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ABSTRACT

This study describes a methodology for economic analysis of alternatives of recycling
Expanded Polystyrene in scraps of fast-food foam processing and wastes of fast-food foam by
buying to recycle in pellets and electric packaging formed in Nakhon Pathom province,
Thailand. Fundamental principles from the problem of foam waste management. A way
applied to deal with the mentioned problem is separating materials from foam wastes which is
Expanded Polystyrene for recycling.

The methodology is based on the decision criteria of project economics. The main
decision criteria are incremental analysis for Net Present Value, Internal Rate of Return and
Cost-benefit Ratio. Data were obtained by field survey and interviewing. The data were about
processing of Expanded Polystyrene in fast-food foam, recycling of Expanded Polystyrene,
costs, benefits and problems of recycling. This study detached into three alternatives;

Alternative A was operated to regular process in fast-food foam clamshells, alternative B



was expanded services by recycling scraps of Expanded Polystyrene from processing,
alternative C was expanded services by recycling wastes of Expanded Polystyrene from
buying materials used.

The result of the study indicated that the incremental analysis for Net Present Value
of alternative A, alternative B and alternative C were 14,711,912 -1,057,360 and 30,693,519,
respectively. Analysis of Internal Rate of Return of alternative A, alternative B and alternative C
were 18.04% 6.98% and 78.01%, respectively. Analysis of Benefit-cost Ratio of alternative A,
alternative B and alternative C were 1.07 0.96 and 1.66, respectively. From the analysis of
three alternatives. It was concluded that expanded services in factory by used the scraps from
process was non-cover benefits because the quantities of raw materials were deficient to
machine capacity. The expanded services by bought the Expanded Polystyrene wastes to
recycling was cover benefits, but it should depend on the market demands and the reasonable

prices.
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CHAPTER |

INTRODUCTION

1.1 Statement of the problem

Food contact acceptability is a very important requirement in packing foodstuffs
besides protective properties and functional suitability. The fast-food foam clamshells is the
status of Expanded Polystyrene (EPS) foam, where a blowing agent is incorporated in the
polymer, are another variant of plastics. The resulting light, rigid, cellular structure makes
efficient use of very little material and is ideal for heat insulétion or for the physical protection
of food. The ozone layer endangering Chiorofiuorocarbons (CFCs) blowing agents, once

“used for these expanded materials, have now been replaced.

The environmental is so much attention being directed towards foamed packaging
because householders are aware of all the used foamed packaging, they are discarding.
They see it filling their dustbins and are told by environmentalists and politicians that the

disposal of mountains of domestic waste causes a probiem in the environment.

Environmental effects, specfically associated with foamed packaging manufacture,
are relatively benign. Impact common to all manufacturing operations, such as nuisance for
local communities, have to be controlled but apart from these, energy consumption,

atmospheric emissions and incidence of solid waste are readily controlled.



1.2 Conceptualization

Environmental factors are now playing an important role in determining the
acceptability, or otherwise, of many materials that are in every day use. This applies
particularly to the area of packaging, since it occupies a high profile in our lives and is highly
‘visible", particularly if it is disposed of carelessly and becomes part of the litter problem.
Thus it is probably true to say that the concepts of "packaging” and "waste" have become
very closely associated in many people’s minds, and it is natural that the materials used

should have their environmental impact carefully consideres.

A majority public's perception of domestic waste; believe it to be a significant
proportion of total wastes. Here facts are available which deny the perception, but it persists
since it is probably the only waste of which householders are constantly aware. Equally, but
in the absence of a sound factual base today, the public have come to believe that the
recovery and recycling of waste must be good for the environment and would certainly seem

to be the "right thing to do".

Thus, this study issues in the economic's way because it is easy to understand
more about the world you live in, to organize perceptions and information into meaningful
patterns in the field of economic phenomena. The satisfaction of this urge to understand is

an end in itself.

1.3 Obijectives of the study



1.3.1 To introduce process of recycling Expanded Polystyrene wastes.

1.3.2 To analyze the feasibility of recycling in Expanded Polystyrene wastes.

1.4 Scope of the study

The study is conducted within the following scope:

1.4.1 Analyzing the feasibility of recycling Expanded Polystyrene wastes using the
macro-economics approach.

1.4.2 Validating the study using Expanded Polystyrene wastes formed into fast-
food foam clamshelis.

1.4.3 The study area is the factory in Nakhon Pathom province.

1.5 Expected of result

1.5.1 Recycling Expanded Polystyrene foamed packaging will be widely
encouraged.

1.5.2 Promote among its members and all economic operators a commitment to
in-creasing recycled content in Expanded Polystyrene foamed packaging material(in synergy
with all other acceptabie forms of waste reduction recovery and recycling) and participate in
efforts to develop markets for recycled material.

1.5.3 Manufacturers and retailers will be obliged to take responsibility for the

Expanded Polystyrene foamed packaging used as they are the originators.



CHAPTERI

LITERATURE REVIEW

2.1. Overview

The environment is now a major issue for all the businesses that make up the
packaging chain, from the raw material suppliers and the packaging manufacturers and
converters, to the packaging users and the distribution, wholesale and retail trade. It is a
factor which must now be considered in every stategic and business plan and is presenting

all those engaged in the industry with increasingly diverse and demanding challenges.

It is not usually remembered that by the time packaging reaches the consumer it
has done most of its job in containing and protecting the product, in making it readily
available and convenient for purchase consideration, in communicating (describing and
identifying, presenting and selling) and in getting the product to the consumer in a condition

fit-for-use.

Indeed, why should these benefits be recognised; like other utilities such as water
and electricity, packaging is taken for granted and only becomes a problem when it fails, for
example if there were no water when the tap is turned on or no light when the switch is

thrown. The fact that there is a considerable infrastructure in place to provide the service, to



purify and pipe the water and to dispose of waste water or to generate and distribute
electricity, is of litle consequence to the consumer, except in the case of failure; it is much

the same for packaging.

Nonetheless, it is not too difficult to understand why used packaging waste is a soft
target for opportunist politicians, who see it as a relatively easy environmental problem to
address, without the apparent political risks and difficaulties associated with tackling other
major environmental problems. Gilobal warming, ozone depletion and general pollution are
much more daunting and, if properly addressed, chance the prospect of alienating a
significant proportion of the public. Politicians require considerable courage and conviction,
for example, to get invoived with measures to restrict or ban the use of private motor cars.
However, with used packaging, it is easy to divert perceptions of culpability to the industry,

sustaining beliefs that it is "sweeping the problem under the carpet”.

It was not very long ago that materails were recycled to a considerable extent
because labor was much more readily available than materials. Garbage was fed to
animals, containers were alireused, and tools were aiways repaired. Consideration of
thermodynamic factors that waste-recycling problems are inevitable, and a compromise
must be reached between material conservation and energy expenditure. There will always
be difficulties associated with materials recycling, but the sooner we face them the less

critical they will be.

Modern societies, in emphasizing disposal rather than recovery and recycling, have
tended to use methods of waste treatment that are even more primitive than those practiced
early in man's development. buming, burying, or dumping in rivers and oceans. Even now,

considerable attention is directed toward advanced incineration and compaction techniques,



with disposal still the primary aim. Some current trends in municipal waste disposal are even
discouraging reclamation; air pollution control regulations are causing a move away from
incineration (which provides the opportunity for energy recovery) toward land filling, and
public hygiene regulations prevent access for salvage to "sanitary landfills" without providing

alternative reclamation opportunities.

This chapter aims to aid we to understand the technical and economic feasibility of
recovery and recycling, we consider it as only one element in a total approach, including all

other methods of waste reduction and disposal.

Recycling of household and municipal waste, starts with the collection and
separation of the recyclable used Expanded Polystyrene foamed packaging materials in the
waste stream together with other recyclable materials and products, and this chapter
cocentrates on these aspects of recycling, Expanded Polystyrene foamed packaging

recycling.

2.2 Definitions

it is necessary to define "waste" and “recycling" as used in the context of this
discussion. Waste consists of materials which are not prime products and which can arise
from two sources; one category of waste arises from the production or manufacture of things
we need or want to sustain our standard of living; the other is generated by discarding the
things which we have made and used. The former, i.e. the manufacturing waste, oppears in
different guises and there are many examples of such industrial wastes, often collectively

described as scrap and characterised by the fact that many of these are re-usable. Such



examples are the swarf produced in the engineering industry, shoddy in the wool industry,
linters in the raw cotton industry, and trimming and margins in the paper industry. Equally, in
the plastics industry there are rejects, sprues, offcults, trims, flash and short mouldings.
Each of these wastes presents different recycle possibilities according to its nature and the

practices of the relevant industries.

