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E-Waste in Indonesia:
The Case of Personal Computers

Fauziah Rochman, MESc 2010

Introduction

This research is an effort of identifying and
characterizing an informal system that exists in the
recycling of electronic waste (E-waste) in Indonesia.
Yogyakarta, Indonesia was chosen as a location
that reflects the transition from a traditional to
a modern-consuming lifestyle. This condition
epitomizes the consumption patterns that have
been a common feature of most developing Asian
nations in recent decades. As the nations develop
and their economies grow, consumption of resources
grows correspondingly (Hubacek et al. 2007).

E-waste is an emerging global environmental
problem in the current world. While we are
overwhelmed by inventions of modern technological
gadgets, inventions of their recycling technology are
considerably less. Proper electronics recycling is
deemed as inconvenient, and they are also cheaper to
dump rather than to process. Most of the time, these
technological gadgets are not recycled. Instead, they
are disposed far away from the source. For instance,
developed countries, such as the United States,
dispatch around 80% of their E-waste to Asia and Africa
(Dahl 2002; Huo et al. 2007; Zoeteman et al. 2009)

Rapid economic growth coupled with a growing
demand for consumer goods, has increased both the
production and the consumption of electrical and
electronic equipment in Indonesia. The growth in the
consumption and production of these goods has been
exponential in the last two decades, generating about
20 to 50 million tons of waste every year worldwide
(Kapur and Graedel 2006; Pinto 2008; Liu et al. 2009).
In this paper, | intend to explore and characterize the
recycling of Personal Computers (PCs) in Yogyakarta.
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PC waste as a resource

Electronic waste or E-waste for short is a
generic term encompassing various forms of electric
and electronic equipment that have ceased to be
of any value to their owners (Widmer et al. 2005).
Generation of E-waste is recognized as the most
rapidly growing waste problem in the world. With the
increase of at least 3-5% per annum, the rate is three
times faster than other waste streams (UNEP 2005).
One of the largest electronic commodities produced
and traded worldwide is the PC. About 500 million
PCs reached the end of their service lives between
1994 and 2003. With that amount, they contain
approximately 2,872,000 tons of plastics, 718,000
tons of lead, 1363 tons of cadmium and 287 tons
of mercury (BAN and SVTC 2002; Beech 2009).

The abundance of electronic products causes
their prices to decrease. With the increase of economic
affordability and rapid technological innovations, it is
now cheapertopurchaseanew PCthantofixorupgrade
an old one (StEp 2009). This would further shorten the
life span of electronic products. As a consequence,
older and outdated electronic items are becoming
obsolete and are being discarded in significant
amounts worldwide (Culver 2005; Wong et al. 2007).

E-waste is often richer in precious materials
compared to natural sources. A ton of ore from
a gold mine produces 5 g of gold on average,
whereas a ton of discarded mobile phones can
yield a minimum amount of 150 g. More than 80%
of the weight of the composition of a whole PC set
consists of silica (glass), plastics, iron and aluminum
(MCC 1996; EMPA 2008; Yoshikawa 2008). These
numbers demonstrate that we should not waste
E-waste because they contain valuable resources.

Environmental and social cost of
E-waste

[llegitimate movements of E-waste across borders
poseanenvironmental equity threat. Theissue is known
toberesponsible for environmental, health, social, and
developmental conditions impacts worldwide (lles
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Figure 1.The
collection and
manual dismantling
of CRT Monitors
waste in Yogyakarta,
Indonesia.

2004; Royte 2005; Kim 2006). Improper disposal and
recycling of E-waste is common in many developing
countries in Asia and Africa. With a lack of available
waste removal infrastructure and the necessary
technical capacities, E-waste recycling operations in
developing countries are faced with challenges as
well as opportunities (Toxics Link 2003; Davis 2006).

