiber bonded during the original paper making pssceAs these bonds are weaker than
those of the original cellulose plant, the energgsuimption is less to separate the bonds.
Depending upon the quality of waste paper, furffrecesses like bleaching etc are done
and produced into secondary pulp for manufactupeugers.

Paper is made by suspending sticky fibers in waiter fiber concentration of about 0.3%.
The suspension is on to an endless clot of a mechihere the water is drained and a leaf
is formed. Then the leaf is dried and cut into shda the past, the source of raw materials
was wood, fiber, textile fiber, straw, etc (Hen&t@t al., 1975). Cellulose in the form of
cellulosic fibers that make up paper is a renewadseurce, there is a limit on the rate at
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which it can be renewed. The limitation is detemmirby the availability of appropriate
land and energy for non-nutritional crop productibiaz et al., 1982).

(c) Recycle and Reuse Products

Paper, paperboards or other paper products areigeddrom reclaimed fiber.

Can be used as a fuel in energy production.

Can be used as a feedstock in various fermentations

Can be used as a bulking agent and carbon souomaripost production.

Some of the paper is reused for making paper bags;contact layers for
moulding and preparing masks, dolls etc.

Some of the low grades of waste paper can be asethke other products such as
insulation material.

Manufacture of asphalted roofing sheets.

(d) Constraintsto Reusing and Recycling

An important feature that distinguishes the utti@a of reclaimed paper in the
production of paper and paper products from theerotises is that it depends
mainly on paper that has not been contaminatedigiwr@ntry into the solid waste
stream.

Regardless of the source with each pass from 2Zb6% of the paper fibers are
rendered unsuitable for reuse in paper manufagfimatause the fibers become too
short.

An important feature that distinguishes the utti@a of reclaimed paper in the
production of paper and paper products from viggifp material is that it depends
mainly on paper that has not been contaminatedigiwrentry into the solid waste
stream.

Some coated papers like plastic coated cannotldésso water and produce pulp
by a hydrapulper. In case of water-soluble coatihgre will be a loss of weight in
the pulp product.

Paper recycling is a limited process, since paparanly be recycled around four
times almost.

If paper has to be produced from low-grade papensigh quality end products,
more energy, chemicals and water are requirechdrptocess, the yield is reduced
and more waste is produced, creating more pollution

Paper produced from the pulp of reclaimed fibensrahibited for the use of paper
for food, drugs and cosmetic containers.

Diaz et al. (1982) reports a total absencéeohl streptococcuandfecal coliform
in paper rolls from mixed waste feed stocks, algtothe count of total bacteria
ranged from 482 to 2356 organisms per square cetamof paper.

Swedish researchers found that there are harmftteba present in toilet rolls,
kitchen paper and packing materials manufacturea flecycled fibers.

2.6.4 Plastics

Plastics are non-biodegradable materials made lgingws. At present, plastic materials
are produced from petroleum products. There aremaay technologies available to
produce secondary materials cheaper than virgirenadd. Markets are available for its
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product, which means that plastic recycling indastrare making large profits. Plastic
materials are synthesized for special applicati®&ise of plastics is not practiced widely
however.

(a) Recovery Process

At present, different kinds of plastic materiabeparated mainly by scavengers at different
stages of the waste streams. There are differemintdogies that exist for separating

different types of plastic, but it is not alwaysaomically realistic to use. For this reason,

it is necessary in the first instance to organeycling of plastics as far as possible on a
single polymer basis in order to simplify subsedusaparating operations. Poly-olefins,

for example, which account for around 70% or méjoof the plastics in domestic wastes

can be separated from other plastics on the basie density (> 1 g/c). Mixed waste

of different polymers is generally more difficult tise.

The main criterion for separating plastic is dgnsA machine for this purpose was

developed, known as a hydroclone. Other processeseparating polyethylene such as the
sink/float method and electromagnetic separatiorP¥LC, air classifier etc have been

developed. Since many types of plastics are availab the waste stream, and many
technologies are available for utilization of mixpdlymers. If we have to focus on the

concerns of recycling, the criteria and the reqoeats for these technologies to be put
into place must be specified and a collection sgsteust be set up accordingly.

(b) Manufacturing Process

Plastics are produced by the polymers presenttiolpem, natural gas and coal. The word
“polymer” comes from Greek meaning “many parts”lyRwers are those materials whose
molecules are made up of a large number of indalidunits known as “monomers”. A

monomer is a molecule with a low molecular weigbieao react with other molecules of
low weight to create a polymer. Synthetic polymeran be produced either by
condensation of monomer molecules (with the elinmmaof a simple molecule, often

water) or by the addition of monomer molecules awmnhg double bonds (Jones &
Chandy, 1974 cited in Barton Allan F.M., 1979).

It has been known that particular bacteria canyred polymer with properties of plastic.
Recently, the genetic material responsible forpgiteeluction of plastic in the bacteria have
been identified, isolated and introduced in plaimtshe process, plastic is used as a storage
material. The bacteria accumulate plastic as sgnafiules, in times when plenty of food is
available. But when there is a scarcity of foodbriéaks down the plastic granules into
energy. This is how animals accumulate body fatse®tls accumulate oils.

The gene from the bacteria has been introducedtaitacco plants and these plants are
growing in experimental fields. It is a biodegraldaplastic, which can be produced in
farming. Another group of American researchers @egeloping plastics from potato.
Besides potato, other starch containing crops ¢i&m, rice, wheat etc are also being
investigated. In Japan, edible wrappers for foedadiready being used. It is also found that
polyesters can be produced from lactose.
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(c) Typesof Plastics
Plastics fall into two main categories: thermosetind thermoplastics.

1. Thermosetting: Thermosetting plastics are chemically hardenedtiptasmade of
phenol formaldehyde and urea formaldehyde, polygsted other plastics. These plastics
are converted to usable materials by heating todibgired shape. These are used in
electrical sockets, plastic laminates, plastic keog, etc. Thermosetting plastics cannot be
readily recycled into new plastics.

2. Thermoplastics:. Thermoplastics are polyethylene (HD and LD), pabgpiene,
polyvinyl chloride (PVC) and polystyrene and copobrs. These plastics are converted to
usable goods by suitable heating and forming, ttwaling. Mostly, all packing materials
are of the thermoplastic variety and used for ridegavidely. The most common synthetic
polymers can be represented chemically as:

'('CH x'CH Z)n'

where “x” can be: hydrogen in polyethylene, phenypolystyrene, chlorine in polyvinyl
chloride and methyl in polypropylene.

Polyethylene is a fairly tough, probably the masthenon plastic and used in the majority
of plastic bottles as well as in the form of filPolyethylene has two forms: high density
and low density. High-density polyethylene is haraled crackles in the hand if crumpled.
In the production of very thin sheets such as sacks bags or thin sheets, high-density
polyethylene is stronger although these are préepfmen low-density polyethylene too.
Low-density polyethylene is soft and stretches mwten torn. These two types are
different and cannot be mixed.

Polypropylene is very similar to polyethylene aedavers its shape when deformed more
readily than does polyethylene. It is generally enexpensive than polyethylene. It is very
strong, flexible and hard. It is used to make fum& of high durability, string and ropes,
car battery cases, plumbing and to an increasitenein packaging.

Polyvinyl chloride is used widely in shoes, pluntgifloor and wall surfaces, children’s
balls and toys, hand bags, suitcases, irrigatipm@i But its clarity and flexibility make it

a popular substitute for packing. It is cheapentkize other plastics mentioned above.
Polystyrene is also transparent, but is more ragid despite its brittleness, has numerous
applications in containers, microwaves, foam ctggs and home appliance components.
These are the various kinds of thermoplasticsahatbe reused.

Plastics are used in many ways and have becommadlkerial of choice because of their
high serviceability and cost efficiency, requiresd energy to manufacture than aluminium
or non-ferrous heavy metals, save fuel throughr tight weight, better storage stability of
food etc. Thus, plastics and plastic products a@oiming substitutes for other products
made of metal, paper, wood, glass etc.
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(d) Category of Recycling of Plastics
Four categories of recycling are considered asvidl

Primary Recycling
Secondary Recycling
Tertiary Recycling
Quartenary Recycling

PwbdhPE

1. Primary Recycling: It can be defined as recycling of uniform, uncomtsated plastic
waste produced from manufacturing plastic produdtdy thermoplastics can be directly
reprocessed. It can be used alone or mixed witfirvimaterials at various ratios. Primary
recycling can be performed in the plant itself tiglo small re-processor standard units.

2. Secondary Recycling: It can be defined as recycling by separate sefiesystems of
operation for plastic materials such as post coesumaste recovered from the municipal
waste. Post consumer wastes are obtained frormedtier packages and industrial wastes
which cannot be used for primary recycling, which single wastes or mixed wastes.

3. Tertiary Recycling: It can be defined as the extraction of chemicatsnfrplastic
wastes. Some common methods of chemical extracimn pyrolysis, hydrolysis,
glycolysis, etc.

4. Quaternary Recycling: Quaternary recycling or recuperation of energy lsardefined
as the recovery of energy from wastes. Some regaMeenergy processes is by burning
the waste in steam-generated incinerators and iat hexchangers, pyrolysis,
hydrogenation, anaerobic digestion etc.

(e) Stages of Recycling
The process can be roughly divided into three stagdollows:

1. Prior Treatment: Removal of foreign matter classification by thepdyof resin,
shredding, washing, dehydrating, drying and blegdprocesses. The process to be
employed depends upon the type of products to ke nguality of the plastic waste to be
used.

2. Melting/Mixed Kneading: Plastic wastes after prior treatment is meltekreaded,
with the help of screw type or combined or othediig machines attached to a heat
supply. Virgin plastics are mixed if necessary.

3. Moulding:

There are four moulding methods:

Low pressure injection moulding
Press moulding

Extrusion moulding
Roll moulding

PwbhPE
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(f) Recycled Products

The common materials available in markets, which prepared from the recycled
materials are:

FROM RECYCLED HDPE:

Agriculture: Drainpipes, pig and calf pans

Marine Engineering: Boat piers (lumber)

Civil Engineering: Building products, traffic conesgns.

Household: Containers for liquid cleaning suppéies detergent containers, trash bags.
Recreational: Gardening materials, gardening furajtlandscaping

Industrial: Drums/Pails, portable toolboxes.

FROM RECYCLED PET:

Household: Soda bottles, liquid cleaners

Recreational: Skis, sailboat hulls

Industrial: Carpeting, fiberfill, building insulatn, industrial packing

FROM RECYCLED POLYSTYRENE: Food packing, insulati@amdustrial packing

FROM RECYCLED VINYL: Industrial flooring, garden kiges

FROM RECYCLED MIXED: Park benches, land skippinglagtic lumber. Some
companies are testing recyclable polystyrene foantainers like cups and plates made
with 50% recycled plastic.

In addition to that, significant progress is beimgde in the development of recycling
systems for other types of plastics such as palgstyand vinyl, as well as multi layered
packing and plastic glossary sacks.

Difficulties frequently arise in maintaining constaguality owing to colour and intrinsic
odour variation in recycling. Therefore, the coragion and co-injection moulding process
is being developed in which virgin plastic mateaald recyclables are combined together
in layers, recyclables are used for inner partsvanrgih material outside. Recent examples
of products manufactured in this way include cowed PVC pipes (Draka-
Solvay/Solvay) and detergent bottles (Procter & Giajn

Recently, Philipino Chemical Engineering has ineentan alternative to natural wood

called eco-wood which can be processed from wasttenml such as dry leaves, rice
straw, rice hulls, saw dust, plastic wastes incigdixpanded polystyrene.
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Figure 2.6 Flow Diagram of a Processing System for Reclaiming Plastic Wastes

A joint project of Hoechst AG, Adam Opel AG, andhets showed that used bumpers PP-
EPDM, an impact modified polypropylene when recgolgth necessary upgraded plastic
recyclable, has good progericompared with original

polypropylene, enable it to be used for other awtore parts, e.g. wheel arch extensions.
Bumpers and batteries are being recycled and useapplications such as wheel arches.
Similar recycling systems have been developedditteby casings and fuel tanks.

additives,

found to be
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(g9) Constraintsto Reusing and Recycling

Recycling of mixed plastic wastes from domestiausef proves to be more difficult to
perform in general. The refuse contains a variety packaging and is generally
contaminated with food and other residues. Cadmaamtaining waste, painted parts,
affect the product quality, and so again, furthep<y-step processes are required.

Plastics are materials synthesized for special iGatmns. The more diverse the
composition of the waste the greater is the dexiatiom original property and hence is
more difficult to recycle. Any contamination by dher plastic or another grade
formulation means poorer quality. Recycling caugesyressive deterioration each time
the material is recycled.

It is relatively simple to recycle single polymemopess scrap, but the recovery of single
polymer post consumer waste requires close coaperbetween all companies involved

in the product cycle in identifying the mark andherts because of difficulty to separate
different types of plastic and after every cycldlef plastic materials, the original property
or strength gets lowered because of oxidationpea&d use.

The Society of the Plastic Industry (SPI) has dgwetl a voluntary coding system for

plastic containers that identifies bottles and pitentainers by the type of materials, to
assist recyclers in sorting containers by resingusition to be imprinted on the bottom of

the plastic container. The code of the three-simieshgular arrow with a number in the

centre and letters underneath indicate the primesin type. The SPI coating system was
introduced in April 1991.

2.7 Legislative and Organizational Optionsfor Waste Recycling

Recycling has brought some success only in sonts pathe world. Countries that have
increased materials recycling have been motivatedhiee main factors such as: short
supply of raw materials, high energy and capitatsdor processing materials, and high
environmental costs in materials production angaial.

2.7.1 Constraintsto Recycling

According to Muttamara et al. (1992), recycling eiegs on whether the original owner
feels it is convenient or economically worthwhiReople performing the various steps of
retrieval, sorting, recovery and reuse must receiveugh benefit to compensate them for
their time and effort.

Julius (1987) indicated that one way to increasgyalng process is through public
education programmes that stress on the benefiscgtling and by enhancing the access
to scavengers of materials discarded by these ptpuns. Cointreau et al. (1985) indicated
that another way of motivating people to recycldysshowing good will towards one’s
neighbour, which acts as an incentive. In Sri Lanka example, wealthier residents
actively separate coconut shells from their othastes in order to donate these shells to
their launderers who use them as char in the irons.

Cointreau (1982) mentioned that the traditionaltuate towards scavengers influence
whether there is an antagonistic environment fayckng. A social stigma is applied
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towards those who handle wastes. In order to oneecihis attitude towards scavengers in
Manila, Philippines, a pilot-recycling programme swvastablished and supported by a
wide-spread public information campaign. The progree trained workers and provided
them with clean attractive uniforms emblazoned wiitle message: “pera sa basura”
(money from refuse). To some extent, the sociajns towards the house-to-house
scavengers appears to have lessened.

Another factor contributing to the lack of recydiis poor documentation of the full cost
of safe, environmentally acceptable solid wastgakal — particularly in developing
countries where unregulated open dumping prevalsha means of disposal at what
appears to be little or no cost, because thereoisatounting of the adverse social,
environmental and health effects that occur.

2.7.2 Legidlative Measures

In most developing countries, the governments haseestablished effective pollution

control and waste management programmes that tatce account country specific

problems, nor have they had the capacity to adetyjudévelop and implement standards,
regulations, and charge systems. The implementatnohenforcement of regulatory and
economic instruments has been constrained by inadegxpertise, funds and charging
systems, inadequate equipment, lack of a politwill limited public awareness and

overlapping and uncoordinated institutional resgmliges. Many countries in Asia have

adopted laws and regulations, which were desigmedhé developed countries. The
problem lies in outdated existing laws and regatai on solid waste management,
environmental protection and recycling of wasteemats.

There are four main items of legislation concerrsntid waste management in Thailand.
The Public Cleansing Act fixes low fines for viales. There is the Act for the Cleanliness
and Orderliness of the Country, the Bangkok Metlitggo Administration Ordinance and

the Ordinance for Sanitation and Orderliness ingkak Metropolis. Furthermore, several
laws concerning the storage and collection of wast# no legislation exist concerning
waste recycling.

2.7.3 Organizational Measures

Muttamara et al. (1992) indicated that there areeise points where the wastes can be
retrieved for purposes of recycling such as:

Place of waste generation

* Place of waste pickup

» Refuse collection and transport vehicle
» Disposal site

At the source, the owner has three options:
» To deliver to the purchasing centre or sell it ciiyeto a buyer.

