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ABSTRACT

The main objective of this paper is to recommend the best way for disposing
of obsolete personal computers in Thailand. To make a recommendation, an estimate
of the total number of personal computers in Thailand, an estimate of the life span of
a personal computer, an estimate of the amount of hazardous chemicals, and the
current disposal pathway were investigated during December 1, 2003 to January 31,
2004.

Based on these figures, it was estimated that by 2010 there will be 14,798,810
units in use, of which 8 million will become obsolete by the same year. The
materials that are of principal concern with regard to environmental and health
hazards are lead, cadmium, mercury, chromium VI, brominated flame-retardant,
barium, phosphor, beryllium and PVC plastic. Therefore, the amount of hazardous
waste by 2010 is estimated at about 14 million kilograms of lead, 20,000 kilograms
of cadmium, 4,700 kilograms of mercury, 14,000 kilograms of Chromium VI and
68,000 kilograms of Barium.

The problem of the current hazardous waste management in Thailand with
regards to PCs is the lack of a consistant method for collecting obsolete computer
for recycling and/or for safe disposal.

This study concluded that the best options for a safe management of obsolete
personal computers should focus on 5 main points namely, preventing and reducing
waste at user, manufacture and importing levels, reusing old PCs and parts,
implementing of a consistant collecting and recycling program, educating the
consumer about hazardous waste in PCs and the need for a government policy on
hazardous waste management regarding PCs.
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CHAPTER |
INTRODUCTION

1.1 BACKGROUND AND STATE OF PROBLEMS

Computers are widely seen as instruments for future progress and as tools to
achieve sustainability wvia improved public access to information, and
dematerialization via video conferencing and email, for example, yet the reality of
computers reveals a hazardous life cycle and lack of public accountability.

Rapid advances in information technology mean that the life of many personal
computers is limited. These advances are accompanied by decreases in the cost of both
purchasing new equipment and upgrading to higher performance equipment. This
contributes not only to an overall growth in the number of computers purchased, but
also to many units reaching the end of their productive use within a short number of
years. The disposal of obsolete personal computer is therefore expected to become
more of a problem in the short to medium term, with disposed volumes likely to grow
as exponentially as has the growth in use of computers.

The high tech electronics industry uses vast amounts of dangerous chemicals and
significantly depletes natural resources to fuel its global expansion and rapidly
changing product lines. There are few other products for which the sum of the
environmental impacts of raw material extraction, industrial refining and production,
use and disposal is so extensive. In general, electronic computer equipment is a
complicated assembly of more than 1,000 materials, many of which are highly toxic,
such as chlorinated and brominated substances, toxic gases, toxic metals, photo-active
and biologically active materials, acids, plastics and plastic additives. (Thibodeau,
2002) Furthermore, comprehensive health impacts of the mixtures and material

combinations in the products are often not known.
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1.1.1 Obsolete computer
Obsolescence for computer happens in three areas (Technology Recycling, 2003):

e Computers become obsolete because the operating system used to run the
computer is no longer supported and therefore cannot function within
confines of Internet or today’s advanced networking topographies.

e The limited capacity and speed of old computers can compromise company
networks, and in many cases, simply cannot accommodate the Internet.

e Application software that is current requires higher operating system levels

than the old equipment can sustain.

1.1.2 Computer waste

Of the entire e-waste generated, computer waste poses significant environmental
and health hazards. Rapid advances in information technology, with new and varied
innovation in computers, have led to parallel product obsolescence — adding to the
toxic waste stream.

New discovery has the capability of doubling the obsolescence rate as the
consumer, targeted by advertisements and offers, finds it cheaper and more convenient
to buy a new computer machine than to upgrade his old one. Computers that cannot be
upgraded increasingly become waste. Due to the absence of proper mechanisms and
standards of disposal, these toxics-laden high tech products often end their lives in the
waste stream meant either for recycling or are landfilled.

Information Technology development Thailand was formally started 12 years ago
(1992), when the Prime Minister Anand Panyarachun founded the National IT
Committee (NITC) to look after the promotion of IT usage and IT development in
Thailand (NITC, 1995b, TDRI, 1995). The number of PC has been expanded
consequently. As shown in the survey of the Association of Thai Computer Industry
(ATCI) and Computer Association of Thailand's Vendors Group (CAT-VG), the
number of computers raise every year, especially the personal computer and its
peripherals. In Thailand, PCs have tendency to be more popular, especially outside
Bangkok. One reason is Internet accessing. More companies are connecting their PCs

into a network and an inter-network.
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Regarding the national IT development, the amount of personal computer has
increased consequently. Moreover, the amount of PCs waste in domestic area is
increasing dramatically. As a result, the improper disposals of PCs waste are
considered.

Furthermore, Thailand has slapped an import ban on old electronic equipment
such as personal computers, which are shipped in bulk and recycled for resale,
following reports the country is fast becoming a dumping ground for toxic waste
(Basel Action Network and Greenpeace, 2003). Furthermore, second-hand dealers in
Thailand import used PCs in bulk every month. The used items are restored and resold
(Tang E., 2002).

What the consequence problem is that Thailand does not have adequate disposal
facilities for toxic waste such as cathode-ray tubes. Many such items end up among
landfill spoil, their toxic components posing a health and environmental hazard.

To solve this problem, the first thing that should be considered is end-of-life
management. Before thinking about end-of-life, identifying sources (generators) of
computer waste is needed. Also the flow of computer waste in Thailand context should
be explored.

This study intends to show how serious of computer waste problem by
considering from the amount of obsolete PCs in the future. Additionally, the impact of
those amounts of obsolete PCs, to the environment should be identified. To manage
end-of-life PCs, the current disposal pathway of computer waste has to be investigated
as basic information. Finally, the recommendation for end-of-life options will be

prepared in this study.

1.2 OBJECTIVES

The specific objectives of the research are: -

To estimate the amount of PCs in the domestic area

To estimate hazardous chemical in obsolete PCs

To investigate the estimated life span of PCs, their current disposal pathways

M Wb

To recommend the feasibility end-of-life options of PCs for Thailand
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1.3 SCOPE OF STUDY

1.3.1 A Personal Computer
A personal Computer (PC) in this study is defined as the following components in
the Figure 1.1.

A 4

Cathode Ray Tube

Monitor

h 4

Equipment Casings
(External Structure)

Structural Components
(internal structure)

A 4 A 4 ) 4 l

Hard Drive, Disk Drives

CPU Circuit Broads
(Mother Broad and Adapter cards)
e N

IC Chips
,, L (Microprocessor and memory)

A 4

Hazardous Components
( batteries)

A 4

-

-

> Electrical Devices
(_(Cables, Motors, power Supply, etc.)

-

y

Input Devices

Peri pheral S e (Keyboard, mouse, speaker)

Personal Computer ——— Subassembly ————— Parts

Figure 1.1 A Personal Computer and its Parts

Source: white CD, et al., 2002

Regarding Figure 1.1, an average personal computer consists of three primary
subassemblies: the central processing unit (CPU), the monitor, and other input/output
peripherals such as keyboards, mouse, or speakers. These subassemblies contain the
various recoverable parts. The CPU contains hard and disk drives, circuit boards with
integrated circuit chips, impact-resistant plastic casings, an internal metal framework,
small batteries, motors, power supplies, and cables. The cathode ray tube-based
monitor is housed in an impact-resistant plastic shell and composed of a leaded glass

funnel and coated glass front panel, a cathode, and circuitry. The peripheral equipment
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is comprised of minor circuitry and some movable parts, most of which are not readily
salable in their own right.

For the purposes of this paper, the consumable items (such as removable storage
disks and mouse pads) are excluded from this study. Additionally, the products which
are often transported with appreciable amounts of paper, cardboard, and polystyrene

foams, these materials also excluded.

1.3.2 Area of study
This study intends to consider in a holistic view of Thailand, which concern with
personal computer waste stories. As well as, the information and investigation will not

be focused in any criteria or any groups.

1.4 EXPECTED OUTCOMES

1.4.1 Guidance about proper waste disposal and/or recycling for end-of-life
personal computers.

1.4.2 Creation of a recycling network of actors working on e-waste
management issues increasing the momentum of the sustainability agenda

1.4.3 Interest groups will be more aware of state computer waste in Thailand
context and will have input to increase the effectiveness of e-waste management

program.
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CHAPTER I
LITERATURE REVIEW

2.1 COMPUTER AND INFORMATION TECHNOLOGY (IT)
DEVELOPMENT IN THAILAND

Computer usage has been increased due to the national IT Development. A lot of
IT programs have been launched in Thailand according to the national IT policy and
National ICT Master Plan.
2.1.1 1T National Plan
According to NECTEC (2003), the national IT policy The National IT Policy
Framework for the year 2001-2010, namely IT 2010, was developed as a second phase
of the national IT policy to move Thailand into the Knowledge-Based Economy
(KBE)/Knowledge-Based Society (KBS). Additionally, IT 2010 recommends five
strategic flagships for Thailand, which are e-Commerce and e-Industry for the
information economy; e-Society and e-Education for the information society; together
with e-Government as the main drive for the five strategies. The issues related to these
five flagships are:
1) e-Society: bridging the digital divide, quality of life, culture, health,
and public participation.
2) e-Education: developing human resources, life-long learning,
computer literacy, and virtual education.
3) e-Industry: focusing on e-manufacturing and IT-related industries,
plus issues such as standardization.
4) e-Commerce: specially focusing on e-services including not only
finance, tourism and IT services, but also other industries.
5) e-Government: including public service via electronic service

delivery, employment, and legal infrastructure.
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Moreover, NECTEC (2003) also talks about the first National Information and
Communications Technology (ICT) Master Plan for the year 2002-2006 which was
approved by the Cabinet on September 25, 2002. The Plan was jointly developed by
NECTEC and the Office of the National Economic and Social Development Board
(NESDB) in close consultation with representatives of all stakeholders.

The National ICT Master Plan was developed in accordance with the IT 2010
Policy Framework as well as the 9th National Economic and Social Development Plan
(2002-2006). It identifies seven strategies for development as follows:

Strategy 1: The development of ICT industry into a regional leader

Strategy 2: The utilization of ICT to enhance the quality of life and society

Strategy 3: The reform and enhancement of the capability on ICT research and
development

Strategy 4: The reinforcement of social capacity for future competition

Strategy 5: The development of entrepreneurs capacity for the expansion of

international markets
Strategy 6: The utilization of ICT in Small and Medium Enterprises
Strategy 7: The utilization of ICT in government administration and services

The more IT development strategies is the more computer industry growth as a
consequence. As a result, the usage of personal computers (PCs) is also increasing as
a tool of development.

2.1.2 Industry Overview

The information and communication technology industry is one of the fastest
growing industries in the world. Worldwide the industry has nearly doubled in size
over the past 10 years, with total spending in 1992 of US$1.3 trillion expected to
exceed US$2.4 trillion by 2002 (WITSA, 2000). However, the Thai IT markets
declined sharply in 1998 before rebounding in 1999. Although the global IT market
has been affected by the downturn of hi-tech industry (MAIT, 2002). A joint study
conducted by The Association of Thai Computer Industry
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(ATCI), the Association of Thai Software Industry (ATSI), and Information
Networking Association (INA) estimated the value of the Thai PCs computer market
in 2003 at 13,960 million Baht — up from 12,895 million Baht the previous year
(ATCI/ATSI/INA, 2003),. The Thai IT market is relatively small in the region, ranked
9th behind China, Korea, Taiwan, Hong Kong, India, Singapore, Indonesia and
Malaysia (MAIT, 2002). According to ATCI/ATSI/INA study, Thailand has an
estimate installed base of 0.7 million PCs in 2003 (ATCI/ATSI/INA,2003).

According to National IT policy and National ICT Master Plan as mention before,
IT industry has been developed to serve the huge demand of the stakeholder. As well,
Thailand is struggling to meet the demands necessary to compete in the global
computer arena. Incentives offered by the BOI have been successful in attracting many
companies, but they are frequently pressured to leave for reduced expenses or in
search of higher technology and better research and development potential. Several
recent measures show that some efforts are being taken to upgrade the operating
environment for the industry and for local firms within it. To serve the needs of the
domestic market, local manufacturers and NECTEC joined forces to offer PCs priced
at under US$ 462.39, equipped with a 1.2 Ghz microprocessor, 128 MB memory and a
40 GB hard disk (MAIT, 2002). This initiative is expected to boost domestic PCs sale,
in particular in the house-use market. Additionally, PCs domestic shipment has been
increased steadily from 1998 to 2003 (Figure 2.1).
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PC shipment P C Shipment in Domestic Area
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800,000
700,000 -
600,000 -
500,000 -
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300,000
200,000 -
100,000
0 ‘ ‘ ‘
1996 1997 1998 1999 2000 2001 2002 2003 2004

Year

Figure 2.1 Number of new PCs Shipment for domestic consumers in Thailand
during 1997-2003
Source: ACTI/ATSI/INA, 1999 and 2003

2.2 COMPUTER AND PARTS

2.2.1 CPU and parts in CPU case
A typical computer system can be described by breaking the system into three

sections: inputs, processing and outputs.

Inputs are information conveyed to the computer through devices for either
manual entry (e.g. game controllers, keyboard, mouse) or digital entry (e.g. imaging
equipment such as scanners and digital cameras). Many devices are in general use,
however others are developed for more specialized applications (e.g. graphics tablet or
magnetic card-reader).

Processing includes executing software program instructions and mathematical
processing, which is undertaken by a central processing unit (CPU) that is linked to

ancillary processors, memory modules, input and output devices.
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Outputs are the means by which processed information is communicated to users
(e.g. monitor or printer). Some components fulfil both an input and output role (e.g.
network interface cards and either fixed or removable storage devices).

Computers are made in a variety of forms to cater for different applications, with
the most common forms being PCs, laptop or notebook computers, and servers.

PCs are generally comprised of several components connected together to provide
inputs, processing and output (e.g. case, keyboard, monitor and mouse).

Laptop computers have integrated input, processing and output devices to allow
for ease of transport, and as such are much smaller than desktop computers (i.e.
smaller than a briefcase).

Servers are specialized computers that are used to coordinate inter-operation by a
number of computers and output devices over a network.

For the personal computer, common components of PCs include those outlined
below.

2.2.1.1 A case that encloses the key components of a computer

(including

the CPU, memory power supply and storage devices), and provides protection from
dust or damage. Cases are generally comprised of a metal frame and cover with a
moulded plastic faceplate. Some laptop cases are high-impact plastic, whereas others
are made of high-grade, lightweight metals like titanium.

2.2.1.2 Integrated Circuits (ICs): ICs are the chips that perform the
logical and computational functions within a computer. The ICs that are present within
a computer include the Basic Input/Output System (BIOS), which is used to control
fundamental operations; Random Access Memory (RAM), which is used to
temporarily store information during processing; and read-only Memory (ROM),
which is used to permanently store essential instructions. An IC is made of a silicon
wafer and may be housed inside a flat plastic case with metal interface pins, or directly
wired to a printed circuit.

2.2.1.3 The Central Processing Unit (CPU) is also an IC. The term
CPU is often used to describe the case and internal components, however it more
correctly refers to the main processor that executes program instructions and performs

mathematical calculations.
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2.2.1.4 Printed Circuit Board (PCB): PCB:s are the principal material
that contains the computer's basic circuitry and components. The largest PCB is the
motherboard, which connects the components of the computer (e.g. CPU, input and
output devices, RAM and storage devices) to one another. Expansion slots on the
motherboard allow for the insertion of daughter boards that provide further input and
output connections (e.g. sound, modem, networking, video). Circuitry is imprinted or
affixed to the surface of the board; this involves the use of metals (primarily copper,
with gold-plated connectors) to provide the circuit, embedded in a fibreglass board
using either glue or solder. Fire retardants are usually incorporated into the
manufacture of PCBs.

2.2.1.5 Storage: Information can be stored on fixed devices (e.g.
magnetic "hard" drive) or removable devices that use any one of a range of
consumable media (e.g. 3.5" magnetic disks, CD-ROM, digital tape, flash memory
cards and Zip disks).

2.2.1.6 Power Supply: The power supply takes mains power and
transforms it to the voltages required by the CPU, motherboard and input/output
devices. Metal and some plastic components are used in their construction.

