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ABSTRACT 
 

Today it is hard to imagine a progressive life without modern electronic 
equipments as much as that these electronic gadgets have become almost 
indispensable in contemporary society. And, it is exactly because of these 
equipments becoming so ubiquitous that consumers of these modern electronic and 
information technology equipments need to be aware of the negative impact of 
manufacturing, usage, and disposal of these tools. With the electronic chips 
becoming smaller and more powerful, their manufacturing becomes extremely 
energy intensive and therefore significant for climatic and ecosystem changes, fossil 
fuels and other energy resources. Current understanding of the health and 
environmental impacts of computers and other such tools is inadequate but the 
serious long-term problems that the information technology boom might lead to, can 
no longer be ignored. This paper examines the short and long term environmental 
cost of information technology and related tools; challenges faced by society in 
wake of mounting pile of e-waste; and roles that manufacturers, individual and 
corporate users, and governments can play to offset or control the rate of depletion 
of environment and natural resources. 
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INTRODUCTION 
The era of modern digital computing 

dawned with an environmentally friendly 
promise of a paperless office. That broken 
promise aside, the rapid advancement of 
computer technology has had a very nasty 
and unforeseen impact on the environment. 
Saving the Earth's environment might not be 
one’s priority, but saving his/her hard-earned 
money must be important. One aspect of 

making the production and usage of 
computers eco-friendly means using cleaner, 
safer, cooler computers, which means their 
becoming more energy efficient thereby save 
money and put lesser pressure on the 
ecology1.  

Ever increasing popularity of electronic 
gadgets and their having attained the status 
of being indispensable in every walk of 
public life have added new dimensions to 
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environmental concerns. Right from the chip 
manufacturing process to consumption 
patterns of various segments of consumers to 
post-consumption activities like recycling, 
refurbishment and reselling, etc. have their 
own impact on ecology and environment2.  

Collaborative efforts on part of various 
players in manufacturing, consumption and 
post-consumption disposal of high-tech 
electronic gadgets are urgently needed to 
deal with ever increasing volume of 
electronic waste. Govt. initiatives and 
incentives are also needed worldwide to 
provide and enforce legal framework for 
electronic market and extend the life of 
personal computers and slowdown the 
growth of electronic and electrical garbage11. 

With the computers becoming smaller, 
cheaper and more powerful, their 
environmental impacts are increasing. The 
materials- and energy-intensive production 
process, greater adoption of PCs worldwide, 
added with the rapid rate at which they are 
being discarded for newer machines, add up 
to growing mountains of garbage and 
increasingly serious contributions to resource 
depletion, environmental pollution and 
climate change. Among the post 
consumption options, the energy savings 
potential of refurbishing followed by selling 
is somewhere 5-20 times greater than 
recycling5. 

Consumers of computers and other 
electronic equipments also have a role to 
play. They ought to think carefully about 
whether they really need to buy a new 
computer; if upgrading the existing machine 
could serve the same purpose. Users’ leaving 
the machines on during nights and weekends 
is a common phenomenon in corporate and 
govt offices. This adds to wasteful energy 
consumption and emission of greenhouse 
gases, which could be averted by educating 
the user community or by installing a power 
saving utility on vulnerable machines6.   

Several options are also available to 
federal, provincial and local governments for 
minimising the environmental and health 
impacts of computers. These include: the 
environmental regulation of manufacturing 
processes (e.g. setting standards for 
emissions from semiconductor factories) and 
the environmental characteristics of 
computer products (e.g. banning the use of 
lead and other heavy metals); mandatory 
product take-back, recycling systems and 
voluntary programs like eco-labeling; and 
funding research and analysis as well as 
education and public awareness campaigns 
on the environmental impacts of computers. 
This paper examines: 1) a variety of 
environmental cost factors associated with 
computer production, consumption and 
disposal processes; 2) impact of consumer 
behaviour and decision patterns on earth’s 
environment; and 3) IEEE P1680 standard 
for purchase of computer and other 
electronic products. 