» To allow others to retrieve the waste and be resiptanfor recycling.
* To have it collected for disposal.
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In order to operate the recycling programs effedyiveconomic benefits should be given
for the consumers. For example, in Thailand, thpodi-refund system is implemented for
the items such as bottles. This system if opertdedhe other reusable materials could
encourage recycling and prevent pollution.

2.8 Technical Options for Waste Recycling

The technological options involve the removal afcenponent from the waste stream and
physical reprocessing into a useful product. Findlie chemical conversion process such
as pyrolysis, hydrogenation, wet oxidation and bjydis transform into a new product to
the market.

2.8.1 Sour ce Separ ation or Initial Recovery

Lohani (1982) pointed out that separation or ihitecovery can be done at the source
manually or through physical and mechanical meBus.for it to be a success in urban
areas, dedication, interest, careful planning vgthper administration and cooperation
from the citizens are required. People have to decated which ultimately means a
change in their daily habits. Source separationoa “technical option” in the truest

sense, but it greatly facilitates the use of subsetjconversion processes, which require
sophisticated technology.

2.8.2 Composting

Lohani (1984) indicated there are several argumiiatisspeak in favour of composting as
a resource recovery option particularly suitabledeveloping countries, and these could
be:

* Simple technology

» Process is readily adaptable to local conditions

* Only a small amount of residue is left to be digubsf
» Compost has a low toxic substance burden

» Composting meets requirement concerning hygiene
» Refuse composition is appropriate for composting

There are at least five conditions that are necgska the successful operation of
composting projects. These are:

« Suitability of wastes

* A market for the product near the compost source

» Support from government authorities, particulangge responsible for agriculture
» Price of the product which is applicable to mostrfars

* Net disposal cost which can be sustained by laghlagities

2.8.3Incineration
In many developing countries, the calorific valdeafuse is so low that a fuel supplement

may be necessary as part of the incineration psocdd®e high moisture content of solid
wastes also needs preheating by the recovery offtoea the incinerator. This addition of
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auxiliary fuel or evaporating moisture during timétial stages of combustion requires the
use of energy and thereby affects operating cpséstreatment by sorting (e.g., through
source separation) to remove the non-combustibleenaés prior to incineration which
result in higher investment costs of incineratitamps.

Removing yard wastes and inorganic recyclables siclylass and metals can reduce
moisture and increase the average HHV (higher hgatlue). In contrast, removing paper
and plastics lowers the HHV and increases the mm@stontent. Moisture content is

important because it affects the stability of thembustion process and combustion
efficiency during “cold starts” of an incinerator.

2.8.4 Pyrolysis

Lohani (1984) pointed out that the pyrolysis pracissself-sufficient and regenerative, the
gas obtained is sufficient for heating the retthie by-product tar-oil can be used as a
substitute for furnace oil and the coke can be asesl domestic fuel.

Sunavala (1981) recommended an investigation aflpsis on a pilot or semi-commercial
scale in the Indian cities of Kolkata, Delhi, Mumlaad Chennai. Basing his calculations
on an estimated 2,000 tons/day of refuse input laming the gas to self-sustain the
reaction, 600 to 700 tons/day of coke, 70,000 t®@0 I/day of oil, 30 tons/day of glass
and 30 tons/day of metal could be obtained.

2.9 Benefit-Cost Analysisin Solid Waste M anagement

Field (1997) gave the definition of the Benefit-Casalysis (BCA) as an analytical tool
used to evaluate environmental decisions. Sometites used as an aid in selecting
efficient policies, sometimes an agency uses itustify what it wants to do, and
sometimes officials use it to try and stop new latjons or weaken old ones. Likewise,
Folmer (1995) stated that it is a method of comsistomparison between the advantages
and disadvantages of a particular project.

Benefit denotes anything that increases wellbeBenefits of some proposed action are
estimated and compared with the total costs thaesowould bear if that action were
undertaken. Cost denotes anything causing a losslfiare.

The purpose of the BCA is not only to compare tbadiits and costs of an individual
project in order to identify those with positivetrigenefits, but to identify the project
having the highest net benefit among all feasility@atives as well.

2.10 Waste Auditing and Waste M anagement

Waste auditing can be defined as a systematic,ndected, periodic, and objective review,
conducted by regulated entities, of facility openas and practices regulated to meeting
environmental requirements (U.S. EPA, 1986).

Some purposes of waste auditing are to verify c@mpé with environmental
requirements; to evaluate the effectiveness of lacg environmental management
systems; and/or to assess risks from regulateduanebulated substances and practices.
Some direct results of an auditing program incladencreased environmental awareness
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by project employees, early detection and corractib problems and thus avoidance of
environmental-agency enforcement actions, and iwgzto management control of
environmental programs.

Waste management can be used to describe sevstiactprocesses: the elimination or
reduction of waste; the recycling or reuse of waségerial; the treatment or destruction of
waste (physically destroying, chemically detoxifyinor otherwise rendering waste
permanently harmless); and disposal of waste (démppshe material into the air, water,
or land). Environmental regulations have not neaxdlgschanneled industry efforts toward
the optimum choice of waste management techniquesllgtion prevention. Recycling,
reuse, and treatment seem to be the industry’®peef waste minimization options, even
though such methods pose more environmental els pollution prevention.
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Chapter 3
M ethodol ogy
3.1 Introduction

This study was carried out at the Asian InstitutelTechnology (AIT) for a five-month
period from November, 2006 to March, 2007. Thisptha presents the methodological
details of the application of the 3R concepts ia #lolid waste management practices in
AlT.

3.2 Data Collection Phase

Three major processes were systematically develogedh consists of data collection,
data analysis, and conclusion. Figure 3.1 shows ntfagor process of methodology
including data collection, data analysis, conclosiand recommendation. The details of
each process are illustrated in the following sesti To achieve the objective of this
study, not only primary data but also secondara detd to be collected in order to use
such data for analysis and comparison. The conse¢qigtails were proposed to explain
the methods used in each type of data. Figurel®sthe comprehensive process of data
collection.

3.21Primary Data

In this study, solid wastes were sampled from actetl number of garbage bins in the
AIT, from the different parts of the AIT campus.f§ales from each point were taken from
different garbage bins in the different areas of Ahe time per day for 10 days to increase
the reliability of data. The sampling was done cwvgreriod of 40 days, since four samples
were analyzed per day. The schedules for samplarg the different parts of AIT campus
are shown in Table 3.1 below.

Table 3.1 Schedule for Sampling of Solid Wastesat AIT

L ocation No. of samples Frequency Total
Student Dorms (A-K) 10 1 time/day 10
Student Dorms (L-S) 10 1 time/day 10
Student Dorms (T-Y) 10 1 time/day 10
Staff Quarters 10 1 time/day 10
AIT Conference Centre 10 1 time/day 10
Student Village | 10 1 time/day 10
Student Village I 10 1 time/day 10
Student Village IlI 10 1 time/day 10
Cafeteria Area/Mini-marts 10 1 time/day 10
Academic Buildings 10 1 time/day 10
Administrative Buildings 10 1 time/day 10
Waste Recycling Bank 10 1 time/day 10
Open Dumps 10 1 time/day 10
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Five combined or mixed samples were taken fromatteas in AIT mentioned above, and
their physical components, bulk density were mesasuA minimum sample of 100 kg was
needed in order to obtain a uniform result.

1. Data collection

Primary Data
Secondary Data

v

2. Dataanalysis

Type and composition of
solid waste

v

3. Conclusion

Opportunity of solid wastein
AlIT and at the transfer
station

v

4. Recommendations

Further study

Figure 3.1 Overview of the M ethodology

3.2.2 Secondary Data
The data in this research was obtained from diffesources, but was mainly obtained

from the research work done by various people iail@hd. All information relating to the
recycling costs of solid wastes, income earnedchyengers, quantity of wastes sent to the
transfer stations and recycling facilities, laridéibsts, lifetime of the landfill, etc were
gathered. The data consists of two types of dat&chwvere made available from the three
main sources as described as follows.
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(a) Secondary Data from the Internet

The secondary data was collected from internet itesbsf the recycling companies that
take care of the solid wastes generated by AITs&heebsites have more details related to
the cost of various types of solid waste. The feilg information can be retrieved:

» Solid wastes that can be recycled

» Cost of selling by the scavengers
» The quantity of solid waste which is sent to theyoding stations

Data collection phase

Input > Process > Output

Primary Data

Physical Composition

Sources Sampling waste Characteristic of waste
Different locations in AIT Quartering Method Quantity of waste
Observation Quality of waste
Density of waste
Secondary Data

Waste Recycling

N

from related papers

Facilities
Recycling cost at the waste
recycling facilities
Sources Collection of Tha
Tha Kong Municipality> Kong Municipality Total weight at the transfer
papers and information station

Segregation efficiency of
AIT

!
1
)
)
]
)
1
)
1
]
1
]
)
1
!
1
]
1
!
1
]
|
Cost of solid waste
Finding meaningful
information Separating Waste Method at
each source
i
1
1
!
]
)
1
)
]
)
1
!
1
]
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
|
: Sources
:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Figure 3.2 Data Collection Phasefor AIT
(b) Tha Kong Municipality Data

The major concerned data needed, was related tioeatiosts concerned in this study. This
includes for example:

* Recycling costs at the transfer station and théenasycling facilities.
» Total weight of the solid wastes at the transfatieh.

» Segregation efficiency of AIT

Transportation costs
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3.2.3 Data Analysis Phase

All the data collected was used for analysis. Pryndata was used to classify the
composition of the solid waste in AIT. The compatseiound in each location in AIT were
used to find opportunities of solid wastes suchre@yclable and non-recyclable wastes.
Then, the composition of solid wastes, both betord after separating solid wastes was
used to compare costs between the two optionsdliegyversus without recycling). The
major data needed in the study is shown as follows:

The find the percentage composition of solid wagesgerated in AlT.

The total weight of the solid wastes produced frIT.

The total weight of recyclable and non-recyclabéstes from AIT.

The saving costs made at the Tha Kong Municipalitg at the transfer station.

Data Analysis Phase

Input Process

Calculating

representative -

weight of solid Calculating total Non-Recyclable
waste from weight of solid waste (kg)

Recyclable waste

sampling and waste and total
representative weight of each
(kg)

weight of each type from AIT

type (recycle/non-
recycle)

Calculating saving : :
@ Calculating costs for Tha Kong Saving cost for Tha)
recycling cost at Municipality at Kong Municipality
: recycling facilities the transfer station zzgggn”ans“er

Cost reduction of waste
e transferring for AIT
Calculating cost reduction
Saving cost of waste transferring
Calculating saving costs for AIT g
1
1
1
]

Figure 3.3 Data Analysis Phasefor AIT
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Conclusion Phase

Input Process Output

Conclusion :
) O | woan s

Recommendation

_____________________________________________________________________________________

Figure 3.4 Conclusion and Recommendation Phase

3.3 Technical Feasibility Study of Solid Waste Management at Al T using Benefit-Cost
Analysis

3.3.1 Data Analysis
The collected data was analyzed in both quantéadivd qualitative aspects as follows:
1. Calculate the total amount of recyclables sethé recycling firms.

2. Compare the total waste production, recyclabfesamount of waste to the landfill, to
show the percentage of total waste reduction flwarécycling activities.

3. Calculate the expansion of the landfill’s life& according to the waste reduction.

4. Compare the disposal and landfill operating wost the values of recyclables.

The Figure 3.5 demonstrates the flow chart of aatyprocesses as mentioned above

3.4 Solid Waste Segregations and Analysis

The different types of solid waste generated in Aldmpus were studied for their
composition and the possibility of extending ife Icycle. Sample waste generated from
different facility buildings were collected, studieand compared. The procedures are
illustrated in Figure 3.6.

3.4.1 Waste Characteristics

The following parameters were obtained throughetkgeriment:

Physical parameters:
* Physical components
* Bulk density
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Chemical parameters:
* Moisture, ash and combustible content
* Chemical element analysis: C, H, N, S, Cl, O
» Calorific value

Amount of waste

production
* Percentage of
Amount of waste reduction
recyclables in the >
recycling firms * Expansion of
landfill lifetime
Amount of wastes

at the landfill site

Conclusion

A 4

Cost in solid waste

disposal and

landfilling

Cost
» Evaluation of

SWM

Values of

salable/recyclable
materials

Figure 3.5 Methodology Diagram for the BCA
3.4.2 Analysis of Solid Wastes

Samples were taken from all areas of AIT campusiyan the dry season. Four samples
were collected every day, due to the detailed nu=sthof analysis carried out. The

procedure for sampling of solid waste is shown ppéndix A.1. All procedures were

followed according to the methods of analysis dtise stated by the American Public
Works Association, 1970.

(a) Physical Components

Physical components are divided into three categoril) combustibles, 2) non-
combustibles and 3) miscellaneous. Appendix A.3wshahe definition of these
components. The procedure for physical classificatdf solid waste is presented in
Appendix A.2. The weight percentages of the physa@amponents mentioned in the
Appendices were then calculated.
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Total Solid Waste

Solid waste

- Analysis of solid waste
segregation

characteristics

Recyclable waste Landfilled waste 1. Moisture content

2. Ash content
3. Combustible content

1. Paper - -
2. Cardboard Organic Inorganic
3. Aluminium can waste waste
4. Plastic

5. Glass

Household was

Yard wast

Figure 3.6 Proceduresfor Segregation and Analysis of Solid Waste

(b) Bulk Density Measurement

The measurement for bulk density was carried oulirthe areas of AIT campus. All
samples were weighed soon after collection. Theqatores are outlined in Appendix A.4.

(c) Moisture Content, Ash and Combustible Contents

Moisture content of unclassified (whole) sampldso(& 70 g) was measured by keeping it
in a constant temperature oven (d0puntil a constant weight was attained. The dried
sample after analyzing for the moisture content luasit by flaming in the flame hood to
analyze the ash and combustible contents. The guoeés given in Appendix A.6.

(d) Chemical Elementsand Calorific Value Analysis

The combustible portion of the solid wastes wadyaea for carbon, hydrogen, nitrogen,
sulphur, chlorine and oxygen. The chart of the dnhahanalysis is given in Appendix A.8.
The methods for chemical analysis are presentégpendix A.5.

For the purpose of studying the characteristicsotifl waste and to review the options for
solid waste recycling and reuse, the data collestad analyzed by simple statistical
methods and described through tables, figures, dowates, schematic diagrams and
photographs, etc.
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3.5 Solid Waste Audit Study on AIT using a Mass Balance Diagram

3.5.1 Mass Balance

A mass balance or material balance is based ofutidamental law of conservation of
mass: “Mass is neither created nor destroyed”. hahoglous (1993) showed that the only
way to determine the generation and movement otmahtwastes with any degree of
reliability is to perform a detailed materials bata analysis for each generation source.
The approach to be followed in the preparation wiagerial balance analysis is as follows:

» First, draw a system boundary around the unit tatbdied (see Figure 3.7). The
proper selection of the system boundary is impott@cause, in many situations, it
will be possible to simplify the mass balance cotapans.

» Second, identify all the activities that cross ocur within the boundary and effect
the generation of waste.

» Third, identify the rate of waste generation asstec with each of these activities.

» Fourth, using appropriate mathematical relatiorshigetermine the quantity of
waste generated, collected and stored.

The material balance can be formulated in a geneved statement:

Rate of Rate of flow of  Rate of flow of Rate of genevatof
accumulation of = material into the -aterial out of the + waste material within
material within the system system boundary the system boundary
system boundary boundary

A general formula for the material balance in timeptified word statement is as follows:

Accumulation = Inflow — Outflow + Generation

Outflow (evaporation)

Stored materials | oytfiow (materials)

Inflow (materialsy— (raw mat_erials, products
( solid waste)

L » Outflow (product)

Outflow

(solid waste, solids in wastewater)

System Boundary

Figure 3.7 Definition Sketch for Material Balance Analysis used to Deter mine Waste
Generation Rates
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A material balance may be defined as a precise atmafuthe inputs and outputs of an
operation. It describes a procedure for the catlacand arrangement of input and output
data. The procedure can be applied to derive theerrabbalance of the processes/unit
operations in the recycling activities at AIT. FiguB.8 illustrates a set of components that
need to be quantified to derive a material balan@waste recycling facility. It notes that
infrequent outputs may be as significant as cootiswdaily discharges.

Raw materials——

—

Plant process or Unit Product

Operation
R ——* By-product

Recycle

Figure 3.8 Typical Components of a M ass Balance of a Typical Recycling Facility

»  Solid Waste

The mass balance for AIT campus was performed by:
» Determining the total amount of recyclable and necyclable wastes.