Consumer waste consists of the manufactured items which have come to the end
of their useful life os have become obsolete or unwanted and are being discarded.
According to the way in which these wastes are discarded, one must distinguish between
waste which is collected, mainly referred to as "refuse” and the randomly-dispersed waste,
“litter”. It should be stressed that litter constitutes a very minor share of the total plastics

waste, and this is one of the reasons for excluding it from consideration here.

Re-use, recycling, recovery, reclamation and salvage are essential expressions in
the “waste" terminology offen, however, with overlapping connotations. Within the scope of

this discussion, the following meanings are attached to these words.

2.2.1 Recycling describes the actual process of employing recovered material. This

could take three forms:

2211 Direct recyciing would be the use of recovered material for the
manufacture of the identical or similar product.
2.21.2 Indirect recycling would imply the use of the recovered or salvaged
material for the manufacture or use of a product of less critical specification.
2.2.1.3 Thermal recycling implies the conversion of waste under conditions which

generate either energy or chemical products, or both.



Recovery describes the process of collecting and/or segregating homogeneous

wastes for re-use, mainly in-plant. (Hemstock 1975: 139)

2.2.2 The "Recycling” is used in 4 meanings: (Gara Sykes 1978:5-6)

2.2.2.1 Reuse of a product, without aIteraﬁon, serve the purpose for which it was
initially intended.

2.2.2.2 Reuse of a product, wihtout alternation, to serve a purpose other than that
for which it was initially intended.

2.2.2.3 Reprocessing of material incorporated in a product to produce “new”
products of the same type.

2.2.2.4 Reprocessing of material incorported in a product to produce "new"

products of a different type.

2.3 The Plastics Waste Situation

Plastics are broadly classified into thermoplastics and thermosetting types.
Thermoplastics are converted into end products by softening, shaping and cooling. This
process can be repeated. The articles can be softened and re-shaped, or cut up, and the

resulting product converted into other articles. The material can be re-used. Examples are

polyethyiene, polypropyiene, polystyrene and PVC.

Thermosetting plastics are converted by heat treatment (sometimes chemical
treatment) into the articles required, and the process is irreversible-the material cannot be re-

used. Examples are phenol-urea and melamine formaldehyde types used in decorative



laminates and for electric plugs and sockets, and unsaturated polyester resins used with

fiberglass (GRP) for the fabrication of boat hulls.

The techniques to be employed for re-use and recycling depend on the class to
which the plastics waste belongs and its state. However, in principle these are no different
from those applying to all waste, but if and when the final processing stage is reached,

technology appropriate to the nature of the isolated waste has to be applied. (Hemstock
1975: 140)

2.4 Low Density Polystyrene Foams

Polystyrene, which is widely used in injection molding and extrusion, is also one of

the most versatile raw materials available for the manufacture of plastic foams.

A number of factors determine the suitability of a polymer for producing an
expanded plastic-low cost, availability, ability to be processed, and physical characteristics
such as weight, thermal conductivity, water resistance and strength. Polystyrene is an
inexpensive plastic commercailly available in large quantities. It is easily processed at
relatively low temperatures and pressures, and its solubility characteristics permit the use of
many solvents as expanding agents. These factors result in a readily available inexpensive

cellular material.

The suitability and acceptance of a foam plastic for an application is determined not
only by its cost, but also by its physical properties. Many of these properties are controlied
directly by the character of the base polymer. Polystyrene produces a light, rigid, closed-cell
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foam having low thermal conductivity and excellent water resistance, meeting the

requirements for low temperature insulation and buoyancy mediums.

Two different types of low density cellular polystyrene are now available for use by

the fabricator, molder or ultimate consumer. (Frados 1976: 534)

2.4.1 Extruded Polystyrene Foam

This material has been produced for over thity years, and is manufactured as
billets and boards. The foam is made by extruding moitep polystyrene containing a blowing
agent, under elevated temperature and pressure, into the atmosphere where the mass
expands. The billets and boards can be used directly, or can be cut into many different
forms. Common tools for fabrication are bandsaws, hot-wire cutters, planers, and routers.
Boards may have a cut or planed surface or may have an integrally extruded skin of

extremely small cells. (Frados 1976: 534)

2.4.2 Expandable Polystyrene for Molded Foam

Expandable polysytrene is produced in the form of free-flowing beads, symmetrical
shapes, and strands containing an integral blowing agent. When exposed to heat, without
restraint against expansion, these particles "puff’ from a bulk density of about 35 b/t to as
low as 0.25 Ibt3. In the case of beads intended for molding, this very low density leads to

difficulty with collapse during subsequent molding; hence the usual limit for bead pre-
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expansion is 1.0 Ib/ft3. The shapes and strands which are used as loose fill cushion

packaging are not processed beyond pre-expansion.

Molding expandable polystyrene beads ordinarily comprises two separate steps:
2421 Pre-expansion of the virgin beads by heat.
2.4.2.2 Further expansion and fusion of the pre-expanded beads by heat within the

shaping confines of a mold.

In unconfined pre-expansion, the translucent beads grow larger and become white
in color. Confined and subjected to heat, the pre-expanded beads can produce a smooth-
skinned, closed-cell foam of controlled density, registering every detail of an intricate mold.

(Frados 1976: 534)

2.4.3 Pre-expansion

To minimize formation of a density gradient and to ensure unifrom expansion
throughout the molded piece, expandable polystyrene beads are pre-expanded to the
approximate required density, by control of time and temperature, since the process of

molding does not increase the density.

The continuous steam prefoamer is the most widely used method of expanding
expandable polystyrene beads. In the continuous steam prefoamer, a steam Venturi or a
screw auger injects the beads into the prefoamer. As the beads expand, a rotating agitator
prevents them from fusing together as the lighter density, expanded beads are forced to the

top of the drum and out the discharge chute. The expanded beads are then collected in
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storage bins or hoppers for aging prior to molding. Strands of expandable polystyrene are
usually pre-expanded on a wire mesh conveyor beit which passes through a steam chamber.
The unfoamed strands are positioned on the belt by the tumbling action of a rotating wire
mesh hopper. As the stands pass through the steaming chamber, the heat causes them to

expand. After a short aging period, the particles become resilient and are ready for use.
Shaped particles of expandable polystyrene such as “s" shape or "doughnut" shape
particles can be expanded in a rotating drum expander which takes on particles and steam

at one end and expells the foamed particles at the other. (Frados 1976: 534)

2.4.4 Continuous Hot Air Prefoaming

Continuous heated air prefoaming is another bead expansion technique used by
molders. Because of the dry atmosphere used for expansion, a dry prefoamed bead
structure is formed. Because hot air has a lower heat content than an equal volume of
steam, the very low densities and fast through put rates obtainable with steam prefoaming
are not usually achieved. Hot air prefoamers are used where higher densities are needed in
applications such as the foam cup. Close control at high densities (5.10 Ibfft3) can be

maintained in a hot air pre-expander. (Frados 1976: 535)

2.4.5 Batch Prefoaming

Batch prefoaming is used by molders primarily for producing small quantities of
prefoamed beads, generally in a laboratory time in the batch prefoamer as well as by

controlling the prefoamer temperature. Any one of three types of heat source is used in
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batch prefoaming: hot air, hot water, and steam.

Steam at 212 ° F is the most desirable heating medium in batch prefoaming. Hot
water heated to 212 ° F is used where a steam source may not be available and where
slightly higher densities are desired. Oven batch prefoaming, utilizing air heated to between
220 to 240 °F, is also used where a steam source is not available. In hot water prefoaming,

this is not necessary because of the suspension of the beads in water. (Frados 1976: 535)

2.4.6 Molding

Moiding of expandable polystyrene beads requires exposing the pre-expanded or

virgin beads to heat in a confined space.