RESULTS AND DISCUSSION 
Environmental Cost 

Semiconductor manufacturing process 
includes design, crystal processing, wafer 
fabrication, final layering and cleaning, and 
assembly of IC chips. Production of every 
single six-inch silicon wafer uses 3,200 cubic 
feet of bulk gases, 22 cubic feet of hazardous 
gases, 2,275 gallons of deionised water, 20 
pounds of chemicals, and 285 kwh of 
electrical power. And 25 pounds of sodium 
hydroxide, 2,840 gallons of waste water, and 
7 pounds of miscellaneous hazardous wastes 
are produced in manufacturing every single 
six-inch silicon wafer. Environmental cost of 
Intel's Rio Rancho, New Mexico plant that 
produces 5,000 × 8 inch silicon wafers in a 
single week, can easily be comprehended5.  
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Apart from aforementioned waste, 
following air and water stream effluents are 
also produced: acid fumes, volatile organic 
compounds, toxic gases, deionised water, 
solvents, alkaline cleaning solutions, acids, 
aqueous metals, waste etchants, waste 
aqueous developing solutions, waste aqueous 
metals, and chromium. Depending on the 
relative impact on environment, process 
variables may be divided into three broad 
categories, namely, primary, secondary and 
tertiary impact factors. 

Design, manufacturing, operations, and 
disposal of electronic equipment are among 
the processes casting first order impacts on 
the environment. For example, toxic metals 
are used in manufacturing batteries for 
mobile computing devices. The ores of such 
metals need to be quarried and then pass 
through an environment depleting refinement 
process. Similarly, high toxic lead and flame 
retardants are used in cathode ray tubes and 
plastic casings respectively.  

Apart from producing hazardous waste 
material, manufacturing of electronic 
components is highly resource intensive; as 
much as that building a commonplace PC 
requires at least 10 times its weight in fossil 
fuels and chemicals fuels of around 22 kg. 
Research reports establish that 
manufacturing one desktop computer with a 
17-inch CRT monitor uses at least 240 kg of 
fossil fuels, 22 kg of chemicals, 1,500 kg of 
water and 3.6 GJ of energy8.  

After production of electronics comes 
the operations part which accounts for largest 
overall energy and resource requirement. 
Operations phase also contributes to 
production of gaseous and other forms of 
waste materials. During the lifetime of its 
operations, a PC produces 0.45 ton of green 
house gases and consumes 10 GJ of energy5, 8. 
As the information technology is slated to 
penetrate deeper into masses of developing 
world, the impact of computer operations on 

environment are going to increase at least at 
an arithmetic rate if not at a geometric rate.  

Power consumption during the 
operations of a computers and most other 
electronic equipment depend on usage mode. 
Typical power consumption of desktop 
computer with a CRT based monitor is 115 
W in active mode. Considering a 3 hours use 
per day for 365 days an year for three years 
lifespan, the total power consumption of such 
a PC comes out to be 1370 MJ.  

At last but not the least, comes the post 
consumption part in the lifetime of electronic 
gadgets, wherein various options available 
are recycling; reselling with or without 
refurbishing or disposal in garbage. 
Replacement cycle time of most electronic 
items is decreasing, thanks to obsolescence 
marketing policies and rapid rate at which 
new functions are being made available in 
newer consumer devices. Disposing and 
processing the electronic waste without 
causing harm to the ecosystem poses a major 
challenge to the world community. Some of 
the reasonable options are manufacturer take-
back policy and recycling the discarded 
electronic in plants where 65-80% of the 
material could be recovered from e-waste10.  

Now, onus lies on manufacturers, users, 
and governments. Design and manufacturing 
process researchers are expected to bring 
such models and processes which minimise 
resource requirement apart from decreasing 
hazardous waste production during 
manufacturing process. A huge opportunity 
lies in framing and following the worldwide 
industry standards for manufacturing, 
assembling, data communication, storage 
format, battery recharging, plug-ins, security 
mechanism, bussing standards, reusable 
software components, DLLs, and other vital 
product and process specifications for 
electronic equipments.   