2.2.1.7 A Dbattery, either as a main source of power supply (e.g.
laptops) or as a backup to enable basic functions (e.g. saving times and dates) when
the main power is switched off. In the past, nickel cadmium (NiCd) or nickel metal
hydride (NiMH) batteries were used; however computers manufactured today
generally utilise lithium ion (Li) batteries.

2.2.1.8 Two or more fans to cool the CPU, power supply and other
heat-generating components. These are generally manufactured from plastic with
metal connections.

2.2.1.9 Cables to convey power to individual components (e.g. from
the power supply to the motherboard) and data from one component to another (e.g.
bus cables connecting the motherboard to storage devices). All of these cables are
made of metal wires (principally copper) surrounded by plastic.
The location of these components in a typical desktop computer is shown in Figure
2.2.
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Figure 2.2  Computer Components
Source: http://www.Kids-online.net, 10/08/03

2.2.2 Monitors

Cathode ray tube displays (CRTs) are the predominant display technology
currently used in computer monitors. A CRT is generally comprised of a glass panel
screen, a plastic casing (often with a swivel base), various connecting wires, magnetic
and radiation shielding, and the cathode ray tube itself.

The cathode ray tube holds electron guns and deflection yoke coils, which create
an electric field that directs a flow of electrons from the guns through small holes in a
shadow mask to illuminate phosphors on the back of the glass panel screen. This tube's
glass funnel contains lead for radiation shielding, and is joined to the glass panel
screen and shadow mask using a 70-80% lead-content solder. The location of these

components is shown in Figure 2.3.
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Figure 2.3 Internal Components of a Typical CRT Monitor

Source: Townsend, et. al., 1999

Flat panel displays are an alternate display technology to CRTs that is
predominantly used in applications where portability (i.e. weight, size) and energy
consumption are important (e.g. laptops). Liquid crystal displays (LCDs) are a type of
flat panel display where the monitor produces an electric field to trigger a grid filled
with crystals, with the resulting arrangement of crystals forming the desired image on

the screen. Figure 2.4 indicates the principal parts of an LCD screen.

tdetal frame
=1

Plastic frame

Figure 2.4  Internal Components of a Typical LCD Monitor

Source: Meinhardt Infrastructure & Environment Group for Environment Australia,
2001
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An LCD screen comprised electrodes on two glass substrates with liquid crystals
sealed into the narrow gap between them. There are approximately 300 different liquid
crystal compounds used that consisted of of non-hazardous organic chemicals. The
common LCD technology used in computer monitors uses separate and independent
Thin Film Transistors as a switch for each pixel. Turning these switches on or off will
align the liquid crystal molecules so that light from the screen's backlight is allowed to
shine through to a colored filter and then to the front of the display. Up to four
fluorescent lamps and a thin light diffuser are used to provide light so the screens may
be seen in the dark. This assembly is sandwiched within a metal frame for protection

and ease of mounting.

2.3 MATERIALS IN A PERSONAL COMPUTER

Computers and peripheral equipment comprised a range of different materials,
including different types and blends of plastic, ferrous and non-ferrous metals
(including precious metals and heavy metals), glass, foam, rubber, carbon powder and
additives (such as paints, coatings and fire retardants). The types and quantities of
materials used in each unit will differ according to the types of equipment (e.g. PC,
printer, scanner, etc), manufacturers, models and when it was made.

The materials described within this chapter are limited to those that are physically
presented within computers and peripheral equipments. A number of other materials,
including some materials that pose environmental and health risks, will have been
used in the manufacture and packaging of these finished products. These materials are
outside the scope of this current project, however it is important to note that they are
covered under separate arrangements with manufacturers. The manufacture of
computers and peripheral equipments may be addressed through cleaner production
initiatives between industry and Commonwealth or State authorities.

The composition of a typical desktop computer has been determined in 1996 US
studies (MCC, 1996); the results are outlined in Table 2.1. While laptop computersand
LCD monitors have not been examined, their constituent materials are similar to those
detailed in Table 2.1. These components are discussed in further detail in the

following sections.
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Table 2.1 Material Composition of a Personal Computer

Composition of a Desktop Personal Computer
Based on a typical desktop computer and 14" monitor weighing ~60 Ibs.
Name Content Actual Use/Location Recycling
(% of total | Weight Efficiency
weight) Content
(pounds)
Plastics 22.9907 13.8 Includes organics, oxides other than silica 20%
Lead 6.2988 3.8 Metal joining, radiation shield/CRT, PWB 5%
Aluminum 14.1723 8.5 Structural, conductivity/housing, CRT, PWB, 80%
connectors
Germanium 0.0016 <0.1 |Semiconductor/PWB 0%
Gallium 0.0013 <0.1 [Semiconductor/PWB 0%
Iron 20.4712 | 12.3 |[Structural, magnetivity/(steel) housing, CRT, PWB 80%
Tin 1.0078 0.6  |Metal joining/PWB, CRT 70%
Copper 6.9287 4.2 Conductivity/CRT, PWB, connectors 90%
Barium 0.0315 <0.1 |Invacuum tube/CRT 0%
Nickel 0.8503 0.51  |[Structural, magnetivity/(steel) housing, CRT, PWB 80%
Zinc 2.2046 1.32 |Battery, phosphor emitter/PWB, CRT 60%
Tantalum 0.0157 <0.1 |Capacitors/PWB, power supply 0%
Indium 0.0016 < 0.1 |[transistor, rectifiers/PWB 60%
\Vanadium 0.0002 <0.1 |Red phosphor emitter/CRT 0%
Beryllium 0.0157 <0.1 [Thermal conductivity/PWB, connectors 0%
Gold 0.0016 <0.1 [Connectivity, conductivity/PWB, connectors 99%
Europium 0.0002 <0.1 [Phosphor activator/PWB 0%
Titanium 0.0157 <0.1 [Pigment, alloying agent/(aluminum) housing 0%
Ruthenium 0.0016 <0.1 |[Resistive circuit/PWB 80%
Cobalt 0.0157 <0.1 [Structural, magnetivity/(steel) housing, CRT, PWB 85%
Palladium 0.0003 <0.1 |[Connectivity, conductivity/PWB, connectors 95%
Manganese 0.0315 <0.1 |Structural, magnetivity/(steel) housing, CRT, PWB 0%
Silver 0.0189 <0.1 |Conductivity/PWB, connectors 98%
Antinomy 0.0094 <0.1 [Diodes/housing, PWB, CRT 0%
Bismuth 0.0063 <0.1 |Wetting agent in thick film/PWB 0%
Chromium 0.0063 <0.1 |Decorative, hardener/(steel) housing 0%
Cadmium 0.0094 <0.1 |Battery, glu-green phosphor emitter/housing, PWB, 0%
CRT

Selenium 0.0016 <0.1 |RectifierssPWB 70%
Niobium 0.0002 <0.1 |Welding allow/housing 0%
Y ttrium 0.0002 <0.1 |Red phosphor emitter/CRT 0%
Mercury 0.0022 <0.1 |Batteries, switches/housing, PWB 0%
Arsenic 0.0013 <0.1 |Doping agents in transistors/PWB 0%
Silica 24.8803 15 Glass, solid state devices/CRT,PWB 0%

Source: Basel Action Network, 2002.
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2.3.1 Metals

It can be seen from Table 2.2 that many different base and precious metals are

used in the construction of computer components. The likely form and use of metals

that are of particular environmental concern are outlined below.

A small quantity of antimony is present in some inorganic flame retardants, in
the form of either antimony trioxide or antimony chloride.

A small quantity of arsenic, in the form of gallium arsenide, is contained
within light emitting diodes (LEDS).

Base metals including aluminium and iron, are used for structural purposes
such as component cases and frames, as well as moving parts.

A small amount of beryllium, in the form of a copper-beryllium alloy
(typically 98% copper and 2% beryllium), may be present in the connection
slots on older motherboards used for connecting to daughterboards. Small
amounts may also be found in "finger clips” used to maintain electrical
conductivity in metal housings.

Cadmium occurs in some components of PCBs, such as surface-mounted chip
resistors, infrared detectors and semiconductors. There is a small amount of
cadmium in plated contacts and switches, and a very small amount of cadmium
may have been used as a stabiliser in PVC insulation for wires of the type used
in PCs. Rechargeable nickel cadmium (NiCd) batteries have been used in
laptop PCs. Newer laptops are likely to contain batteries made from nickel
metal hydride (NiMH) or lithium ion (Li) rather than NiCd. Cadmium sulphide
has also been used as a phosphor in older CRTs

Copper is used as the principal conducting element within electronic
equipment, and can be found in PCBs, cables, and electromagnets in CRTs and
storage devices. The percentage of copper used in data cabling varies from
approximately 20% to 45%, and use of particular grades generally follows the
rule of higher percentages being used where higher capacities or longer run

cable lengths are required.
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e Chromium is used as a hardener or corrosion resistor in steel housings, and as
a decorative finish. It is more correctly known as hexavalent chromium or
chromium V1.

e Lead may be found in a number of components. There is approximately 2-3 kg
of insoluble lead encapsulated in the glass matrix of the funnel and faceplate in
each CRT (representing approximately 27% of content of the glass screen).
There is an additional 15-100 gm of lead present as soluble lead oxide in the
frit', which is a type of glass solder used to join the faceplate and funnel
sections of CRTs. A small quantity of lead is present in the solder used to bond
ICs and other small components to PCBs and wiring connections. Lead
sulphate may also be used in small amounts as a stabiliser in PVC sheathing
for cables and wires. Some early models of laptop computers may contain a
sealed lead acid battery.

e Lithium is present in backup batteries on the PC motherboard, as well as in
some newer laptop batteries.

e Mercury is found in the small lamps that provide backlighting in LCDs,
however xenon is now being used as a replacement. The average amount of
mercury contained in a laptop computer is 0.12 to 5 mg of mercury
(approximately one-fifth the amount of mercury in a single household
fluorescent light). Mercury switches and relays were traditionally used in large
mainframe computers, however it is unlikely that the older mainframe
computers are either still in circulation in Australia or represent a significant
portion of computer waste currently being sent to landfill. Mercury may also
be found in small quantities within batteries and PCBs.

e Precious metals including gold, platinum and silver are used to create
conductive materials, particularly connectors.

e Zinc, in the form of zinc sulphide, is mixed with rare earth metals to create a
phosphor coating used on the interior of a CRT screen to convert the Kinetic
energy of an electron beam to light.

Other metals are often found in small quantities, usually in alloy form. Aluminium

is often used in alloy with titanium, and iron is alloyed with nickel, cobalt and
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manganese in steel housings. Small or trace amounts of particular materials may be
found in components that are bonded to PCBs (e.g. antimony in diodes, germanium
and gallium in semiconductors, indium and selenium in rectifiers, ruthenium in
resistors, and tantalum in capacitors). Phosphor activators and emitters within CRTs
(in addition to the zinc or cadmium compounds mentioned above) include europium,
terbium, vanadium and yttrium. Additional quantities of particular materials may be
found within many different components (e.g. cobalt may be found in NiMH

rechargeable batteries).
2.3.2 Plastic

The plastics referred to in Table 1 consist of the following resin types:

e Acrylonitrile Butadiene Styrene (ABS);

e Polyphenylene Oxide (PPO);

e High Impact Polystyrene (HIPS);

e Polycarbonate/Acrylonitrile Butadiene Styrene (PC/ABS); and

e Polyvinylchloride (PVC).

The amount of each of these plastics has been obtained in Table 2.2
Table 2.2 Plastics in Computers

Plastic %
ABS 57
[HIPS 5
PC/ABS 2
PPO 36
PVC Trace

Source: American Plastics Council, 2000

Other plastics may also be present in computers and peripheral equipment (e.g.
cross-linked polyethylene [XLPE] may be used in place of PVC as an insulating
coating for cables).

Some types of plastic may include metals and other elemental additives. For
example, PVC sheaths for cabling include cadmium and lead stabilizers (i.e. additives
to prevent the plastic from breaking down during use) and chloroparaffins have been

used as softeners (i.e. additives to allow the plastic to remain flexible). Plastic



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Environmental Management) / 19

housings made from ABS plastic may contain tetrabromobisophenol-A (TBBA),

which is a brominated flame retardant.
2.3.3 Silica

Silica is the principal material used in the glass present in both CRTs and LCDs,
and is also the basic material used to manufacture the majority of solid-state ICs (as
exemplified by the term "silicon chip"). Glass of varying size and grade is used for
copying plates within scanners, and the glass drums in toner cartridges for laser

printers.
2.3.4 Others

Flame retardants, including organic halogenated or brominated compounds (e.g.
TBBA) and inorganic compounds (e.g. antimony compounds), are used in the epoxy
resin of PCBs to prevent fires. Polybrominated biphenyls (PBBs) have also been used
as flame retardants, however sources indicate that their use in computer housings was
discontinued between 7 and 10 years ago.

Antimony trioxide is commonly used with halogenated flame retardants as a
synergist to achieve a high flame retardancy (EEB, 2001).

There is some uncertainty (and argument) about the use of polychlorinated
biphenyls in PCs. A principal use of polychlorinated biphenyls was for cooling and
lubrication within older capacitors and power transformers. Whilst the OECD (2001)
has indicated that capacitors containing polychlorinated biphenyls have been used in
larger items of equipment (e.g. mainframe computers and large printers), their historic
use in computers is less clear. This is illustrated by opposing statements made by the
Electronic Industries Alliance (2000) and Silicon Valley Toxics Coalition (2001)
regarding the presence or absence of polychlorinated biphenyls in computer
equipment.

Trace amounts of liquid crystals are present in flat panel displays (e.g.
approximately 0.42 gm are found in a 15" LCD monitor).

The list of materials given above is by no means exhaustive. Mechanical parts
within individual PC components or peripheral equipment may include materials not

specified in the previous sections, in order to carry out specific functions (e.g. rubber
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rollers that are used to feed paper through printers, and foam insulation). The materials
specified above do represent the most common materials found in computers and
peripheral equipment, and more importantly include those materials that have been
commonly identified as posing environmental or health risks.

2.4 HAZARDOUS MATERIALS AND THEIR EFFECTS ON HUMANS AND
THE ENVIRONMENT

The adverse impacts of these materials upon both the environment and human
health have been well documented by previous reports (EIA, 2000; EEB, 2001; EPA,
2000; OECD, 2001; SVTC, 2001).

According to the report as mentioned above, the materials that are of principal

concern with regard to environmental and health risks include:

e lead
e cadmium
e mercury

e chromium VI

e Barium

e Phosphor

e Beryllium

e PVC plastic

e brominated flame retardants

Other materials pose lesser risks that are specific to their handling in recycling
operations (e.g. beryllium may be released into the air through the preparation of
material samples for testing and will be harmful if inhaled, and lithium ion batteries
pose a fire risk if shredded).

Lead: Cathode Ray Tubes (CRT) displays contain 4-8 Ibs of lead & most
solder used in circuit boards is leaded. CRTs are banned from landfills in Calif. &
Mass., since US EPA determined possibility for lead to leach from equipment in
landfills. Lead is toxic to the kidneys, nervous & reproductive systems & inhibits
mental development of young children and fetuses.
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Cadmium: Surface Mount Device (SMD) chip resistors, infrared detectors,
semiconductors and older types of cathode ray tubes contain cadmium. Furthermore,
cadmium is used as a plastic stabilizer. It concentrates in the body & can cause kidney
damage & harm to fragile bones.

Mercury: Light bulbs in flat panel displays, switches, & printed wiring boards
all contain mercury. High levels of exposure contribute to brain & kidney damage,
harm the developing fetus & can be passed down through breast milk.

Hexavalent Chromium: Used for corrosion protection of untreated &
galvanized steel plates & hardener for steel housing. It can cause DNA damage &
asthmatic bronchitis.

Barium: Barium is used in the front panel of the CRT to protect users from
radiation. Studies show that short-term exposure to barium can cause brain swelling,
muscle weakness, and damage to the heart, liver and spleen.

Phosphor: Phosphor is applied as a coat to the interior of the CRT face plate.
The hazards of phosphor are not well known, but the Navy warns this substance is
“extremely toxic”.