A number of conventional heating media are available for the fabricator to use in
molding expandable polystyrene. The preferred medium is steam that is directly diffused
through the pre-expanded beads in the mold cavity. Other teachniques involve conductive
heating through the mold wall with the heat being supplied by steam or by some other

energy source. (Frados 1976: 536)

2.4.6.1 Steam Chest Molding

The steam chest or jacketed mold is double-walled with a perforated inner wall and
is mounted in a molding press. During the heating cycle, steam enters the jacketed space

and is distributed through the perforations into the cavity. Water is circulated in the same
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steam chamber during the cooling cycle. Introducing the cooling water through a system of

spray heads inside the steam chest is more effective than flood cooling.

The steam chest method of molding is highly versatile. It is useful in molding
sections smaller than 1/8 in to more than 24 in. in thickness and is recommended for

densities ranging from less than 1 to greater than 5 Ib/ft3.

Prefoamed beads of a bulk density equivalent to that desired in the finished part are
normally blown into the mold by use of an air fill gun. A plunger moves forward and closes
off the fill port. Then steam is vented into the mold cavity, causing the beads to expand,
filling the moid and fusing together. The cooling cycle depends on the efficiency of the
cooling water. The part must be cooled adequatrly so it can be removed without danger of

post molding expansion.

2.4.6.2 Block Molding

A lage, solid block of polystyrene foam can be made by a machine which uses a
modified steam chest technique. The machine and the mold are one; spacers can be used
to vary the size of the block to be produced. Steam is injected into the prefoamed beads
from a steam chest. Cooling is commonly accomplished by spraying the outside of the mold

with cooled water.

Blockmolding machines of this type can produce blocks of foam which are

commonly between 8 to 16 ft long. Block densities produced are normally 1 to 11/2 I3,

The prefoamed beads are fed into the mold directly from the top, after which a typical
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molding sequence for steam chest molding is followed. The termination of the cooling cycle
is generally indicated by the reduction of pressure on the lugs holding the mold together. A
pressure diaphragm can be mounted in the mold so it contacts the mold wall and thus

determines the end of the cooling cycle.

2.4.6.3 Foam Cup Molding

Specail machines have been designed to rapidly produce thin-walled parts such as
the foam cup. An extremely small bead is used at a prefoamed density of approximately 4 to
5 Ibft3, allowing easy and rapid filling of the mold and producing a part having the proper

stiffness for handling.

Cup machines all utilize air loaders for mold filling and incorporate some form of
steam injection into the mold cavity to complete the fusion step. Conductive heating is used
in some machines as an adjunct to the fusion cycle in order to smooth out the surfaces. The
cooling cycle is much faster than that of other steam chest molding machines because of

the very thin cup wall.

2.4.6.4 Steam Probe molding

Another method of introducing steam into a mold cavity is by a probe which is
inserted through a hole in the mold wall. When expansion is nearly complete, the probe is
withdrawn. When the pobe is withdrawn quickly after steaming, the hot foam continues to

expand, closing off the probe hole. Mutiple probes are used for large cross sections. The
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probe method is best for sections at least 1 in. thick and for densities of less than 2 [b/ft3. 1t

is the only practical method available for molding between structural facings.

2.4.6.5 Continuous Billet Molding

Boards or panets can be made continuously from expandable polystyrene by
injecting steam from probes on through steam jets into the space between machine-
mounted conveyor belts while beads are being blown by air fill guns into the back of the
machine for filling. The block or laminate passes from the fusion zone into a cooling zone

and ultimately out of the machine to be cut to the desired lenghts.

2.4.6.6 Radio Frequency Molding

Another method of generating heat for expansion of expandable polystyrene in a
closed mold is by means of radio frequency energy. Since formulations of expandable
polystyrene have a low loss factor when high frequency voltage is applied, very little heat is
generated when they are placed in a radio frequency field. However, when an electrolyte is
added to the surface of expandable polystyrene, the heat generated from molecular

excitation of the electrolyte provides heat for the expansion of the beads.

The mold itself must be made of a material such as polypropylene, epoxy, or
polyester, which will not become heated when exposed to the radio frequency field, The
advantages in this technique are reduced mold cost and a reduction in cooling time.

Because the plastic mold has a reduced heat transfer rate, the overall cycle is approximately
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the same as in steam chest molding. (Frados 1976 536-538)

2.5 Expandable Polystyrene Molding

Expandable polystyrene molding is a two-step process. The beads that are
supplied to the molder are solid and contain a blowing agent. In the first step, the beads are
passed through a heating process to reduce the density to that desired in the final product.
The mold is filled to capacity with the expanded beads. Heat is again applied to the mold
and beads to cause them to expand enough to fill all the voids between the beads and to

heat seal all of the beads together.

The process for molding polystyrene foam offers the molder an opportunity to make
products with a wide range of characteristics. The density can be easily controlled. It
ranges from below 1 Ib/ft3 to above 20 Ib/ft®. Molded products can have a wide range of wall
thickness. The density of the part is unform throughout. Most parts are molided with only a
very thin skin but, with an additional step in the process, it is possible to produce a part with
a hard skin. The molded product is stress free and quickly stabilizes. Molding pressures

and temperatures are low.

In the low-density range, 0.5 to 1.0 Ib/ft3, expanded polystyrene is used in boats as

flotation, in packaging as energy absorbers, inbuilding as insulation and a moisture barrier.

In the middle-density range of from 0.1 to 4.0, the material is used in packaging as

a structural support as well as energy absorber, in the construction field for such things as
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concrete forms, in the foundry industry as mold patterns, as insulated containers of all sizes

and shapes, and in material-handling pallets.

Then, in the high-density range from 5.0 to 20.0, the material exhibits almost wood-
like properties. Such products as thread spools, tape cores, and furniture parts have been

made.

The typical molding operation is shown in Fig. 2.1. Raw material is fed into a
continuous pre-expander. Low pressure steam is used to heat the material. After
expansion, the expanded beads are screened, to remove any large clumps, and blown into a
storage hopper where the beads are allowed to dry and stabilize. They are again moved by
air to the machine hopper; steam is also used again to heat the beads and molds; water is

used to remove the heat prior to opening of the press.

Fig. 2.1 Typical expandable polystyrene molding operation.
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Source: Frados Joel, " Plastics Engineering Handbook ", 19756: 544.
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2.5.1 Storage of In-Coming Material

In the molding plant, raw material is received and stored in 200 to 1000 Ib
containers. The material is generally not transported in the usual bulk-handling equipment
used for other types of plastic pellets because of the blowing agent used. The beads lose
their blowing agent rather quickly when stored. Care must be taken in setting up a molding
operation because an accumulation of the blowing agent can create a fire hazard,

particularly since movement of the beads generates static electricity.

2.5.2 Pre-expansion (First Step)

There are several methods of heating the material during pre-expansion.
Expandable polystyrene beads have been successfully expanded by immersing them in hot
water, agitating them to radiant heat. Pre-expansion equipment is available that operates

either continuously or on a batch basis.

The continuous steam expander, the most widely used, consists of a mixing
chamber in which air, steam, and the unexpanded beads are introduced at the bottom. As
the density is reduced, the material is allowed to flow upward through the mixing chamber,
and out the top. A close balance between heat input and material flow is required to assure

final uniform results.

The success of a molding operation to a large extent hinges on the pre-expansion .
operation. Beads that are properly expanded contain a narrow range of densities. Molded

parts exhibit properties similar to the lowest densities in the expanded mix. The narrower the
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density range in the bead, the lower the median can be and still mold a product with the
desired characteristics. Since the raw material makes up at least half the cost of the

product, careful control at this step can offer real savings.

2.5.3 Storage of Expanded Material

if the material is not used within a few minutes of expansion it requires a period of
time to stabilize. The air is allowed to migrate into the cells so that on re-heating, the air in
the cell can aid in the expansion of the bead. In some molding operations, it is necessary to
lower the blowing agent content to allow proper molding. Too high a blowing agent content
can prevent even fusion throughout the molded piece. Consistent handling of expanded
bead, prior to the molding step, can reduce scrap by making it unnecessary to adjust the

molding cycle to the material condition.

2.5.4 Molding (Second Step)

On the surface, the molding of expandable polystyrene seems to be a rather simple
operation. The temperatures and pressures are low, but when the range of products and the
widely divergent physical properties that are available from this one material are considered,

the complexities encountered become obvious.

Heating the beads during molding has been confined to two general methods:

passing steam through the beads, and generating steam with RF energy within the part to be
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molded. The two processes are quite different, and require an entirely different approach

from the standpoint of equipment. The steam molding method is the one dealt with below.