 The United Kingdom PC Energy Report 
2007 indicates that 18 percent adult PC users 
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of UK never bother to switch off their 
computers during nights and weekends 
whereas another 13 percent PC users did not 
switch off their computer for some days 
every week. This translates into annual 
energy wastage of 1.5 GWh, a monetary 
wastage of £115 million, and 700 kilo ton of 
carbondioxide being emitted as a result of 
adult British users not bothering to power off 
their PCs. Figures reported in US Energy 
Report 2007 show even graver wastage of 
energy resources by employed youth in the 
US :  
1. 49% do not regularly shut down their 

PCs and 60% do not always shut down 
their PCs. 

2. A mid-sized company wastes more than 
$165,000 a year in electricity costs for 
computers that have been left on 
overnight (this translates into nationwide 
(US) figure of $1.72b and almost 15 
million tons of carbondioxide). 

3. It would take between 1.24 and 6.24 
billion trees to absorb the emissions 
caused by the nation’s office computers 
that are never shut down. 
One way to avoid such wastage of 

national resources and production of 
hazardous effluents is to educate the users 
about the harmful effects of their not shutting 
down the computers during off hours. 
Alternatively, software applications might be 
used for saving the energy and cut down on 
green house gases by automatically shutting 
down the PCs when no user-action is noticed 
for a while. Such software can save £175,000 
in electricity and one kilo ton of 
carbondioxide annually for around 2500 
PCs6.  

Governments also can play a 
constructive role for providing and enforcing 
suitable legal frameworks for safe disposal, 
recycling, refurbishing and reselling of PCs 
and parts. With regards to recycling of 
computer components even the major 

manufacturers also offer take-back schemes. 
Additional cost to be incurred on 
manufacturing of environmentally friendly 
electronic may shared by manufacturers, 
customers, and governments.  
Private Consumers 

A 2007 online survey spanning nine 
countries including India and China 
(conducted by Greenpeace Inrenational for 
Ipsos Mori) found that more than half of PC 
buyers would be happy to spend more on 
their kit to make sure they're buying green 
machines.  

Of the countries surveyed, Mexican 
buyers were willing to spend the most (an 
additional $ 229 per PC) in order to buy eco-
friendly machine. German buyers were more 
conservative towards the 'green tax', saying 
they'd spend only $59 extra to purchase an 
environmentally firendly product. UK buyers 
would open their wallets to the tune of $118 
(£65) each in order to avoid planet-harming 
hardware.  The survey also found that 
consumers believe the manufacturers should 
be held accountable for the impact their 
products make on the environment.  

Manufacturers like Dell, HP and Nokia 
have adopted green manufacturing process 
but others such as Apple, IBM and Toshiba 
could be doing much more to keep the planet 
happy9. Motorola backtracked on an 
agreement to cut out the use of toxic flame-
retardant chemicals in its products by 2007, 
saying it will be unable to meet that deadline. 

Almost all the manufacturers have 
launched environmentally friendly 
computing solutions for data centres, offices 
and private households to substantiate efforts 
in promoting green IT. Products bearing 
‘green’ tag account for about 75% of 
Professional PCs sold by Fujitsu Siemens 
Computers9. 

While the IT product manufacturing 
industry is fast changing its attitude towards 
the environment and adopting ways to reduce 
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toxicity, users should be ready to change 
their behaviour towards the environment by 
making green choices. However, recent sales 
figures show that environmental awareness 
and knowledge about environmental 
protection on the part of the public still leave 
room for improvement. It becomes a part of 
the duty of the IT branch of industry, NGOs, 
the governments, and the media to increase 
awareness among the customers. Consumers 
can reduce the effect of their IT usage on the 
environment and at the same time save 
energy, which considering the increase in 
energy prices is ultimately a real cost benefit 
for the consumers. 

Consequently, the pressure on companies 
not to launch misleading environmental 
protection measures is also on the increase, 
and they are compelled to sell only genuine 
"green" products as such and to thus invest in 
the research and development of 
environmentally friendly products. 