» Determining the total amount of wastes generateth fAIT.
» Determining the amount of products and by-prodobtained from the wastes.
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Chapter 4
Results and Discussions
4.1 Solid Waste Audits
4.1.1 Solid Waste Compositions

Domestic wastes are generated mostly from the studermitories and staff quarters,
which are mainly organic in nature. Office wastes those mainly generated from office
buildings like the administrative buildings, depaental buildings, AITCC, which are
mainly inorganic in nature. AIT generates about % of domestic wastes annually. The
volume of solid wastes produced annually remainstant and there is a slight variation
in the annual waste generation during the sembstaks, i.e., during December and June-
July. Figure 4.1 below shows the monthly variatiéisolid wastes generated in AIT.

58.5 ~
58 -
57.5

57 A

Amount of solid waste
generated (ton/month)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
‘06 '06 '06 '06 '06 '06 '06 '06 '06 '06 '06 ‘06
Month

Figure4.1 Monthly Variationsin the Solid Waste Generation at AIT (The
Department of Infrastructure of AIT, 2006)

The amount of waste generated per capita was dbbukg/day on an average, but the
wastes generated per capita cannot be determirzatlyekecause sometimes a person will
be away from AIT during the semester break and sioms the consumption of resources
can be almost negligible at times. Only in dorméss and student villages with cooking
facilities, can there be a constant generationrgémic wastes. The total amount of organic
wastes generated in AIT is found to be around 1K#@ay and that of inorganic wastes is
760 kg/day.

The Department of Infrastructure of AIT (2006) ethtthat the amount of yard wastes
generated in AIT is about 54 kg/day, which meansoitstitutes about 3% of total solid
waste in AIT. The yard wastes in AIT are generalynposted inside AIT itself. The
Department of Infrastructure of AIT (2006) statldtt28 tons of recyclable solid waste is
generated per year. This is 4% of the recyclalid saste in AIT, which means that 93%
of solid waste in AIT is sent to the landfill. Figu4.2 below shows the distribution of solid
wastes composted, recycled and disposed of iratidfill.
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Recycling Comp;)sting
4% 3%

Landfilling
93%

Figure 4.2 Per centage Composition of the Treatment M ethods of Solid Wasteat AIT
(The Department of Infrastructure of Al T, 2006)

4.1.2 Recyclable Solid Wastes

The major recyclable wastes include items suchapemp foam, cans and plastic bags,
which, often come from packaging material. It his® deen observed that many people eat
ready-made and take-home foods. The recyclable ewaate often dirty due to a
combination of various kinds of solid wastes intedin. In this case, scavengers do not
want to collect these wastes, therefore, they dspbem into the landfill. This is the
reason behind the high amount of wastes sent tattuill.

The composition of recyclable wastes is shown iguFé 4.3. Every month, scavengers
earn about 15,100 baht from the sales in recydfrgplid wastes. It has been reported that
0.2% of the food wastes generated by the cafetamasthe AITCC is sold to vendors
outside AIT as animal feed.

The remaining 3.8% is sold to industries, whichseeand recycle these solid wastes. The
Solid Waste Recycling Bank located behind the fabtlield and near the Student Village
Il holds 93% of the solid waste in AIT, which isentually disposed in the Tha Kong
Municipality landfill. The scavengers collect thecyclable wastes and the municipal
authorities send a truck to transport the solidtesa® the landfill weekly every Friday.

Bottles are the highest in the recyclable wastesstrof them are drinking water bottles
and the selling price of recycled bottles is alke highest amongst all the recyclable
wastes (see Table 4.1). In AIT, 89% of the papegeiserated from the offices: printed
paper, copied paper, most of which are reusable.ahfount of cardboard may be large on
a few occasions when some office equipments or ctenp are bought. Glasses and cans
are normally less compared to the amount of theegations, which are usually generated
from residential areas. Paper usually forms theompgrtion of the solid waste. Waste
paper can be properly collected and sent to theclked paper industry.

4.1.3 Solid Waste Audits at Different L ocations of AIT
Sources of solid waste generation have been divided5 categories such as AITCC,

student areas, staff areas, offices (includingAiE Community School) and cafeterias,
including other eating areas. The details of tHal swaste are explained in Table 4.3. The
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major wastes are generated from the domestic ambésh comprises of 54.7% of the total
solid waste generation. 60% of the solid wastelih i& organic in nature and 18.4% of the
total waste generated from office is inorganic &bune, which is mostly sent for recycling.

Cans + Glass

Plastic 1%
10%

Cardboard
13%

75%

Figure 4.3 Per centage Composition of Recyclable Wastesat AIT (Modified from
Soulalay, 2006)

There are a total of 68 rooms in each student dorynand staff quarter, and each student
dormitory & staff quarter generates about 20 kg/d&ysolid wastes. The average solid

waste generation from student dormitories and sfaéfrters is 0.3 kg per day per capita.
The inorganic component of the solid wastes froenstudent dormitories is as high as 195
kg/day, due to the purchasing of ready-made foods) fthe mini-marts, high usage of

paper, plastics, printer cartridges, etc.

Table 4.1 Typesand Prices of Recyclablesat AIT

Type Average Price
(baht/kg)

White/Black Paper (less than 50 kg) 6.00
White/Black Paper (more than 50 kg) 7.00
Cardboard (less than 50 kg) 3.50
Cardboard (more than 50 kg) 4.00
Transparent Plastic Bottles (less than 50 kg) 13.00
Transparent Plastic Bottles (more than 50 kg) 14.00
Coloured Plastic Bottles (less than 50 kg) 17.00
Coloured Plastic Bottles (more than 50 kg) 17.00
Glass Bottles (less than 50 kg) 1.00
Glass Bottles (more than 50 kg) 1.50
Plastic Bags 8.00
Plastic Cups 10.00
Mixed Paper Pieces (less than 50 kg) 1.50
Mixed Paper Pieces (more than 50 kQ) 2.00
Newspapers 4.00
Aluminium Cans (coke cans) 45.00
Aluminium Cans (coffee cans) 30.00
Steel (except stainless steel) 3.00

Sour ce: The Department of Infrastructure of AIT, 2006
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The academic buildings comprises of the faculty amdff offices, seminar halls,
classrooms, computer labs, departmental labs amj@gbroffices. It is estimated that the
average number of people working in these académiildings each day is around 450.
There are 4 academic buildings which comprise oflexstits from the 4 schools: SOM,
SET, SCE and SERD.

The administrative building houses the registrye fmance department, the GRO, the
Department of Infrastructure, Siam Commercial Bankl the post office. There are 500
staff members and workmen in total, currently wogkin the administrative buildings of

AIT. The total amount of solid waste generatedhi& offices is about 350 kg/day, which
makes the average solid waste generated in offisest 0.15 kg per day per capita.

Table 4.2 Total Amount and Sales of Recyclable Wastesat AIT

No. Items Amount of Recyclable Wastes
(kg/month) (Salesymonth in
baht)
1 | Newspapers 95 380
2 | Cardboard 300 1,200
3 | Plastics 235 3,400
4 | Black/White Paper 1,260 8,800
5 | Mixed Paper Pieces 400 800
6 | Cans 10 420
7 | Steel 27 80
8 | Glass 13 20
Total 2,340 15,100

Sour ce: Modified from Soulalay, 2006

In AIT, 50% of the solid waste generated from theffices is paper. Drinking water

bottles, soft drink bottles, glass, cans and caadbé&orm the remaining part of the wastes.
Cardboards generally originate from packaging etwbnic devices such as computers,
printers, scanners, hand phones, etc. All the \saate inorganic in nature and recyclable
wastes such as foam, paper, plastic bags, tissiulkshottles, paper cups, etc., are present.

Table 4.3 Per centage Composition of Solid Waste at AIT

No. Items Total Garbage Total Solid | Composition of
(kg/day) Waste Solid Waste
Organic | Inorganic (kg/day) (%)
1 | AITCC 80 20 100 5.3
2 | Offices 40 310 350 18.4
3 | Staff Areas 310 175 485 25.5
4 | Student Areas 360 195 555 29.2
5 | Cafeteria + other vendors 350 60 410 21.6
Total 1,140 760 1,900 100
% by weight 60% 40% 100%

Sour ce: Modified from Soulalay, 2006
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4.1.4 Waste Recycling Facilitiesat AIT

AIT currently has a waste recycling bank (Figuré) 4vhere all the solid wastes of AIT are
collected and the recyclable items are sorted 8ome of the collection crew, the
sweepers, clean the rooms and collect plastic balgstic bottles, glass bottles, waste
paper according to the convenience of the tendatsng in the dormitories and quarters.

The remaining part of the wastes are sent to tinefily located in the Tha Kong
Municipality.

Figure 4.4 Waste Recycling Bank at AIT

Open dumps (Figure 4.5) have been observed artien8@M building, which is of grave

concern to the people who visit the area. Therestdents conducting research work from
the Food and Bioprocess Technology, Aquaculturejciijural Science and Engineering
Programmes of SERD and the Department of Water reeging and Management

Programme of SCE. These open dumps represent it wastes that cannot be

accommodated in the Waste Recycling Bank.

2

Figure 4.5 Open Dump Site Found in AIT Behind the SOM Building
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It is of serious concern, especially during th@yaeason and the early mornings when the
moisture content of these wastes increases. Asudt re&f which the chemical substances
from these wastes leach into the soil. This carezlverse effects on the crops around the
area, as well as render the soil infertile.

4.1.5 Mass Balance for Solid Waste Generation and Recycling Activitiesin AIT

The Department of Infrastructure of AIT (2006) reed that 19 kg/day of manure was
obtained from composting of yard wastes, the amotitH, and CQ from the landfill in
the Tha Kong Municipality was estimated at 13 kg/dad 30 kg/day respectively, and
that the amount of CHand CQ generated from the composting plant in AIT wasfibto
be 8 kg/day and 11 kg/day respectively. Based enflibw chart of the solid waste
generation and the recycling activities within andside AIT illustrated in Figure 4.6, the
mass balance of the entire system can be performed.

According to the data conducted in the solid wasigit, we assume the set of variables as:

W+ = Total amount of solid wastes generated per Kgidéy) = 1900 kg/day

R = Solid wastes per day sent to recycling indesttkg/day) = 72 kg/day

C = Solid waste sent for composting in AIT (kg/day}4 kg/day

P = Solid By-product in composting of solid wasteg/day) = 19 kg/day (manure)
P: = Gaseous By-product in composting plant in Alg/¢lay) = 19 kg/day (CO+ CHy)

P = Gaseous By-product in landfilling of solid wastas the Tha Kong Municipality
(kg/day)
= 43 kg/day (C@+ CHy)
F = Amount of solid waste sold as animal feed (&gjd= 4 kg/day
W, = Amount of solid wastes discharged to the lahd/day)

To crosscheck the obtained data, the mass balandkef solid wastes was established. If
all the obtained data are correct and all the wdland outflows are accounted for, the
input should be equal to outputs, in this case:

Input = Wr + R = (1900 + 72) kg/day = 1972 kg/day
Output=R+C+P+P-R+F+W=(72+54 + 19 + 19 + 43 + 4 +)kg/day
= (211 + [y kg/day
So, the mass balance can be implemented as follows:
Input = Output
1972 kg/day = (211 + YVkg/day
Therefore, W= 1761 kg/day, which is close to the practicalueabf 1771 kg/day of
wastes which is disposed into the Tha Kong Munidiypdandfill. Figure 4.7 illustrates

the mass balance for total solid waste generatichlT. The value Wis proof of the fact
that about 93% of the total solid waste generatedlT is disposed into the landfill.
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—— > Composted Waste (C)
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Solid Waste
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> Lailigdd Waste (W)

Figure 4.6 Solid Waste Gener ation and Disposal Component for Mass Balanceat AIT

» C =54 kg/day

— P =19 kg/day
Wr=1900 kg/day — | Solid Waste

Disposal [  P=19 kg/day
around AIT
————— > B 43 kg/day

A\ 4

Recycle
— > F =4kg/day

R =72 kg/day > W= 1761 kg/day

Figure 4.7 Result of Mass Balance for Solid Waste Generation and Disposal
Component of AIT

4.2 Characteristics of Solid Wastes During the Study Period

One of the key problems of discussion of solid wa$taracteristics is related to the points
of measurement. It was difficult to characterize iource of the waste bins in AIT due to
the fact that they were in scattered locations @uld not be classified under a specific
location. For example, waste bins were locatedeinvben the academic buildings and the
administrative buildings.
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The other problem was the moisture content presenhe solid wastes in particular
sections of AIT due to plastic covers in the wdstes being wet. For example, waste bins
found in the academic and administrative buildihgd high moisture contents due to the
fact that plastic cups with iced tea/coffee and alse to other solid food wastes present at
the time of physical and chemical analysis of thielsvastes.

The physical and chemical characteristics of selates analyzed from all the locations
are presented in graphical form in Appendix B dier40-day period.

4.2.1 Physical Components

Components that typically make up most of the mipaicsolid wastes are: food wastes,
paper, cardboard, plastics, textiles, rubber, Eatprden trimmings, wood, glass, tin cans,
non-ferrous metals, dirt, ashes, bricks, etc.

On the basis of physical components, the compaosidfofood wastes was highest among
all the combustible components, with an average9o8%. Plastics and paper ranked next
(25.1% and 5.4% respectively). Leather and rublaeran overall average of 1.9%, while

that of textiles was 1.6%. The least among the amtibles were grass and wood with an
average composition of 0.15%. Overall, the combiesi comprised 88.5% of the total

solid waste on a wet basis. The physical charatiesiof the five samples are presented in
Table 4.4.

Table 4.4 Physical Characteristics of Solid Waste

Component First Second Third Fourth Fifth
(weight % in wet Sampling | Sampling | Sampling | Sampling | Sampling
basis) Period Period Period Period Period
1. Combustibles 93.9 93.7 94.6 93.6 93.8
Paper 4.5 4.8 6.0 5.3 6.2
Textiles 1.5 1.2 1.9 1.8 1.5
Grass & Wood - 0.1 0.2 0.2 0.1
Leather & Rubber 2.0 25 2.8 1.2 1.2
Plastics 23.6 24.8 24.5 26.7 26.0
Food Wastes 62.3 60.3 59.2 58.4 58.8
2. Non-combustibles 3.65 3.4 34 3.5 3.5
Ferrous Metals 0.4 0.25 0.2 0.5 0.4
Non-ferrous Metals 0.35 0.15 0.2 0.3 0.2
Glass 2.9 3.0 3.0 2.7 2.8
Ceramics - - - - 0.1
3. Miscellaneous 1.8 2.1 1.5 2.1 1.9
4. Packaging Wastes 0.65 0.8 0.5 0.8 0.8
5. Total 100 100 100 100 100
6. Bulk Density (kg/m) 344 375 281 328 375

The metallic content (ferrous) of the solid waste&IT was found to be 0.35%, while the
non-ferrous materials were 0.25%. Glass had thehelsigin terms of percentage
composition of non-combustibles of about 2.9%, atieramics was found in negligible
guantities. The non-combustibles comprised 3.5%hef total solid waste in AIT. The
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miscellaneous materials in the municipal refuseesgnted 1.9% of the total solid waste in
AlT.

The change in the percentage of food wastes overviieeks was due to the fact that
during the first week it had rained slightly. Dugirthis period there was a partial

degradation of vegetables and fruits and the m@istantent of some of the samples were
significantly high. However, during the secondrdhifourth and fifth week, the weather

was relatively dry and a lesser amount of misceltars components had been classified
because vegetable/fruit skins and peelings couleblsdy identified and sorted manually.

There was a high amount of plastic cups found énfie mixed samples, which represents
about 23.4% of the solid wastes in AIT. The avelagi& density of the solid wastes of the
five mixed samples was found to be about 341 Rgfinhad also been found after
measuring the five samples for physical compont#asaround 0.7% of the wastes have
been found to packaging wastes such as beveragmsachips packages, etc. The average
composition of wastes in AIT is as shown in theurig4.8.

There will not be any significant changes in thest@acomposition during the next five
years in AlT. Although paper and plastic conteniis mcrease in the future, it is expected
that the amount of these wastes will not changehnurdess a recycling programme is
inculcated in AIT. To reduce wastes in AIT, theesho be major changes in the markets
in Thailand and the Governments have to introdudagent laws in order to carry out
recycling programmes efficiently.