2.5.5 Molding Cycle

A typical molding cycle consists of: preheating the molds to drive out water from the
previous cycle, closing, complete filling of the cavity with the expanded beads, heating of

mold and beads, cooling, opening and ejecting.

2.5.6 Molds

Metal molds are used for steam molding. Nonferrous materials are used for the
molds because of the presence of steam. The molds are heated to approximately 230 °F
and cooled to approximately 90 °F each cycle; it is therefore desirable to keep the mass of

the mold as low as possible to conserve energy and time (Fig. 2.2 shows a typical moid).

The steam that is used to heat the mold is also used to heat the beads. Openings
are made in the mold to allow the steam from the back side of the mold to pass through the
beads. Several different types of openings are used; holes 0.020 to 0.050 in. are used as

well as standard foundry core vents and machined slots 0.005 to 0.015 in. wide.

On multicavity molds, individual feeders are expensive, and add extra maintenance
probiems. The slide runner (Fig. 2.3) was developed so that a large number of parts could

be filled without resorting to sprues and trimming after molding.
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moilding.

Source: Frados Joel, " Plastics Engineering Handbook *, 19756: 545.

The range of size and density of the molded parts that can be made from expanded

pdlystyrene has prompted the industry to “tailor" molding equipment to the product.

Expandable polystyrene cups are molded on smali vertical machines, four at a time.
A typical cycle time for this operation is 10 sec. The molds have thin walls, so they can be
heated and cooled quickly. The machine feeds large amounts of steam and cool water
quickly and accurately to each moid separately. The operation is made compietely

automatic by the use of cup carry-away and stacking equipment.

At the other extreme, on limited runs of very large parts, molds are made strong

enough to hold the internal pressure of molding, and are operated without a press by
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clamping the halves together.

Many boats, surfboards, chair frames, and couches have been made in this way.

There seems no limit to the range of size of product that can be made from this process.

The custom molding industry uses, primarily, a horizontal single or double acting
machine. Since runs are often short, and competing processes have short deliveries,
molding equipment must operate multicavity molds automatically at a short cycle, and allow
for quick tool changes. To do this over a wide range of products, the machines are equiped
with several different methods of filling and ejecting, and are furnished with a steam chest
that is, in effect, the back half of the mold. The chest contains the facilities for heating,
cooling, and ejecting the molded parts. The cost of tooling is greatly reduced and mounting

time is held to a minimum. (Frados 1976: 545)

2.6 The tendency of foamed packaging waste

It is found that foam is used widely in the packaged industry. In 1990 to 1993, the
foamed using is increased to 30% per year. The amount of foam used in the production of
packaging has been estimated to be about 30 tonnes in each month. In 1975, the foam
used 4.34% and 1993 used 16%. It shows that increased about 4 times within 16 years.

(Mayuree Patlumjeag and Rangson Pinthong 1993 2)

2.7 Reprocessing Technologies

2.7.1 Feedstock
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These fabricated forms are characteristic of the products that appear as raw
materials in are cycling effort. The kinds of organizations which provide quantities of
Polystyrene packaging products capable of recycling are military bases, cafeterias,
community drop-off centers, stadiums and special events, manufacturing or retail business
packing, and material recycling facilities. The actual types of articles receieved are

illustrated in Fig 2.4 .

Fig. 2.4 The chart of recyclable Polystyrene products.
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These feedstocks may represent used Expanded Polystyrene (EPS) protective

packaging foam material, scrap from curbside pickups or neighborhood drop-off collection
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points, food packaging, and trays and salad containers from school or institutional

cafeterias.

The dry EPS foam from shape moldings used for packaging and cushioning of
items during shipping usually represents a relatively low molecular weight PS. EPS grades
modified with flame-retardant additives and used in applications such as building insulation
and loose-fill packaging must be handled carefully because of the temperature sensitivity of

the additive systems. Itis preferred to recycle this material into nondensified products.

2.7.2 Wash-Dry-Pelletize Process

Food service postconsumer PS is available from fast food restaurants, school,
business cafeterias, etc. This feedstock, when separated for a recycling plant, should not
contain any nonrecyclable solid-waste material. Some nonPS constituents, such as

aluminum foil containerlids, polypropylene (PP) straws, and napkins, are to be expected.

A typical plant places the incoming feedstock, which usually arrives in baled form,
on a conveyor or screening table where obvious contaminants are removed by hand-sorting
and screening. The PS is then granulated and thoroughly washed with water containing a
detergent. A slurry of granulated PS fluff and water flows onto a vibrating screen where the
water is separated from the PS fluff. Fresh rinse water is sprayed onto the fluff as it is
conveyed across the vibrating screen. The wash water is typically pumped through a
strainer to remove the solid particles and any pulped paper, and then it is pumped to water
treatment facilites. The PS fluff is conveyed to a centrifugal drier where the surface
moisture is removed. The fluff at this point still contains a significant amount of moisture

that must be removed. This can be done by actually squeezing the water from the fluff, or
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through the use of convectio heat drying, vacuum-vent extrusion, or some economical
combination of all of the above. Some novel ways have been used to remove up to 50% of
the water from the fiuff, such as a screw press continuous pressure system or the batch ram
compactor system. Although high in capital cost, a multiple vacuum-vented set of extruders
for dewatering, along with a melt filtering system, may be the most economical of the current

technologies.

It dewatering is done by extrusion, a single-screw or twin-screw extruder may be
used. Single-screw extrusion requires preliminary drying and results in a high level of
contaminants since any suspended solids remaining in solution are left on the product
during the drying stage. Properly designed twin-screw extruders provide much cleaner
products since most of the remaining wash water is expressed from the feedstock in the
compression zone of the extruder and steam-stripped in the next zone before devolatilization

occurs.

The latter technique not only results in a product with a substantial reduction in
black specks but also one that is more odor free. Odors may be a potential problem since
incomplete washing of fuel and grease from food contamination may result in the formation
of trace amounts of aldehydes with noticeable odors. Twin-screw extrusion also provides a
method for adding other materials, such as rubber modifiers, before pelietization to improve

physical properties.

2.7.3 Densification Process

There are a number of options for densifying EPS. Actual densification of EPS is

usually accomplished by total or partial collapse of the cell structure rather than by
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compaction alone, which eliminates the air between the foamed beads but only partially

from the cells.

One of the principal options is to use heat to soften the polymer and collapse the
cell structure. The heat can be applied from external sources or generated by friction. The
final product can be anything from a solid block of PS to extruded pellets. Another approach
generally applicable to the lower density molded EPS foams rather than the higher density
extruded food service foams is to density through the use of pressure. The most important
issue in foam densification is to accomplish the desired density without degrading the
polymer. EPS dry foam will result in a clear, transparent pellet, while feedstock obtained for
fast food restaurants usually contains pigmented clamshells. Printed containers also

contribute to coloration on extrusion. ( Mackey, Westphal, Coughanour 1992: 116-118)

2.8 Pelletizing

This requires an "extruder" with a special die, a water bath and a chopper. The

extruder consists of : (shown in Fig. 2.5)

- A hopper to hold the material fed in.

- A barral, often heated with electric elements, although this may only be necessary
on starting. Later , friction generates heat and cooling may be needed.

- A screw that rotates in the barrel, drives material (fed by gravity from the hopper )
to the other end, and generates heat by friction to melt the material.

- A slow-moving screen or sieve throught which the plastic passes to remove grit
etc.

- A die: a flat, thick, steel plate with shaped holes through which the molten plastic
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is forced, coming out of the other side like toothpaste from a tube. If, for example, the die is
T-shaped, then the plastic will emerge in a long strip with a T cross-section. For recycling ,
the die has a number of small holes, about 3 mm. dia., through which the plastic is extruded
out in a bunch of long strips ( sometimes called spaghetti ). These pass through a water-
bath several feet in length ( where water continually flows to prevent the temperature rising )
and are cooled to become solid. A pair of feed roller keeps them moving forwards through :

- A pelletizer which is a sharp edged, multi-bladed rotating knife, which chops the
spaghetti into small pellets. Its speed is set to match the speed of feed rollers ( which match
the speed of the extruder ) to give a pelier length of about 4 mm. An alternative arrangement
mounts a chopper on the back face of the die , so the material is chopped while still soft as
it emerges, then falls into the waterbath. Machine suppliers will recommend the best

method.