Beryllium: Beryllium is commonly found on motherboards and connectors.
Beryllium has recently been classified as a human carcinogen.

Plastics: including PVVC make up to 13.8 pounds of an average computer.
Dioxin can be formed when PVC is burned within a certain temperature range.
Combinations of plastics are used in printed circuit boards, in components such as
connectors, plastic covers & cables. Recyclers have difficult identifying and separating
different types of plastic.

Brominated Flame Retardants: Polybrominated Diphenylethers (PBDE)
are frequently used flame retardants & are likelyendocrine disrupters. Research has
revealed that levels of PBDEs in human breast milk are doubling every five years.
PBDEs, like many halogenated organics, reduce levels of the hormone thyroxin in
exposed animals & can potentially harm the developing fetus. Thyroxin is an essential
hormone needed to regulate the normal development of all animal species, including

humans.
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Landfilling of computers and peripheral materials poses significant
environmental and health risks, particularly through specific substances leaching into
soil and groundwater. Soluble materials may migrate into leachate. The leachate in
landfills can be highly acidic and can dissolve materials that might otherwise remain
stable.

Documentation regarding the environmental and health risks associated with the
disposal of computer and peripheral equipment often considers the effects of
incineration. Combustion or high temperature processing may also occur during
recovery of materials from waste computer and peripheral equipment. High
temperature processing (e.g. smelting) may result in the release of dust containing
oxides of beryllium, cadmium or lead. Lead fumes may also be released through heat
treatment. Plastics extrusion may release bromine (from PBB and TBBA flame
retarded plastics and PCBs) and chlorine (from PVC plastics), which are converted to
chlorinated or brominated dibenzo dioxins and furans.

Plastic poses significant environmental risk for reasons other than toxicity, most
notably due to the durability and longevity of material. This results in plastic materials
remaining in landfill for very long periods of time. Considerable effort has been
invested by many organisations worldwide to reduce the impact of plastic use on
declining oil reserves and rapidly filling landfill space. Whilst many different types of
plastic are produced to suit a wide range of applications, computers and peripheral
equipment are a small yet significant part of the total product stream where recycling
or recovery of materials will reduce current impacts.

Additionally, SVTC (2001) identify the effects of computer waste recycling on
human health conditions into two ways, direct and indirect impacts, as follows:

Direct impacts on human health may be caused by:
e Dust in indoor air generated in manual and mechanical dismantling processes
(e.g. when processing plastics or CRT)
e Filter dust generated in the mechanical dismantling process
e Noise emissions during the manual and mechanical dismantling process
(conveyor belts, hammering, shredders etc.)

e Deviations from occupational safety standards
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Indirect impacts on human health may be caused by:
e Air pollution related to incineration (however the situation has been very much
improved since waste gas purification systems are a common standard)
e Emissions due to transportation of materials
e Contamination of water systems and soil near landfills.
The indirect impacts on human health are difficult to quantify, among others

because of synergistic effects and the time-lag between exposure and reaction.

2.5 COMPUTER RECYCLING

As mention before, computer equipment contains lead and other toxic materials,
which should not be carted off to landfills. Recycling is an alternative for waste
management. Computer and parts can be recycled for recovery of metals, plastics,
glass and other materials.

2.5.1 Metals

Historically, recovering precious metals from electronic scrap has been one of the
greatest economic incentives for the electronics recycling industry. However, in an
effort to cut costs, manufacturers have gradually reduced the precious metal content in
electronic products, and this trend is likely to continue (Porter, 1998). Information on
the specific amounts of individual precious meta  Is (gold, silver, and the platinum
group metals) recovered is unavailable, but as much as one-third of the precious
metals recovered from scrap may be gold.

Circuit boards and batteries contain most of the heavy metals, and circuit boards
contain the highest precious metal values. One metric ton of circuit boards can
contain between 80 and 1,500 g of gold and between 160 and 210 kg of copper
(Veldhuizen and Sippel, 1994). Gold in an obsolete computer has little or no value.
Like ore, it must be collected, concentrated, and refined in order to acquire a high
value.

These elements can contribute potentially harmful atmospheric emissions, as
mentioned earlier, and could result in additional costs for recovery and disposal.
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Donald B.(2001) raised an example of computer recycling in Canada which is

very interesting. The message below is the example as mentioned before;

"One of the world’s largest mining companies, Noranda, Inc. (Noranda of
Canada, investigated ways to make their smelters more profitable. Feasibility
studies and testing determined that “mining” computer and other electronic
scrap would bring a welcome supplement of copper and precious metals to
their smelters. Noranda’s findings indicated that the concentration of some
metals in average computer and other electronic scrap may be more than twice
that found in ores. So in 1984, Noranda began processing small amounts of
scrap and, by 1999, was the largest electronics recycling plant in North
America, receiving more than 50,000 t/yr of electronic scrap from 300 to 400
suppliers in 18 countries. Recyclable materials are considered to be an
important feed for Noranda’s smelters, as essential as ore concentrates are to
the operation’s profitability In order to treat electronic scrap more efficiently,
a subsidiary of Noranda in California entered into an agreement with the
Hewlett-Packard Company. Hewlett-Packard provides approximately 1,400 t
of obsolete PC’s and other computer-related electronic scrap to Noranda for
recycling on a monthly basis. After the computers are dismantled and the
components are separated and tested, the useable components are sold, and
the shredded metals are separated to be sold as scrap or transported to
Noranda’s smelters in Canada. Hewlett-Packard pays Noranda for this service
and, in return, is assured that components with toxic materials are treated
legally, thus avoiding potential liability. Hewlett-Packard reuses or recycles
nearly 1,600 t or 99 percent by weight of materials received from its customers
and company operations."

Major electronic companies also recycle. IBM operates ten materials recovery
plants around the world. In 1997, these operations processed more than 62,000 t of
manufacturing scrap equipment, obsolete IBM machines, and customer-returned
equipment. More than 90 percent was recycled and less than 5 percent was sent to
landfills (Amore, 1999).

2.5.2 Plastics

Plastics derived from computer casings can be reused to house different electronic
devices, melted down for use as raw materials for new products, or used as fuel. When
used as a fuel for cement kilns in the smelting process, 1 t of plastic can replace nearly
1.3 % of coal (National Safety Council, 1999). The plastic components are consumed

at a very high temperature and when mixed with oxygen-enriched air aids the
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combustion process. Using plastic in this way conserves space in landfills and
decreases the use of coal.

2.5.3 Glass

Because of its lead content, glass is classified as hazardous waste, and it must be
handled, processed, and disposed of in a manner consistent with federally mandated
guidelines. These monitors may contain between 4 and 7 percent copper, between 5
and 10 percent lead, approximately 30 percent silica (the chief component of the glass
in CRT’s), in addition to other material (primarily plastic from the plastic casings).

CRT’s also are recycled. They have between 10 and 13 percent copper, between
15 and 20 percent lead, and between 50 and 60 percent silica. The silica contained in
the glass CRT’s has value because silica is required as a fluxing agent in the metals
separation process. The silica ultimately combines with slag, an iron-silicate waste
product. The lead in the glass is not currently recovered and also is contained in the
slag. Because the slag is highly inert and stable, it does not leach lead (Rob Bouma,
Noranda, Inc., oral commun., 2000). The silica recovered from the glass CRT’s

replaces purchases of equivalent amounts of silica.

2.6 A CASE STUDY OF DISPOSITION AND OBSOLESCE RATE FOR PCs IN
USA
Matthews’ study (Matthews, 1997) estimated that by the year 2005,

approximately 148 million personal computers would be landfilled on a global basis
while only 2 million would be recycled. The study made several key assumptions
regarding the disposition of end-of-life options for PCs:

* The initial life of a PC was estimated at five years

* Nine percent of all computers displaced by new purchases would be

landfilled

* One percent of all computers would be recycled

* Eighty percent would be placed in storage (stockpiled) pending future

decision on options

* Ten percent would be resold or reused
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* Lifetime for a reused PC was three years

» Lifetime of a stockpiled PC was three years
A subsequent study by the same investigator utilized a similar methodology but made
somewhat different assumptions based on better data and changes in computer
industry growth models:

» Computer purchasing would grow at an estimated fifteen percent

* The initial life of a PC was estimated at five years

* Five percent of all computers displaced by new purchases would be landfilled

* Five percent of all computers would be recycled

* Forty-five percent would be placed in storage (stockpiled) pending future

decision on options

* Forty-five percent would be resold or reused

* Lifetime for a reused PC was three years

* Lifetime of a stockpiled PC was three years

The new model, developed in 1997, thus predicted different outcomes with only
55 million PCs landfilled by 2005 and 143 million PCs recycled. In addition, whereas
the original 1991 model predicted purchases during a 25 year period of 340 million
PCs, the 1997 model now predicts purchases of 680 million computers sold.

Matthews and the other investigators on his team are quick to point out that their
model is limited by the data available to them. As with all data in the field of solid
waste and recycling, PC disposal and recycling information is, at best, a rough
estimate. But the analytical exercise this group describes in its study illustrates two
very important issues:

1. The scope of computer end-of-life options is directly related to the

geometric growth of this industry;

2. The dramatic expansion of computer recycling and reuse options has been
extremely significant and has already had a major impact on the disposal of

computers.
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2.7 INTERNATIONAL INITIATIVES

A framework for regulatory control of computer and peripheral materials has been
established in many countries. This framework may not necessarily be directly
focussed on computer and peripheral materials but have influence over this area via
generic electronic and electrical equipment protocols.

The OECD guideline for Environmentally Sound Management of Used and Scrap
Personal Computers (PCs) (2001) is the only internationally based policy and is
applicable to Australia (as a member of the OECD). This is focussed on the reuse and
recovery of materials and the transboundary movement of hazardous materials, rather
than upstream issues (OECD, 2001).

Many of the existing regulations are also related to transportation of hazardous
materials. However, increasingly policies and regulations are directed at ensuring
greater responsibility for the recovery and recycling waste materials and that
improving environmental performance of the product overall is adopted by producers.

In Europe, the overarching Directives provide a framework for environmental
programs such as free-of-charge return of WEEE, reuse and recycling of equipment,
labelling of materials and elimination of hazardous substances. (EEB, 2001). The
European Council is still developing these Directives, however, the framework has
been adopted by a number of member countries that have made special criteria for ICT
equipment (Appendix F). Again the focus of these policies is on managing the

obsolete material.

In Asia, Japan recently implemented requirements for retailers to return selected
electrical and electronic products to manufacturers, whereas in Taiwan the collection
is facilitated via a government-created body (Meinhardt Infrastructure & Environment
Group for Environment Australia, 2001)

In North America, there are a number of programs run in the USA, particularly in
terms of alliances with industry. However, it is the individual States that have
developed laws and policies addressing the issue in different degrees and are
particularly focussed around whether or not materials (e.g. CRTs) are considered

hazardous or not. The industry programs such as the Common Sense Initiative and the
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DfE have a greater focus on reducing environmental impacts of the overall product
than just at end-of-life (US EPA, 2000).

In addition to regulations, there are a number of eco-label accreditation programs
in existence. These are primarily based in Europe but similar programs exist in Canada
and Japan. The adoption of meeting the criteria specified under these schemes can be a
non-regulating mechanism for encouraging improved environmental performance
(Environment Canada, 2000).

From an industry perspective, the most significant emphasis on overall
environmental performance has been through voluntary programs adopted by many of
the major companies to incorporate Design For Environment (DfE) into their business
activities. Whilst DfE concepts have been established, these are often not consistent
for all manufacturers. In addition to this, there are different degrees of incorporation
throughout their operations, with many not having adopted these measures across the

board with their products (Appendix G)

2.8 RECYCLING PROGRAM IN OTHER COUNTRIES

In addition to programs established by manufacturers, a number of international
trials for collection and recycling of computers have been established, including
programs sponsored by Government, schools and non-profit organisations. The
experiences and outcomes of some key programs are discussed below.

2.8.1 Spain

Environment Canada (2000) presented a take-back collection trial in Spain. A
take-back collection trial for corporate computers and office equipment and domestic
brown goods (televisions, video recorders, etc.) was conducted in Bilbao between
October 1994 and December 1996. The trial was sponsored by the Basque
Government and participants were the Municipality of Bilbao, a supermarket chain,
the city's waste management contractor, a recycler and a number of other companies
financing the storage, classification, shipment and treatment of their end-of-life

appliances
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The trial tested the feasibility of collection of WEEE via municipal recycling
centres and established the quantities likely to be received in any ongoing program.
The conclusions of the trial were as follows:

e it was important to have a range of recycling sites to collect, classify and
consolidate sufficient volumes of domestic equipment to make it economically
viable to transport to recyclers;

e location of the recycling sites close to supermarkets encourages drop-off of
equipment, especially small domestic appliances;

e community education was essential, although slow and costly;

e no special risk in the management or transportation of WEEE was observed,
and

e the availability of good market access for secondary plastics would make it
possible to achieve 90% recycling, and if recovery of the energy content was
practicable this figure could rise to 98%.

2.8.2 United Kingdom

At the request of the United Kingdom Government, a collection and recycling
scheme for all electrical equipment was trialled by the Industry Council on Electrical
and Electronic Equipment Recycling (ICER). The trial ran for approximately 2 years
between October 1995 and April 1997, and involved two collection methods:
(Environment Canada, 2000)

e specially marked skips at waste management facilities; and

e kerbside collection, where participating households placed equipment in grey

plastic bags issued to them.

Full results of the trial are not publicly available, however initial results showed
that amounts collected were much lower than anticipated (based on the number of
participating households and estimated volumes of obsolete equipment), and that very
few items (5% of total) were sourced from kerbside collection (Environment Canada
2000).
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2.8.3 United States of America

A number of trials for waste electrical and electronic equipment have been
carried out at various locations around the US (MACREDO, 2000).

One study undertaken in San Jose, California under the US EPA's Common Sense
Initiative modelled a corporate take-back program for collection of electronics through
three retail outlets. One of the retailers had significant corporate support for the
program and provided funds for advertising the drop-off scheme, hence ended up
collecting more than 80% of the total 62,000 pounds of material recovered. It should
be noted that the monitors which represented a substantial proportion of the material
collected could not be resold.

Another US trial, which was unique in its development approach, was conducted
by the Minnesota Office of Environmental Assistance (MOEA). The MOEA
established a partnership with the American Plastics Council, Panasonic-Matsushita,
Sony Electronics Inc and a waste management company, each of which provided
funding for the trial. The MOEA called for and received participation by a range of
organisations, including Local Government, electronics retailers and waste
management contractors.

The final trial program encompassed a number of different collection events, each
of which were focussed on the abilities of the participating organisations to undertake.
The events ranged from one day to more than one month and were held across the
State. Collection strategies included kerbside collection and various drop-off
opportunities at household hazardous waste sites, recycling centres, transfer stations,
neighbourhood clean-up events, and retail stores. The MOEA and its partners
managed the transportation and disposal of the collected material from the 65
collection sites involved in the 3 month program. This method of trial enabled the
MOEA to determine the relative success of a number of different collection methods.
The trial provided drop-off facilities for electrical equipment to approximately 1.3
million people and collected around 700 tonnes of material.
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2.9 A CASE STUDY OF COMPUTER RECYCLING PROCESS IN THAILAND

According to Material Exchange Center (MEC), 2003, to demonstrate the process
of recycling process, the study team raised one case study of electronic and computer
waste recycling firm, Factory A. source of raw materials and preliminary raw material
separation process was shown in Figure 2.5.

In the Figure 2.5, there are 2 sources of raw material for Factory A are waste from
factories and waste from repair center. Used computer is a raw material in this factory.
There are 4 final products from separation process, which are electronic parts, CPU
part, monitor and print circuit board. These parts will be the raw material of each part

recycling process in the next step.

| Source of raw materials/ Raw materials |

|
v v

[y ]
->| Print circuit board Factories l—-’| Print circuit board | Used Computer

_’| Print circuit board assembly Factories l_"I Processed circuit board |

—pl Electronic parts Factories l—->| Electronic parts |

"I Secondhand Computer Factories l—->| Used Computer parts |

v
Recycling Firm
of used computer parts

v
v v v v

| Print circuit board || Processed circuit board || Electronic parts | | Used Computer |

Processed Electronic
circuit board parts

¢ | Keyboard | | CPU | | Monitor |
Recycling Recycling process
process of print of Electronic < v v
circuit board parts CPU Monitor
A dismantling dismantling
Print circuit board

Figure 2.5 Raw Materials Sources and Production Process Flow-Chart of Company A
Source: Translated from Material Exchange Center (MEC), 2003
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After each part is separated, the recycling process will be carried out. Monitor
recycling process has been shown in Figure 2.6. Monitor can be separated into 3 main
parts, which are glass, plastic frame and circuit board and electronic part. The problem
in this process is glass monitor. At present, Factory A does not recycle glass monitor.
They are still disposed to the landfill, GENCO. Nevertheless, Factory A have such a
plan to develop glass monitor recycling in their firm in the future, which is a good

news for the environmental improvement in Thailand.