The public needs to revise its thinking 
and the private and individual consumers 
need help to make the right decision which in 
turn requires detailed information through 
the media and direct interaction. Behaving in 
an environmentally friendly way does not 
mean doing without the comfort and 
technology of the modern world. The 
customer's purchase decisions can also 
highlight this issue and force business to 
align technical innovation and design with 
the environment.  

IEEE P1680 (2006) 
Till recently, there existed no 

comprehensive standard for evaluating 
environmental attributes of electronic 
products.  The IEEE Computer Society has 
developed a standard to help computer 
buyers and other stakeholders assess the 
environmental impact of computer and other 
electronic products. Stakeholders for the 
Standard include public and private 
institutional purchasers, consumers, 

electronic product manufacturers, trade 
associations, non-profit and environmental 
advocacy organizations, government, and 
electronics recyclers. 

IEEE P1680 : Standard for 
Environmental Assessment of Personal 
Computer Products is intended be the first 
comprehensive standard to support 
environmental considerations in individual 
and institutional purchasing decisions for 
desktop and laptop computers and monitors.  
IEEE P1680 creates a three-tier program that 
grants market recognition to products having 
specific environmental life-cycle attributes. 
Products earn a "bronze" designation by 
meeting the mandatory criteria. Those at the 
"silver" level meet the mandatory criteria and 
at least 50% of the optional criteria, while 
those at the "gold" level meet all mandatory 
criteria and at least 75% of the optional 
criteria (URL http://standards.ieee.org/ 
announcements/pr_p1680.html).  

The standard encompasses criteria in 
following eight categories: environmentally 
sensitive materials selection, design for end-
of-life, product longevity and life-cycle 
extension, energy conservation, end-of-life 
management, corporate performance, and 
packaging. This family of standards offers 
many benefits for institutional purchasers, 
consumers, manufacturers, and the 
environment in that it provides: 1) an easy 
way to specify realistic environmental 
criteria for equipments, 2) an efficient means 
for verifying that equipment meets the 
criteria, 3) flexibility to choose an equipment 
that conforming to the environment standard, 
4) flexibility to choose an environment 
friendly model, 5) credibility for the 
procurement decisions since the Standard has 
been developed through a consensus process 
that balances the concerns of purchasers, 
industry, environmental groups and other 
stakeholder, 6) a set of environmental 
performance criteria for design of products 
and services, 7) a market advantage for 
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environment friendly products, and 8) a 
credible environmental assessment of 
electronic products. 

CONCLUSION 
Stage for popularity of desktop and 

mainframe computers was set by the promise 
of a paperless office an environment friendly 
office. That promise long shattered, the 
computer and information technology 
industry has contributed to the degradation of 
environment and human ecology in the all 
new and unforeseen ways.  Sensitivity of 
environment to the manufacturing, operation 
and disposal of electronics is key to the 
society’s response to these issues. The 
influence of information technology on 
human life is significant but it does not 
necessarily bring about a reduced impact on 
the environment unless the society is made 
aware of hidden environmental and societal 
costs of new products and services offered by 
information technology.  

The manufacturing and operations of 
ICT might not be as resource hungry as 
manufacture of many other enabling 
technologies like automobile, but their 
degree of penetration and shorter life cycle 
makes environmental impact of ICT at least 
as grave as posed by automobile sector. In 
some cases, ICT are directly or indirectly 
detrimental to environmental concerns. In 
most cases, these impacts shall become 
visible in medium-to-long term. As these 
impacts will become obvious and 
environmental concerns are better recognised, 
more and more facets of human activity will 
have to be analysed vis-à-vis their 
environmental cost. Remedial measures need 
to be taken at various levels, namely, 
manufacturers; consumers – individual, 
corporate and government department; and 
governments – local, provincial and federal. 
Manufacturers of electronics are more 
increasingly adopting green manufacturing 
followed by an environmentally friendly 

operation phase. Users may be educated 
towards better usage patterns and power 
management software may also be used for 
this purpose. With regards to ecologically 
better disposal of electronics, different 
environmentally friendly options available 
are – refurbish and resale/donate; recycle the 
electronic gadget manually or in automatic 
recycling plants and disposal in landfills or 
burning in incinerators.         
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