The pellets produced in this way are now suitable for feeding into an extruder, an
injection moulder or even a * blown film line ", which demands perfect raw material to feed

the continuous balloon of film .

The machinery needs careful setting by a skilled man e.g. the screw pressure,
amount of heat added, rate of extrusion, etc. Usually, the company that supplies the
machine will assist at the start ; if no assistance is available one must work from books or

trial and error. ( Vogler 1983: 126-128 )
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2.9 Thermoforming

Thermoforming is one of the oldest processes for shaping plastics. It is also the

most economical way to fabricate Dow Foam Paper. (shown in Fig. 2.6)

Various thermoforming techniques are available, but they should undergo the
following processes:

a) Hold and transfer foam paper -hold and position the Dow foam paper from start
to finish for heating, shaoimg, and trimming operations.

b) Heating -heat the Dow Foam Paper uniformly and rapidly to a pliable state.

¢) Shaping -various molding techniques are used to form foam parts. They range
from simple female or male molds for simple items, to plug-assist tooling for deeper draw
complex articles, to match molds where part definition, surface quality and dimensions are
critical. Vacuum and pressure systems can also be to assist the draw of sheet against the
mold. For best results, match metal molds and/or pressure should be used for Dow Foam
Paper.

d) Cooling -cool Dow Foam Paper uniformly and rapidly.

e) Trimming -provide precision register and cut edge quality to the Dow Foam

Paper. ( The Dow Chemical Company 1960: 5 )
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Fig. 2.6 Diagram of process for thermoforming machine.
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CHAPTER Il

METHODOLOGY DESCRIPTION

3.1 Description of research methodology

3.1.1 Comprehensive sample survey

3111 To estimate quantities of Expanded Polystyrene which is used for

producing in waste formed.

3.11.2 To analyze the capital costs and productivities at the primary level of

recycling Expanded Polystyrene wastes,

3.1.2 Documentary research
The documentary research related to Expanded Polystyrene foam and recycling the

Expanded Polystyrene wastes are generally used.

3.2 Selection of subjects

This study used P.P. packaging , Ltd. to establish project's model.
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3.3 Instrumentation

The guided interview was utilized to gather data for instrument of this study. (see

Appendix A)

3.4 Data collection

3.4.1 Primary data

The data about Expanded Polystyrene and recycling Expanded Polystyrene were

gathered from the literature and related research.

3.4.2 The data in the feild

The data are collected from interviewing the factory manager.

3.5 Methodological

3.5.1 Decision Criteria

A sound public decision based on benefit-cost analysis with formulated by the
appropriate decision criterion in mind. In this chapter we survey the criteria that might be

used in decisions making and review the structuring of decision problems.

37445 | lokdqyse
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Many criteria have been suggested as appropriate for evaluating alternative
investment projects. Some, such as benefit-cost ratio, have a long history of use in Benefit-
Cost Analysis and some, such as cut off and pay-back periods, have been employed only
occasionally in public expenditure evaluations. One, however, is considered superior to all

the others: net present value. We now present, a brief critical review of these criteria.

3.5.1.1 Net Present Value

The net present value (NPV) reduces a stream of costs and benefits occurring in
different periods in time to a single common number (at any one point in time) in which costs
or benefits which are projected to occur in future are discounted. The formula for NPV is:

NPV:Bo'Co"'B1'C1 +“'+Bi'Ci+“'+Bn'Cn <3.1>
(1+d) 0 (1+q) T (1+d) ! (1+d)

where

C, is the actual value of costs which occurred at time i (baht),

B; is the actual value of benefits which occurred at time i (baht),

d the discount rate, and

n the life of the project, in years.

Iif the NPV of the project is negative--that is, if the discounted value of the benefits is

less than the discounted value of the associated costs--the project should be rejected. But
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in practice, the projects with a positive (or zero) NPV should not necessarily be accepted, for

two reasons.

Firstly, the shadow prices of some inputs, such as land or site value or resources
are, virtually impossible to estimate independent of the project appraisal process itself.
Consequently, the opportunity cost of such inputs may be seriously underestimated because
their best alternative use may not have been identified. In principle, the relevant aiternative
use should be determined by a careful analysis of all conceivable projects; in practice,
however, only a few alternatives can be examined. Nevertheless, it should be borne in mind
that a high NPV may reflect an inadequate search for alternative projects rather than a

potentially valuable project.

Secondly, there are many projects that by their nature are mutually exclusive: if one
is chosen other cannot be undertaken. This applies to different designs or sizes or timings
of what essentially the same project. It also applies. perhaps less obviously, to such cases
as plants in alternative locations serving the same limited market, surface irrigation
development ruling out tube well irrigation, river development upstream instead of
downstream. In all cases of mutually exclusive projects, it is not sufficient to chose a project
with a positive; rather, the project with the highest NPV ar;nong the mutually exclusive
alternatives should be selected. The analyst should not easily assume that the mutually

exclusive alternatives do not exist.

The NPV may be either a financial or an economic one depending upon the
discount rate and the nature of the net benefits being discounted. Based on this

differentiation, the Equation 4.1 may be rewritten as:



NPV, = ZD;x NB; <3.2>
where
NPVj = financial net present value over n years of input/output j,
j = type of input/output,
i = time/no. of years, starting from the present; when i=0
n = life of the project,
D; = discount factor at the appropriate discount rate for values in year i.
It is calculated as: D; = 1/(1+d) !
NB: = r;'ionetary value of net benefit for year i and input/output type j.

]

NPV

overall financial NPV for a project as a whole; and

m = the last type of input/output, then
NPV = ¢ NPV,
NPV = LI Djx NBij <3.3>

The economic net present value (NPV) of the project is equal to its financial net

present value ( NPV ) plus the sum of any adjustment value that were required.

—

NPV = NPV + ZAVj <3.4>
where

AVj = Economic adjustment value

The principal problem associated with using the NPV method is the determination
of the appropriate discount rate. However, as we shall see, this is not a fault of the method
itself, and consideration of a range of reasonable values is often sufficient in a Benefit-Cost

Analysis.
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3.5.1.2 Internal Rate of Return

Another way of using the net benefit stream on the basis of discounted cash-flow
analysis for measuring the worth of a project is to find the internal rate of return (IRR). I
gives the yield or profitability of a project. It is the discount rate, which when applied to the
stream of benefits and costs reflected in cash-flow of a project, produces a zero net present
value. It is the maximum discount rate at which the project is acceptable. In other words, it
is the maximum interest that a project could pay back for the resource used if the project is
to recover its investment and operating costs and still to break even--that is, it could earn
back alithe capital and operating costs on it and also pay back (at the rate of interest used
for discounting) for 'the use of the money meantime. It is the "rate of return on capital

outstanding per period while it is invested in the project”. That is, IRR is some r such that

0= Bo-Co + B1-C1 + ...+ Bi-Ci + ...+ Bn-Cn <3.5>
(1+r)0 1+ (1+) (1+n "
or
Co = B1 'C1 + ..+ Bi'Ci + ...+ Bn-Cn <3.6>

(1+n)! (1411 (14n)n

The IRR may be financial, economic or social rate of return depending on the type
of the net benefit stream and the discount rate used. The formal selection criterion for the
IRR measure of project is to accept all independent projects having an internal rate of return
equal to or greater than some pre-determined level, called cut-off rate. The cut-off rate is the
rate below which the project is considered unacceptable. It is often taken to be the
“opportunity cost of capital" or social discount rate. Thus the cut-off rate would be the

minimum acceptable IRR of a project.
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Two main problems are encountered while using the IRR criterion for project

appraisat:

(a) The "r" that solves above equations not necessarily unique. Since the equation
is of degree n, it has n roots. Thus if the social discount rate is 5%, and the roots of 3 and

7% are derived as values of 'r". This interpretation is not at all clear.

(b) The criterion implicitly assumes a single discount rate over the life of the
project. Suppose the Benefit-Cost Analysis assumes the social discount rate of 3% for the
first x years, and 7% for the remaining n-x years. Again suppose IRR is calculated to be 5%.
In such a case there is no appérent method for drawing a conclusion about the advisability of

the project.

