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ABSTRACT 
 

Mid of the twentieth century has marked the outset of digital electronic era. Development of 
transistor by William Shockley et. al., integrated circuits by Jack Kilbey, personal computers 
and note book computers have lead the way of penetration of electronic gadgets into masses.  
Electronic components nowadays are very common and have become an essence of life; and 
have almost become a symbol of development. Both, the production and dumping of 
electronic devices, pose serious challenges to the theory and practices of sustainable 
development. Effluents from the chip manufacturing units and toxic materials and heavy 
metals released during dismantling of used circuit boards, cause potential threats to the 
labour working nearby. This paper discusses need for taking on the impending problem from 
the view points of 1) the environmentally sound technologies for electronic waste treatment 
and 2) the model legislative framework for dealing with the issues related to electronic waste 
management. 

Key Words : Electronic waste, Recycling, Disposal, Landfills, Technology, Legislation. 
 

INTRODUCTION 
At the end of the fast-paced road of 

electronic innovation lies a mountain of 
electronic waste. Electrical equipment waste 
is growing three times faster than total 
municipal solid waste (MSW). Electronic 
gadgets are adding to waste at an even higher 
rate. The Environmental Protection Agency 
(EPA) estimates discarded electronics 
comprise somewhere between 1 percent and 
4 percent of the MSW stream. The estimate 
of 4 percent share means approximately 10 
million tons of E-waste is disposed annually 
only in the United States. 

A lot of high-end electronic products are 
neither disposed off nor recycled. Much of it 
presently sits in storage in homes, offices, 
and warehouses (Fig. 1). Some people are 
reluctant to part with their outdated 
belongings. Others simply don't want to pay 
recycling fees (applicable in some countries 
especially the western countries) or don't 
know what to do with these objects. This 
further complicates the issue of e-waste 
management because recyclers cannot gain 
access to the valuable resources these 
electronics contain. 

It is estimated that world over about 100 
million computers and monitors become 
obsolete annually, and about 130 million 
mobile phones are discarded. International * Author for correspondence 
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Association of Electronics Recyclers 
estimates 20 million televisions become 
obsolete each year. These figures look 
upward with each passing year. According to 
EPA, however, last year only about 10 
million monitors and televisions and 15 
million computers showed up at recycling 
centers. 

Manufacturing computers is materials 
intensive; the total fossil fuels used to make 
one desktop computer weigh over 240 
kilograms, some 10 times the weight of the 
computer itself. This is very high compared 
to many other goods, for an automobile or 
refrigerator for example, the weight of fossil 
fuels used for production is roughly equal to 
their weights. Also, substantial quantities of 
chemicals (22 kg), and water (1,500 kg) are 
also used. The environmental impacts 
associated with using fossil fuels (e.g. global 

warming), chemicals (e.g. adverse health 
effects on workers) and water (e.g. paucity in 
some areas) are significant and deserve 
attention.  

Decisions by consumers on how PCs are 
used and disposed off have an enormous 
effect on environmental impacts. Extending 
the usable life of electronic gadget is very 
effective for reducing all types of burdens 
including its safe disposal, but relatively few 
older PCs are being resold, refurbished or 
recycled most are stored in warehouses, 
basements, or closets and eventually end up 
in landfills. Awareness building among 
consumers; legal bindings and incentives, 
both, for both consumer and producer with 
regards to manufacturing/ use/ disposal/ 
recycle so that consumers/ producer will 
consider environmental issues when 
manufacturing/ buying/ accepting back/ 
recycling of electronic goods. 

E-waste in India 

Where does the untreated electronic 
waste go? Where does all the unwanted or 

unusable stuff land up? There is a growing 
realisation that the issue of e-waste may 
assume dangerous proportions over the next 

 

Fig. 1 : A stockpile of outdated PC peripherals at an Institution 
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few years, if left unaddressed. According to a 
survey by IRG Systems South Asia Pvt. Ltd., 
the total waste from electronic and electrical 
equipment in India has been estimated to be 
1,46,180 tones per year based on selected 
items. This figure does not even include 
imports of electronic gadget. Mumbai, India's 
financial hub has an estimated 11,017 tones 
of e-waste, followed by Delhi at 9,730 tones, 
Bangalore 4,648 tones, Chennai 4,132 tones 
and Kolkata 4,025 tones (Table 1). 

Even smaller cities such as Ahmedabad 
(3,287 tones), Hyderabad (2,833 tones), Pune 
(2,584 tones) and Surat (1,836 tones) figure 
in the list. Looking at the figures, it is 
apparent that proper management of e-waste 
is a cause for concern. Moreover, it would be 
wise to act well before environment 
problems become unmanageable. As per the 
laws of land, companies generating any kind 
of waste have mandatory responsibilities to 
ensure that the wastes generated in their 

premises are treated, stored, and disposed 
safely or safely transported to the recycling 
units registered by State/Central Pollution 
Control Board. However, there are no 
specific laws for e-waste today and large 
quantities of it find their way into the 
unorganised sector. The magnitude of the 
problem of e-waste in India was captured as 
early as 2003. The study claimed that a 
whopping 1.38 million Personal Computers 
would be obsolete technology from the 
business sector and individual households. 