Monitor
v v v
Glass Monitor » Plastic Frame Circuit board and electronic parts
g v
v 8
5 g Plastic
D = = .
GENCO £ & Recycling Firm
x = Recycled Plastic
y
Glass Monitor Hp»{  Fluorite ore Sell as steel scrap
¥ v v
i Copper wire Copper recycling firm
Front Glass Steel Tube
Monitor Scrap
v v v Plastic Plastic recycling firm
Landfilling Steel Send for
recycling Recycling
* at Taiwan Circuit board Recycle by Company A
Recycled ]
Steel Ele;;rrct)nlc Recycle by Company A

Figure 2.6 Monitor recycling process of Company A
Source: Translated from Material Exchange Center (MEC), 2003

Print circuit board is a part, which is ready to be recycled. The final products of
this process are copper and paper pulps, which can be sold to smelting factories and
paper pulp factories respectively. In this process, there is no waste end up to the
landfill (see also Figure 2.7)
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Print circuit board

v

Crushed Print
circuit board

v

Print circuit board

pulp
¢<
Cyclone Tank
Copper Paper pulp sludge
v v
Smelting Factories Separation screen
|
v v
Paper pulp Paper pulp sludge
Substituted Sedimentation
raw material tank

Figure 2.7 Print circuit recycling process of Company A
Source: Translated form Material Exchange Center (MEC), 2003

Electronic parts in the computer will be recycled in Figure 2.8. The final products
of this process are copper, gold and plastic dusts. The black point of this process is

plastic dust, which will be end up to the landfill.



Kanjana Yindee Literaturere/ 34

Electronic Parts

-
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Screening Hood
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Figure 2.8 Electronic parts recycling process of Company A
Source: Translated from Material Exchange Center (MEC), 2003

However, Factory A has some problems in doing business as follows:

e Marketing problem: Most of Factory A's customers are promoted from BOI.
Regarding the regulation, those company have to send out all wastes to oversea.
Factory A can not purchase these waste directly from those company in the domestic

area. So, Factory A has to buy raw materials from abroad. As a result, high cost of
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purchasing is a consequence problem. From this problem, if we need to launch the
recycling program in Thailand, collection of electronic waste from PCs will be very
useful for the participated recycling firm. The collection program can serve need of

this business by feeding raw material in a lower price.

e Environmental Problem: Factory A do not has the wastewater treatment
system. Factory A lack of knowledge in treatment technology in this type of
wastewater. As a result, government should come to focus on this problem too to serve

the high activity of recycling due to the recycling program in the future.
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CHAPTER I
METHODOLOGY

3.1 METHODOLOGY OVERVIEW

The literature review in Chapter Two provided background information useful in
developing the research methodology used to study the feasibility options for PCs’
waste management in Thailand. There are the key information necessary to collect in
this research to recommend the feasible options for PCs’ waste management. These
are the key information of an estimate the amount of obsolete PCs, an estimate the
amount of hazardous chemicals in obsolete PCs, an estimate amount of life span of a
PC and their current disposal pathway of PCs. An understanding of these information
was necessary to research in this study.

Before proceeding, the framework of computer equipment segmentation has

been created. This framework is useful to set up the focus group of investigation.

Original Equipment Manufacturers

Component Product
Manufactures Assemblers

New Equipment Distributor

Retailer Wholesaler Leasing Company
i  Consumers Business Sectors
Household | |Small business| | Medium Business | | Large Business Government Education
i Resale P e, Recycling
Secondhand | [, oo JE < .
Dealers eeeeereneeenneenny Community Scrap Dealers
: . Organization
................................................................. : Landfill
Ereensssannnnne Electronic wastg | Metal & Plastic
: Recycler Recycler

Figure 3.1 Computer Equipment Segmentation
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Figure 3.1 presents the assumption of computer equipment segmentation. Main 7
segments of computer equipment are presented, which are original equipment
manufacturers, new equipment distributors, consumers, resale, storage, recycling and

landfill.
3.2 STEPS OF STUDY

From the assumption, 7 segments (see Figure 3.1) of the computer equipment are
considered to be the guideline of investigation. Additionally, all methodologies for this
research are focused on the issues that relate to the four key informations as mentioned
in the methodology overview. The study will be separated into 3 phases (see Figure

3.2) to obtain information from several perspectives.

Phase | Literature Review
Analysis

—» 1. An estimated amount of PCs in Thailand;

—» 2. An estimated of hazardous chemical in obsolete PCs
— 3. Partially of feasibility the end-of-life options for PCs

v

st 2nd
Phase Il ¢ Investigation ¢

-+..Disposed options | Field survey

(interview, observation)

E-mail survey

A

A

Household e —» 1. an estimate of life span of PC
ouseno e —— —» 2. The current disposal pathways
| | > — 3. Partially of feasibility the end-of-life options for PCs
v v
Phase 111 Final Analysis

v

Feasibility the end-of-life options for PCs

Figure 3.2 Framework of the study
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3.2.1 PHASE I: Literature Review analysis

These literatures in the Chapter two will set out the criteria and context for
assessing other documents: this included literature on the criteria for choosing areas to
investigate and the key informants. As a result, certain kinds of documents were
deemed unusable for further analysis.

This provided valuable background information relating to what other authors
have said on these subjects. It also provided an analysis of the four fundamental
information necessary for the research described in this chapter. As a result, the
feasibility End-of -life options will be created.

The outcome from this phase is to answer the objectives as mentioned in the
Chapter I, which are: -

e To estimate the amount of PCs in the domestic area
e To estimate hazardous chemical in obsolete PCs

e Partially of the feasibility end-of-life options of PCs in Thailand.

3.2.2 PHASE II: Investigation

The purpose of this investigation is to find the approximately life span and the
pathway of personal computer. Furthermore, the useful findings and observations from
the investigation are expected outcome to set up the feasibility End-of-life options of
PCs. The investigation will be separated into 2 steps as the following:

1) E-mail survey

According to Internet User Profile of Thailand 2001 [NECTEC, 2001], the
report, which measures the Internet populations in Thailand, found 82.1% of the
Internet population have computer in their home. Roughly speaking, the number of
computer at home is related to Internet using. Additionally, most of the Internet users,
49.3%, access to Internet from home. Moreover, for the Internet activities, e-mail
using is the famous activities among the Internet population, which are employees as
the highest group among users.

According to those informations above, e-mail survey is designed for this

investigation in this study. The questionnaire is designed regard to the focus groups.
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The focus groups will be separated into two groups, which are household users and
business sector users.

The purpose of the PCs User survey is to know the guidelines of how PC users do
with their obsolete PCs as well as the interesting information from the comments. As a
result, the next step of investigation, interviewing, will be set up regarding to their
options. The interview investigation, basically, will follow the answers of PCs user for
how many options to discard their unwanted PCs. For instance, if any user selects to
discard his/her PC with repairing, the repair shops will be a key informant to be
interviewed.

e Household Users

This group of user is focused on the employees of a telecommunication company
in Thailand. This company has branches in all over Thailand, which has got a
concession to do business of home telephone in the area out of Bangkok and
perimeter. By the number of sent e-mail address, the surveying uses 100%, 3686
addresses, of employee's e-mail addresses list in this organization. These e-mail
addresses are assumed as the representative of computer users, which spread in every
divisions of Thailand. The questionnaires of surveying are provided in Appendix A of
this paper.

e Business Sectors Users

The business sector (government agencies, public or private organization,
educational organization, NGOs, etc.) were the earliest users of IT and IT products.
Hence they are the major producers of obsolete technology in Thailand. The
assumption of this survey is that any organization, which has own website, will have
high usage of IT equipment like PCs. The study will focus on specific group of 500
organizations, which are well known and have own website. The contact address
which shown in the website is considered to send e-mail for questioning, such as

info@onep.go.th (Office of The Natural Resources and Environmental Policy and

Planning) and webmaster@ftpi.or.th (Department of Industrial Promotion). The

questionnaires of surveying are provided in Appendix B of this paper.
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2) Field Survey

The main target of this survey is to complete a big picture of current pathway of
PCs in Thailand context. Concurrent to the reflective interviews was carried out with
people directly involved in the End-of-Life PCs, which some people were considered
from e-mail survey.

Two kinds of interviews were carried out:

e Interviews to generate new information that could not be
found in documents.
e Interviews to discuss the flow of PCs including of specific

concepts and strategies as a more detailed part of the search for themes and cases.

Interviews were conducted with the people or sectors such as manufacturers,
government officers, merchants, repair shop and disposal facilities. The amount of
interviewee will not be set up. The interviews will be carried out until the investigator
can see the holistic view of disposal pathway of computer waste in Thailand. As well,
the observations will be carried out during survey to get more findings.

The outcome from this phase is to answer the objectives as mentioned in the
Chapter I, which are: -

e To investigate the estimated life span of PCs, their current disposal
pathways
e Partially of the feasibility end-of-life options of PCs in Thailand.

3.2.3 PHASE II1: Final Analysis
The target of the analysis is to create the feasibility end-of-life options of PCs in
Thailand. All information from phase | and phase Il will be combined to reach the

target as mentioned earlier.
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CHAPTER IV
RESULTS AND DISCUSSIONS

This chapter contains the results from the literature review, computer user survey
and the observations of field survey. This chapter also contains the outputs of the
research, which were listed at the thesis objectives in Chapter I. There are main 4
items will be presented in this Chapter, which are: -

e An estimate of amount of PCs in the domestic area
e An estimate of hazardous chemical in obsolete PCs
e An estimate of life span of PCs and their current disposal pathways

e The feasible end-of-life options for PCs for Thailand

4.1 AN ESTIMATE OF AMOUNT OF PCs IN THE DOMESTIC AREA

This section examines the estimation of the volumes of PCs in the domestic area
since 1997-2003, as well, the forecast of the amount of PCs in the next future.
Additionally, it explains how serious of the computer waste problem when the amount

of PCs is increasing, which contains a huge of toxic chemicals.

Table 4.1 Personal Computer Domestic shipment in Thailand, 1997-2003

Year Shipments Growth rate | Accumulated PCs in each year
(unit) (%) (unit)

1997* 289,000 - 289,000
1998* 174,000 -39.8 463,000
1999* 300,600 72.8 763,600
2000** 430,000 43.0 1,193,600
2001** 526,000 22.3 1,719,600
2002** 629,000 19.6 2,348,600
2003** 754,600 20.0 3,103,200

Source: Adapted from * ACTI/ATSI/INA, 1999 ,** ACTI/ATSI/INA, 2003
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As indicated in Table 4.1, approximately 3,103,200 of PCs will be the total
number of domestic area in 2003. Based on ACTI/ATSI/INA forecast data for sale of
PCs, approximately 754,600 PCs were sold in 2003. Apparently, this figure can be
changed automatically because of highly usage due to the e-Thailand of the
government. Many projects initiated by the government in support of the IT Policy
with also increase the penetration of untapped market for PCs. For instance, Internet
for Tambons (sub-district) will provide internet access for rural areas and link up
7,000 tambons. Schoolnet and Uninet will link up more than 10,000 educational
institutions to share information and propagate remote learning. Computer ICT
100,000 units with low price were sold in 2003 for the poor people.

The estimation obsolete PCs in Thailand is the key issue that we have to consider.
To estimate the obsolete PCs in the future, the essential data need to be corrected. The
first one is the estimation of the quantity of new sale PCs in the future. This figure can
be estimated from the previous quantity in the previous year. In detail, the way of
calculation is as follow:

Estimated new PCs in the future = A x B \
100 ) 4

Where: A = quantity of PC sale in the previous years
B = % growth rate of PC sale in the last year—20% growth rate of PC sale
between 2002 to 2003 will be used as a fix rate for calculation.

PC Sale In 2003 x 20
100

Estimated new PCs in 2004

For example:
[ ]+ PC Sale In 2003

Estimated new PCs in 2004

754,600 x 20
100

j + 754,600

905,520 unit

The quantity of obsolete PCs in the future will be estimated from the amount of
PCs sale in each year and estimated life span of a PC. From the study of Mathew HS
(1997), the initial life of a PC was estimated at 5 years. As a result, the estimation of

the obsolete PCs in the future will be carried out based on 5 years of life span.
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The idea of estimation is that the quantity of PC sale in this year will become the
amount of obsolete PCs in the next 5 years. For example, the quantity of PCs sale in
1997, 289,000 units, will become obsolete in 2002. Next to 1997, the quantity of PCs
sale in 1998, 174000 units, will become obsolete in 2003. So the total amount of
obsolete PCs in 2003 is: -

= Obsolete PC in 2002 alone + Obsolete PC in 2003 alone
= 289000 + 174000
= 463,000 units

According to the way of estimation, as mentioned above, approximately
14,798,810 units is the estimated amount of PCs in domestic area in 2010.
Consequently, approximately at least 8 million PCs will become obsolete in the same
year (see more detailed of estimation from Appendix C).

4.2 AN ESTIMATE OF HAZARDOUS CHEMICAL IN OBSOLETE PCs

Chapter 11 explains poison in PCs waste and their effect to the environment and
human health. Additionally, this sections indicates their effects by showing the amount
of toxic waste from PCs that may be posed to the environment after they become
obsolete.

The materials that are of principal concern with regard to environmental and
health risks are lead, cadmium, mercury, chromium VI, barium, phosphor, beryllium,
PVC plastic and brominated flame retardants. The details of the impacts were
presented in Item 2.4.

The more PCs is the more toxic chemicals. Regarding the huge number of
obsolete PCs in the future, it is not too difficult to calculate the amount of toxic
chemicals, which are contained in PCs waste.

There are two things that have to be collected for calculation are: -

1. Total weight of obsolete PCs
Total weight of obsolete PCs = Amount of obsolete PC (unit) x 60
Ibs. (see table 2.2)

2. % Content of toxic chemicals in a PC, which are obtained in Table
2.2
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For example;

The amount of lead in PCs waste in 2005 = (1

For example:

Note: 1 Ibs = 0.45359237 kg
(Source: The National Weights and Measures Laboratory, 2004)

Lead
Cadmium

Mercury

Hexavalent Chromium

Barium
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6.2988 %
0.0094 %
0.0022 %
0.0063 %
0.0315 %

4,510,949 Ibs
2,046,132 Kg

193,600 60 Ibs  , 6.2988
100

)

Table 4.2 shows the values of estimated obsolete PCs in the future including of

the amount of toxic chemicals in computer waste that maybe disposed to the

environment if lack of good management.

Table 4.2 Estimated obsolete PCs and selected toxic chemicals content based on 5

years of life span

Year 2005 2010 2015
Estimated Obsolete PCs  (unit) 1,193,600 5,095,344 14,798,809
Estimated Total weight of obsolete PCs (kg) 32,484,471 138,672,550 402,757,611
Estimated Lead content from total weight (kg) 2,046,132 8,734,707 25,368,896
Estimated Cadmium content from total weight (kg) 3,054 13,035 37,859
Estimated Mercury content from total weight (kg) 715 3,051 8,861
Estimated Chromium VI (kg) 2,047 8,736 25,374
Estimated Barium (kg) 10,233 43,682 126,869

The annual quantity of PCs disposed of is directly related to the number of years

for which the equipment is used before disposal. At least 5 million computers are

expected to become obsolete by the year 2010, containing an estimated 9 million

kilograms of lead, 13,000 kilograms of cadmium, 3,000 kilograms of mercury, 8,700

kilograms of Chromium V1 and 43,600 kilograms of Barium.
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This is an underestimate because reliable numbers were not available for the
number of computers manufactured before 1997.