For non-mutually exclusive projects, if the rate of return exceeds the interest rate
(estimated shadow rate of interest/opportunity cost of capital) used for discounting, the
project is considered as acceptable. But unfortunately, for mutually exclusively projects a
higher rate of return does not necessarily indicate the superior alternative. In this case, IRR
may be misleading in comparing the economic merits of alternative projects and should not
be used for this most essential function of project analysis. The internal economic rate of
return, however, is a widely understood concept and has merit as a compact summary

measure of the economic rate of return of a project.

3.5.1.3 Benefit-Cost Ratio

A third discounted measure of project worth is the benefit to cost ratio. This is the

ratio obtained when the present worth of the benefit stream is divided by the present worth of



39

the cost stream. The use of the present values of costs and benefits discounted at an

appropriate accounting rate of interest is important. Mathematically, it can be expressed as:

BIC = T[B/(1+d)] <3.7>
£IC,/ (1+d) ]

The benefit-Cost ratio was the first of the discounted measures of the project worth

to become well known but the latest literature based on practical experiences discourages
its use on the basis of the chance of the introduction of some fatal flaws, discussed

hereunder, in project appraisals.

The formal selection criteria for the benefit-cost ratio of the project worth is to
accept all independent projects with benefit-cost ratio of 1 or greater when the cost and
benefit stream are discounted at the opportunity cost of capital. In the case of mutually
exclusively projects, the benefit-cost ratio can lead to an erroneous investment choice. The
danger can be avoided most easily by using net present worth criteria for mutually exclusive

projects.

The absolute value of the benefit-cost ratio will vary depending on the interest rate
chosen. The higher the interest rate, the smaller the resuitant B/C ratio, and, if a high

enough interest rate is chosen, the B/C ratio will be driven down to less than 1.

Inconsistent B/C ratios may arise, since they are calculated in various ways
including:

(@) present values of all positive cash flows divided by present values of all
negative cash flows (both on annual basis), as is shown above by Equation <3.7>;

(b) present value of gross benefit from each year divided by present value of annual
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costs, including investments;
(c) present value of net annual operating benefits over the present value of

investment costs.

Therefore, when the B/C ratio is used as a criterion for evaluating projects in a
country, it is desirable that all the analyst working in the country follow a common
convention. If they do so, they can greatly reduce the chances of a misleading indication of

choice should planners rank projects by their ratio values.
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CHAPTER IV

ANALYSIS AND RESULTS

4.1 Fundamental Assumptions

The project evaluated under a series of simplifying assumptions:

4.1.1 This study is comparison of alternatives A, B and C; alternative A is used
virgin EPS peliets in regular processing of this factory (without project), alternative B is used
scraps of EPS from fast-food packagings that is assumed 8% of products to recycled into
pellets and processed to producing electric packaging (with project to expanded the service),
alternative C is used the waste of EPS which is bought to recycled into pellets and
processed to producing electric packaging (with project to expanded the service) as that
illustrated in Figure 4.1 .

4.1.2 11% discount rate of investment is approximated from government bonds
(10.75%) in 1995 and 13% discount rate is approximated from interbank rate in 1995.

4.1.3 The costs of virgin EPS peliets and benefits of electric packaging are
approximately increased 1% up from each year that is began in 1994,

4.1.4 The time span of construction time of project is 10 years.

4.1.5 The wages in this project is used 135 baht/person/day ( The data was from
Department of Labour in 1994 ) for labor cost and 5,000 baht/person/month ( The data was
from labour centre in 1994 ) for clerkship and others.

4.1.6 The wages, labor and manager's salary are approximately increased 7% up
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from each year.

41.7 The land cost of P.P packaging, Ltd. is calculated from the data of
Department of Land in Nakhon Phatom province, that (Zone/block 01 B) is been 2,000,000
baht/rai in 1994.

4.1.8 The filling land up cost is approximated 150 baht per cubic metre.

4.1.9 The electricity cost used 32 baht/kilowatt/day in time of day rate between 8.00
a.m. to 6.30 p.m. (The data from Metropolitan Electricity Authority).

4.1.10 Tax cost used the data from tax rate of Departmant of Revenue (used 37%).

4.1.11 Other costs used 5% of raw material costs, labor costs, transportation costs
and maintenance costs is assumed.

4.1.12 The scraps of EPS which from products appraised 3 baht/kg in 1994.

(approximated from the price at waste centre).

4.1.13 The wastes of EPS which are the manufactor bought, approximated 5
baht/kg.

4.1.14 The manager's car is approximated 400,000 baht/car.

4.1.15 The truck cost is approximated 700, 000 bath/truck.

4.1.16 The fuel cost is approximated 12,000 baht/month/truck. This is considered to
transport in Bangkok and Bangkok's region.

4.1.17 The driver's wage is considered 5,000 baht/month and increased 7% up from
each year .

4.1.18 The maintenance cost of machine is approximated 5,000 baht/month for
each, that assumed constantly.

4.1.19 The machines costs are approximated from markets in 1994:

- Extruder machine is charged 1,500,000 baht/machine.
- Thermoforming machine is charged 1,050,000 baht/machine.

- Punching die is charged 800,000 baht/machine.
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- Recycling machine is charged 1,050,000 baht/machine.

All of these are shown in Table 4.1 for alternative A and Table 4.10 for alternative B

and C.
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Table 4.1 List of investment costs of production of EPS foam of alternative A at first year.

Components Amounth (unit) Baht/Unit Total cost (baht)
Initial costs
a. Land cost 4 rai 2,000,000 8,000,000
b. Filling land up 6,400 m* 150 960,000
¢. Building 2,500,000
d. Machines:
- Extruder machine 2 units 1,500,000 3,000,000
- Thermoforming machine 4 units 1,050,000 4,200,000
- Punching die 2 units 800,000 1,600,000
e. Manager's car 1 unit 400,000 400,000
f. Trucks 4 units 700,000 2,800,000
Fixed costs:
a. Clerkships and other 10 men 60,000 600,000
b. Manager's salary 1 man 180,000 180,000
c. Electricity 83,790.72 kw. 32 2,681,303
Variable cost:
a. Virgin EPS pellets 584,064 kg. 28 16,353,792
b. Drivers 4 men 42120 168,480
¢. Labors 36 men 42120 1,516,320
d. Fuel (average per fruck) 4 trucks 144,000 576,000
e. Maintenance of machines 8 units 60,000 480,000




4.2 Economic analysis

The process of alternative A is used virgin EPS peliets to be raw materials in
processing that is produced fast-food foam clamshells and foam sheets. Alternative B is
used the scraps of products to be raw materials to produced electric packagings and EPS
recycled pellets. Alternative C is used wastes of EPS to produced electric packagings and
EPS recycled pellets these are expained with Figure 4.2. This analysis is based on ﬁll
capacity but the benefit is assumed 75% in 1-2 year and 3-10 year is assumed full benefit

due to considered markets.
4.2.1 Alternative A

4.2.1.1 |nitial investment cost:

a. Land cost = 2,000,000 baht/rai, there are 4 rai.
= 8,000,000 baht
Land development is assumed 150 baht/m? by filling up from the lowest. The
highness of filling up the land is 1 m.
1 rai = 1,600 m3
Filling up land cost= (4 * 1,800) * 150 = 960,000 baht
b. Building cost = 2,500,000 baht (from interview)
¢. Machines costs (from interview):
The extruder machine = 1,500,000 baht for each.
There are 2 units. = 1,500,000 * 2 = 3,000,000 baht

The thermoforming machine = 1,050,000 baht for each.



There are 4 units. = 1,050,000 * 4 = 4,200,000 baht
The punching die machine = 800,000 baht for each.
There are 2 units‘. = 800,000 * 2 = 1,600,000 baht
Total costs = 8,800,000 baht

d. Trucks and manager's car cost:
The truck is 700,000 baht for each. (in 1994) There are 4 trucks.
Totai cost = 700,000 * 4 = 2,800,000 baht

The manager's car is 400,000 baht. (in 1994) There is only one car.

All of initial investment costs of alternative A are shown in Table 4.2.
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Table 4.2 The incremental of the initial investment costs of Alternative A, Bto Aand Cto A

at full capacity.