Around 1,050 tones of electronic scrap 
was being produced by manufacturers and 
assemblers in a single calendar year, whereas 
in a single month, there was a reported case 
of import of 30 tones of e-waste at 
Ahmedabad port. Meanwhile, the minimum 
number of computers procured by an 
average-scale scrap dealer or the 
`Kabariwallah' is estimated at a whopping 
20-25 per month. 

Table 1 : Top Ten Indian States in e-waste production 

Sr. 
No. State E-waste (tones) City E-waste (tones) 

1 Maharashtra 20270.59 Mumbai 11017.1 

2 Tamil nadu 13486.24 Delhi 9730.3 

3 Andhra pradesh 12780.33 Banglore 4648.4 

4 Uttar pradesh 10381.11 Chennai 4132.2 

5 West bengal 10059.36 Kolkata 4025.3 

6 Delhi 9729.15 Ahmedabad 3287.5 

7 Karnataka 9118.74 Hyderabad 2833.5 

8 Gujarat 8994.33 Pune 2584.2 

9 Madhya pradesh 7800.62 Surat 1836.5 

10 Punjab 6958.46 Nagpur 1768.9 

 
In Delhi itself, the approximate number 

of scrap dealers specialising in electronics is 
over 40, including large-scale dealers who 
handle thousands of PCs per month. A 
majority of IT companies import computers 

under custom bonding. A custom-bonded 
computer, once its lifecycle of three years is 
over, is either donated to schools or 
destroyed in the presence of customs 
officials so it cannot be reused. Some of the 
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large Indian IT companies, including Infosys, 
Wipro and TCS, at the moment, are not 
disposing off e-waste except safely storing 
the same in their premises. 

But things are bound to change. 
Although the CPCB has not sent any notice 
to IT companies directly. Through the 
Karnataka State Pollution Control Board, all 
the major companies generating e-waste at 
Bangalore have been asked to store the waste 
within their premises and as such not dispose 
it off to the Kabariwallah. Simultaneously, a 
massive operation is being put in place to 
create necessary infrastructure to manage the 
waste. State Government is working to 
establish the first e-waste management unit 
of the country, in Bangalore. The facility will 
have the capacity to manage two tones of e-
waste per day. Setting up a second unit in 
Bangalore to manage 10 tones of e-waste per 
day is also in the pipeline.  

RESULTS AND DISCUSSION 

Case study of New Delhi 

Even though the penetration of India’s 
market for consumer durables is substantially 
lower than that of developed countries, the 
size of India’s market in absolute terms is 
larger than that of many high-income 
countries. Moreover, India is one of the 
fastest growing economies of the world and 
the domestic demand for consumer durables 
in India has been skyrocketing. From 1998 to 
2002, there was a 53.1% increase in the sales 
of domestic household appliances, both large 
and small. The growth in PC ownership per 
capita in India between 1993 and 2000 was 
604% compared to a world average of 181%. 
As a result, the total PC base during this 
period has grown from an estimated 450,000 
PCs to 4,200,000 PCs. 

Unfortunately, economic growth and 
environmental protection indicators are at 
odds with one another. India ranks an 
abysmal 101st on the 2005 Environmental 
Sustainability Index, and for Environmental 

Governance gets only the 66th rank, with a 
score of 0.10 (the highest being Iceland with 
1.65 and the lowest Iraq with 1.52). 

In India, environmental concerns among 
manufacturers as well as the awareness of 
consumers regarding environmental issues 
are not very high. While the government has 
passed several environmental protection 
laws, their enforcement remains 
questionable. However, there is increasing 
pressure on both the government as well as 
the private sector from strong environmental 
NGOs. 

While environmental concerns take a 
back seat amid more pressing problems, 
Indians culturally are loathe to waste, and 
this ensures that electrical and electronic 
products often find second- and even third 
hand users farther down the income chain. 
Furthermore, recycling is a market-driven 
and growing industry in India, albeit one 
driven by economic necessity associated with 
poverty. 

A report by a New Delhi based NGO, 
Toxics Link, on computer waste, estimated 
that in India business and individual 
households make approximately 1.38 million 
personal computers obsolete every year1. 
Results of the Empa field study5 suggest that 
the computers coming into the recycling 
market in India are of a much older vintage 
than those in western world. This is likely 
because the useful life of a computer, like 
most electrical and electronic appliances, is 
much longer in India than in US and EU. 