Additionally, it is difficult to find data on the amount of PCs scrap coming in
Thailand including of the amount of assembled PCs in domestic area. So the
estimation of the PCs volume, in domestic area, will be only domestic shipment
amount, which excluded those kinds of information, as mentioned before.

Moreover, there are some limitations of this estimation should be concerned. The
life span of a PC is very effective for this estimation. Also, life span concerns lots of
things such as users’ behavior, quality of computer itself and management. It seems
that the life span of a PC will be lower and lower. At a present time, mostly, the
guarantee of a PC in Thailand is only 1 year. From this guarantee issue, it is easily to
see the trend of life span of PC, which will be lower than 5 years for sure. Since
decreasing of life span is increasing of obsolete PC. As a result, the estimation of
obsolete PC, as demonstrated above, is just a minimum point of the event. The real
value may be far from here.

There are two ways of improper discarding PCs waste, which are landfilling and
incineration. Landfilling of computers and peripheral materials poses significant
environmental and health risks, particularly through specific substances leaching into
soil and groundwater. Soluble materials may migrate into leachate. The leachate in
landfills can be highly acidic and can dissolve materials that might otherwise remain.

For the effects of incineration, combustion or high temperature processing may
also occur during recovery of materials from waste computer and peripheral
equipment. High temperature processing may result in the release of dust containing
oxides of beryllium, cadmium or lead. Lead fumes may also be released through heat
treatment.

From both of them, on one is the best way to select for disposing. There are no
needs to pick one from them if we have another alternative. Recycling should be the
next alternative for management.

Reducing the amount of toxic chemicals is reducing environmental impact from
PC waste. The proper end-of-life options can fulfill this challenge. Human is a victim

of improper disposal of PC wastes, so human should take care this problem as much as
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possible. All stakeholders of PC issues should turn around and see together then solve

the problem.

4.3 AN ESTIMATE OF LIFE SPAN OF PCs AND THEIR CURRENT
DISPOSAL PATHWAYS

The objective of the e-mail user survey was to gain an understanding of user
attitudes and participation as it relates to PCs life span and current disposal pathway.

For individual household user survey, two hundred and twenty surveys were
returned by the deadline of January 31, 2004 of. Of the surveys returned on time, 84
were unable to be included due to incomplete survey completion. Therefore, 136
surveys were used in the analysis of the information provided by the survey. For
business sector user survey, 25 surveys were returned by the deadline of January 31,
2004. All of returned surveys were used in the analysis of information provided by the
survey.

4.3.1 The estimated life spans of PCs

To investigate the computer issue in Thailand context, life span of a PC should be
considered. As mentioned, the life span a PC is variable. In different country, different
management (especially end-of-life management) or different behavior can contribute

different value of life span.

Table 4.3 The estimation of life span of a PC from e-mail survey

Users <1 1-2 2-3 3-4 4-5 5-6 >6

year | years  years | years | years | years | years
House hold % Response 4 234> 28 19 12 11 3
Business Sector % Response 0 5 14 234341 18 0

2 years4_T_, 4 years

Estimated life span ofaPC ———* 3 years

In Table 4.3, the estimated life span of PCs is 2 years for the household computer

and 4 years for business sectors. The life span of a PC in the business sector is higher
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than household because of some reason within the business system such as activities
of usage, cost control or period of leasing. Some organizations use PCs only in small
activities, such as monitoring the system and entering information, so there are no
need to change PCs oftenly. Roughly speaking, the life span of a PC in business
sectors depends on type of business, cost of investment and main activities in each
organization. On the other hand, the PC life span for household users is rather shorter.

Life span of household PCs depends on user’s behavior. The main reasons of
changing PCs among household users are catching up the new technology and the low
price of a new PC.

However, life span of a PC should concern all of sources, both of business
sectors and individual household. So the estimated life span of PC should be the
average value between business sectors and household. As a result, three years is
estimated for life span of PC in Thailand in this study.

As mentioned before about the life span, now the life span seems to reduce from
5 years to 3 years. So what happened to the amount of obsolete PC in the future if the
3 years of life span is used?

To demonstrate how big the impact of life span to the amount of computer waste,
table 4.4 has been showing the new figures of obsolete PCs and the amount of toxic
chemicals.

Table 4.4 Estimated obsolete PCs and toxic waste based on 3 years of life span

Year 2005 2010 2015
Estimated Obsolete PCs  (unit) 2,348,600 7,964,032 21,937,022
Estimated Total weight of obsolete PCs (kg) 63,918,422 216,745,449 597,027,948
Estimated Lead content from total weight (kg) 4,026,094 13,652,362 37,605,596
Estimated Cadmium content from total weight (kg) 6,008 20,374 56,121
Estimated Mercury content from total weight (kg) 1,406 4,768 13,135
Estimated Chromium VI (kg) 4,027 13,655 37,613
Estimated Barium (kg) 20,134 68,275 188,064

As indicated in Table 4.4, between 1997 to 2010 almost 8 million computers will
become obsolete and this represents almost 14 million kilograms of lead, 20,000
kilograms of cadmium, 4,700 kilograms of mercury, 14,000 kilograms of Chromium
VI and 68,000 kilograms of Barium.
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In comparison, the amount of lead in the computer waste based on 3 years life
span is higher than approximately 1.6 times of the value based on 5 years life span.
This figure is very interesting. Furthermore, computer junking is also happening at a
faster rate. If we can extend life span of a PC, we can reduce the amount of toxic
chemical that may be disposed to the environment. So how to extend the life span of a
PC is a challenge among environmental manager.

4.3.2 Current disposal pathways

The objective of the computer user survey was to gain an understanding of user
behaviors and attitudes on discarding their obsolete personal computer and unwanted
parts.

4.3.2.1 E-mail survey
1) Findings from household users surveys

As far as PCs emanating from individual households are concerned, it is difficult
to know their condition after leaving the user, as most of them do not directly sell
obsolete computers into the scrap market. The preferred practice is to repair, change,
reinstall and get it exchange from retailers while purchasing a new computer, or pass it
to relatives or friends. In the former case, it is the retailer’s responsibility to dispose of
the computer. Also, no figure of the total junk computers emanating from this section
was available as they were passed of to relatives or retailers. In any case individual
household are not major contributors of junk computers in the recycling chain of
Thailand. Additionally, most of participants of the survey have only one PC at their
house. Therefore, roughly speaking, computer waste being generated from households
IS minimum.

Remarkably, 81 percent of responders that correctly completed the survey
reported prefer to repair/change or reinstall with their computer when it is non-
functioning (see Table 4.5). Table 4.6 showed that when they select to repair/change
or reinstall with their obsolete computer, most of them leave unwanted parts at the
repair shop and do not know where is the next way of those waste. So the repair shop

is the key informant that has to be focused in field surveying.
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Options Frequency | Percentage
Repair/Change/reinstall 92 81
Not repair, store at home 8 7
Not repair, but buy the new one and return 6 5
Donate 5 4
Discard with municipal waste 1 1
Sell 1 1
Others 0 0
Total 113 100

Table 4.6 Options for discarding of unwanted PCs and parts after repairing from

household

Options Frequency | Percentage
Leave them at repair shops, and do not 42 44
know what they do with those parts
Discard as municipal waste 24 25
Store at home 25 26
Others/ Specify
- Sell to Saleng (small scrap dealer) 1 1
- Sell to other users 1 Y
- Refurbish 1 1
- Donate 1 1
Total 95 100

2) Findings from business sector surveys

The business sector (government departments, public or private sector, MNC
offices, etc) were the earliest users of IT and IT products. Moreover, from the survey,
most of organizations have PCs in hand is higher than 100 units (see table 4.7). Hence
they are the major producers of obsolete computer technology in Thailand. The
incompatibility of old systems to cater to present needs and requirement prompts them
to pass the obsolete technology to the recycling chain. Most old PCs auctioned are in
good working conditions and could have been donated or sold for the right purposes.
Information given by waste dealer and from talks with an IT staff of one company
revealed that most of PCs originating from these sources are 486s, 386s and lower

versions.
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Table 4.7 Number of PC in organizations

Amount of PC Frequency | Percentage
(Unit)

1-10 2 10
11-20 2 10
21-30 1 5
50-60 1 5
91-100 4 5
More than 100 /not specify 2 10

More than 100 /specify

- 150 1 5
- 200 2 10
- more than 300 (not specify) 1 5
- 360 1 5
- 450 1 5
- 500 2 10
- 700 1 5
- 800 1 5
- 1200 1 5
- 1700 1 5
Total 21 100

Most of organizations, 42%, select to donate their obsolete PC (see also table 4.8)
Additionally, from some comments of some respondent, they donate to school and
Suankaew foundation. So Suankaew foundation is a key point that will be surveyed in

the phase of field survey.

Table 4.8 Options of discarding unwanted PCs and parts from business sectors

Options Frequency | Percentage
Donate 15 42
Sell 8 22
Not repair, store at warehouse / inventory 7 19
Auction 2 6
Repair/Change/reinstall 2 6
Not repair, but return for the leasing PCs 1 3
Discard with municipal waste 1 3
Total 36 100

Interestingly, the top-five-computer brand PCs among participant organizations
is international brand (see Table 4.9). So, roughly speaking, computer manufacturer
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in Thailand has dominated by international companies. So most of them have to think

about a huge amount of waste from their goods and take participate to handle the

problem as much as possible.

Table 4.9 Brand name of PCs in organization

Brand

Frequency

Percentage

Compaq

12

20

Dell

11

19

IBM

oo

14

ACER

12

HP

10

Local Brand

ol

Fujitsu

SVOA

No brand

Toshiba

Sun

Powell

Laser

MPP

ATEC

Total

OlR (R RIRPIRRPRINN N W o |

a
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o

4.3.2.2 Field Survey
Field survey was carried out to get a picture of current disposal pathway in

Thailand. Eight focus groups were selected to investigate. The details of sampling are
obtained Table 4.10.
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Focus groups Details
Small scrap dealers | Number of sample 10
(Saleng) Place of sampling - Pinkraw -1
- Radchadumnern Nok - 2
- Ratburana - 2
- Radkrabang -1
- Klongsan - 2
- Donmaung - 2
Big Scrap Dealer Number of sample 1
Place of sampling Muang District, Phitsanuloke Provice
Name Wongpanish, Co., Ltd.
Recycling firm Number of sample 1
Place of sampling Ayuthaya Provice
Repair shops Number of sample 12
Place of sampling - Pantip Plaza - b
- Zeer Ransit - 5
- Ratburana -1
- Major Cineplex -1
Sooksawad Rd.
Second hand Shops | Number of sample
Place of sampling - Pantip Plaza
- Suankaew Temple,
Nontaburi
Drop-off Center Number of sample 1
Place of sampling Nonthaburi
Name Suankaew Foundation
Retailers Number of sample 5
Place of sampling Central Department Store, 1
Pinkraw
Pantip Plaza 2
Zeer Ransit 2
Manufacturers Number of sample 2
Place of sampling Bangkok
Name Dell, IBM
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1) Findings from field survey
e Small Scrap Dealer (Saleng)
Most of them told that they have never bought the whole of PC from anywhere.
In the other hand, some of them used to buy PC parts from somewhere such as speaker
keyboard and mouse. Most of them do not know all parts of a PC, so they can not tell
which scrap come from PC. Interestingly, they know the materials in their scraps and
also know where they can sell it. For example, keyboard will be sell as plastic scraps,
material looks like electronic (as they said) will be sole as steel scraps. They will sell
all scraps to scrap dealers.
e Big Scrap dealer
The investigator went to visit this company as a visitor. From observation, there
are some areas only for PCs waste. The Environmental, Health and Safety Manager of
this company allowed the investigator to talk. She said "we need to find the next place
for them because we did not focus on this type of waste before." She also told that
until now there is a small amount of PC wastes that was sent to the company. So they
need to see a huge number of stocked wastes before proceeding.
e Recycling firm
Unfortunately, because of competitiveness of business, they do not allow the
investigator to interview in person. Unexpectedly, the investigator has got the
brochure of this company, which can tell something in their business. Here after this,
this company will be called as Factory B.
Apart from Factory A (as mentioned in Chapter two) Factory B is another
electronic recycling firm in Thailand, which has the parent company in Japan. The big

picture of the process of the factory B is shown in Figure 4.1.
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Figure 4.1 Factory B Production and distribution process

Practically, the final products are exported to refine in Japan, Singapore, Taiwan
or China. This means that the recovered materials will be exported from Thailand as
well. If they have material refinery plant in Thailand, it will be good in a whole system
of recycling context in Thailand. Since the more recycling, the more conserves natural
resources.

Additionally, a raw material of the recycling process is also a challenge of doing
business. They have to do marketing to get as much as raw materials from computer
and electronic industries.

e Repair shops

All of them do not know where can they send the PCs to recycle. Most of them
discard small size of PC wastes to the garbage bin of Pantip Plaza building. Some of
them donate to Suankaew Temple. The owner of one shop told that he carried retired

monitors to one municipal open dump area. He also told that one of his known person
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used to throw monitors into others land properties in the nighttime. Pantip Plaza
building does not allow repair shops in the building to throw PC waste in the garbage
in the building. However, according to talking with Pantip’s maid, there some
electronic scraps was discarded into the garbage bin in the building. One repair shop
has kept some part of waste at his house in a big quantity and up to now he doesn't
know how to do with those scraps.
e Second hand Shops

Most of second hand PC in those shops comes from overseas. Unfortunately,
they did not tell the importer name. Most of them know that electronic waste is a hot
issue, which they have to deal with, but they do not know the real environmental
impact from PCs waste. They only know that PCs contain some precious metal like

gold, so it should be recycled.

Figure 4.2 Stockpile of unwanted Monitors in
The secondhand PC shop in
Suankaew Temple

Figure 4.3 A secondhand PCs shop in
Suankaew Temple

Additionally, another owner of second hand seller in Suankaew temple was
interviewed. He told that all of the computers come from the auction from Suankeaw
Temple. After he wins the auction, he will check those PCs again, if they are still
working, they will be sold by changing the new case. If they are out of work, he will
repair them and sell.

From observation, there are a lot of PC wastes in this shop and wait for

discarding. In addition, there are also a lot of PCs are waiting for repairing.
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The interviewee said that all waste of PCs could be sold. After repairing, he will
stock all waste, which cannot be used to sell as scraps. There are so many scrap
dealers come to buy his PC waste. He told the prices of PCs waste and secondhand
PCs in his shop, which are obtained in the Table 4.11 and Table 4.12.

Table 4.11 Price list of PC scraps (interviewed data), 2003

Scraps Price
HDD 30 Baht / Kg
Main board 45 Baht / Kg
CPU 2,300 Baht/Kg
Plastic case 4 Baht/Kg
Steel case 2 Baht / Kg
Monitor 80 Baht / unit
Table 4.12 Price list of secondhand PCs (interviewed data), 2003

System/Specification Sale Price Cost

(bath) (bath)
Pl 133, RAM 32 MB, HDD 850 MB 2,500 1,800
Pl 166, RAM 32 MB, HDD 1.2-2.5 GB 3,000-3,800 2,400
PIl 200, RAM 64 MB, HDD 1.2-2.5 GB 4,500 3,800
PIl 233, RAM 64 MB, HDD 3 GB 5,000 4,000
Pll 266, RAM 64 MB, HDD 3.2-4.3 GB 6,500 4,000
Pentium 111, RAM 128 MB, HDD 8-10.2 GB 9,000 7,000
Celeron 1.1 GHz, RAM 256 MB, HDD 20 GB 12,000 8,500

He said that he could make money from PC from the beginning to the end from
computer waste. It is a good sign to see the person who knows how to make money
from wastes. So it is a good challenge to induce people to reduce waste by recycling
and do business in the same time.

e Drop-off Center (Suankaew Foundation)
The secretary of the foundation allows the investigator to interview. She

explained the role of work as in the Figure 4.4.
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Figure 4.4 Flow of PCs in Suankaew Foundation

Suankaew Foundation is just an intermediate point in material flow of PCs. On
the other hand, secondhand shop, which comes for auction, is a key generator of PC
waste stream. Luckily, if they know how to discard PCs waste it is not a problem but if
they do not know, a huge of PCs waste will be a dead stock in Suankaew Temple.

e Retailers

Most of them said that after the customers return the goods within the guarantee
they sent them to the manufacturer and do not know how can they do with those
obsolete equipment.

e Manufacturers

Manufacturers are in the list of contributor to computer waste in Thailand. The
waste from this sector comprises defective IC chips, motherboards, CRTs other
peripheral items produced during the production process. It also includes defective

PCs under guarantee procured and leasing from consumers as replacement items.
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Dell (Thailand)

One of the staff of Dell for recycling program was interviewed. The Dell
(Thailand) has “Dell Recycling Program”, which is available only within the city of
Bangkok. The program is to help anybody who wants discard unwanted PC by picking
up PC when the customer inform Dell.