4.2.2 Chemical Composition

The average chemical characteristics of the sodidgtevare presented in Tables 4.5 (a) and
4.5 (b). The moisture content in the waste recgcliank, student dormitories, student
villages, staff quarters and the cafeterias wasidoto be higher because of the higher
amount of organic wastes found. In the AITCC, acsideand administrative buildings, the
moisture content was slightly high because of aidbod wastes were present. Generally,
there is a high amount of paper, glass and plasigtes found in these areas. In the open
dumps, however, the moisture content was foundetcslightly lower than that of the
AITCC, because there were mainly inorganic wastesgnt there such as paper, plastics,
grass and wood, ferrous and non-ferrous metals.

The ash content is generally an indicator of the@wm of organic wastes present in the

wastes. In the student dormitories, student vibaged cafeterias, the ash content is
generally found to be low because of a large amofifdod and organic wastes generated.
In the AITCC and the open dumps there is a higmeoumt of paper, glass and plastic

wastes generated. In typical municipal solid wadtes ash content is generally around 5-
10% for organic wastes. Inorganic wastes genehallye an ash content as high as 20-30%.
(Tchobanoglous, 1993)

The ash content is also an indicator of how goedqtinality of the solid wastes is for use as
fuels. In this case, however, the wastes that badakh content, had a high calorific value
than those with a higher ash content, as the wastsent in the above mentioned area
were not purely organic wastes. The food wastes wexed with different kinds of wastes
such as paper and plastics. Hence, the calorifieevaf these wastes was much higher than
those with mainly inorganic wastes. The wastes withigher nitrogen and lower oxygen

S7



content were also found to have a high calorifitu@a due to the high amount of
nitrogenous products, methane, carbon dioxide gddblyen sulphide generated.
The most critical environmental factor for compogtis the carbon-to-nitrogen ratio (C/N

ratio). The optimum range for most organic wastefam 20 to 25 to 1. Sewage sludge
has a low C/N ratio, whereas yard wastes suchaa®$e and newspapers have relatively
high C/N ratios. In general, all of the organiaogien present in most organic compounds
will become available, whereas not all of the orgacarbon will be biodegradable.

(Tchobanoglous, 1993)

Table 4.5 (a) Chemical Characteristics of Solid Waste

Chemical Composition Student Student Waste | Cafeteria/Minimart
(weight % in dry basis) | Dormitories | Villages | Recycling Areas
Bank
Moisture Content 73.87 80.29 77.43 75.69
Ash Content 9.48 7.22 8.67 9.71
Combustible Content 16.65 12.49 13.90 14.60
Total 100.00 100.00 100.00 100.00
Chemical Element| C 22.48 22.76 22.62 22.61
Composition of H 8.99 9.10 9.05 9.04
Solid N 12.49 14.76 14.26 13.74
Waste O 11.34 8.82 9.91 10.74
S 1.99 2.02 2.02 2.00
Cl 0.47 0.52 0.61 0.47
Total 57.76 57.98 58.47 58.60
Gross  Calorific  Value 16.90 17.68 18.84 16.04
(MJ/KkQ)
Table 4.5 (b) Chemical Characteristics of Solid Waste (Contd.)
Chemical Composition | AITCC Staff Academic | Administrative | Open
(weight % in dry basis) Quarters | Buildings Buildings Dumps
Moisture Content 62.91 77.72 60.84 48.39 58.07
Ash Content 15.64 8.51 16.04 19.72 19.24
Combustible Content 21.45 13.77 23.12 31.89 22.69
Total 100.00 100.00 100.00 100.00 100.00
Chemical C 22.41 22.59 22.33 22.29 22.58
Element H 8.96 9.03 8.93 8.92 9.00
Composition of N 11.28 13.56 10.50 8.75 10.59
Solid Waste O 15.09 9.82 16.36 19.96 16.33
S 1.98 2.00 1.97 1.96 1.96
Cl 0.39 0.49 0.41 0.38 0.44
Total 60.11 57.49 60.50 62.26 60.90
Gross Calorific Value 15.81 16.65 17.05 14.35 14.23
(MJ/kg)

The C/N computed on the basis of total weights afbon and nitrogen can be quite
misleading depending on the particular waste natezspecially in those cases where all
of the available nitrogen is biodegradable, butyoal portion of organic carbon is
biodegradable (e.g., lignin in waste paper). Assignthat all of the nitrogen is available,
the C/N ratio for the organic fraction of MSW caary from about 34 to 60 depending on
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whether it is assumed that the available carbompaiially or totally biodegradable.
(Tchobanoglous, 1993)

Blending of a waste high in nitrogen (e.g., newsprwith a waste that is high in nitrogen
(e.g., yard wastes) is used to achieve optimumr@iids for composting. The other design
factor that may affect the blending of organic fiat of municipal solid waste for

composting is moisture content. The optimum moetontent for aerobic composting is
in the range of 50-60%. Moisture can be adjustedblending of components or by
addition of water. When the moisture content of post falls below 40%, the rate of
composting will be slowed. (Tchobanoglous, 1993)

Manure or sludge from wastewater treatment plaats loe blended to provide a near
optimum C/N ratio, if the organic fraction of MSV@rtains significant amounts of paper
or other substances rich in carbon. Materials teband too dry for good composting can
be blended in proper proportion to achieve an amtinvalue of moisture content. Seeding
involves the addition of a volume of microbial eut sufficiently large to effect the
decomposition of the receiving material at a fastéz. (Tchobanoglous, 1993)

The average C/N ratio of solid waste at AIT is @tih84. The C/N ratio of the solid waste
samples from the open dumps was found to be 2.h8revmost of the solid wastes were
gardening wastes. This indicates that the solidtevas not suitable to be used in
composting, and hence cannot be used as a natutiizér like manure. It could be used
in composting after seeding, however, it maybe egpe to compost large amount of
solid wastes with microbial cultures. This is doethe fact that sewage sludge has to be
acquired from the Thammasat Wastewater Treatmemit,”And nutrient medium like agar
has to be bought and added to the sludge and miitedhe solid wastes.

According to the European Commission (2003), if $béd waste has a calorific value of

15 MJ/kg or more, it is highly recommended for aserefuse-derived fuel (RDF). The

results show that the solid wastes from the studemmitories, student villages, staff

quarters and the cafeteria areas have the high&sific value, moisture content, carbon

and nitrogen. This shows that the solid wastes flioese areas in the AIT campus are of
great value in the manufacture of RDF.

Gases found in landfills include ammonia (iHcarbon dioxide (Cg), carbon monoxide
(CO), hydrogen (B, hydrogen sulphide (#$), methane (Ch), nitrogen (N), and oxygen
(O2). Methane and carbon dioxide are the principakggsroduced from the anaerobic
decomposition of the biodegradable organic wastepoments in MSW. When methane is
present in air in concentrations between 5 and 10%,explosive. Because only limited
amounts of oxygen are present in a landfill whemhauee concentrations reach this critical
level, there is little danger that the landfill inixplode. However, methane mixtures in the
explosive range can form if landfill gas migrate8-site and mixes with the air.
(Tchobanoglous, 1993)

The hydrogen and oxygen content of the solid wasfdT was found to be very high. The
hydrogen content was found to be 9% and the oxygement was found to be 13.35%.
These values are higher than the normal hydrogdnoangen concentrations in landfills
of 0.2% and 1% respectively (Tchobanoglous, 1993).
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Figure 4.8 Physical Composition of Solid Wasteat AIT

The solid waste from AIT which is sent to the lahdfan cause explosions in the landfill
due to a high hydrogen content, since the high dg@in content indicates that high
amounts of methane and hydrogen sulphide gas asemrin the solid waste. The high
oxygen content can initiate an explosion when imnes in contact with methane and
hydrogen sulphide gas, since oxygen is a combastigs and can start fires.
(Tchobanoglous, 1993)

The high sulphur content of 1.99% indicates thghramounts of hydrogen sulphide are
formed as a result of organic degradation, whishilis in a rotten smell of the solid waste.
This is caused when wastes are mostly organic tor@aand when they are kept in
anaerobic conditions for a long period of time, ethprevail in the closed garbage bins
and the plastic bags where they are stored in thst®\Recycling Bank at AIT.

According to Tchobanoglous (1993), the chlorineteon of the solid waste at AIT was
analyzed due to concern of emission of chlorinatadpounds during combustion.

4.2.3 Comparison of the Results of the Present Study with the Results of Tsai (1993)

A comparison of the physical and chemical compasitf the study conducted by Tsai
(1993) and the present study are shown in Tabledds4.7 respectively. The purpose of
the comparison was done to compare the charaateridt typical municipal solid wastes

in a city like Bangkok to that of the municipal isblvastes in AIT.

From Table 4.6, the physical components in thegmestudy vary quite considerably as
compared to the study conducted by Tsai (1993)angBok. It was found that the amount
of combustibles in AIT was much higher because bfgher amount of food wastes and
plastics generated. However, in a city like Bangkbks found that the distribution in the
composition of wastes is uniform. That can be showae to the fact that the percentage
composition of paper, textiles, grass and woodandkok is much higher as compared to
the composition of solid wastes in AIT.

6C



Table 4.6 Comparison of Physical Characteristics of Solid Waste Obtained from the
Present Study with the Results of Tsai (1993)

Physical Component Results of Results of
(weight % in wet basis) Present Tsai (1993)
Study

1. Combustibles 93.9 79.6
Paper 5.4 17.0
Textiles 1.6 4.7
Grass & Wood 0.1 7.0
Leather & Rubber 1.9 0.7
Plastics 25.1 15.2
Food Wastes 59.8 35.0

2.Non-combustibles 3.5 9.8
Ferrous Metals 0.35 2.1
Non-ferrous Metals 0.25 0.9
Glass 2.9 4.3
Ceramics - 2.5

3. Miscellaneous 1.9 10.6

4. Packaging Wastes 0.7 -

5. Total 100.0 100.0

6. Bulk Density (kg/m) 341 341

In 1993, packaging wastes were not known to bergel¢ghreat to the environment as
compared to the present day study. This study pant that the significance of these
wastes with respect to the environment, in theesémast they are more toxic and hazardous
as compared to the other wastes present in theoanvent. For a small place such as AIT,
packaging wastes and food wastes represent 0.79%2%i86 of the total solid wastes
generated in AIT. The plastic waste is quite highcampared to that of Bangkok, whose
population is much greater than that of AIT.

However, it was found that the non-combustible amdcellaneous wastes in Bangkok
were much higher than that of AIT. This is due he fact that the population in AIT is
smaller and the people use lesser amount of cafowel$, drinks and also glass bottles.
The use of plastic bottles, cups, containers agd Bavery high in AIT on the whole, due
to the fact that most of the minimarts serve fond drinks in these plastic items.

The ceramic wastes in AIT were found to be negliitlue to absence of construction
wastes being dumped with the other wastes. In Bangkowever rubble from
construction sites will be found in significantigréjer quantities in the solid waste stream.
It is obvious that the miscellaneous items in BamkgWill be more than that of AIT due to
the higher amounts of bones, shells, hair and@sidfin the solid wastes.

The bulk density of the wastes, however, was founte exactly the same in both the
studies, even though a 500 kg sample of combinextesdrom the open dump sites of On-
Nooch and Nong-Khaem located in Bangkok, was usele physical analysis of the solid
waste. In AIT, however, a 100 kg sample of combimestes was chosen from all the
locations of AIT in order to have a sufficientlyrg@ amount of solid waste for the
determination of the percentage of physical comptme
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Table 4.7 Comparison of Chemical Characteristics of Solid Waste Obtained from the

Present Study with the Results of Tsai (1993)

Chemical Composition Results of Results of
(weight % in dry basis) Present Study | Tsai (1993)
Moisture Content 68.36 56.18
Ash Content 12.69 14.69
Combustible Content 18.95 29.13
Total 100.00 100.00
Chemical Element C 22.51 15.33
Composition of Solid H 9.00 2.22
Waste N 12.21 0.51
O 13.35 10.69
S 1.99 0.09
Cl 0.46 0.29
Total 59.52 29.13
Gross Calorific Value (MJ/kg) 16.39 17.60

From the above studies, it is found that in thespné study, the moisture content is high in
the all the wastes in AIT. This is due to the fiett the plastic bags kept inside the bag are
wet because plastic cups filled with liquids susitaffee, tea and water formed as a result
of melting of ice cubes placed inside them. Theralso a lot of food wastes found from
almost all sections of AIT, since many people comsuood within the academic and
administrative buildings.

In Bangkok, however, the volume of wastes is laayet there is a lesser organic fraction
in the wastes as shown in the analysis of physmadponents by Tsai. Hence, the moisture
content is lesser in the solid wastes analyzedaingRok. These wastes had high amounts
of paper, rubber, leather, textiles, bones andngsiesa which contributed to a high ash
content in the solid wastes, and therefore, a miglierage calorific value as compared to
the wastes found in AIT.

The chemical element composition of solid wastes alao high in AIT due to the high
rate of anaerobic decomposition of the solid waktas the garbage bins from the student
dormitories, student villages, cafeterias, wastg/aking bank and the staff quarters. The
high amounts of elemental carbon, hydrogen, oxyg#rggen and sulphur show that high
amounts of carbon dioxide, methane, hydrogen sdéphnitrates, nitrites and urea are
present in the solid waste.

The elemental compositions are much greater thasetfound in Bangkok and shows that
the solid wastes in AIT have good potential in timanufacture of RDF. The only
difference lies in the fact that the C/N ratio loé tsolid waste in Bangkok was as high as 30
and is suitable for use in composting, as compéueitie solid waste in AIT which was
found unsuitable for use in composting. The hydnogentent and the oxygen content of
the solid waste at Bangkok was found to be in optmamounts, whereas, the hydrogen
and oxygen content of solid waste at AIT was fotmte very high.

The sulphur content of the solid waste at AIT wascimhigher than that of the sample

analyzed from Bangkok. The chlorine content of sbéd waste at AIT, however was a
little higher than the solid waste at Bangkok, amticates that the solid waste at AIT can
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be more hazardous due to emission of chlorinatedpoonds during combustion, in the
manufacture of RDF.

4.3 Potential for Reduction, Reuse and Recycling of Solid Waste at AIT
4.3.1 Sour ce Reduction and Segregation of Solid Wastes

It is found that there is a large use of packagadl ready-made foods on campus. This
means that there is a high use of plastic packadihgre is also a high amount of plastic
cups and packaging materials generated from theriesk cafeterias on campus.om
primary data obtained during the analysis of selaktes, it has been found the percentage
of plastic and packaging wastes was found to b&%%nd 0.7% respectively. This is a
very high amount of solid wastes generated by atitite with a small population of
3,800.

In Thailand, people are not aware of the fact gtastics cannot be easily recycled and are
not educated well in environmental ethics and mamemt. Stringent rules such as
manufacturing a smaller amount of plastic bagsardy come into play, only and only if
the Government authorities realize that plastdifigcult to recycle in general.

It is difficult to prevent the use of plastic itenms Thailand, because there are many
marketing issues related to it. For example, eiigretringent laws in AIT regarding the

use of plastic items could hamper the business affee shops, bakery shops and
minimarts, which originate from Bangkok. This wouttkan revamping the entire solid

waste management process in Thailand, and it ig poksible using the top-down

approach. The top-down approach signifies the astiaken by the higher authorities in
the Government of Thailand to improve the environtra# the Thai citizens.

Future Park in the Rangsit area in Thailand hasgem in which dry wastes are separated
from the wet wastes as shown in Figure 4.9. Inigasy, simple and cost-effective way to
segregate wastes, reduce the amount of wastesinmgatie landfill and will encourage
more recycling, and reuse of thrown away items ljkass bottles containing soft drinks,
juices, milk etc.

The word “Reduce” can also be used to describeptheess in which the load of solid
wastes on the landfill can be reduced substanti@liere can be a reduction in volume of
the wastes by purchasing items, which are companaiure and can be torn, crushed or
folded after use. This decreases the cost of taategon, by reducing the number of visits
made by the municipal authorities to the landfiltlee recycling facilities.

A good example is that of beverage cartons madexdayers of packaging. This is known

as brick packaging and is the most compact forpackaging and is packed in the form of
a tetrahedron, which is popularly known as a “fgdid. Hence, a famous worldwide food

packaging and processing company decided to ta&en#ime Tetra Pak, based on the
terminology used in the packaging of these foods.

Waste segregation is being practiced in many ase&angkok, as well as in schools and
universities such as Chulangkorn, Thammasat ancetEag Universities. The Thai

Government has taken initiatives by using differentoured waste bins for disposing
various kinds of wastes. For example, plastic bstttups are put into a yellow waste bins
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and food wastes are put into a blue waste binspapér items are put in green waste bins
as shown in the Figure 4.10.