E-waste that is improperly disposed of or
recycled tends to cause negative impacts on the
environment and human health. There are concerns
of the leaching of toxic components from E-waste.
The toxic chemicals commonly used in electronic
devices are metals and metalloids (e.g., arsenic,
cadmium, chromium, copper, lead, and mercury)
and organic chemicals such as Brominated Flame
Retardants (BFRs). Cathode ray tubes (CRTs), for
instance, may contain barium, cadmium, copper,
lead, zinc, and several rare earth metals. Electronic
devices, along with lead—acid batteries, are the major
contributors of lead in the municipal solid waste
stream (U.S. Environmental Protection Agency 1989;
Yang 1993; Lee et al. 2000; Jang and Townsend 2003;
White et al. 2003; Gordon et al. 2006; Li et al. 2009)

Toxic elements that leach into the environment
and expose informal workers pose significant health
risks. Elements such as cadmium and chromium are
carcinogenic,while other metals such as lead, mercury
and thallium possess a wide spectrum of toxicity
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that includes neurotoxic, hepatotoxic, nephrotoxic,
teratogenic or mutagenic effects. E-waste has also been
linked to a variety of health problems in developing
countries, including cancer, neurological and
respiratory disorders, and birth defects (Schuhmacher
etal. 1997; Baker etal. 2004; Royte 2005; Davis 2006)

E-waste in Indonesia

The Indonesian government is aware that E-waste
is a potential emerging problem in the country.
E-waste in Indonesia is created by fast product
obsolescence and replacement, as well as illegal
importation. Field inspections by the Indonesian
Ministry of Environment also found out that
importation of E-waste occurs with misleading terms
on importation documents. Common terms such as
“mix metals scrap” or “plastic for recycling” are often
used for E-waste as attempts to avoid Indonesian
cross-border controls (Krishna 2003; Agustina 2007).

The flow of E-Waste in Indonesia can be followed
through three interconnected pathways: newly
purchased electronics; handing over electronics to
second hand users; and the disposal of electronics.
Lack of sufficient recycling facilities cause this waste
to be passed through several informal phases. The
presence of this informal economic cycle becomes
the key to E-Waste Management in Indonesia,
regardless of the actual resource potentials and the
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Figure 2. The hierarchy of the E-waste stream in Yogyakarta, Indonesia.

health impacts burden (Damanhuri 2006; Ali 2008)
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With a population of about 517,000, Yogyakarta is
one of the major cities in Indonesia. The city produces
approximately 250 metric tons of waste daily, of
which E-waste is estimated to add up 1.2 tons (Fig.
1). From the current population of 517,000, 1.2 tons
of E-waste generated daily is equivalent to a family
of five discarding a PC every year. In this research, a
PC set includes a CRT monitor, motherboard, Central
ProcessingUnit(CPU), RandomAccessMemory (RAM),
optical disc drive, hard disk, keyboard, and mouse.

In order to have a general comprehension of the
PCrecycling system in Yogyakarta, | conducted various
interviews and research to identify actors throughout
the waste flow. An initial study was accomplished in
December 2008 to find out what has been done by
the Indonesian Government. In the following year,
from May to June 2010, | conducted field research
in Yogyakarta city to collect data and understand the
current situation. Through system characterization,
[ discovered a waste hierarchy in the process of
PC waste handling in the waste stream. The waste
hierarchy has five strata: scavengers, aggregators,
classifiers, processors, and recyclers (Fig. 2).

The flow of PC waste in Yogyakarta is
simplified in Figure 3. The process begins when a

household and/or an institution intends to discard
their PC. Typically, households sell their unused
electronics to waste scavengers by informal
tr ions }A_@ﬁ jnstitutions  sell  their bulk
@32;& IJ_Cls r cYnyHJ classifiers. Scavengers
are on the lowest level of the hierarchy, making the
lowest income out of E-waste recycling. They collect
and purchase waste to be sold to waste aggregators.

Institutions such as universities and governmental
organizations found it easier to directly send their
discarded PCs to computer waste classifiers. There
are two significant PC waste classifiers in Yogyakarta.
To keep their businesses running, they maintain their
networks with institutions and auction sales in the city.
Major PC parts are also ubiquitous in secondhand or
repair and refurbishment markets (Fig. 3). In these
markets, valuable PC parts are dismantled and reused,
while broken parts are discarded into public dumpsters
mixed with other types of waste, which could later
be collected by scavengers or end up in landfills.