{unit:baht)
Components Alternative A | Incremental incremental
Bto A Cto A

Initial investment costs( annual ):
a. Land cost 8,000,000
b. Filling land up 960,000
c¢. Building costs 2,500,000
d. Machine costs 8,800,000 4,370,000 4,370,000
e. Manager's car 400,000
f. Trucks 2,800,000 700,000 700,000

Total 23,460,000 5,070,000 5,070,000

This table is illustrated that the initial investments to building of Expanded Polystyrene

foam packaging factory, incremental costs of initial investment from expanded service which is
used scraps in EPS fast-food foam processing to be raw materials of recycling and incremental
of the initial investments from expanded service which is used EPS wastes to be raw material;

of recycling.
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4.2.1.2 Fixed costs:
a. The depreciation costs are shown in Table 4.3 .
b. The manager's salary = 180,000 baht/person
There is a manager. Calculation is increased 7% up each year.
¢. The wage of clerkships and others = 5,000 baht/person/month.
There are 10 persons.
Total = 5,000 * 10 * 12 = 600,000 baht at first year. The salary are increased
7% up every year. That is shown in Table 4.4.
d. Electricity costs
The extruder machine is 60 horse-powers for each.
There are 2 units.
The thermoforming machine is 40 horse-powers for each.
There are 4 units.
The punching die machine is 40 horse-powers for each.
There are 2 units.
Total of horse-powers = (60 * 2)+(40 * 6) = 360 horse-powers
1 horse-power = 0.746 kilowatts(kw.)
The cost of electricity is 32 baht/kw.
Total costs of electricity =360*0.746*32*52*6

= 2,681,303.04 bahtfyear

All of fixed costs of alternative A are shown in Table 4.4.



Table 4.3 Calculation of depreciations of machines, building, manager's car and

4 trucks of Alternative A.

(unit:baht)
Year |Depreciation |Depreciation | Depreciation Depreciation Total of
of machines | of building | of managers | of 4 trucks Depreciations
car of Alternative A
1 880,000 250,000 40,000 280,000 1,450,000
2 880,000 250,000 40,000 280,000 1,450,000
3 880,000 250,000 40,000 280,000 1,450,000
4 880,000 250,000 40,000 280,000 1,450,000
5 880,000 250,000 40,000 280,000 1,450,000
6 880,000 250,000 40,000 280,000 1,450,000
7 880,000 250,000 40,000 280,000 1,450,000
8 880,000 250,000 40,000 280,000 1,450,000
9 880,000 250,000 40,000 280,000 1,450,000
10 880,000 250,000 40,000 280,000 1,450,000
sum 8,800,000 2,500,000 400,000 2,800,000 14,500,000]

The calculation of depreciations are used Straight-line method. Assuming

that salvage value (S) = 0, we can denote the yearly charges under the straight-

line by C/N = D, and the series of depreciation charges by £ D= C-S

where:

C = initial costs

N = time span of project ( years )

Di = depreciation cost
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Table 4.4 Calculation the fixed costs of alternative A in each year.( full capacity )

{unit:baht)
year| Manager's | Clerkskips Depreciation Electricity Total of fixed
salary and others costs costs

1 180,000 600,000 1,450,000 2,681,303 4,911,303
2 192,600 642,000 1,450,000 2,681,303 4,965,903
3 206,082 686,940 1,450,000 2,681,303 5,024,325
4 220,508 735,626 1,450,000 2,681,303 5,086,837
5 235,943 786,478 1,450,000 2,681,303 5,153,724
6 252,459 341 ,531 1,450,000 2,681,303 5,225,293
7 270,131 900,438 1,450,000 2,681,303 5,301,873
8 289,041 §63,469 1,450,000 2,681,303 5,383,813
9 309,274 1,030,912 1,450,000 2,681,303 5,471,488
10 330,923] 1,103,076 1,450,000 2,681,303 5,565,301
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4.2.1.3 Variable costs:

a. Material cost = 28 baht/kg.(the data used from plastic's markets)

Used = 1,872 kg./day
Total = 1,872 * 28 = 52,416 baht/day
1 year = 52 weeks

The workdays of this factory are 6 daysfweek
Total =52,416 * 52 * 6 = 16,353,792 baht at first year. It is assumed
that increased 1% up each year. That shown in Table 4.5.

b. Labor cost
The wage of labor used 135 baht/person/day.
There are 36 persons.
Total =1356* 36 * 52 * 6 = 1,516,320 baht at first year. Next years are
increased 7% up each year. That shown in Table 4.5

¢. Transportation cost is considered to fuel cost = 12,000 baht/month#truck
The numbers of trucks are 4 trucks.
Total = 12,000 * 12 * 4 = 576,000 baht/year (constant)

d. Driver's wage = 135 baht/person/day
Total = 135* 4 * 52 * 6 = 168,480 baht at first year. It is assumed that will be
increase 7% up each year. That shown in Table 4.5.

e. Maintenance costs of machine is approximated 5,000 baht/month for each.
(the data are used from general shops of machines )
The number of machines are 8 units.
Total of maintenance costs = 5,000 * 8 * 12 = 480,000 baht/year

f. Other costs (including caution money, expense etc.) is calculated from 5%
of sum of raw materials costs, labor costs, transportation costs, drivers' wage

and maintenance costs.



=0.05* (16,353,792 + 1,516,320 + 576,000 + 168,480 + 480,000 )
= 054,730 baht at first year ( In next years are shown in Table 4.5)
All of variable costs of alternative A are shown in Table 4.5.

g. Tax {income) = 37% of net income per year.(approximated)

This is shown in Table 4.6.
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4.2.1.4 The revenue:
This factory is produced foam sheets = 360 kg./day
The price of foam sheet = 35 baht/kg. (approximated)
Total of costs = 360 * 35 * 52 * 6 = 3,931,200 baht at first year
This factory is produced fast-food foam clamshells = 1,391 kg./day
The price of fast-food foam clamshells = 100 baht/kg. (approximated)
Total of costs = 1,391 * 100 * 52 * 6 = 43,399,200 baht at first year
Total of all = 47,330,400 baht for full capacity at first year but it is calculated only
75% of full capacity due to the markets problems. The price of products is
assumed to increase 1% up from each year. ( approximated )

The analysis of investment costs of alternative A are shown in Tabie 4.6.

After valuation of benefits and costs, the next step is calculated the value of
relevant criteria of Net Present Value, Benefit Cost ratio and Internal Rate of Return. All of
these are shown in Table 4.7, 4.8 and 4.9. Table 4.7 is caiculated approximately with

government bonds 11%. Table 4.8 is calculated with discount rate 13%.
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4.2 2 Alternative B

This alternative is calculated incremental investment costs and benefits from
alternative B to alternative A . The list of incremental investment costs of alternative B to

alternative A is shown in Table 4.10.

4.2.21 Initial investment costs:

a. Machines costs : (The data is approximated from interview)
There is a recycling machine costs 1,050,000 baht.
There is an extruder machine costs 1,500,000 baht.
There is a thermoforming machine (electric packaging) costs 1,020,000 baht.
There is a punching die costs 800,000 baht.

Total = 5,070,000 baht

b. To buy a truck for this alternative that costs 700,000 baht.

4.2.2.2 Fixed costs:

a. The depreciation costs are shown in Table 4.11.

b. Electricity costs:
The recycling machine is 40 horse powers.
The extruder machine is 60 horse powers.
The thermoforming machine (electric packaging) is 40 horse powers.
The punching die is 40 horse powers.
Total costs of electricity = 180 *0.746 *32*52* 6

= 1,340,652 bath at first year.

All of these are shown in Table 4.12.
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Table 4.10 List of incremental investment costs of production of EPS foam of alternative

B and C at first year.
Components Amounth ( unit) Baht/Unit Total cost(baht)
Initial costs
a. Machines:
- Recycling machine 1 unit 1,050,000 1,050,000
- Extruder machine 1 unit 1,500,000 1,500,000
- Thermoforming machine 1 unit 1,020,000 1,020,000
(for electric packaging )
- Punching die 1 unit 800,000 800,000
b. Truck 1 unit 700,000 700,000
Fixed costs:
a. Electricity 41,895.36 kw. 32 1,340,652
Variable cost:
a. Scraps of EPS 37,752 kg. 3 113,256
(especially for alternative B)
b. Wastes of EPS 140,400 kg. 5 702,000
(especially for alternative C)
c. Driver 1 man 42,120 42,120
d. Labors 4 men 42,120 168,480
e. Fuel (average per truck) 1 truck 144,000 144,000
f. Maintenance of machines 4 units 60,000 240,000




Table 4.11 Calculation of depreciations of machines and truck of Alternative B and C.