General Wastes Recyclable Wastes

YOIROS wnsa Syaa saulonanaas

Figure 4.9 The Recycling Programme Employed in Future Park

Figure 4.10 Gar bage Bins of Different Coloursfor Different Kinds of Waste
(Visvanathan et al., 2004)

4.3.2 Opportunitiesfor the Application of 3R Principlesat AIT

Solid waste management has to be concentrated anoued the cafeteria/minimart areas

as well as the student dormitories and staff quar@ardboard paper cups that are easier
to manufacture and recycle, as compared to plasis should be used. Food products

should be bought from the shops that sell mor&éedd paper cups. Wastage of food as far
in the cafeteria areas should be avoided as faossible, which can also help to reduce

the load of wastes in the landfills and open dunijpe use of plastic spoons, plates or any
such items should also be avoided in the cafetegas as far as possible.

Plastic bags should be avoided as far as possibless a large amount of items have to be
transported. Plastic bags with single items suchc@ee cans, tetra pak cartons and
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throwing these items along with these bags shoelgmided completely. Plastic bags
should be reused again for carrying a large nurob#ems. Jute bags or carry bags owned
by individuals can be used to carry a large nundfdgtems at the groceries, shops and
minimarts as a substitute for plastic bags. Diggpsif food and organic matter in plastic
bags should be completely avoided. The use of agpgarbage bins to segregate dry and
wet wastes is a much better practice. Dry wastasisbmainly of paper, cardboard and
plastics, and wet waste generally consist of foadtes such as vegetable, fruit peels, meat
pieces and bones.

Small amounts of paper should be used, and thes spaailable on paper should also be
used as far as possible. As soon as the paperitesesue, the paper should be given to
the collection crew. Even old plastic bottles skolle given away as soon as de-
colouration of the bottle is noticed (i.e., whetransparent bottle starts looking yellowish
in colour). Plastic cups and plastic bags thatuaexl must not be thrown thoughtlessly into
the garbage bins. These items must be kept witpleamtil the collection crew come to

AIT to collect wastes and during the cleaning ofnditories, the cleaning staff from the

SAO should collect these recyclable items. They also be reused for eating, drinking
and for storing utensils in the dormitories andwtidoe given away to the collection crew
when they are rendered useless after a long pefitiche (say one year).

4.3.3 Site Selection of Recycling Facilitiesat AIT

The waste recycling bank should be located away fitte inhabitants in AIT. In this way,
the effect of the bad odour will be diluted by thimds and it is far away from the densely
populated areas of AIT. The economic and “converggmaspects should also be seriously
considered The more convenient method would bentprave the conditions of the
existing waste recycling bank. This would stilloa¥l solid wastes to be transported easily
because of its close proximity with all the pladesated at the centre of AIT. The
disadvantage of this process is that there is actamh of space in the waste-recycling
bank, which is already unable to accommodate tlge loquantities of solid wastes in AIT.

Deodourizers such as sodium or potassium carbaaatde used as minor ingredient of a
make-up formulation, but as a major one, and, optlg, when the formulation is a
powder, is combined with a significant proportiondoying agent. This provides a stock
formulation from which an extremely efficient deadizing aqueous spray composition,
particularly an aerosol spray composition can bdana

Taking all these factors into consideration, shiftithe waste recycling facility to a
different location would be better because thelifgctan be increased in size and the
environmental degradation can be reduced quiteiderably. This would enable the
administration to build a larger waste recyclingibahat would accommodate the large
amount of solid wastes generated at present.

The latter method of improving the conditions i tbxisting waste recycling bank and
applying de-odourizers would not be economicallgble. There will be no significant
improvement in the conditions around the waste aldmy bank, since there is a high rate
of organic degradation due to the heat and humiitthe surrounding atmosphere.
Application of chemicals itself can cause furthevieonmental degradation around the
area, more than what is already occurring at ptesen
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4.3.4 Provision of Awareness and Participation Programmes in Solid Waste
Management at AIT

The importance of inculcating an awareness or dted programme in SWM at AIT

lies in making the higher authorities in AIT such the faculty and staff aware of the
problems posed by solid wastes in general. This lmarachieved by holding weekly
lectures by students, staff and professors from Emeironmental Engineering and
Management Programme for all the people stayin@d\linh People should be educated
about the different types of wastes generated ih, Albw they are disposed of, which
wastes are easy and difficult to recycle and hay ttan be recycled.

The Student Union (SU) should be in contact redplaith the Faculty and Staff from the
Department of Environmental Engineering and Managenn AIT. Therefore, both the
Student Union and the Environmental Engineering Madagement Programme can work
together with The Department of Infrastructure dff Ao arrive at a solution to the
problem.

Interest, however, has to be created within AlTarding solid waste management issues.
People must understand the importance and bepéfiesycling and how it can be applied
to their daily lives, otherwise there will be a Kaof interest in participating in such
activities. In this regard, the SU should hold wge&pen forums or brain storming
sessions for the students to openly speak aboyrtdi@ems caused by the garbage in AIT.
This will create more awareness and would motiysgteple to take action and solve the
problem.

The SU should also provide incentives in orderrtcogirage student participation in these
activities. For example, the Student Union runs $in@ck Bar in AIT that serves food to
many people within AIT. The people responsible fianning the Snack Bar should be
made to realize the importance of such a programnteshould participate in it. In this

way, the people running the Snack Bar will be enaged to give the students discounts
on their meals with the help of the SU.

Participation in solid waste management programroas be initiated in AIT by
introducing institute-wide courses on Campus Ecoi8aon, which will make it very
interesting for the students in the sense thailitnet count on their grade sheet. There is
no pressure when it comes to educating studergsathy, because they will not feel that
they are memorizing information before an examoratHowever, the students, staff and
faculty in the Environmental Engineering and Mamaget Programme should lead by
example by practicing good environmental ethicsolid waste management, in order to
motivate people studying in other departments txfce the same. The students of AIT
should also be provided with assistantships tesassiEco-Sanitation projects within AIT
and in other technical institutes within and owtsidailand.

The participation programme should stress on réaluadrf wastes at the source itself.
However, it is important to segregate the differgies of wastes in different types of
bins. For example, general wastes and recyclabEewsashould be placed in different
coloured bins. This would be an important stratégycultivate interest in packaging
industries like Tetra Pak to initiate a beveraggorarecycling programme at AIT.
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4.3.5 Formalization of the Solid Waste Management System at AIT

AIT should look to privatize the solid waste cotiea system if it has to start a recycling
programme, but at the same time have a publicqgrigartnership with the Tha Kong
municipal authorities. AIT can formalize the systéy making it privatized in such a
manner in which AIT earns some money out of selthrgyrecyclables to these scavengers.
The scavengers in turn can sell these recyclablgwetrecycling firms, franchises and junk
shops. This will in turn benefit both AIT and theasengers.

As explained in Section 4.9, AIT can further prdfitt recycles an additional 44% of the
total solid waste generated which amounts to 1&12t per month. Assuming that 49%
of the solid waste in AIT is sent to the Tha Kongmtipality Landfill, the yearly cost of
landfill disposal of solid wastes from AIT would aomt to 589,040 baht. This is would
account for a yearly saving of 528,940 baht, whigla 50% reduction in the costs of
disposing the solid waste of AIT, and would be vdmgneficial to the Tha Kong
Municipality on the whole.

A cost accounting system should be implemented iy Tha Kong Municipality,
especially for AIT, to keep a record of the dispasssts of the solid wastes into the Tha
Kong Municipality Landfill. Installation of a costystem for solid waste management
system can aid the Mayor of the Tha Kong Municigalin controlling the costs and
performance of the operations, and also in planfargthe future. This would help in
decreasing the costs of solid waste disposal itetingfill as well.

4.4 Solid Waste Recycling Systemsin the Tha Kong M unicipality
4.4.1 Parties Involved in Recycling Activities

Achieving success in recycling is not the task ¢ garty, but the whole society. In AIT
and the Tha Kong Municipality, people know thatythean earn money by selling
recyclables sorted out off their discarded materi@herefore, the Tha Kong Municipality
has the important role to promote these activiassyell as the promotion of awareness of
the people.

There are three main groups of parties involvethérecycling activities in the Tha Kong
Municipality, which are (1) Formal and Informal yeting firms, (2) Communities, and (3)
The Municipality Office. The structure and intetiaat of all groups is demonstrated in
Figure 4.12.

4.4.2 Typesand Prices of Recyclables

Recyclables for trading in the Tha Kong Municipaldre divided into various types,
however, they can be grouped into six categoried,several grades of materials in each
category are given the different prices, dependmgheir quality.

These six categories of materials and their subgoates are:

1. Paper and Cardboard

» Newspaper
» White newspaper
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Brown cardboard
Coloured paper
Pound paper
Notebook paper
Computer paper

2. Glass

>
>
>

White glass
Coloured glass
Bottles

3. Ferrous Metal

>

>
>
>
>

Hard Steel
Cut Steel
Thin steel
Melted steel
Sling

4. Non-ferrous Metal (Metal Scraps)

YVVVVVVYY

Thin layer aluminium
Aluminium cans
Copper wire
Stainless steel
Brass

Aluminium work
Lead

5. Plastic

YVVVVYY

6. M

YVVVVYVYYVYYVYYVY

Prices of recyclables are varied depending on theket mechanisms, as the theory of
demand and supply, and the competition of the markiee price of the main trading
materials, however, varies according to the qualftthe materials. The materials that are
of the highest selling price are the scrap metaéstd the variation of the quality of scraps.
The material that can be sold at a very high piscaluminium, which is of the highest
guality. The prices of the recyclables are showhahle 4.8.

PET bottles

HDPE: detergent containers
Polystyrene: food packaging, insulation
Vinyl: floor cleaners

Mixed Plastics

scellaneous

Coconut meat

Coconut shell

Candles

PVC boots

Cloth rags

Electronic scraps

Used car and motorcycle batteries
Mattresses
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Table 4.8 Typesand Prices of Recyclables at the Tha Kong Municipality

Type Price Average
(baht/kQ) Price
(baht/kQ)
Newspaper 2.70-4.00 3.35
Paper and Cardboard 1.00-2.70 1.85
Glass Bottles 0.40-1.60 1.00
Aluminium cans 30.00-44.00 37.00
Plastic 3.00-4.00 3.50
PVC boots and flippers 7.00-8.00 7.50
Used car batteries 6.00-7.00 6.50
Metal scraps (Cu, Pb, Brass, etc.) 17.00-50.00 ®33.5
Crushed coconut meat 1.50-1.70 1.60
Coconut meat 3.50-4.40 3.95
Steel (except stainless steel) 1.50-5.00 3.25

Sour ce: Pichonsajja, 2002
4.4.3 Private Sectors Activities

Kebekus et al. (2000) mentioned that the recycsiagtor is strictly a private-enterprise
activity, with the recyclable materials spanningpraad spectrum from paper, cardboard
and glass (breakage and bottles) to plastic (Isotgges, bags, etc.), rubber and various
metals (iron, steel, copper, aluminium, etc.). bleeven such things as coconut meat (as
a sort of oil), mattresses, electronic scrapshalags, etc. is recycled. Thus, the recycling
sector in the Tha Kong Municipality constitutesaanplex diversity of inter-related actors
as shown in Figure 4.13. Both the municipalitied arivate recycling enterprises promote
the separation and collection of recyclables.

4.5 Organization of Waste Management Activitiesin the Tha Kong Municipality
4.5.1 Municipal Solid Waste Collection, Treatment and Disposal

(a) Waste Collection: In all the provinces in Thailand, collection trucksd their crews
collect wastes on a daily basis, once a day, ewentimes partly. Large containers are
provided in the high incidence level of wastes sashsupermarkets, hotels, schools,
hospitals, etc. The Municipality provides two typefswaste bins, which are 60 and 240
litre plastic bins. Besides, the plastic waste Ipreszided by the municipality, waste bins in
any place could be oil drums, buckets, cardboasee®oor anything else that could serve
as the same function. The collection times arestbfit in different places, in which people
have to put their bins in front of their housele scheduled collection time. There are 46
collection crews, 19 truck drivers and four typdscollection trucks are used for solid
waste collection, as shown in Table 4.9.

(b) Waste Disposal: The sanitary landfill of the Tha Kong Municipality located beside
the Tha Kong Municipal Office on Paholyothin Roadhich is about 2 kilometers from
AIT. The area of the landfill measures about 288,68. The dumping site is divided into
two phases: the first phase with an area of 7206%)@nd the second phase with an area of
80,000 M. The first phase is divided into four cells wittetarea of 124 x 143 x 2°nand

is currently in use now. The solid waste dispasat is 900 baht/ton. The cost is inclusive
of the operation and maintenance cost, land coathime cost, labour cost, construction
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cost, and other miscellaneous costs. The costthieamunicipality employed in the solid

waste management in the year 2006 is shown in

Tabe

Table 4.9 Waste Collection Vehicles at the Tha Kong Municipality

Types of Vehicles Capacity (m°) Quantity
Regular garbage trucks 10.22 2
8.76 2
Slide Loaders (Open side truck) 10.95 9
Slide Loaders (Pick-up) 3.50 4
Compactor Trucks 10.95 8

Sour ce: Pichonsajja (2002)

4.5.2 Weight and Composition of Solid Waste

The population of the Pathumthani Province in thary2006 was estimated to be about
772,000 and that of the Tha Kong Municipality waarid to be 78,600 (GeoHive, 2006).
The wastes are sent to the sanitary landfill begideTha Kong Municipal Office. The
guantity of solid wastes from 2002 to 2006 is shawiiable 4.11 and the composition of

solid wastes is shown in Figure 4.11.

Table 4.10 Cost of Solid Waste Disposal at the Tha Kong Municipality

Cost Detail Costs (Baht)
Mechanical Engineering and Maintenance

Section

Salary and Wages 2,209,240.00
Food for over-time working 446,950.00
Fuel Cost 1,766,430.00
Maintenance Cost 325,300.00
Vehicle Spares Cost 287,250.00
Disposal Cost 23,116,500.00
Total 28,151,670.00
Division of Public Health and Environment

Salary 935,520.00
Permanent Wages 2,363,320.00
Temporary Wages 6,056,355.00
Food for over-time working 635,420.00
Fuel Cost 7,357,630.00
Maintenance Cost 803,180.00
Vehicle Spares Cost 883,695.00
Total 15,957,660.00
Grand Total 44,109,330.00

Sour ce: Modified from Pichonsajja (2002)

The amount of solid waste generated in the pregeat 2006 in the landfill alone, was
found to be about 26,200 tons/year. The amounblid svaste remaining in the landfill
after waste segregation by scavengers at the lawdf found to be 25,685 tons/year. The
disposal cost of the landfill is calculated depegdupon the wastes remaining in the
landfill after all the wastes have been segregated.
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Table 4.11 Weight of Solid Waste at the Tha Kong Municipality

Y ear Average Weight (tons)
2002 24,100
2003 24,625
2004 25,150
2005 25,675
2006 26,200

Sour ce: Modified from Pichonsajja, 2002
4.6 Recycling Firms

According to the activities of the recycling firms,can be referred that both formal and
informal recycling firms act as the recyclers. Thepllect scrap materials for sorting,
processing and transport to the manufacturers. nieally, the manufacturers often state
that this business is not the recyclers’ since theyot complete the loop of turning scrap
materials into end products.

Nevertheless, they take the first step in matelisgrting from the waste stream and they
are widely visible and easier to reach from the mwomities as well. Therefore, they are
generally called “Recyclers”. The recycling firmsyband collect the recyclables from
their customers who are households, organizatimieyclists, collection crews and other
business firms from solid waste transfer statiomshsas Wangnoi. Then, they sort the
recyclables into several categories and storedfiting to the middlemen or manufacturers.

Fine Fraction
<10 mm
30%
Textiles
2.5%

Organics
43%
Metals
1.5%

Glass

0.6% Plastic

Stone
S 21%

Paper Bones 0.3%

0.4%
0.5%
Figure 4.11 Waste Composition of the Tha Kong Municipality (Pichonsajja, 2002)

The common machine in the recycling firms is theebdt is simply a bundling system in
which recyclables made from plastic, paper and lmzacd are compressed. The final
product is densely packed in a cube-shape, and tiednwith a wire. The balers are
different in each shop due to their needs. Howduend (2000), expressed that each baler
encompasses three parts: (1) feed hopper, thenduee recyclables are fed, (2) rams, the
flat surfaces which compress the materials, andoéng chamber or the compression
chamber, where bale compression takes place.