After the unwanted PCs reach to the company, dismantling will be carried out.
Each part will be separated. The reusable parts will be kept, the parts can not be reused
will be exported. There are two-target places for exporting. Malaysia will be accepted
for electronic waste from PCs, monitors will be sent to Australia for recycling (see
Figure 4.5)

Dell Customers

Pick up PC
v
Dell Thailand

[
Dismantling

4

Dismantled Parts
|

A 4

Electronic and other parts Monitor
I :
¢ ¢ Export
Reusable parts Parts can not reuse v -
: Australia
Export
4 v
Reuse and resale Malaysia

Figure 4.5 Flow of Dell Recycling Program in Bangkok

Additionally, depending on the age, condition and configuration of used PC,
consumer may even qualify for a cash rebate voucher which, subject to the terms and
conditions of this program, can be redeemed for cash against previous or next Dell

purchases.
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IBM (Thailand)

IBM Thailand does not have any recycling program like Dell but they also do
business by leasing. Lots of big business sectors, such as TIPCO ASPHALT, use PCs
from IBM by leasing. After leasing period, a lots of PCs will returned to IBM. The
interviewee mentioned only two options of discarding. The first one is resale to its
staff. The second one is resale through a bid or auction.

2) Summary of Current Disposal Pathway
Regarding the findings from the survey, the disposal pathway of PCs waste in

Thailand is summarized in the Figure 4.6.

Guarantee
period

Hazardous Landfill
-GENCO

Municipal Landfill

Non Profit Organization, e.q:
-§uankaew Foundation
-school, relati

Secondhand market of PCs

Government
Authority

Private Recycling
firms

Figure 4.6 The current disposal pathway of PC in Thailand

As indicated in Figure 4.6, sources of computer waste are retailers, individual
households, PC manufacturing units, players of the secondary market, and imported
electronic scraps from other countries. Driven by the concept of corporate governance,

efficiency and e-governance, various departments of the government, public as well as



Kanjana Yindee Results and Discussions / 60

private sectors are fast feeding old electronic appliances especially computers into the
waste stream.

After PCs from individual household become obsolete, someone sale some
obsolete parts as a municipal scrap to Saleng (small scrap dealer). Someone throw
obsolete parts of PCs to the municipality-dumping site. Someone selects to repair
and/or refurbish and leave unwanted parts at repair shops. Someone donate his or her
PCs to Non-Profit organization such as Suankaew Foundation. Some household users
select to buy the new one by exchanging the old PC to the retailers. Additionally,
someone select to call the manufacturer to pick up his or her unwanted PCs into the
recycling program such as Dell recycling program in Bangkok City.

Technology expansion is becoming a worldwide phenomenon. High technology
businesses and other companies have to deal with these new technologies. They have
to buy the newest technology they can get, so they can compete with their competitors.

Time is money is what business people always say. With new computers offering
faster and more power, everything can be done in a faster way and we can save time.
With new technology, old computers that are not fast are not of value to anyone.
People try to keep up with the development of technology and they don’t want to be
left behind.

As a result, business sectors, especially big firms, they have 4 options to discard
their obsolete PC. For any organization who use leasing option in the organization,
they will return the leased PCs to the manufacturer after leasing period. This makes
them free from any responsibility of PC wastes. While some organizations donate
unwanted PC to Non-Profit organization like Suankaew Foundation. Additionally,
some organization store the obsolete PCs then sell through a bid or auction.

PCs retailers are like an intermediate agent in the waste stream. However, PCs
retailers are a generator of computer waste in the waste stream as well. They receive
the exchanged PCs and PCs in guaranteed period from customers, then pass them to
the manufacturers.

PCs Manufacturers are on the list of contributor to computer waste. As
mentioned earlier in item 4.3.2.3.7, there are approximately 4 types of computer waste
from PC manufacturers include:

- Defectives parts in production process
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- PCs after leasing period
- Claimed PCs
- Take-back PCs

The next ways of those wastes are variety. Some manufacturers select the
recycling services from recycling firms. In the same time, some manufacturer selects
to export such wastes to other branch of the company for recycling. Hazardous
Landfill, GENCO, is also an option of some company. Last but not least, resale is still
a classical option for some companies to discard obsolete PCs without any
responsibility in their product.

One source of PC waste comes from importing. Thailand has become waste
basket for the world's electronic junk, with at least 100 containers of used gadgets
stored at Bangkok's Klongtei port with no registered owners (The Nation, 2003). The
consequence problem is that we do not know where can we send them back to the
owners. Finally, it becomes a problem in Thailand. The working PCs, which still in the
guaranteed period, will be sale through a bid or auction. For non working PCs will be
sent to the treatment plant (The Nation, 2003)

In Thailand, it is difficult to separate between computer repair shops and
secondhand computer shops because in some repair shops sell the secondhand PCs.
Reversibly, some offer service in repairing. So we can call them as secondary market
of PCs. Mainly, a lot of wastes from household come to repair shops. Some are stored
in some individual place of the owner; some discard them as a municipal waste.
Additionally, they sell such wastes to scrap dealer.

There are some private recycling firms, which ready to support the computer
waste management in Thailand (Appendix H). In Figure 4.6, the journey from
consumer to recycling is long and complex. It moves in a zigzag fashion. It involves
players not only from the informal sector that is, the recycling stream, but also players
from the formal sector, that is, manufacturers and retailers of computer items.

One of the problems is in the reuse system, especially in the secondhand PCs
market and Manufacturers. Since discarding electronic waste is illegal and also has a
cost. Secondhand PCs market generates a lot of computer waste after repairing and

dismantling with lack of any information about recycling. Even there are some
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recycling firms who need lots of raw materials in their process. We can see from here
that there are lacks of business link between generators and recycling firm.

As well, lots of defective wastes from manufacturers are waiting to be managed
with lowest cost. While recycling firms need those wastes to make money with
charging for recycling fee, the manufacturers need to save cost of waste discarding. So
if can match that problems in win-win solution every sector will be happy. The most
important is that we can protect the environment with reserving natural resources
including of doing good business on it.

To solve the problem, collection system is the first strategy to be focused on.
Since in the current disposal pathway is the lack of the best practice of collection
system. A lot of wastes is dispersed and need to be managed. So before proceeding the

recycling system, the collection system should be set up.

4.4 THE FEASIBLE END-OF-LIFE OPTIONS FOR PCs IN THAILAND

The obsolete computer problem will continue if technology continues to develop.
But stopping technology development is not the answer of solving. It will be work if
we focus on protecting our environment. Recommendations in this section are

prepared to be such guidelines of end-of-life management.
4.4.1 Recommendation 1: Preventing and Reducing Waste

There are alternatives for managing the unwanted personal computer. The options
below are reviewed to find the one which convenient for users and manufacturers. As
well, importing of computer junk should be considered to prevent and reducing waste.

1) Users
e Lease equipment. This is especially for business sectors. When acquiring new
computer equipment, consumers should ask and learn about lease options. Users do
not assume ownership of the product in a lease arrangement. When it's time to upgrade
to a newer product, the old unit is returned to the vendor, often for a credit toward a
future purchase.
e Asset Management. Disposition planning for used computer equipment once

it reaches the end of its useful life for the current user of that equipment is needed, for
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example planning for storage, determining what is useful and what is obsolete
equipment, or arranging for transportation to reuse or recycling facilities.

e Identify durable products. When shopping for PCs, users should review the
product's repair history (if available) and consumer reliability ratings of such products.
This can help users to use only long life span PCs.

e Repair instead of replace. Repairing PCs may be cheaper than replacing it.
Additionally, this can extend the life span of PCs.

e Buy upgradeable PCs. Some products can be upgraded by replacing a single
component instead of the entire unit. This saves money and reduces waste.

e Avoid catching up new technology by changing to a new PC or use more
supported device. Electronic versions of traditional household appliances and tools
may not actually be an improvement, may be more costly, and may wear out faster.
But for sure that it can generate more wastes. Changing new software can help users to
meet the target for improvement.

2) Manufacturers

e Use of easily identified materials: One of the major problems identified by
stakeholders in the recovery of computers was the lack of identification of the wide
range of materials comprising computer and parts. This can be overcome by labeling
of each component with the type of material used in manufacture. It is important that
the labeling is permanent and does not reduce recyclability (e.g. through
contamination by labels made of other materials such as paper or plastic).

e Use of materials with recycled content: A fundamental premise of
environmental sustainability is the use of recovered material in the manufacture of
new products. A good example of this is the use by IBM of recycled plastic resins to
manufacture their IntelliStation E Pro model (Appendix G).

e Reduction in the number of individual components used: Reducing the
number of components in computer equipment can reduce the time involved in
disassembly (and therefore increase the financial viability of recycling). It can lead to
savings in raw material costs, as well as encouraging interchangeability of parts

between computer models.



Kanjana Yindee Results and Discussions / 64

e Reduction of resource use: Reduction in the use of resources should be
encouraged during both manufacture and operation of computer and peripheral
equipment. This includes the amount of resources comprising each machine and the
amount wasted during the manufacturing process.

e Elimination of hazardous materials: There are a number of hazardous
materials currently being used in computer manufacture (especially CRTSs). These
should be eliminated through substitution with more environmental sound materials.
This can reduce the risk of environmental harm upon disposal. Given that some waste
of raw materials is inevitable in the manufacturing process, the company can achieve
cost savings in disposing of manufacturing waste which is hazardous and requires

special handling and management procedures.

e Ease of disassembly and separation: Another problem in recovery of
computer equipment is the time and difficulty involved in disassembling equipment
and separating different material types for recycling. This can be addressed at
manufacture by designing components for ease of removal, through the use of a lesser

number of fasteners, and using fasteners of consistent size that are easily undone.

e Extending product life: The longer the useful life of the product can be
extended, the less resources are used in providing the service. This may be achieved
through interchangeability of components, as discussed earlier. It may also be
encouraged through initiatives for example providing information to users on
serviceability, such as making repair manuals available for downloading from the
Internet (instead of charging for issue).

3) Importing old PCs and parts
From the literature review in Chapter Il, importing PCs is a source of PCs
waste problem in Thailand. So, to prevent and reduce computer waste, the importers
and relevant government agencies should be considered as well.
e Importers. The importer should:
1. Import old PCs only with license and under guarantee period.
2. ask the exporter for requirement and configuration of PCs
e Government Agencies
1. The Pollution Control Department (PCD) should:
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- Take step to ratify the Basel Ban Amendment to avoid exporting
obsolete PC from highly industrialized countries.
- Cooperate with the Thai Customs Department to ban computers junk
2. The Thai Custom Department Should:
- identify the categories of imported computers under different channels.
These are:
a) New computers
b) Old computers for reuse (less than 5 years) with licensed and
guaranteed
c) Junk computers (illegal imported as scrap)
- Cooperate with the PCD to ban junk computers
- Discover loopholes in the current legal system for the import of junk
computers and take step to correct it.

4.4.2 Recommendation 2: Reusing PCs and Parts

This recommendation can be adapted both at users and manufacture level.
1) Users

e Resale. Working PCs may still have life left in them. Several firms in Bangkok
specialize in buying and selling used computers such as shops in Pantip Plaza or shops
on internet. Non-working or older items may also have value for parts, which could be
used for repairing.

e Donations. Schools, non-profits, and charitable organizations often accept
working PCs, for example: -

e Suankaew Foundation accepts working and non-working PCs,

monitors, computers and peripherals. Call: 662-5951444 | Fax: 662-5951222

e Pantip.com (Com 2 Kids 2003) accepts working and peripherals such as
printers. Call 662-3571960, 662-3571961

e Dealer or Manufacturer take back. Some dealers, retailers or manufacturers
will take back old equipment when new equipment is purchased. Users can ask the
dealer or manufacturer about programs to accept old equipment for resale or recycling,

for example:
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e Dell Recycling Program in Bangkok receive unwanted PCs without
any fee. call free number: 1800-006-009

2) Manufacturers

e Take Back. Manufacturers may implement a Producer Take Back program for
all consumers that are convenient and easy to follow. Establish its own Producer Take
Back program, while also agreeing to work cooperatively with others in the industry
that may initiate a Thailand Producer Take Back system.

e Resale. Manufacturers may collect used products and refurbish them for resale
through a bid or auction or upgraded model. Reuse of parts in upgraded models can be
an option for refurbishment. But the price of the upgraded model should be lower than
the brand new one.

e Donations. Manufacturers can also donate working PCs to schools, non-

profits, and charitable organizations.

4.4.3 Recommendation 3: Implementing of a consistant collecting and

recycling program

While there have been a number of collection trials of computer and parts
conducted in various overseas countries (see Chapter II), this has not yet been
attempted systematically in Thailand. Dell established a Recycling Program in
Bangkok, however this did not service all market segments, as it was only available to
business clients.

Establishment of a combination collection program is particularly suited to a pilot
project. It can provide direction in determining the most viable collection system in the
long-term appropriate to a range of regional and logistic circumstances. The type of
project proposed is modeled on the collection program undertaken in Bangkok by the
Pollution Control Department (PCD) and Bangkok Metropolitan Administration
(BMA), adapted to suit the local Thai situation.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Environmental Management) / 67

The objective of the project would be to provide as many collection events as

possible, incorporating a range of collection methods and systems. These events may

include:

drop-off events at special locations:

- Weekends at the university in Bangkok area---every weekend

- Department store car park ---Twice a year

- IT Center such as Pantip Plaza, Tawanna, Zeer Rungsit--Permanent
location which focus on electronic waste such as unwanted print circuit
broad and main broad.

- Suankaew Foundation---Anytime as donation

pick-up program collection of equipment:

- On-call pick up--pick up service will be held by Bangkok Metropolitan
Administration (BMA) and by participating manufactures.

take-back provision by participating manufacturers and retailers

Who may participate in the programs?

The lead body would need to liaise with and encourage participation with a range

of organisations, which are: -

Government authorities: Pollution Control Department (PCD), Bangkok
Metropolitan Administration (BMA)
These organizations will be the host of this project. The main responsibilities
are: -

= Seeking for funding of this project

= Analysis and improve the capacity of implementation of the project

= Provide collecting facilities

= Provide training for all participants
Computer and parts manufacturers: both of international and local company
The Association of Thai computer Industry (ATCI) will be the main
organization to induce the members to join the program.

Waste transportation companies:
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After collecting, these companies will proceed to carry the collected waste to
the vendor or to the specific area for assessment. This is a challenge to deliver
the new business sectors that want to invest in this type of business. However,
the host of the program will explore this information to the investors.

e Environmental supported institutional: Material Exchange Center (MEC),
Thailand Environmental Institute (TEI)
These organizations will support this program by giving information to the
consumers

e Scrap Dealer/ Dismantling firm: such as Pattarakit Recycle, Newjarern
Recycle and other firm in Appendix H

e |IT expert: NECTEC and subcontract.
Computers from collection will be located in a specific area. It is the
responsibility of NECTEC to assess for valuation and reusability.  After
assessment, NECTEC will determine whether to repair, refurbish, renovate,
recondition, or just plain resell or donate a product or its parts. Then the
unwanted parts will be sent into the recycling process.

e Recycling companies: Electronic recycling firm, Plastic recycling firm, Metal
recycling firm
These companies will be the main vendors in the recycling process after
collecting. The fees of recycling need to be negotiated among host of the

project and recycling firm.

Additionally, arrangements for processing of collected equipment would need to
be put in place prior to the commencement of the program.

Which materials will be collected?