Q
NS

Koo, B

{unit:baht)
Year |Depreciation |Depreciation Total of
of machines of truck  |Depreciations
1 437,000 70,000 507,000
2 437,000 70,000 507,000
3 437,000 70,000 507,000
4 437,000 70,000 507,000
5 437,000 70,000 507,000
6 437,000 70,000 507,000
7 437,000 70,000 507,000
8 437,000 70,000 507,000
9 437,000 70,000 507,000
10 437,000 70,000 207,000
sum 4,370,000 700,000 5,070,000

Using straight-line method for calculation the depreciations of machines and truck.

The calculation are similar to Table 4.3.

37445



Table 4.12 Calculation the fixed costs of alternatives B and C at full capacity.

(unit:baht/year)

year | Depreciation| Electricity | Total of fixed

costs costs
1 507,000] 1,340,652 1,847,652
2 507,000 1,340,652 1,847,652
3 507,000f 1,340,652 1,847,652
4 507,000f 1,340,652 1,847,652
5 507,000] 1,340,652 1,847,652
6 507,000 1,340,652 1,847,652
7 507,000f 1,340,652 1,847,652
8 507,000| 1,340,652 1,847,652
9 507,000{ 1,340,652 1,847,652

10 507,000} 1,340,652 1,847,652

sum| 5,070,000] 13,406,520] 18,476,520
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4.2.2.3 Variable costs: ( shown in Table 4.13)

a.

Raw materials costs

This alternative is used the scraps of EPS from products to be materials and
cost of EPS scraps estimated from price of wastes of plastic, that is 3
baht/kg.

This factory is used scraps = 121 kg./day in processing. That is approximated
8% from processing fast-food foam clamshells.

Total = 3* 121 * 52 * 6 = 113,256 baht at first year and next years are

increased 1% up.

. Driver's wage is considered 135 baht/day/man. There is a driver.

Total = 135* 52 * 6 * 1 = 42,120 baht at first year and next years are

increased 7% up.

. Labors

In this alternative should be increased 4 persons to control the machines.
The wages = 4 * 135 * 52 * 6 = 168,480 baht at first year and next years are

increased 7% up from each year.

. Transportation cost ( fuel ) is considered for a truck 12,000 baht/month

Total = 12,000 * 12 = 144,000 baht/year (assumed constant)

- Maintenance of machine cost = 5,000 baht/month (assumed constant)

There are 4 machines.

Total costs = 4 * 5,000 * 12 = 240,000 baht/year

Other costs = 5% of sum of incremental of raw materials costs, labors costs,
driver's wage, transportation costs and maintenance costs.

This is shown in Table 4.13.

g. Tax (income) = 37% of incremental net income. (shown in Table 4.14)
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4.2.2.4 Revenue: (approximated)

This factory is produced EPS recycling pellets = 40 kg./day,

And produced electric packagings = 75 kg./day.

The factory is sold EPS recycling pellets = 14 baht/kg.,

And sold electric packagings = 180 baht/kg.(data from interview)
Total=[(40*14)+ (75*180)]*52*6

= 4,386,720 baht at first year and next years are increased 1% up.

This aiternative is considered full benefit because this benefit is less than
75% of benefit in aiternative C.

The incremental investment costs and benefit are shown in Table 4.14.

The calculating value of relevant criteria of Net Present Value, Benefit Cost ratio
and Internal Rate of Return are shown in Table 4.15, 4.16 and 4.17, respectively. Table 4.15

is calculated with government bond 11%. Table 4.16 is calculated with discount rate 13%.
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4.2.3 Alternative C
This alternative is calculated the incremental costs and benefits from alternative
C to alternative A. The incremental of machines costs, depreciation costs, driver's wage,
labors costs, electricity costs, transportation costs and maintenance costs are equaled
incremental costs from alternative B to alternative A . These are shown in Table 410, 4.1

and 4.18.

4.2.3.1 Variable costs:

a. Raw material costs:
The capacity of recycling machine of this factory = 450 kg/day
The factory bought the wastes of EPS =5 baht/kg.
Total = 450 * 5 * 52 * 6 = 702,000 baht at first year. Next years are increase
1% up.
That is shown in Table 4.18.

b. Other costs = 5% of sum of incremental of raw materials costs, driver's wage,
labors costs, transportation costs and maintenance costs
That is shown in Table 4.18.

c. Tax ( income ) = 37% of net incremental income ( The calculation is shown in

Table 4.19)
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4.2.3.2 Revenue:
This factory is produced electric packaging = 276 kg/day.
And produce EPS recycling pellets = 150 kg./day.
The price of electric packaging = 180 baht/kg.
The price of EPS recycling pellets = 14 baht/kg.
Total of revenue = [ (276 * 180 ) + (150 *14)]*52* 6
= 16,155,360 baht at first year. Next years are increased 1% up.
The calculations of incremental investment costs and benefit are shown in Table
4.19.
The calculation value of relevant criteria of Net Present Value, Benefit Cost ratio
and Internal Rate of Return are shown in Table 4.20, 4.21 and 4.22. Table 4.20 is calculated

with government bond 11%. Table 4.21 is calculated with discount rate 13%.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Benefit-Cost analysis are used for this purpose to find out which is better between
alternative B and C. As conventional tools, NPV, IRR and B/C are calculated based on the

data of alternative A.
5.1.1 Economic evaluation

Under the assumption and from Table 5.1, the economic NPV and B/C ratio of
alternative C are higher than aiternative A and alternative B both 11% of government bond
and 13% of discount rate. These are shown that the alternative of buying the wastes of EPS
is better than the alternative of using the scraps of EPS from processing because it could
fed EPS wastes to be raw materials more sufficient than using scraps of EPS. From results,
NPV, IRR and B/C ratio of alternative B were lower than estimation. This is concluded that
the investment is non-covered benefits but it can save the environment's costs about the
wastes management. The alternative C is highest result of which is concluded that this
altemative is covered benefits and more benefits because alternative C is an ideal model to

consider as full capacity and full benefits.



Table 5.1 The rasuits of alternative A, B and C based on NPV, B/C ratio and IRR.

Alternative NPV B/C ratio IRR
11% 13% 11% 13%
A 14,711,912| 9,700,982 1.07 1.05 18%
B -1,057,360| -1,466,674 0.96 0.93 6.98%
Cc 30,693,519( 27,178,528 1.66 164 78.01%

The collection system of wastes generated the factors that become to sorting the
wastes for recycle. This created the study of recycle process and it become an economic
use. Generally, the collection systems are not problem, but the sortation of wastes become

more complex.

5.2 Recommendations

5.2.1 it should study the market demand for the recycle products.

5.2.2 The quantities of EPS should be studied in using to be raw materials.

5.2.3 The EPS recycling should be studied in other formed for feeding the markets.

5.2.4 Washing is an activity that consuming time and more workers. Therefore, the
working dirty materials of EPS from outside are recommended for full filled the machine

capacity.
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5.3 Future outiook

The future of Expanded Polystyrene recycling is dependent on many factors, all of
which impact the underlying economics facing such an activity. The future of EPS recycling
is going to be pencil box or other forms which are useful types. So should have the centre for
collection EPS foamed, foam will return to the manufacturers with typical clean. it should be

introduced to recycling EPS foamed and decreased EPS wastes.
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Appendix A

Guided interview schedule

Date

Name of Industry

Address:

1. Types of product

2. Using raw materials for produce Expanded Polystyrene(EPS) are from:

2.1 cost
22 cost
2.3 cost

2.4 cost




3. The quantities of raw materials(EPS):

3.1 Using the EPS scraps tonnes or kg. / day or month or year.

3.2 Using the new materials tonnes or kg. / day or month or year.

4. The productivities of EPS :

4.1 which is recycling EPS scraps tonnes or kg. / day or month.

4.2 which is new EPS tonnes or kg. / day or month.

5. The price of products:

5.1

5.2

5.3

5.4

6. Amounth of trucks trucks.

7. Amounth of clerks persons. Amounth of labors persons.



8. Fuel costs bahttruck/month.

9. Maintenance of machine baht/machine/month.

10. Electric power:

10.1 horse-powers.
10.2 horse-powers.
103 horse-powers.
104 horse-powers.

11. Working period

12. Building costs baht.

13. The teachnology of EPS wastes recycling is :




14. Process of EPS wastes recycling:

co

~1

T
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