Wongpanit, the largest recycling firm in Thailar@s organized the obvious activities in
recycling within the community. Besides running thesiness, the company joins the
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community’s participation promoting programme, whitas been launched in Phitsanulok
and many provinces in Thailand, including Bangk®ke programme’s objective is to
preserve the environment and manage waste prohlertte municipality. One of the
activities in the programme is the formation okaand hand product market.

The market is arranged weekly for trading and pasaig second hand and discarded
materials. Another joint activity is training foafe handling and handling of household
reusable items. This is the direct transaction betwthe company and the Tha Kong
Municipality. Waste collection trucks transport theastes they have collected to the
company, while the Municipality engages in sellofgvarious handicrafts, produced from
the use of reusable components programme of theaayn (Chantarakiri and Vithal,
2002)

The aim of the programme is to reduce the amousblid waste by 90-95% by four steps:

1. Sorting out the valuable or recyclable wastethatsource itself. Public participation is
the best way to promote the recycling program i@ thunicipality and at AIT. Many
recycling activities are held in several commusit®ich as recycling activities in the
school by the cooperation of the school and thensonity, which is operated by the youth
in the community.

2. Allow the tricyclists to sort wastes from the Mcipality’s waste bins around the city.
The tricyclists are given the opportunity to talkeecof their environment, and at the same
time, they have the chance to do their work. Theygiven the license for waste sorting
and also they are the volunteers for environmeprtatection. The Municipality provides
them training in the sanitary waste sorting, aee{of-charge health care service for them.

3. Allow the collection crews to sort the wasteg @thile they are collecting wastes.
4. Allow the scavengers to sort the wastes outatandfill.

The Municipality cooperates with the private reayglfirms in the city for the market
mechanism in waste recycling.

4.6.1 Recycling Firms as the Formal Sector

Accordong to Pichonsajja (2002), the recycling 8rim the area of the Tha Kong
Municipality can be expressed in three categorse®iows:

1. Family business junk shops. The recycling business structure in the Pathumthan
Province is mostly run as the family business. Thiso-called due to one or more family

members, who do some or all activities in the bessn The family members that are not
the shopkeepers, who only do the managing taskeweny they weigh the goods, and

being the cashier, clerk, and accountant, or exethd workers’ task sometimes. These
establishments have been in this business attigagienerations for around 20-40 years.

2. Junk shops in the form of companies. Wongpanit Company Limited, the only one
recycling firm that is in the form of a companythe study area. It is very well known
since the twenty years of establishment and theites that it does with the communities.
However, at the first time of establishment, Wongpaan its business as the family
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business, then, it has expanded the business athpany and located some branches
around the city. After the first step of expansigvpngpanit decided to sell its franchise.

There are people from the municipality, the proeirand also other provinces who are
interested in the business by the franchise custofahe shop brand.

3. Franchisejunk shops: These types of firms use the brand Wongpanitfi®ishops are
managed by the shop-owners. They have basically biieially registered few years ago
after the expansion of the Wongpanit Company. Thag buy and sell their goods
anywhere, however, most of their goods are solthed/Nongpanit Head Plant. The shop-
owners were trained from the head plant for thehos of sorting, handling and storage
of the recyclables. The franchises are includedhsm Wongpanit Network for waste
recycling; the shop-owners, who were trained, vl asked to be trainers in other
Wongpanit training programmes.

4.6.2 Recycling Firms as the Informal Sector

Pichonsajja (2002) stated that informal recyclimm$ are in the form of unregistered junk
shops. They are small shops managed by membehe abimmunities and the recyclable
materials found there are mostly plastic, glassgapmer. The amount of recyclables are not
high, some shops sell them to the Wongpanit bramalear their area, however, some sell
them to the pick-up traders who come to buy asthece.

4.6.3 Sour ces and Quantities of Input Recyclable Materials

Generally, the recyclable materials are from hoakis) small shops, and tricyclists all

over the city. However, there are some specificreEr such as the large-scale
supermarkets, military area, and the municipaleoithg trucks. Recyclable materials from
these specific sources has their different destingt recyclables from the supermarkets
and the municipal collecting trucks are sent to\Wengpanit company, while those from

the military area are sent to the plastic and sonapal shops. Recyclable materials from
the households or the communities are presenterfdim of salable materials from the

waste banks in some communities. The market potescyclable materials are shown in
Table 4.12. In order to indicate the economic vadfiehose discarded materials, Table
4.12 shows values of them as well.

Table 4.12 Values of Recyclable Materialsin the Market

Categories Amount Average Price Net price
(tong/year) (baht/kg) (Million baht/year)

Paper and Cardboard 4,335 3.35 14.52
Glass 3,710 1.85 6.86
Non-Ferrous Metal 535 30.50 16.32
Ferrous Metal 4,040 3.25 13.13
Plastic 2,810 3.50 9.83
Total 15,430 60.66

Sour ce: Modified from Pichonsajja (2002)
Since the Wongpanit Company calculated the amotifiéroous and non-ferrous metal

together, therefore, the graph in Figure 4.14 shaasall amount of non-ferrous metal. In
spite of this, the percentage graph was carriedamshow the portion of each category
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(Figure 4.15). Ferrous and non-ferrous metals haken the highest portion in recycling
with 30%, whilst others are in nearly the sameiport

Tha Kong Municipality
Responses for MSWM in:
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* Financial Approach

* Engineering Approach

* Public Awareness Programme
* Technical Support for RWBs
* MSWM Services
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Figure 4.12 Structure and Interaction of Parties Involved in Recycling Activitiesin
the Tha Kong Municipality and AIT

74



Producers Waste Pickers » End Users
* Private - Garbage truck Recycling
households crews enterprises
* Supermarkets, »| - Scavengers _ Junk shops - Factories
stores, etc. (street/tricyclists - Wongpanit
* Industry trade, - Scavengers at the - Eranchises
construction site, lanfill - Further
etc. rocessing/
* Schools, Vendor X rpeuse °
universities
* Hospital, >
military bases
Vendor Y
| Intermediates >
| - Tricyclists (pickups) >

Figure 4.13 Schematic Diagram of the Tha Kong Recycling Sector (M odified from
Kebekuset al., 2000)

4.7 Other Informal SectorsInvolved in Recycling Activities
4.7.1 Tricyclists, Pick-up Tradersand Street Scavengers

There are around 220 tricyclists, pick-up traderd street scavengers who are registered
by the Tha Kong Municipality, and are given tramiby the Municipality in waste
separation, as well as health care service, wiscprovided by the Medical Welfare
section. However, all of the registered traderskvwas the main source of income, some of
them do it as part-time work, and some work fult¢i since they believe that the
Municipality can provide them with incentives. (Romsajja, 2002)

Their ages are around thirty to sixty five yeard ahd are educated at the school level and
for 90% of them, this work is their main sourceimdome. These traders and scavengers
start their days in the morning, they travel aldhgir routes, collect all kind of salable
materials, go to the junk shops when their tricycee full. Those who do this work for
their main source of income, sell their recyclatd@esryday, even if it fetches them a small
amount of money, since their basic needs in life fand, clothing and shelter. Most of
them sell their recyclable materials to the san@pstvery time they want to sell a solid
waste item. (Pichonsajja, 2006)

Pichonsajja (2002) stated that the average incdntieecatricyclists and the scavengers are
around 100-500 baht per day, and varies by the atrafurecyclables collected each day.
They have their own zone of buying or waste sortiing the limitations their vehicles
possess, which are manual tricycles, motor tricyeled sometimes also due to physical
exertion caused by walking long distances. On tiierohand, the pick-up traders have
more chances to buy more recyclables in their wadea, as they have the better vehicles
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and can earn more. The daily quantities of recyetabold by tricyclists, pick-up traders
and scavengers to the recycling firms in the ThadMunicipality are shown in Figures
4.16 and 4.17.

Pichonsajja (2002) found that the tricyclists andv&ngers rarely use safety equipments,
such as boots and gloves, even though some of Wesm trained by the municipal office
to use such equipments. Most of them gave the me#sat they were uncomfortable
working with these safety equipments.

Pichonsajja (2006) stated that the problems fagetidtricyclists and scavengers were:

* Unstable prices of the recyclables due to the marleehanisms.

» Decreasing of recyclables since the householdsatand sell by themselves.

» Protesting from some people in some communitiegillges because people are
afraid that they maybe thieves.

5000
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3500 -
3000 -
2500 -
2000 -
1500 A
1000 A

500 -

Weight (tons/year)

Paper and Glass Non-ferrous Ferrous Plastic
Cardboard metals metals

Categories

Figure 4.14 Quantities of Recyclables Measured at the Recycling Firmsin the Tha
Kong Municipality (Modified from Pichonsajja, 2002)
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Figure 4.15 Per centage by Weight of Recyclables Measured at the Recycling Firm in
the Tha Kong Municipality (Pichonsajja, 2002)

4.7.2 Collection Crews

For the collection crews, waste separation for cley in one way to increase their

incomes. The Wongpanit Company is the place whszecollecting trucks have to drop

the wastes for separation. This is due to the cobitween the municipality office and the
company. There is a corner at the plant for droppiastes from the trucks, the collection
crews have to separate the wastes by themselvesriNeless, the company provides the
disinfectant spraying at the separating point fier ¢ollection trucks. (Pichonsajja, 2002)

The profits from selling recyclable materials ok shared between one driver and three
crews. The trucks will collect wastes two timesay @nd earn about 800 baht per truck
from selling the materials. Different types of relaples were separated from the solid
wastes by collection crews, and the quantities west@nated on a daily basis as shown in
Table 4.13.

The quantities of recyclable materials sold on dydaasis by the tricyclists, pick-up
traders and street scavengers at the recycling firom the roadsides and from households
are shown in Figure 4.16 and Figure 4.17 respdygtivé is noticed that there is a
difference between the quantities of ferrous ana-ieorous metals. The order in the rank
of recyclable categories sorted out by the trisgslgroup and the collection crew group is
different, and the recyclables are sorted out abiogrto the value of the material.
(Pichonsajja, 2002)

4.7.3 Sanitary Landfill (SLF) Scavengers

There are about 30 registered scavengers workimgtifie Tha Kong Municipality,
however, some of them do not come for separatiowasites at the landfill. Most of the
scavengers working at the landfill were farmersnstauction labourers or street
scavengers, before becoming scavengers at thallamtiey are from the same area near
the landfill site, and work as promised to the LMdyor of the Tha Kong Municipality,
that they would separate wastes if the landfilbsated within the municipality. The first
group of scavengers has worked here since thedténe operation of the landfill. They
work mostly as family teams with 2-3 people in ante Each family earns 5,000-6,000
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baht per month, however, in the first year of opera they could earn about 10,000 baht
per month. (Pichonsajja, 2002)

The quantities of recyclables have been decreasimge the Municipality allowed the
tricyclists and the collection crew to separate wastes. Furthermore, the usage of the
compactor trucks also affects the quality of someyclables such as glass, which are
broken while compacting and hence difficult to sepa The percentage of each category
of recyclable materials sorted out at the SLF swshin Figure 4.18, while Figures 4.19
and 4.20 show the quantities of recyclables sartegcat the SLF, based on the sale of the
recyclables at one particular time (see AppendifoDdetails). The buyers will come to
buy at the landfill site once a week during the kesel. The categories and prices of the
recyclables are shown in Table 4.14. There are skim@s of recyclables that will be
separated as requested from the buyers such asacbutipcs (1 baht/kg), instant noodle
envelopes (0.1 baht/envelope), videocassettestard packaging items.

Table 4.13 Quantities of Recyclables Sorted by the Collection Crews

Categories Weight (kg)
Aluminium 468
Battery 54
Used Candles 94
Cardboard 4,240
Coconut Meat 6
Copper 40
Glass 18,956
Lead 11
Paper 17,406
Plastic 7,060
PVC Boots 196
Steel 2,918

Sour ce: Modified from Pichonsajja, 2002

The scavengers at the landfill are not allowedefmasate wastes from the supermarkets and
hospitals, as other scavengers coming in truckimerthose operations. The hygienic
condition at the landfill is not good since theseniot enough pesticide to kill the flies.
Therefore, there are a lot of flies around the ffindnd the scavengers around the landfill
are susceptible to diseases like typhoid. The sapars working in the landfill area are not
given the necessary vaccination to become resisianich diseases. (Pichonsajja, 2002)

Glass, includes red, white, and bottles, is founthige quantities after separation. At the
same time, other containers such as plastic aner gamtainers are also found to be large
quantities after separation. It can be mentioned these kinds of containers are to be
discarded by the consumers easily. The percentiagensferrous metals such as steel and
aluminium cans were found to be quite low as comgdo the ferrous metals, and were
sorted out before being discarded.
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Table 4.14 Prices of Recyclables at the Tha Kong Municipality Landfill Site

Categories Prices Remarks
White plastic bags 2.00/kg

Black plastic bags 1.00/kg

Pesticide bottles 0.80/bottle 2 bottles/kg
Red Glass 0.30/kg

White Glass 0.50/kg

M-100 bottles 0.90/kg

Fish sauce bottles

1.10/bottles

Flat liquor bottles

0.50/bottles

5 bottles/kg

Sponsor bottles

0.50/bottles

5 bottles/kg

Mixed plastic 4.00/kg
PET bottles 3.00/kg 10 bottles/kg
Drinking water bottles 8.00/kg
Pound paper 3.00/kg
Mixed paper 1.00/kg
Cardboard 2.40/kg
Aluminium cans 34.00/kg
Steel 3-3.90/kg
Copper 49.00/kg
Cable 3.00/kg
PVC Shoes 5.00/kg
Sour ce: Pichonsajja (2002)
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Figure 4.16 Quantities of Recyclables Collected at the Roadsides by Tricyclists, Pick-
up Tradersand Street Scavenger s at the Recycling Firms (M odified from

Pichonsajja, 2002)
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Nevertheless, an obvious percentage of the plhatis that seemed to be low in terms of
the overall weight of recyclables. In fact, pladiigs are the main problem in SLF, since
they are found in large quantities and the diftigitb dispose especially the shopping
plastic bags. This kind of material is not sorted delling, because there are no benefits
obtained from recycling such materials. (Pichors&]p02)

4.8 Roles of the For mal and Informal Sectors

The formal sector comprises of the registered feaydirms, who are the buyers of
recyclables in the Tha Kong Municipality. They dhe ends of the recycling pathway,
where most of the salable materials in the city sol&l. However, some part of the
materials is sold to the outsider pick-ups that theyrecyclables at the shop at the outskirts
of the municipality. Some of these formal sectasehlaunched the activities with the Tha
Kong Municipality, and the communities. It could Ibeentioned that the Wongpanit
Company, a famous recycling firm, has been theuénfting factor in the recycling
activities in the municipality. There are other fams and long-established recycling firms
that have been recognized well. (Pichonsajja, 2002)
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Figure 4.17 Quantities of Recyclables Collected at the Households by Tricyclists and
Pick-up Tradersat the Recycling Firms (Modified from Pichonsajja, 2002)

On the other hand, the unregistered recycling fiamesalso the buyers, but not the ends of
the pathway. Since their businesses are smallere soe only the purchasing points, they
sell their recyclables to the registered recyclimms and the outsider pick-up traders.
Nevertheless, these firms are located in the conitreenThey provide more chance to
people in the communities to reach the recyclirtydies. (Pichonsajja, 2002)
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Figure 4.18 Per centage by Weight of Recyclable M aterials Sorted at the SLF
(Pichonsajja, 2002)

The informal recycling parties: the tricyclists,lleation crews, pick-up traders and street
scavengers are those who collect the recyclablematt from households, shops and
organizations around the city, mostly for theirnpary source of income. They take an
important part in the recycling activities due e performance of the recyclable quantities
they collect in one year compared to the numbers fnouseholds and landfill scavengers.
Figure 4.21 shows the percentage by weight of tables collected by the groups of (1)

tricyclists, pick-up traders and street scavenfiers roadsides, (2) collection crews from

Wongpanit, (3) SLF scavengers and (4) tricyclistsgl aick-up traders from individual
households. (Pichonsajja, 2002)
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Figure 4.19 Quantities of Recyclable Materials Sorted at the SLF Based on One Time
of Selling: Large Portion (M odified from Pichonsajja, 2002)
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Figure 4.20 Quantities of Recyclable Materials Sorted at the SLF Based on One Time
of Selling: Small Portion (M odified from Pichonsajja, 2002)
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Figure 4.21 Per centage by Weight of Recyclables Collected by Formal and Informal
Parties (Modified from Pichonsajja, 2002)

The Sanitary Landfill (SLF) scavengers play theleras the final separators at the landfill
site before dumping of wastes. They recover 2.5%eftotal amount of recyclables from
the total amount of solid waste transported todhefill. However, their recyclables are in
lower amounts as compared to those collected tBr giarties. (Pichonsajja, 2002)

Figure 4.22 shows the percentage by weight of takatd non-salable materials (wastes)
that was collected from the data collection procdssing the study. The recycling
activities by the sectors have the efficiency o¥deparated salable materials from the
overall quantities of materials produced in thedgtarea. Nevertheless, the pathway of
recyclables is from landfill scavengers, househatdsws and tricyclists’ group to the junk
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shops, whereas, there is some portion of recydabigt the shops buy from other parties
such as large-scale supermarkets, organizatiodss@on. (Pichonsajja, 2002)

SLF Scavengers Households
1.1% 0.4%

Collection Crews
40.9%

Wastes
56%

Roadsides
1.6%

Figure 4.22 Per centage by Weight of Salable and Non-Salable Materialsin the Tha
Kong Municipality (Modified from Pichonsajja, 2002)

4.9 Cost Evaluation of Solid Waste Management at the Tha Kong Municipality and
AIT

The costs involved in solid waste management affttee Kong Municipality are given in
Table 4.10. However, the average solid waste manege cost is 1,720 baht/ton of
wastes. The cost excludes cost of land for thefilhside and cost of vehicles. From the
study, the total amount of salable and non-salatdéerials in the area of the Tha Kong
Municipality is shown in Table 4.15. The per capitaste generation in the Tha Kong
Municipality was found to be 1.6 kg/day.