Complete set of personal computers, CPUs and monitors will be collected in
all of the programs. According to the literature reviews in Chapter Il and the finding
from the surveys, the problem of computer recycling in Thailand is monitor recycling.
There are no any recycling firms to recycling lead glass from the monitor. The

problem is that computer monitors is the magnitude of environmental impacts because
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they contain a huge number of lead. However, there is a plan of one company to
develop the technique and invest to recycle lead glass from monitor, which is good

news for this program.

How much do programs cost to operate?

Operating cost includes staff, publicity, transportation, advertising, recycling
fees, and any other ongoing expenses associated with operating the program. As with
set up costs, operation costs vary widely. The variation is primarily related to
recycling fees, transportation to the vendor, and the amount of material handled by the

program. The host, as mentioned earlier, will manage this cost the entire program.

4.4.4 Recommendation 4: Educating Consumers Program

The first objective of this program is to educate the people about hazardous
waste in PCs and their effect to the environment. Additionally, the main of the
program is to support multiple forms of consumer education and notification about the
need to recycle and about appropriate end-of-life management for used PCs.
Consumer education may include labeling systems on products or components, which
do not impede recyclables, or other consumer education programs.

Additionally, to support the collection project as mentioned above, one of the
major issues with waste computer equipment is the lack of awareness of the problems
surrounding disposal, recovery and recycling. This lack of awareness is spread across
a range of stakeholders and in part stems from a lack of understanding of the size of
the problem. The environmental impacts of computer waste should be addressed this
sharing information as well.

Education programs could be initiated as part of a collection program, or in
conjunction with other proposed program discussed above (e.g. promotion of program
outcomes).

However there are two additional issues which would need to be addressed in
conjunction with establishment of the on-line resource of manufacturers:

e Promotion of its use, so that equipment owners know the information is

available and where to go to access it. The information should include
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"how to use a PC as long as possible by giving information of upgradability
of the products.

Continual up-dating of information on the web-site.

At a preliminary stage, promotion of the web-site may be done in conjunction

with the proposed collection program (outlined above in Item 4.4.3). Details of the site

may be part of an information package provided to participants in the collection

program. Costs may be minimized by highlighting its existence electronically, rather

than providing printed material for each person with a piece of equipment dropped off

or collected during the program.

4.4.5 Recommendation 5: The need for a government policy on hazardous

waste management regarding PCs.

There are some guidelines, which can be implemented by the government to

support the end-of-life management of personal computers. The recommendations are

shown as follows:

Provide economic assistance to support the development of economically
viable used computer reuse and recycling businesses and programs.
Promote the decreased use of toxic materials in computer products where it
results in a net environmental benefit.

Support improving the effectiveness and efficiency of techniques for
identifying and separating the types of materials, particularly plastic
materials, used in making computer products.

Support design for the environment efforts by manufacturers that include
design for durability (including design changes that make upgrades of
equipment and components easy and cost-effective), source reduction,
reuse and recyclables, toxics reduction, and increased use of recovered
materials.

Support market development for recycled feedstock by encouraging the
use, purchase, and identification of products using recycled content derived
from used electronics.

Build partnerships with reuse organizations, repair businesses, and

charitable organizations involved with electronics recycling. Explore
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sustainable partnerships with job training entities to promote and expand
the repair and reuse facilities.

Copyright by Mahidol University
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The result of this study can be concluded as follows:

1) In 2010, the estimated amount of PCs in the domestic area is almost 15
million units. Moreover, in the same year, almost 8 million computers will become
obsolete. These values have been interpolated from the growth rate between 2002-
2003 and based on 3 years of life span of PC. In quantifying the amount of waste
personal computers, the lack of data at disposal points across Thailand was a
consistent theme. This gap in information is inhibitive to reuse and recycling
operations for assessing the potential to establish operations that may be capital
intensive. Even the estimated amount of personal computers, in domestic area of
Thailand, is not pretty much when compared with the developed countries such as
USA and UK. But if the stakeholders see this problem is just a small one, the big
problem will be waiting us in the next future.

2) The materials that are of principal concern with regard to environmental and
health risks are lead, cadmium, mercury, chromium VI, barium, phosphor, beryllium,
PVC plastic and brominated flame retardants. Regarding the estimated amount of
obsolete PCs in 2010, this represents a vast amount of toxic chemicals such as almost
14 million kilograms of lead, 20,000 kilograms of cadmium, 4,700 kilograms of
mercury, 14,000 kilograms of Chromium VI and 68,000 kilograms of Barium. The
environmental impact can be observed by a vast amount of toxic waste, which maybe
disposed to the landfill if without an appropriate management system.

3) Life span of a PC is important. The more life span is the less waste. In this
study, 3 years of life span of a PC has been estimated. However, rapid technological
changes are shortening the life span of IT products. After serving the consumers’

utility, the discarded computer goes to the scrap market to serve the utility of a
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different kind of player: the informal sector of recycling. Current disposal pathways
for end-of-life computer are dependent on factors such as access to and awareness of
reuse and recycling options. The perceived value of equipment at both a household
and commercial (company asset value) level has resulted in a significant proportion of
obsolete equipment being stored. The storage of equipment can impact on recovery
options, with potential for reuse diminishing over time leaving a material value only.
Reuse of equipment by non-profit and commercial organizations, whilst providing a
major outlet for end-of-life equipment, could be further expanded. The weak point of
current disposal pathway is lacking of practical collection system.

4) According to the computer waste in Thailand context from this study, there are
five strategies should be focused on for end-of-life management. The lists of strategies
as mentioned are as follows:

e Preventing and Reducing Waste

e Reusing PCs and Parts

e Implementing of a consistant collecting and recycling program

e Educating Consumer

e The need for a government policy on hazardous waste collection regarding

PCs.
The need to set mechanisms in place now is important to ensure that all strategies

will be carried out by the concerned participants.

5.2 RECOMMENDATIONS FOR FUTHER STUDY

5.2.1 Conduct survey to better understand the demand for collection service
from household

5.2.2 Conduct additional analysis to better determine the quantity of electronic
equipment stockpile in Bangkok area.

5.2.3 Survey regional recycling centers about their plans and interests in

adding electronics recycling to services.
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APPENDIX A
E-MAIL QUESTIONNAIRE FOR HOUSEHOLD USERS
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APPENDIX B
E-MAIL QUESTIONNAIRE FOR BUSINESS SECTORS
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PPENDIX C
MODELLING OF ESTIMATION OF
OBSOLETE PCs IN THAILAND
(BASED ON 5 YEARS LIFE SPAN)
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Year | New sale of | Total PC in each Obsolete PC Total Obsolete PCs
PCs year in each year* in each year*
1997 | 289,000 289,000 0 0
1998 174,000 463,000 0 0
1999 300,600 763,600 0 0
2000 | 430,000 1,193,600 0 0
2001 | 526,000 1,719,600 0 0
2002 | 629,000 2,348,600 289,000 289,000
2003 754,600 3,103,200 174,000 463,000
2004 905,520 4,008,720 300,600 763,600
2005 | 1,086,624 5,095,344 430,000 1,193,600
2006 | 1,303,949 6,399,293 526,000 1,719,600
2007 | 1,564,739 7,964,032 629,000 2,348,600
2008 | 1,877,686 9,841,718 754,600 3,103,200
2009 | 2,253,224 12,094,942 905,520 4,008,720
2010 | 2,703,868 14,798,810 1,086,624 5,095,344
2011 | 3,244,642 18,043,452 1,303,949 6,399,293
2012 | 3,893,570 21,937,022 1,564,739 7,964,032
2013 | 4,672,284 26,609,306 1,877,686 9,841,718
2014 | 5,606,741 32,216,047 2,253,224 12,094,942
2015 | 6,728,089 38,944,136 2,703,868 14,798,810

Remark:
* Calculation based on lifetime of a PC is 5 years and based on growth rate about 20%
(based on the last growth rate between 2002-2003)
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APPENDIX D
MODELLING OF ESTIMATION OF
OBSOLETE PCS IN THAILAND
(BASED ON 3 YEARS LIFE SPAN)
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Year | New sale of | Total PC in each Obsolete PC Total Obsolete PCs
PCs year in each year in each year
1997 | 289,000 289,000 0 0
1998 174,000 463,000 0 0
1999 300,600 763,600 0 0
2000 430,000 1,193,600 289,000 289,000
2001 | 526,000 1,719,600 174,000 463,000
2002 | 629,000 2,348,600 300,600 763,600
2003 | 754,600 3,103,200 430,000 1,193,600
2004 905,520 4,008,720 526,000 1,719,600
2005 | 1,086,624 5,095,344 629,000 2,348,600
2006 | 1,303,949 6,399,293 754,600 3,103,200
2007 | 1,564,739 7,964,032 905,520 4,008,720
2008 | 1,877,686 9,841,718 1,086,624 5,095,344
2009 | 2,253,224 12,094,942 1,303,949 6,399,293
2010 | 2,703,868 14,798,810 1,564,739 7,964,032
2011 | 3,244,642 18,043,452 1,877,686 9,841,718
2012 | 3,893,570 21,937,022 2,253,224 12,094,942
2013 | 4,672,284 26,609,306 2,703,868 14,798,810
2014 | 5,606,741 32,216,047 3,244,642 18,043,452
2015 | 6,728,089 38,944,136 3,893,570 21,937,022

Remark:
* Calculation based on lifetime of a PC is 3 years and based on growth rate about 20%

(based on the annual growth rate between 2002-2003)
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APPENDIX E
INTERNATIONAL NETWORKS FOR
COMPUTER WASTE PROBLEM
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Silicon Valley Toxics Coalition (SVTC) (Source: Toxics Link, 2003)

SVTC is a diverse grassroots coalition that engages in research, advocacy, and is
organised around the environmental and human health problems caused by the rapid
growth of high-tech electronics industry. SVTC was formed in 1982 in response to the
discovery of substantial groundwater contamination throughout Silicon Valley that
was caused by toxic chemicals that leaked out of underground storage tanks from
high-tech companies (at the time referred to as the “clean industry!”)

Their programs address a wide variety of sustainability issues associated with the
hightech electronics revolution. And their program efforts spring from a philosophical
commitment and a long track record supporting community involvement and
environmental and economic justice. No other organization has done more than the
Silicon Valley Toxics Coalition to call attention to and improve the environmental
health and safety practices of the global electronics industry. The Coalition has built a
united campaign of allies including community residents, consumers, electronics and
technology workers, and government policy makers to raise the environmental

consciousness and performance of the high-tech sector.

Their activism expanded the awareness of the toxic legacy of high-tech development
and moved the industry to eliminate some of the most toxic chemicals and to begin to

adopt more sustainable practices.

SVTC is located in San Jose, Santa Clara County, California that suffers from some of
the environmental and occupational health problems created by high-tech
development. SVTC works to develop models that can be replicated locally and
globally. As our network and outreach have grown, our initial efforts have matured to

sustain regional, national, and international impact.

The Basel Action Network (BAN) (Source: Toxics Link, 2003)
BAN is a global network of toxics and development activist organizations that share a

vision of international environmental justice. The network seeks to prevent all forms
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of “toxic trade” — in toxic wastes, toxic products and toxic technologies. BAN
members work nationally, regionally and globally to accomplish the following

mission:

“The Basel Action Network (BAN) works to prevent the globalization of the toxic
chemical crisis. In particular, we seek to ensure that the Basel Convention and its ban
(Decisions 11/12 and 111/1) on the export of hazardous wastes from OECD to non-
OECD countries will not be weakened, but rather ratified and implemented at the
earliest possible date. We also seek to ensure that the Basel Convention and other
instruments and efforts, serve to prevent the trade and growth of the world’s most
hazardous, and often obsolete industries, particularly with respect to developing or

newly industrializing countries.”

BAN functions by sharing information and strategic ideas deemed useful in
accomplishing the above mission. BAN members then implement these ideas on the
ground, in their respective countries. BAN also endeavors to bring global
representatives to each of the meetings of the Conference of Parties of the Basel
Convention and other important Basel Convention meetings. BAN is administered by
the Secretariat services of the Asia-Pacific Environmental Exchange (APEX) based in
Seattle, Washington, USA. APEX is an activity of the Tides Centre.

BAN is a new international network and is currently seeking active members. The
Basel Action Network (BAN) works to prevent the globalization of the toxic chemical
crisis. We work in opposition to toxic trade in toxic wastes, toxic products and toxic
technologies, that are exported from rich to poorer countries. Alternatively, we work
to ensure national self- sufficiency in waste management through clean production and
toxics use reductions and in support of the principle of global environmental justice
where no peoples or environments are disproportionately poisoned and polluted due to
the dictates of unbridled market forces and trade.

The Basel Annex VII hazardous waste lists the following applicable entries to e-waste:
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A1010

A1020

A1030

A1160
Al1170

A1180

A2010

B1110

Metal wastes and waste consisting of alloys of any of the following:
antimony, arsenic, beryllium, cadmium, mercury, selenium, tellurium,
thallium.
Waste having as constituents or contaminants, excluding metal waste in
massive form, any of the following: antimony compounds,
beryllium, beryllium compounds, cadmium, cadmium compound, lead,
lead compounds, selenium, selenium compounds, tellurium, tellurium
compound.
Wastes having as constituents or contaminants any of the following:
arsenic, Arsenic compounds, mercury, mercury compound, thallium,
thallium compounds.
Waste lead-acid batteries, whole or crushed.
Unsorted waste batteries excluding mixtures of only list B batteries.
Waste batteries not specified on list B containing Annex | constituents
to an extent to render them hazardous. [Note: List B batteries include:
waste batteries conforming to a specification, excluding those made
with lead, cadmium or mercury]
Waste electrical and electronic assemblies or scraps containing
components such as accumulators and other batteries included on list
A, mercurys witches, glass from cathode ray tubes and other activated
glass and PCB capacitors, or contaminated with Annex 1 constituents
(e.g. cadmium, mercury, lead, polychlorinated biphenyl) to an extent
that they exhibit hazard characteristics contain in Annex IlI.
Glass waste from cathode ray tubes and other activated glass destined
for direct reuse and not for recycling or final disposal. It is also
important to note that the Basel convention’s list B includes:
Electrical and electronic assemblies (including printed circuit board,
electronic components and wires) destined for direct reuse and not for
recycling or final disposal.
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From the above we can conclude that at the very least, circuit board, CRTs, and other
electronic boards or components and assemblies containing lead based solders and
copper beryllium alloys (which includes most computer circuit boards and much other
electronic equipment), are indeed hazardous wastes according to Basel convention.
Likewise, whole, used, discarded computers, printers, and monitors that contain such
circuit boards or CRTs that are not to be reused directly are to be considered as

hazardous waste and subject to the Basel convention.
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DIRECTIVE 2002/95/EC OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL OF 27TH JANUARY 2003

Source: European Environmental Bureau (EEB), 2001
On the restriction of the use of certain hazardous substances in electrical and
electronic equipments
Summary
The main objective of this directive was to approximate the laws of the Member States
on the restrictions of the use of hazardous substances in electrical and electronic
equipment and to contribute to the protection of human health and to the
environmental-sound recovery and disposal of waste electrical and electronic

equipment.

The Article 4 states that from 1st July 2006, new electrical and electronic equipments
put on to the market should not contain lead, mercury, cadmium, hexavalent
chromium, poly-brominated biphenyls (PBB) or polybrominated diphenyls ethers
(PBDE).

A community action programme would be carried out to on the prohibition of other
hazardous substances and their substitution thereof by more environment friendly

alternatives, which ensure at least the same level of protection to consumers.

All the Member States shall bring into force the laws, regulations and administrative

provisions necessary to comply with this Directive before 13 August 2004.

DIRECTIVE 2002/96/EC OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL OF 27TH JANUARY 2003
On Waste Electrical and Electronic Equipments (WEEE)

Source: European Environmental Bureau (EEB), 2001

Summary

The objective of the community environment policy is specifically to protect and
improve the quality of the environment, protect human health and prudently and
rationally utilize natural resources. The policy is based on the precautionary principle
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and on the principles that preventive action should be taken, that environmental
damage should be rectified at source and that the polluter should pay.

The Union felt that WEEE generation is growing rapidly and the content of hazardous
components in electrical and electronic equipments is a major concern during the
waste management phase. Also, the recycling of WEEE is not undertaken to a
sufficient extent.