In addition to post-consumption e-waste, 
there is also a large quantity of e-waste from 
manufacturing in the form of defective 
printed wiring boards, IC chips and other 
components discarded during the production 
process. This e-waste is being recycled, too.  

However, there have been unconfirmed 
reports in the media about illegal imports of 
second hand electronic goods. Unlike the 
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sophisticated collection, transportation and 
recycling system in the West, the Indian 
system has developed very organically, as a 
natural branching of the scrap industry which 
accepts scrap from many sources including 
old ships, end-of-life vehicles and building 
wastes. With the advent of the electronic age, 
and as electrical and electronic appliances 
started becoming obsolete, the already 
established scrap metal industry absorbed 
this new waste stream to recover metals, 

which are then used as a feedstock to steel 
mills and non-ferrous smelters and refiners. 
Industrial recycling networks or industrial 
symbiosis are systems of many different 
firms and other organisations and societal 
actors that cooperate through common waste 
material and waste energy utilization8. Thus 
in India, the e-waste management system is a 
case of successful industrial symbiosis which 
is self-organised and market-driven4. 

In contrast to developed countries (read 
US and EU) where consumers pay a 
recycling fee, in India it is the waste 

collectors who pay consumers a positive 
price for their obsolete appliances. The small 
collectors in turn sell their collections to 

 

Fig. 2 : A worker in a e-waste recycling yard in Mayapuri, Delhi. 



Journal of Environmental Research And Development Vol. 3 No. 4, April-June 2009 

1267 
 

traders who aggregate and sort different 
kinds of waste and then sell it to recyclers, 
who recover the metals. Fieldwork during an 
Empa pilot study in New Delhi5 indicated 
that the entire industry is based on a network 
existing among collectors, traders and 
recyclers, each adding value, and creating 
jobs, at every point in the chain (Fig. 3). As 
the volume of e-waste has grown, a 
noticeable degree of specialisation has 
emerged, with some waste processors 
focusing only on e-waste. Given the low 

level of initial investment required to start a 
collection, dismantling, sorting or recovery 
business, it is attractive for small 
entrepreneurs  to  join  the  industry.  This  

recycling network is substantiated by similar 
results of fieldwork2 on solid waste 
management in Chennai, India, which found 
a series of private–private relationships 
among waste pickers, itinerant buyers, 
dealers, wholesalers and recycling 
enterprises. 

The main incentive for the players is 
financial profit, not environmental or social 
awareness. Nevertheless, these trade and 
recycling alliances provide employment to 
many groups of people2. E-waste recycling 
has become a profitable business, flourishing 
as an unorganised sector, mainly as backyard 
workshops5. Unfortunately, given the 
unorganised nature of the business, there are 
no figures available regarding the scale of the 
business or the number of people it employs. 
For Delhi, Empa’s pilot study estimates the 
number of unskilled workers in recycling and 
recovering operations to be at least 10,000 
people5. The biggest drawback of the current 
Indian system is the uncontrolled emission of 
hazardous toxics that are going into the air, 

water and soil. The health hazards from 
fumes, ashes and harmful chemicals affect 
not only the workers who come into contact 
with the e-waste, but also the environment. 

E-waste legislation 

Recycling of electronic products has 
become an issue for communities around the 
world as concerns over waste management 
issues have grown. Over 10 countries have 
laws on recycling discarded electronics and 
more are developing legislation. In the 
United States, five states have banned the 
disposal of cathode ray tubes from television 
and computer monitors in landfills. Four 
states have passed statewide electronics 
recycling laws, yet each has very different 

 
Fig. 3 : Activities in e-waste re-cycling trade chain5 
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requirements for manufacturers, retailers, 
local governments and consumers.  

Although, import of second hand 
electronic items for disposal and recycling is 
banned in India, yet there exist no 
regulations specifically dealing with E-waste 
in South Asian countries. However, as per 
existing laws in India, electronic waste is 
included under List-A and List-B of 
Schedule-3 of the Hazardous Wastes 
(Management and Handling) Rules, 1989, as 
amended in 2000 and 2003. This does not 
stipulate the management and handling of 
post-consumer waste generated within the 
country, merely stating that any e-waste 
import requires specific permission of the 
Ministry of Environment and Forests. No 
such permission has been given to any 
authority or person by the Ministry thus far. 

In India, there are no specific 
environmental laws or guidelines for E-
waste. None of the existing environmental 
laws have any direct reference to electronic 
waste or refer to its handling as hazardous in 
nature. However several provisions of 
existing laws may apply to various aspects of 
electronic wastes. Since e-waste or its 
residues fall under the category of 
‘hazardous” and “non hazardous waste”, they 
shall be covered under the purview of “The 
Hazardous Waste Management Rules, 2003” 
and “The Municipal Solid Wastes 
(Management and Handling) Rules, 2000.” 