The recycling activities can reduce 44% of solicstegafrom Tha Kong and AIT going to
the landfill. Therefore, the lifetime of the lantifvould be expanded more or less by 44%.
The higher the quantities of wastes, higher wilthee cost of management. Hence, the total
cost in solid waste management with and without#ogcling activities is shown in Table
4.16.

Table 4.15 Quantities of Salable and Non-Salable M aterials from Involved Parties

Categories Weight (ton/year)
Salable Materials
SLF Scavengers 515
Households 175
Collection Crews 18,780
Roadsides 715
Non-Salable Materials
Landfill 25,685
Total 45,870

Sour ce: Modified from Pichonsajja, 2002
As implied from the Benefit-Cost Ratio, the valuerecyclables was compared with the

cost of waste management, based on the weight eofnthterials and the wastes. The
Benefit-Cost Ratio of the recycling activities imetTha Kong Municipality was found to
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be 1.03. It could be referred that the recyclintivdiies gave the benefit in the solid waste
management system of the Tha Kong Municipality aglagned in Section 2.5.3 (see
Chapter 2).

From Table 4.2, it has been shown that the valueofclables in AIT was found to be
15,100 baht. Comparing it with the recycling cdsts downscaled population of 3,800 in
the Tha Kong Municipality, the cost of recycling sviound to be 2.84 million baht/year.
Hence, for AIT the Benefit-Cost ratio was foundb® 0.005. This value is found to be
lower that that of the Tha Kong Municipality on tiole, as the quantity of solid waste in
the Tha Kong is much higher. (See Appendix D foic@ations)

Table 4.16 Total Costs of Solid Waste Management at the Tha Kong Municipality
with and without Recycling Activities

Amount of Materials (ton/year) Cost (million baht)
With Recycling Activities: 20,185 58,809, 460.00
Without Recycling Activities: 25,685 44,109,330.00

Sour ce: Modified from Pichonsajja, 2002

There is a difference in the composition of waste$ha Kong and AIT. AIT has more
food wastes and paper wastes, but in terms ofigdagtIT is almost similar to Tha Kong.
Hence, the recycling potential in Tha Kong is betitan AIT. But AIT has a high amount
of plastic and paper wastes as found in the arsabfsphysical characteristics of the solid
wastes as explained in Section 4.2 of this Chaptence, action has to be taken to recycle
those wastes, in order to reduce the amount ofesastAlIT reaching the landfill.
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Chapter 5

Conclusions and Recommendations

5.1 Conclusions

The following conclusions can be derived from thelg:

The solid waste audit study in AIT revealed tha¥98f the solid wastes in AIT is
disposed in the Tha Kong Municipality Landfill, 486 the solid waste is recycled
and 3% of the solid waste which is gardening wastemposted.

The percentage composition of organic wastes aahamic wastes in AIT are
60% and 40% respectively. Food waste is found ibetahe highest in AIT due to
the large number of domestic quarters present.

Open dumps are present in the vicinity of the fotdi that poses an enormous
threat to the environment.

The BCA showed that there was no benefit as faeegcling activities in AT is
concerned. However, the recycling activities atTha Kong Municipality showed
benefits.

The amount of plastic wastes in AIT is 25.1% of tbtal solid waste generated,
which is quite high for a technical institute watsmall population of 3,800.
Packaging wastes constitute 0.7% of the total sebdte generated in AIT, and
hence needs to be considered seriously.

There is a lack awareness of solid waste manageprantices in AlT, and the
need for an awareness programme is strongly recowhede

The chemical analysis showed that the solid wals#D contained high amounts
of carbon and nitrogen, but due to a low C/N ratlee solid waste cannot be
composted and converted to manure.

The elemental analysis of hydrogen and oxygen stidhet the solid waste at AIT
can pose problems in the solid waste disposal tiwo Tha Kong Municipality
Landfill.

The chlorine content of the solid waste was veghtdand can prove to be a hazard
during the manufacture of RDF.

The solid waste in AIT can be used in the productidd RDF since it has an
average calorific value of 16.39 kJ/kg.

The moisture content and the sulphur content obthiel waste was as high as 68%
and 1.99% respectively, which indicates a high odterganic degradation of the
solid waste in AIT.

The study shows that scavengers earn 15,100 bahnhqeth, and AIT does not
earn any income from recycling activities.

The study showed that AIT is responsible for cdmitting to 1,117,980 baht per
year of the Tha Kong Municipality total yearly casit 44,109,330 baht in solid
waste disposal.

It is of utmost importance that a 3R programme seedbe implemented in the
near future at AIT.
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5.2 Recommendations

(a) Optionsfor Solid Waste Reduction, Reuse and Recycling at AIT

Use of paper items instead of plastic items inteaif@minimart areas.

Wastage of food should be avoided as far as pessildafeteria/minimart areas.
Plastic items should be used to a minimum extent.

Plastic items should be reused until they are nexdeseless.

Paper items should be utilized completely untilythee rendered useless.

Food should not be disposed in plastic bags.

Segregation of different types of wastes in différtypes of bins should be
practiced.

(b) Site Selection of the Waste Recycling Bank at AIT

The waste recycling bank should be merged withoieen dump behind the SOM
building.

The conditions in the existing waste recycling liacican be improved by
providing standard types of waste bins used in Alstead of plastic bags
normally used to store the wastes.

De-odourizers such as sodium or potassium carboretebe used along with
certain other amphoteric compounds.

(c) Provison of Awareness and Participation Programmes in Solid Waste
Management at AIT

Hold weekly lectures by students, staff and facuitgm the Environmental
Engineering and Management Programme for all tloplpestaying in AIT.

The SU should be in contact regularly with the adstiation of AIT.

The SU should hold weekly open forums or brainretog sessions to solve the
solid waste management problems at AIT.

Institute-wide courses should be introduced on Gamico-Sanitation for the
students at AIT.

The students of AIT should be provided with assitstiaips.

The SU should provide incentives in order to enagarstudent participation in
these activities.

(d) Formalization of the Solid Waste M anagement System at AIT

AIT should look to privatize the solid waste cotiea system by having a public-
private partnership with the authorities of the Kwang Municipality.

AIT can formalize the system by making it privatize such a manner in which
AIT earns money out of selling the recyclablesdavengers.

A cost accounting system for the solid waste mamagw system in AIT should be
implemented.
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Appendix A

Experimental Procedures
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Appendix A.1 Procedurefor Sampling of Solid Wastes
1. A crane is used to mix the incoming solid wasissde the pit from each of the two
trucks to obtain as much uniformity as possible.
2. About ¥ portion is grabbed by the crane andsteared to the side.
3. Transfer the sample to the working area.
4. Mix the collected sample to the working area.

5. Pile it into a cone shape.

Side View
6. Cut it into four equal parts.
A B

Top View
C D

7. Take two diagonal sections (A and D) and mietbgr.
8. Repeat steps 5 and 7 to make a sample of abdg.5
9. Put the sample into two plastic bags.

10. Place into a truck and deliver it to the labomnafor analysis.
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Appendix A.2 Procedur e for Physical Classification of Solid Waste

1. Spread the waste sample out on a plastic sBeesmall plastic pails and seats around
the waste.

2. Classify the waste into the following categoraesl put each category into separate
pails.

a. Paper

b. Vegetables (including meats, but excluding baretsshells)
c. Textiles

d. Wood and grass

e. Plastics

f. Leather and rubber

g. Ferrous metals

h. Non-ferrous metals

i. Glass

j. Stone and ceramics (including bones and shells)
k. Miscellaneous (over 5 mm)

I. Miscellaneous (under 5 mm).

For definition of the above categories, see AppeAds.

3. During classification, take notice of the folio points. Separate the miscellaneous
materials over 5 mm and under 5 mm by sieving. Thieing a pair of tongs, classify into
the other categories as much as possible.

4. Weigh each category and record on the data.sheet

5. For each category, mix together very well ahdecessary, cut into small pieces.

6. Remove a portion of the sample for each categodydiscard.

7. Weigh the remaining portion of each category @wdrd on a data sheet.

8. Place each category into the stainless steed &nad put them into an oven.
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Appendix A.3 Definition of the Physical Componentsin Solid Waste

Component Definition Example
I. Combustibles
1. Paper Any material and paper Paper bags, card board, tissue
paper, etc.
2. Textile Has its origin from yarn Cotton, wool, nylon, etc.
3. Garbage Waste from food stuff Vegetable refuse, fruit skin, stem

4. Grass and wood

5. Plastics

6. Leather and rubber

Any material and products ma
of wood, bamboo and straw

Any material and products ma

of plastic

Any material and products ma
of rubber or leather

of green, corn, cob, etc.

board, toy, coconut shell, etc.

etc.

d8all, shoes, purse, rubber
etc.

d€&urniture such as desk, chair, b

d&V/rapping film, plastic bag, plast
bottle, plastic hose, plastic strin

bar

ed

I1. Non-combustibles

1. Ferrous metals Any material made of iron whichTin can, wire, fence, knife, bottle
can be attracted by magnets | cover, etc.

2. Non-ferrous metals | Any material which cannot beAluminium can, foil, ware, etc.
attracted by magnets

3. Glass Any material and products mad®ottles, glassware, light bulb, etc
of glass

4. Ceramics Any non-combustibles other Bricks, tiles and pottery
than metal and glass

[11. Miscellaneous Any material, where in furtherBones, pebbles, sand, earth, hair,

classification of which g
impossible and which do n
belong to any compone
mentioned above, belong to th
class. This class is divided into
parts: > 5 mm & <5 mm.

5 etc.
Dt
Nt
is
2

94



Appendix A.4 Procedurefor Bulk Density M easur ement

1. Take the solid waste sample volume of aroundl 500

2. Load sample of waste into the container of knewiume, preferably with the capacity
of about 100 I, until lightly filled up to the caiber brim.

3. Lift the container up to about 30 cm off theoll@and drop repeatedly four times.
4. Lightly fill the displaced portion of the contair to the brim.

5. Record the combined weight of the containertaedvaste.

6. Subtract the weight of the container from thenddoown in step 5.

7. Divide by the volume of the container (in thase, 60 |) to obtain the apparent density
in kgl/l.

8. Do this twice and record the average bulk dgnsit
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Appendix A.5 Methods for Chemical Analysis of Solid Wastes

Analytical Pretreatment Quantitative Analysis I nstrument
Parameters
Carbon Combustion (C> CO), Gravimetric analysis | Elemental
adsorption 80tC analyzer
Hydrogen Combustion (H > H0), | Gravimetric analysis | Elemental
adsorption 80tC analyzer
Nitrogen Kjeldahl digestion (N=> NHs), | Volumetric analysis Elemental
then distillation (neutralization) analyzer
Sulphur Combustion (S» SO, 2 SG;), | Volumetric analysis Elemental
absorption (neutralization) analyzer
Chlorine Combustion (C> Cl, &> HCI), | Volumetric analysis
absorption (Volhard method)
Oxygen (Ignition Loss) — {(Carbon) +
(Hydrogen) + (Nitrogen) +
(Sulphur) + (Chlorine)}
pH Dissolved in water (1:5) Electrometry pH meter with

Calorific value

Moisture
content

Gravimetric Analysis

glass electrode

Bomb calorimeter
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Appendix A.6 Procedurefor Ash and Combustible contents
1. Dried sample after analyzing for moisture conterburnt by flaming in the flame hood
to reduce the volume of the sample and then isteared into a prepared porcelain dish.
2. Continue the burning of the sample in the paicetlish by placing it in the muffle
furnace at 55 for 2 hours with the door of the muffle furnadigtstly open to allow air
to enter for complete combustion.

3. Cool the porcelain dish in a desiccator and lneig

4. Calculate the volatile solids content of the gkm
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Appendix A.7 Guidance of Char acteristics Analysis

Solid Wastes

Quartering Method

A

\ 4

50 kg

Bulk Density

Hand Sorting

A

Dryer

v M \4
Combustible Non-combustible Unclassified Matters
@ over 5 mm @ below 5 mm
v v v v
Weight Weight Weight Weight
v v v v
Dried Weight Dried Weight Dried Weight Dried Weight
v v JL v

Mixing after crushing

»
>

Chemical Test

v

Testing Sample

» &
» Nl

\4 v

Bomb calorimeter

Chemical Composition

High Calorific Value
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Appendix A.8 Chart for Chemical Analysis
Sampling (after grinding)

v
Mixing (combined samplepabl100 g)

v \4

about 70 g about 30 g

v v

drying at 10%C pH
moisture content (\y

5 g organics 11gC,H 1gN 3, 1gP 1gK 1lg
Heating value
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Appendix A.9 Calculation of Chemical Composition

W3 : Moisture content (%)
W, : Moisture content of dried combustibles (%)
W3 : Moisture content of non-combustibles (%)

U; : Non-combustibles (dry weight basis) (%)
U, : Non-combustibles (wet weight basis) (%)

: Carbon content of measurement (%)

: Hydrogen content of measurement (%)
: Nitrogen content of measurement (%)

: Sulphur content of measurement (%)
cl : Chlorine content of measurement (%)

nw S5 T30

H; : Heating value of measurement (%)

1. Total moisture content
W =W, + W, x (100 — 4)/100 x (100 — W)/100 (%)

2. Total organic content
B = B; x (100 — W)/100 x (100 — /100 x (100 — W)/100 (%)

3. Total ash content
A=100- (W +B) (%) or
A =U2 x (100 — W)/100 + A x (100 — W)/100 x (100 — /100 x (100 — W)/100 (%)

4. Element content

C =c x (100 — W)/100 x (100 — /100 x (100 — W)/100 (%)
H =h x (100 — W)/100 x (100 — /100 x (100 — W)/100 (%)

N =n x (100 — W)/100 x (100 — /100 x (100 — W)/100 (%)

S =sx (100 — /100 x (100 — /100 x (100 — W/100 (%)
Cl =cl x (100 — W)/100 x (100 — /100 x (100 — W)/100 (%)
O=B-(C+H+N+S+Cl (%)

5. Heating Value
Higher Heating Value (Kcal/kg)
Ho = Hi % (100 — W)/100 x (100 — /100 x (100 — W)/100 (%)

Lower Heating Value (Kcal/kg)
u=Ho—6x(9xH+W)
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Appendix B

Physical and Chemical Characteristics of Solid Wastes
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Appendix B.1 Analysis of Moisture Content, Ash Content and Combustible Content

Moisture Content (%)
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Combustible Content (%)
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Appendix B.2 Chemical Element Composition of Solid Waste

Carbon Content (weight % in dry basis)

22.9
22.8
22.7
22.6
22.5
22.4
22.3
22.2
22.1

22

Hydrogen Content (weight % in dry basis)

9.15
9.1
9.05

8.95
8.9
8.85
8.8
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Nitrogen Content (weight % in dry basis)

Sulphur Content (weight % in dry basis)
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Oxygen Content (weight % in dry basis)

Chlorine Content (weight % in dry basis)
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Appendix B.3 Calorific Value of Solid Wastes