The waste management strategy states that, where the generation of waste cannot be

avoided, it should be reused or recovered for its material or energy.

Thus this directive’s first priority is the prevention of waste electrical and electronics
equipment (WEEE), and in addition, the reuse, recycling and other forms of recovery
of such wastes so as to reduce such waste disposal. It also seeks to improve the
environmental performance of all operators involved in the life cycle of electrical and
electronic equipment, e.g. producers, distributors and consumers and in particular
those operators directly involve in the treatment of waste electrical and electronic

equipment.

The Member States shall encourage the design and production of electrical and
electronic equipment, which take into account and facilitate dismantling and recovery,
in particular the reuse and recycling of WEEE, their components and materials. In this
context, Member States shall take appropriate measures so that producers do not
prevent, through specific design features or manufacturing processes, WEEE from
being reused, unless such specific design features or manufacturing process present
overriding advantages, for example with regard to the protection of the environment

and safety requirements.

The Member States are also to set up systems to provide for the treatment of WEEE
using best available treatment, recovery and recycling techniques, and ensuring at least

the same level of protection of human health and environment in all countries. For the
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purposes of environmental protection, Member States are to set up minimum quality
standards for the treatment of collected WEEE.

Member States are required to ensure that producers or third parties acting on their
behalf set up systems either on an individual or on a collective basis, to provide for the
recovery of WEEE collected separately, giving priority to the reuse of whole
appliances. The Member States are to ensure that by 31 December 2006, producers

will meet the different recovery targets set up by the EU.

The Member States are to encourage the development of new recovery, recycling and
treatment technologies. And the consumers of different electrical and electronic
equipment in private households are given the necessary information about: disposal,
return and collection systems, their role in reuse and recycling, effects on environment
and health.

The Member Sates shall bring into force the laws, regulations and administrative
provisions by 13th Aug 2004.
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APPENDIX G
MANUFACTURERS INITIATIVES/

INTERNATIONAL MANUFACTURERS
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Apple
(Source: Apple, 2003)

Apple has shown an early interest in the environmental performance of their
products, commencing with an internal review of a particular model of computer (the
Power Macintosh 7200) in 1995-96. Performance of the computer was assessed
against the criteria of energy conservation, ease of disassembly, reparability,
recyclability, upgradeability, hazardous constituents, material conservation, common
components, ease of assembly, ease of service and product economics. This review
found that enhancement of environmental performance was consistent with
improvements in cost and functional performance, resulting in a higher quality
product. It identified potential design improvements which could be incorporated into
all Apple computers, incorporating Design for Environment features along with the
company's Design for Reliability focus.

Apple engineers now design products to be upgradeable to extend their life and to
have components and parts that are recyclable at their end of life. Other Design for
Environment features established by Apple includes:

e increased utilization of materials that are easily recycled into other products;

e labeling of materials with international recycling codes, facilitating their
identification at product end-of-life (in some products the resin code is also
included to further identify the grade of plastic);

e utilization of modules, snap-fit designs and connections and minimization of
the number of screws and screw types being used; this makes products easier
to upgrade, service and disassemble;

e reducing or avoiding the use of hazardous materials wherever possible;

e standardizing designs and components to facilitate material use among product
lines;

e reducing the weight and the amount of materials utilized in products,
generating less material to be dealt with at end-of-life;

e favoring rechargeable batteries to reduce the resource consumption required in
the production of new batteries;
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e utilizing more environmentally responsible battery chemistries, including new

technologies as they become available;

e labeling batteries with their battery chemistry to help identify constituents and

facilitate recycling and safe disposal; and

e Avoiding batteries that contain lead, cadmium and/or mercury.

In the US, Apple printer toner cartridges can be returned to a collection centre free
of charge using a pre-paid mailing label. The mailing label is part of the brochure that
is contained within the toner cartridge packaging. In Europe toner cartridges for 2
models of printer can be returned to a collection centre in selected countries free of
charge using a pre-paid mailing label for that country. For other printer models, toner
cartridges may be returned to a local Apple dealer; the dealer then forwards the used
cartridges to a collection centre. The used cartridges received at the collection centers
are returned to the original suppliers for recycling. Apple estimates that 95% (by
weight) of the cartridge can be recycled and utilized.

Apple provides an education focus for clients on its website (www.apple.com),

outlining what consumers can do with products at the end of their useful life.
Information includes suggestions for donation/recycling of scrap computers, recycling

of toner cartridges and safe handling and disposal of batteries.

Compaq
(Source: Compaq Computer, 2003)

Compag Computer Corporation incorporates a Design for Environment approach,
focusing on environmental stewardship during the lifecycle of their products.
Guidelines followed by Compagq are detailed below.

e Energy Conservation: Products which minimize energy consumption during
both active and inactive periods facilitate preservation of worldwide energy
resources. A focus on energy conservation also reduces customer operating

Costs.
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Disassembly: Concepts learned from network of recycling partners have been
integrated into mechanical design practices. Product designers plan for
recycling of materials at the end of product life.

Reuse and Recyclability: Use of materials that can be easily identified and
recycled, employing available recycling infrastructures.

Packaging: Packaging is kept to a minimum, is composed of recycled
materials and uses no heavy metal inks. Compaq require at least 35% recycled
materials in all corrugated papers for packaging. Packaging is made of
materials that can be easily identified and recycled.

Upgradeability: Incorporation of design features that aid in extending the life
of a computer, including features such as microprocessors, memory, internal

storage and other subsystems that can be upgraded.

Compag products have earned Germany's Blue Angel and Sweden's TCO '95

monitor certification. Commercial desktop product families are certified with the Blue

Angel label and the complete range of commercial monitors are certified to carry the
TCO '95 emblem.

Dell

(Source: Dell Computer Corporation, 2003)

Dell Computer Corporation established its Design for Environment program in

2000, incorporating the following design concepts:

modular, upgradeable design - parts can be removed without use of special
tools, allowing easy repair and upgrades and lengthening the useful life of the
computer;

designed for ease of assembly and disassembly - most parts snap together, no
glue and minimal use of screws used as fasteners;

no ozone-depleting chlorofluorocarbons (CFCs) or hydro chlorofluorocarbons
(HCFCs) used in manufacturing processes;

large plastic parts are marked to aid recycling;

internal chassis is made of recyclable steel;
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e meet stringent acoustic standards;

e meet low emissions requirements; and

e meet low energy consumption requirements.

These concepts have been incorporated into commercial desktop PCs,
encompassing a model range which includes a 100% recyclable chassis with an
internal metal frame with a plastic shell. Few screws are used and materials are labeled
for ease of recycling.

Dell has product take-back programs in Germany, Sweden, Norway and the
Netherlands.

The returned systems are reused, recycled or disposed of (as appropriate) in
accordance with local environmental guidelines. In 2001 Dell Europe introduced
eCycle, a technology retirement service that included logistics management and data
security provisions, as well as compliant environmental disposal. Under the eCycle
program, redundant equipment (regardless of brand) is collected from customers,
resold, refurbished, recycled or disposed of in an environmentally responsible manner.

Dell also participates in a government-run, fee-based take-back program in
Taiwan. In 1999 in Singapore, Dell teamed up with the National Computer Board to
refurbish, upgrade and provide a year's worth of Internet access for used PCs to be
donated to lower income families and charities.

Dell offers an Internet auction site for used computer equipment which has been
refurbished. In the US, an online exchange system allows consumers to trade-in,
auction or donate old PCs to charitable organizations.

Dell also offers an asset recovery program to large corporate customers in over 30
countries. This system has been showcased by the US Minnesota Office of
Environmental Assistance as a case study for extended producer responsibility (refer
Case Study below).

As part of the company's environmental performance communication program,
products are accompanied by Environmental Data Sheets, containing information on
seals of approval (e.g. Blue Angel), electromagnetic compatibility compliance,
material composition, recyclability, packaging material, acoustic performance and

energy consumption.
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Dell's website (www.dell.com) also includes extensive information on the

company's environmental initiatives. Information on the website includes local

recycling options and also addresses options for extending the life of PCs.

Fujitsu Siemens
(Source: Fujitsu, 2003)

In 1997 Fujitsu assessed the environmental performance of over 200 products

manufactured in Japan, including computers and printers. The assessment criteria

included:

compliance with environmental laws;
ozone layer protection;

natural resources conservation;
energy saving;

recycling;

ease of processing and disposal;

ease of collection and transportation;
disclosure of information; and

Packaging.

From this assessment an Environmental Consciousness Product Evaluation

Standard was developed. This standard formed the basis for the development of some

of their products to conform to the principles encompassed in the standard, viz.:

recyclable rate of 75% or more;

compliance with Energy Saving Law;

compliance and registration with the Energy Star computers program;

capable of 100% separation or disassembly into component materials or units;
any plastic part weighing at least 25 gm has an indication of its component
materials; and

no hazardous substances are used.

The Fujitsu Recycle System was also established in Japan in 1997. The system

consists of a series of 13 collection terminals and 4 recycling centres which accept
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waste electronic products from Fujitsu sales offices throughout Japan. The recycling
centres undertake disassembly and separation of waste products, including crushing of

CRT glass and extraction of precious metals.

Gateway
(Source: Gateway, 2003)

Gateway has not yet incorporated product stewardship into company operations. It
has a limited program in place in the US for recycling of old computers. The company
has a trade-in program whereby a discount on the purchase of a new Gateway PC is
provided to individuals who donate or recycle their old PC (regardless of
manufacturer).

By preference Gateway leaves the logistics of disposal to customers but will accept
PCs if customers pack up equipment and send it to the company. It recommends
donation of old PCs to Goodwill or the Salvation Army, although acknowledging that
some outlets may not accept them. Alternatively the company refers customers to local

recycling companies via web-sites which provide lists of US recyclers.

Hewlett Packard
(Source: Hewlett-Packard, 2003)

Hewlett Packard has established Design for Environment guidelines for its
product designers. These are detailed below:

e place environmental stewards on every design team to identify design changes
that may reduce environmental impact throughout the product's life cycle;

e eliminate the use of polybrominated biphenyl (PBB) and polybrominated
diphenyl ether (PBDE) flame retardants where applicable;

e reduce the number and types of materials used and standardise on the types of
plastic resins used;

e use moulded-in colours and finishes instead of paint, coatings or plating

whenever possible;
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e help customers use resources responsibly by minimising the energy

consumption of printing, imaging and computing products;

e increase the use of pre- and post-consumer recycled materials in product

packaging;

e minimize customer waste burdens by using fewer product or packaging

materials overall; and

e Design for disassembly and recyclability by implementing solutions such as

the 1SO 11469 plastics labeling standard, minimizing the number of fasteners
and the number of tools necessary for disassembly.

The company has PC product end-of-life return programs in place in a number of
countries, with equipment donated to charitable organisations or recycled.
Approximately 19,200 tonnes is reused or recycled worldwide each year through these
programs, representing approximately 98% of all returned material. Product
refurbishing centres are established in the US, Germany and Australia.

In the US, the recycling service costs consumers between US$13 and US$34 per
item (depending on the type of hardware returned). This requires customers to package
old equipment and arrange for collection by Hewlett Packard. This collection service
is limited to 10 pieces of equipment, although larger orders may be taken by special
arrangement. A similar service is provided in Japan at a cost of approximately ¥ 3,000
(or less than $50).

Approximately 39 million toner cartridges have been recycled worldwide by
Hewlett Packard since 1992. The recyclability of printer cartridges has been increased
through a reduction in the average use of plastic resins (44% decreases since 1992), a
reduction in the number of parts used (22% decrease) and the marking of plastic parts
weighing over 25 gm with identification symbols.

IBM
(Source: IBM, 2003)

IBM encompasses 15 environmental attributes as part of its Design for
Environment guidelines. These are detailed by IBM as follows:
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e Labels/Marking of Plastic Parts: Moulded-in marking of plastic parts is
preferable to adhesive backed labels.

e Use of Regulated Materials: Resins and paints used on PC products must not
contain polybrominated biphenyls (PBBs), polybrominated biphenyl ethers
(PBBES), lead, cadmium or mercury metal.

e Upgradability, Expandability and Commonality: Products designed for
modularity and expandability can conserve resources by extending product life
and delaying the need for replacement.

e Assembly and Disassembly: Products are reviewed for ease of disassembly,
whether any special tools are required, numbers and types of fasteners, and
other factors.

e Electromagnetic Emissions: Products must meet standards set by government
agencies, so that they do not interfere with other electronic equipment or
personal devices.

e Batteries: The number, composition, ease of removal and disposal of product
batteries are assessed, as well as rechargability and life expectancy.

e Acoustics: Products must meet allowable noise limits set in IBM standards
worldwide.

e Power Management: Machine should power down when not in use and power
use should be less than 30 watts after a period of inactivity.

e Fewer Materials: Using fewer plastic materials eases sorting at disassembly.

e Coding of Plastic Parts (>25 gm): Plastic parts must have full identification
marks, including the generic polymer acronym, commercial name and grade in
accordance with IBM standards.

e Use of Materials with Recycled Content: The percentage of recycled content
of plastics purchased is calculated, plus the amount of recycled content in
packaging, printed materials and other elements.

e Recyclability and Reutilisation of Parts: Products must have no hard-to-
remove metal inserts and few or no labels. New products must be coded

properly as to their materials.
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e Finishing of Parts: Products can be more easily recycled if they have
moulded-in finishes instead of painted decoration.

e Electromagnetic Shielding: Conductive gaskets, clips and other shielding
components are used to meet the emission requirements. Use of metal sub-
packaging or foils is preferred to metal painting or coating; choice of
components and method of attachment can affect Design for Environment.

e Supplier Compliance: IBM's goal is to have OEM product and sub-assembly
suppliers meet IBM standards and practices, including pollution prevention
programs, Design for Environment practices and manufacturing free of
chlorofluorocarbons (CFCs).

IBM details incorporation of these environmental attributes into some specific
models of keyboards, servers, monitors and commercial desktop computers. These
products feature the use of recycled plastic for structural and decorative parts. Plastic
parts have integral finishes wherever possible, eliminating the need for paints as well
as facilitating end-of-life processing and metal parts have powder coatings,
eliminating the use of volatile organic compounds (VOCs) found in paints.
Thermoplastic parts over 50 gm are coded for ease of identification and the number of
fasteners and screws minimized for ease of disassembly.

In March 1999, IBM introduced the IntelliStation E Pro, the first personal
computer (PC) in the world that has all of its major plastic parts made of 100-percent
recycled resins.

In the US, IBM's PC recycling service allows consumers and small businesses to
recycle the PC of any manufacturer (including peripherals). For a cost of US$29.99,
the customer receives a pre-paid mailing label to allow shipment of the PC to an
electronics recycler in Pennsylvania. Depending on its age and capability, the PC will
either be recycled or refurbished for donation. If the computer can be donated, the
customer receives a receipt which can be used for tax deduction purposes (US EPA
2001).

IBM collects used computer materials at Materials Recovery Centers around the
world, with large centers in Germany, the Netherlands, Italy, Japan and USA. In 1996

over 85% of this returned equipment was either reused or recycled, with less than 7%
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disposed of in landfills. Reusable PCs are donated to non-profit organizations. Some
products are refurbished and resold; other parts and components are recovered and
resold to secondary markets, with the residue (such as chips and precious metals)

recycled.

Toshiba
(Source: Toshiba, 2003)

Toshiba has established voluntary environmental standards for personal

computers for the Japanese market. The standards include criteria on:

energy savings;

resource conservation;

e recyclability;

e long-term use;

e green procurement;

e use of recycled materials; and

e disposal at end of use.

Two models of notebook computers produced by Toshiba currently comply with
these standards.

In 1996 Toshiba changed from using sheet metal and molded parts for main
computer units, to polypropylene steel plate which does not require painting or use of
ozone-depleting substances. More recently this material was superseded by HIPS
plastic resin.

Toshiba has established a collection network for the take-back of televisions,
refrigerators, washing machines and air conditioners, as required by Japanese law.

Some recycling of PCs is also carried out in conjunction with this system.
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APPENDIX H
DISPOSAL/ RECOVERY/RECYCLING/RE-USE FACILITIES
FOR ELECTRONICS WASTE IN THAILAND
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