Aggregators purchase whatever materials
they considered valuable, without having specific
preferences. An aggregator normally collects waste
from 10-20 scavengers. Aggregators then separate
the materials roughly into different groups, such as
plastics, papers, and electronics. Then, the grouped
materials are sold to various waste classifiers, such
as PC classifiers. In a PC classifier, for instance,
a monitor is dismantled and classified into parts
based on their compositions, such as CRTs,
plastics, metals, circuit boards, and batteries (Fig.
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Figure 3. Theflow of Personal Computers (PCs) Waste in Yogyakarta, Indonesia.

3). Workers in PC classifying businesses have no
choice but to be exposed to the harmful impacts of
improper manual dismantling techniques. Unaware
of safety protections and procedures, they endure
one of the largest health risks of E-waste handling.

Classified items are then sold to various
processing industries. Processing industries process
the bulk item into raw materials for industry supplies.
One example of these industries is the plastic
processing industry. Plastic parts from electronics
are typically considered “hard plastics.” This type
of plastic is collected in sacks and delivered to the
plastic processing industry. There are approximately
10-20 plastic processing centers in Yogyakarta that
are mostly home industries. On average, they hire
around 10-40 workers. “Hard plastics” are chopped
up into pieces using a machine, dried, and finally
processed into pellets. Processed plastics are packed
in sacks and they become raw material supplies
to many industries, both in and out of the city.

On the highest strata of the hierarchy are
the recyclers. Often, recyclers are located outside
of Yogyakarta, and even out of the country. They
can be big companies or small home industries.
Recyclers process raw materials supplied from
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processing industries into different products.
One significant example is the reuse of CRT from
discarded monitors for new television sets. In this
case, the television industry is considered as a
recycler, by recovering the function of waste to
produce new products. Other recyclers are glassware
manufacturers, aluminum cookware industries, and
home industries that produce recycled objects such
as glassware, aluminum cooking utensils, iron crafts,
plastic bags, plastic buckets, and television casings.

The Economic Value of PC-waste in
Yogyakarta, Indonesia

E-waste in Indonesia tends to be perceived
as used objects that possess an economic value
(Damanhuri 2006). An interesting fact discovered
is that PC-waste is highly valued, that a scavenger
would find that a CRT monitor would profit him as
much as three to five days of scavenging other types
of waste. This comparison is shown in Figure 4 where
the economic value of PC waste (equivalent to other
E-waste types) parts highly exceeds other types of
waste such as plastic bottles, glass, cans, and papers.
PC parts are also highly valued when they reach
secondhand or repair and refurbishment markets.
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The entire transactions of daily E-waste
flows is approximately $2,500. This value is less
evenly distributed, with scavengers benefiting
and profiting the least. A scavenger makes around
$13.62/week, an aggregator makes $35.70/
week, and a classifier makes $300.00/week.

Income discrepancy is clearly evident in the
business. Scavengers at the lowest level are key players
in keeping the whole business running. Encompassing
questions of health, environment, and recycling
techniques, current analysis tends to understand the
existing system as a way to obtain economic gains
as opposed to addressing environmental concerns.
With a high rate of unemployment, Indonesia is in
an advantageous situation to be able to expand
this kind of recycling business. Proper planning,
evaluation, and technology could make E-waste
recycling a potential business to be further developed.

Conclusion

The global issue of Electronic Waste (E-waste)
has awakened the world to the importance of a
proper waste management system. Rapid economic
growth coupled with a growing demand for consumer
goods has increased both the production and the
consumption of electrical and electronic equipment.

Serious attention to this issue has increased throughout
the developed world, but there remains a lack of
awareness within the developing world. Indonesia,
as a developing country, lacks the technological
and infrastructural capacity to deal with this type of
waste and, as a result, this waste has been mobilized
through several informal processes. From the
research, | discovered that a large portion of E-waste
is dismantled, recovered, and reused into different
functional components for a variety of other items.
Informal E-waste recyclers play a significant role in the
recycling process. They can be grouped into E-waste
scavengers, aggregators, classifiers, processors, and
recyclers. Proper management of this system could
bring further benefits to the environment and local
economy, and help alleviate the potential harm that
may be caused by improper handling of E-waste.
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