Calorific Value (MJ/kg)




Appendix C

Details of Recyclable Material Categoriesand Prices
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Table C1: Detail of Recyclable Materials Categories and Prices at Recycling Firms

Categories Average Unit Remarks
Price (baht)

Paper and Cardboard
Newspaper 3.03 kg
Cut paper 1.85 kg
Mixed paper 1.3 kg
Black and white paper 3.08 kg
Notebook paper 2.72 kg
Computer paper 5.00 kg
Pound paper 6.00 kg
Cement bag 1.10 kg
Cardboard 2.60 kg
Whisky box 1.50 kg
Glass
Whisky bottle (round-shape) 1.28 bottle
Whisky bottle (flat-shape) 0.49 bottle
New beer bottle 0.52 bottle 12 bottles/5.5 kg
Old beer bottle 0.47 bottle
Soy sauce bottle 0.29 bottle
Soft Drink Bottle 1.50 bottle
Lipowitan-D Bottle 1.13 bottle
Red Bull bottle 0.75 bottle
Klauster beer bottle 0.38 bottle
Old beer bottle 0.57 bottle
Fish sauce bottle 0.78 bottle
Sponsor bottle 0.84 bottle 8 bottles/kg
Big pesticide bottle 1.23 bottle
Small pesticide bottle 1.00 bottle  Some shops dduayp
White glass 0.95 kg
Red and brown glass 0.73 kg
Ferrous Metal
Thick steel 2.3 kg
Thin steel 1.13 kg
Cut steel 1.68 kg
Nail 1.78 kg
Plow steel 1.78 kg
Lathe steel 0.6 kg
Stripe steel (>5 kg) 3.5 kg
Engine steel 2.83 kg
Non-ferrous Metal
Soft drink aluminium can 33.00 kg
New rim aluminium 46.00 kg
Thick aluminium 39.00 kg
Cleaned thin aluminium 42.00 kg
Stripe aluminium 49.00 kg
Aluminium work 21.00 kg
Electronic pan aluminium 21.00 kg
Mixed aluminium 12.00 kg
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Bottle cap aluminium 18.00 kg
Medicine can aluminium 19.00 kg
Car wheel aluminium 38.00 kg
Burnt aluminium 5.50 kg
Mosquito net aluminium 5.00 kg
Non-ferrous Metal (cont’d)

Aluminium pot 31.00 kg
Thick burnt copper stripe 48.00 kg
Thin burnt copper stripe 46.00 kg
Well-separated copper stripe 55.00 kg
Thick brass 39.00 kg
Thin brass 30.00 kg
Brass lathe 28.00 kg
Soft lead 13.00 kg
Stainless steel 17.00 kg
Plastic

Mixed plastic 4.00 kg
PET drinking water bottle 8.00 kg
PET cooking oil bottle 3.50 kg
Drinking water bottle 7.00 kg
PVC boots 7.50 kg
Fish sauce plastic cap 3.50 kg
Normal saline bottle (cap cut 8.50 kg
Black cable sheet 4.00 kg
Coloured cable sheet 2.00 kg
Fertilizer bag 0.70 bag
Others

Kapok mattress 4.00 kg
Coconut meat 3.70 kg
Coconut shell 0.50 kg
Crushed coconut meat 1.70 kg
Candle 9.00 kg
Cut candle 4.00 kg
Car batteries (black) 5.90 box
Car batteries (white) 6.90 box
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Appendix D

Tha Kong Data and Table of Calculations
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Table D1: Recycling Costs Incurred by the Collection Crews at Wongpanit

Category Weight Cost of Total Cost (baht)
(kg/day) Recycling
(baht/kQ)
Aluminium 468 37.00 17,316.00
Batteries 54 6.50 351.00
Used candles 94 6.50 611.00
Cardboard 4,290 3.35 14,371.50
Coconut meat 6 3.95 23.70
Copper 40 49.00 1,960.00
Glass 18,956 1.00 18,956.00
Lead 11 13.00 143.00
Paper 17,406 3.35 58,310.00
Plastic 7,060 3.50 24,710.00
PVC boots 196 7.50 1,470.00
Steel 2,918 3.25 9,483.50
Total (per day) 51,449 147,706.00
Total (per year) 18,778,885 53,912,690.00

(1) Total Recycling Cost Incurred by the Collectiorews at Wongpanit = 53,912,690.00
baht

Table D2: Recycling Costs Incurred by Tricyclists, Pick-up Traders and Street

Scavenger s from Roadsides

Category Weight Cost of Total Cost (baht)
(kg/day) Recycling
(baht/kg)
Paper 353 3.35 1,182.55
Cardboard 254 3.35 850.90
Plastic 152 3.50 532.00
Glass 758 1.00 758.00
Ferrous metals 334 3.25 1,085.50
Non-ferrous metals 87 30.50 2,653.00
Aluminium cans 20 37.00 740.00
Total (per day) 1,958 7,802.00
Total (per year) 714,670 2,847,730.00

(2) Total Recycling Costs Incurred by TricyclisBck-up Traders and Street Scavegers
from Roadsides = 2,847,730.00 baht
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Table D3: Recycling Costs Incurred by Tricyclists and Pick-up Tradersfrom

Households
Category Weight Cost of Total Cost (baht)
(kg/day) Recycling
(baht/kg)

Paper 95 3.35 318.25
Cardboard 41 3.35 137.35
Plastic 38 3.50 133.00
Glass 156 1.00 156.00
Ferrous metals 102 3.25 331.50
Non-ferrous metals 27 30.50 823.00
Aluminium cans 16 37.00 592.00
Total (per day) 475 2,492.00
Total (per year) 173,375 909,580.00

(3) Total Recycling Cost Incurred by TricyclistsdaRick-up Traders from Households =
909,580.00 baht

Table D4: Recycling Costs Incurred by SLF Scavengersat the Tha Kong

Municipality Landfill

Category Weight Cost of Total Cost (baht)
(kg/day) Recycling
(baht/kg)
Plastic bags
White plastic bags 63 2.00 126.00
Black plastic bags 61 1.00 61.00
Glass
Pesticides bottles 10 1.60 16.00
Red glass 305 0.30 91.50
White glass 311 0.50 155.50
M-100 bottles 156 0.90 140.40
Fish sauce bottles 14 1.10 15.40
Flat liquor bottles 5 2.50 12.50
Sponsor bottles 17 2.50 42.50
Plastic
Mixed plastic 179 4.80 859.20
PET bottles 13 30.00 390.00
Drinking water bottles 22 8.00 176.00
PVC shoes 1 5.00 5.00
Paper and Cardboard
Pound paper 12 3.00 36.00
Mixed paper 158 1.00 158.00
Cardboard 16 1.00 16.00
Ferrous and Non-ferrous Metals
Aluminum cans 11 34.00 374.00

11z




Table Contd.

Steel 52 3.45 179.00
Copper 5 49.00 245.00
Total (per day) 1,411 3,122.00
Total (per year) 515,015 1,139,457.00

(4) Total Recycling Cost Incurred by SLF Scavendemn the Tha Kong Municipality
Landfill = 1,139,457.00 baht
Calculations:
(a) Overall Recycling Cost = (1) + (2) + (3) + &58,809,457.00 baht

(b) Benefit/Cost Ratio of the Tha Kong Municipality Value of Recyclables
Overall Recycling Cost

From Table 4.12, the value of recyclables in theketais 60.66 million baht

Therefore, the Benefit/Cost Ratio = 60.6dionl baht = 1.03
58.81 million baht

(c) Similarly, from Table 4.2, the value of recyles is 15,100 baht

Since, the overall recycling costs in the Tha Kdfunicipality is 58.81 million baht for an
population of 78,600, it can be calculated for pydation of 3,800 as 2.84 million baht.

Hence, the Benefit/Cost Ratio for AIT = 1DUht = 0.005
2.84 million baht
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Average population of AIT: 3,800

Need for proper disposal of thousands of tons of solid
waste/year

Aggravation of solid waste management problems at AIT

Odour problems caused by solid wastes: increase in
population of disease vectors

Site selection of waste recycling facilities also a major
problem
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Thesis Objectives

> To conduct a solid waste study in AIT using a mass balance
diagram

> To study the physical and chemical properties of solid waste
collected from the various locations in the AIT campus

~ To perform a technical feasibility study on the solid waste
management of the AIT campus

> To study the options for solid waste reduction, reuse and
recycling in the AIT campus

3/42



Scope of Work

Analysis of physical and chemical components of solid wastes
in AIT

Evaluation of wastes for recycling and reuse processes

Market potential of secondary materials from the collection
crew to traders

Mass balance of solid wastes is determined from the solid
waste audit

Improvement of existing solid waste management practices

To analyze and identify specific aspects of recycling activities
by the formal & informal sectors

4/42



>
2
-
)]
<),
R
=
)
O
-
v
=
-

5/42



Solid Waste Management Systems

The 6 functional elements are:

= Waste Generation

= Storage

= Collection

= Transfer & Transport

= Reduce, Reuse, Recycling & Recovery
= Disposal
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The 3R Concept

= Recycle

s Reduce

= The importance & benefits of the 3R concept is that
it is the most effective of solid waste management
methods!!
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‘-. Technical Feasibility Studies

Benefit-Cost Analysis (BCA) :

= What is Benefit-Cost Analysis?

= Significance in Solid Waste Management

= Significance of Benefit-Cost Ratio in Recycling Industries
= Importance to National Economy

= Application to SWOT Analysis
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Analytical Strategy

Primary Data:

Samples are taken from various locations in AIT

Physical and chemical paramaters of the solid wastes are
analyzed

Sampling is done over a period of 30 days for reliability of
data

Sampling is done at a frequency of 1 time/day from each
location

Analysis is done according to the American Public Works
Association Manual on Municipal Refuse Disposal
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Analytical Strategy

Schedule for sampling of solid wastes at AIT

Location No. of samples Frequency Total
Student Dorms (A-K) 10 1 time/day 10
Student Dorms (L-S) 10 1 time/day 10
Student Dorms (T-Y) 10 1 time/day 10
Staff Quarters 10 1 time/day 10
AIT Conference Centre 10 1 time/day 10
Student Village | 10 1 time/day 10
Student Village 10 1 time/day 10
Student Village I 10 1 time/day 10
Cafeteria Area/Mini-marts 10 1 time/day 10
Academic Buildings 10 1 time/day 10
Administrative Buildings 10 1 time/day 10
Waste Recycling Bank 10 1 time/day 10
Open Dumps 10 1 time/day 10
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Secondary Data

Data from Internet:

= Solid Wastes that can be recycled
= Cost of selling by scavengers

= The quantity of solid waste sent to the recycling stations

Tha Kong Municipality Data:

= Recycling costs at transfer station and waste recycling
facilities

= Total weight of solid wastes at transfer stations

= Segregation efficiency of AIT

= [ransportation costs
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Secondary Data Collection

Data Analysis Phase:

Calcu
& fing

Calcu

Calcu

ate representative weight of solid waste from samples
the composition

ate the total weight of the solid wastes produced
ate the total weight of recyclable & non-recyclable

wastes

Calculate the saving costs made at the Tha Kong
Municipality & transfer stations
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Solid waste parameters to be analyzed

Physical Parameters:

Parameter Analytical Method
Solid Waste Compositions | Quartering, Hand Sorting & Weighting
Method
Bulk Density Quartering & Weighting Method
Total Solid (100-Moisture Content)%
Volatile Solid Ignition at 550°C
Ash Content (total solid-volatile solid)%
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Solid Waste Parameters to be analyzed

Chemical Parameters:

Parameter to be analyzed Method of Analysis
Carbon (C) Gravimetric
Hydrogen (H) Gravimetric
Nitrogen (N) Volumetric (Neutralization)
Chlorine (CI) Volumetric (Volhard Method)
Sulphur (S) Volumetric (Neutralization)
Oxygen (O) Ignition Loss —(C+ H + N +
S+ Cl)
Moisture Content Gravimetric Analysis
Calorific Value Calorimetric
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‘ Components of a mass balance of a typical recycling facility

Raw Materials

Products

By-products

Recycle

» Solid Waste
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Results & Discussions
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Solid Waste Audit Study

Monthly variations in the solid waste generation in AIT (Dept.
of Infrastructure, AIT, 2006)

59
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Solid Waste Audit Study

Percentage Composition of Treatment Methods of Solid Waste
in AIT

Recycling Composting
4% 3%

Landfilling
93%
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Solid Waste Audit Study

Composition of Solid Wastes at AIT

600 -
500+
400+

300-
200+

100-

AITCC Staff Cafeteria
Areas + other
vendors

m Inorganic waste (kg/day)
@ Organic waste (kg/day)
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Solid Waste Audit Study

Amount of Recyclable Wastes

No. ltems Amount of Recyclable Wastes
(kg/month) (Sales/month in Baht)
1 Newspapers 95 380
2 Cardboard 300 1,200
3 Plastics 235 3,400
4 Black/White Paper 1,260 8,800
5 Mixed Paper Pieces 400 800
6 Cans 10 420
7 Steel 27 80
8 Glass 13 20
Total 2,340 15,100
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Solid Waste Audit Study

Result of the mass Balance of solid waste generation composition and disposal
component of AIT

» C = 54 kg/day
W, = 1900 kg/day P = 19 kg/day
P.= 19 kg/day
P, = 43 kg/day
> F = 4 kg/day
» W, =1761 kg/day

R = 72 kg/day g
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Results of Physical & Chemical Analysis

Physical Composition of Solid Wastes in AIT
Packaging
Leather & Non-ferrous Glass Wastes Miscellaneous
Rubber Metals 2.9% 0.7% 1.9%
1.9% 0.25%0
Paper
Ferrous Metals 5.4%
0.35%0
Plastics Food W astes
25.1% 59.8%
Textiles Grass & Wood
1.6% 0.1%
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Physical Analysis of Solid Wastes

Analysis of Moisture Content

Moisture Content (%)
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Physical Analysis of Solid Wastes
Analysis of Ash Content

Ash Content (%)
26/42
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Physical Analysis of Solid Wastes

Analysis of Combustible Content

Combustible Content (%)




Chemical Analysis of Solid Wastes

Elemental Analysis of Carbon

Carbon Content (weight % in dry basis)
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Chemical Analysis of Solid Wastes

Elemental Analysis of Hydrogen
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Chemical Analysis of Solid Wastes

Elemental Analysis of Nitrogen

Nitrogen Content (weight % in dry basis)
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Chemical Analysis of Solid Wastes

Elemental Analysis of Oxygen
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Chemical Analysis of Solid Wastes

Elemental Analysis of Sulphur

Sulphur Content (weight % in dry basis)
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Chemical Analysis of Solid Wastes

Elemental Analysis of Chlorine

Chlorine Content (weight % in dry basis)
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Chemical Analysis of Solid Wastes

Calorific Value of Solid Waste

Calorific Value (MJ/kg)
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Potential for Application of 3R Principles

Opportunities in Application of 3R Principles:

Use of cardboard paper cups instead of plastic cups
Avoid throwing food and organic wastes into plastic bags
Use less paper and utilize paper to maximum

Plastic cups and bags should be reused until rendered
useless

Plastic bags should be used to a minimum extent
Avoid food wastage as far as possible

Avoid use of plastic spoons, plates in cafeteria areas as far
as possible
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Sustainable Development

How can we make this more Sustainable???
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Future Park: Leading By Example

Waste Segregation Systems
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Results of BCA

Important Aspects:
= Tha Kong Municipality showed benefits in recycling activities
= AIT showed no benefits in recycling activities

= High amount of food wastes resulted in large solid waste
disposal costs at AIT

= Lack of awareness at AIT in disposal of plastic wastes

= Provision of Awareness and Participation Programmes most
necessary for AIT
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Conclusions and Recommendations
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Conclusions

o AIT Solid Waste : 93% Disposed; 4% Recycled; 3%
Composted

e AIT Solid Waste : 60% Organic; 40% Inorganic

e Solid waste can be used as RDF

e Solid waste cannot be used as fertilizers

e AIT does not earn any income from recycling activities
* Tha Kong benefits from recycling activities

* Organic degradation is high due to high moisture content
* Solid waste not safe to be disposed in landfill

* Plastic waste is as high as 25.1%

» Packaging waste is about 0.7%

e An awareness programme is highly essential at AIT
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Recommendations

= 3R options to be considered at AIT
= Site Selection of Recycling Facilities
= Awareness and Participation Programmes necessary

= Formalization of Solid Waste Management Systems
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Thank You for Your Kind Attention!!
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