In order to have a law specifically 
dealing with e-waste, firstly the e-waste itself 
needs to be defined properly. Then there are 
questions of who pays for proper disposal of 
it. In Europe and Japan, manufacturers pay 
for recycling of products or the same is built 
into the cost of the product. A similar model 
will be difficult to follow in India, as any 
escalation in the price of the product, after 
accounting for the cost of e-waste disposal, 
will drive customers towards the grey market 
or the unorganised sector. The MAIT has 
already prepared a draft legislation to 

manage e-waste and has submitted the 
document to the Government for parleys by 
law makers.  

Legislative framework in other 
countries : Basel Convention and European 
Union Directive (EUD) on Waste Electrical 
and Electronic Equipment (WEEE) regulate 
the transport, control, and disposal of 
hazardous materials, including e-waste over 
transnational boundaries. EUD, which 
became effective on July 1, 2006, establishes 
new requirements for E-waste collection, 
treatment, recycling, and recovery; and 
directs electronics manufacturers to take 
back their products for recycling. Another 
EU directive, Restrictions on Hazardous 
Substances, sets maximum concentrations for 
certain chemicals in products ranging from 
computers to refrigerators. To comply with 
these rules, MNCs wishing to access EU 
markets have to revise their product designs 
and business models. Other countries, 
notably China, are also preparing similar 
legislation. 

In US, four states have already passed e-
waste legislation. Half of the remaining 
states are considering enacting comparable 
measures. California introduced the first e-
waste legislation in the country. The 
Electronics Waste Recycling Act, signed into 
law in 2003 and amended in 2004, requires 
consumers and businesses that purchase 
computer monitors, televisions and other 
video display devices to pay an “advanced 
recovery fee” to support the cost of proper 
disposal. Depending on the size of the 
screen, the fee ranges from $6 to $10. The 
fee is collected by the retailer at the time of 
sale. On a quarterly basis, retailers remit 
collected fees to the state; these funds are 
then deposited into a special e-waste account. 
The revenue generated by the ARF will be 
used to encourage recycling and offset 
program costs, including actual recycling 
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efforts, landfill costs, and administrative 
costs. 

Maine (US) legislation that has taken 
effect in various stages beginning January 1, 
2005 and will be fully implemented January 
1, 2007 focuses on manufacturers and 
establishes an extended producer 
responsibility (EPR) program. Under EPR, 
any manufacturer selling products within 
Maine must assure take-back and 
management services at the end-of-life of the 
electronic product and is financially 
responsible for transporting and recycling its 
products and a portion of the legacy waste 
existing in the state. 

In Maryland, US, a trust fund has been 
created to finance local recycling efforts. The 
plan requires most computer manufacturers 
to pay $5,000 per year to the Maryland State 
Recycling Trust Fund, while manufacturers 
who operate an approved take-back program 
are required to pay only $500. 

CONCLUSION 
The growing quantity of e-waste 

necessitates the development of systems 
which can handle the waste in such a way 
that minimizes negative social and 
environmental impacts while maximizing the 
positive impacts. By comparing different 
systems, potential areas of improvement can 
be identified and positive aspects of other 
systems can be adapted to improve the 
existing system. One of the important 
conclusions of this paper is that: Regarding 
technology for handling e-waste there is no 
one-and-only solution for e-waste recycling 
systems. What could be defined as an 
optimal solution depends very much on the 
economic and cultural context in which the 
system operates. 

The cost of labour, the structure of the 
economy including the important informal 
sector, the existing regulatory framework and 

the possibilities and limits of law 
enforcement have to be taken into account in 
order to find solutions that can improve the 
situation with regard to environmental 
impacts, occupational hazards and economic 
revenue. In order for a recycling system to be 
sustainable, it must also have the ability to 
adapt flexibly to future changes in the 
quantity and quality of the waste flows. 

As this paper gives only a qualitative 
review of the existing system of e-waste 
management and legal frameworks thereof; 
there is a need for more quantitative 
measures in the area of e-waste recycling. 
That could provide a basis for modeling 
different interventions and for fine tuning 
their effects. As governments, municipalities, 
manufacturers and NGOs discuss how to 
manage e-waste, there is a clear need for 
multi-disciplinary research in the field. For 
further research, quantitative estimation and 
work flows in e-waste management; its 
social, environmental and economic costs 
could be potential areas. From a business 
perspective, it would be exciting to study the 
potential and the dynamics of the e-waste 
recycling market. From a policy perspective, 
further research into the applicability, 
effectiveness and efficiency of various 
instruments for managing e-waste is needed. 
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SAVE THE ENVIRONMENT 
 

Good Environment 
is good health 

 
Air Pollution causes 

health hazards 
 

Recycle  
                                                every drop of Water 


