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Introduction

Green computing, also known as Green IT, is the study and practice of environmentally
responsible use of information technology. It involves such practices as energy management, the
use of recyclable materials, virtualization, and the specific employee procedures and habits.

Every successful company, composed of various functional departments, must attract and
retain capable employees, comply with legislation and regulations, and satisfy shareholders. To
attract customers, in order to generate more revenue and increase profits, companies must reduce
costs and produce better, more desirable products and services. In addition to these quantitative
measures, it is also increasingly necessary for commercial endeavors to pay attention to public
relations, and to demonstrate social responsibility (Feretic, 2010). Green computing is a relevant
approach that an information technology department can use to contribute to the strategic and
tactical corporate objectives.

Green IT can contribute significant benefits to the environment, a company, and its
employees, however there are barriers that must be overcome by any organization that wishes to
implement it.

History

The widespread deployment of IT has had inadvertent side effects, such as increased
energy consumption and pollution. Technology-related power consumption is rising rapidly.
According a recent U.S. Environmental Protection Agency (EPA) report, “the IT industry
consumed approximately 61 billion kilowatt-hours of electricity in 2006. That’s 1.5% of the total
electricity consumed in the United States. The power bill is roughly $4.5 billion. Servers and data
centers deployed by the U.S. Federal Government account for about 10%, or 6 billion kWh, of the

total consumption” (“Green computing and D-Link,” 2009).
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Accordingly, awareness of these effects has brought about a practice called “the greening
of IT.” The concept of green computing got its start in 1992 when the EPA created its Energy Star
program, which labeled electric products, such as refrigerators and air conditioners that minimized
energy consumption while maximizing efficiency. This was revised in October 2006 to include
more stringent requirements for computer equipment efficiency (“ENERGY STAR Program
requirements for computers,” 2006). In 1997, the United Nations’ Kyoto Protocol mandated the
reduction of carbon emissions and required manufacturers to calculate the electricity used by the
computers. Next, in 2003, the European Union adopted a Restriction of Hazardous Substances
(RoHS) which restricted the use of specific toxic materials in the manufacture of electronic
equipment. In 2006, the United States passed Public Law 109-431 to study and promote the use of
energy-efficient computer servers. Subsequently, in 2007, President George W. Bush issued
Executive Order 13423, which required all United States Federal agencies to use the Electronic
Products Environmental Assessment Tool (EPEAT), a set of standards aimed at increasing the
efficiency and life of electronic products, when purchasing computer systems (Bush, 2007).

Methodologies and Benefits

The overall goals of green computing are similar to that of any other ecologically-friendly
endeavor: chiefly, to maximize energy efficiency, reduce the use of hazardous materials, and
promote the recycling of obsolete products and waste. Various practices that deliver useful
benefits have become popular.

Energy management is often the starting point in implementation of green computing. In
line with new ecological awareness, many companies have also come to accept that reduced
energy consumption translates not only to reduced greenhouse gas emissions, but reduced
operational costs for the business as well. Fortunately, there are steps that can be taken to manage

and reduce energy consumption. Servers and entire data centers can be consolidated. The data

Green Computing — History, Methodologies, Benefits and Barriers 3



center can upgrade to energy-efficient servers and high efficiency power supplies, and can employ
power management processes and controls that automatically turn off systems after set periods of
inactivity. User computers are also high energy consumers. “Fifteen PCs can generate as much
carbon emissions as a mid-size car each year. The average PC consumes 588 kilowatt-hours of
electricity per year, and wastes almost 400 kWh of that by running at full-power when not in use.
Using power management controls on PCs during periods of inactivity can cut energy use on
average 60-70 percent” (Klustner, 2008). Desktop computer power supply units (PSUs), which are
generally inefficient and dissipate a certain amount of energy as heat, should be replaced with
newer models.

Virtualization, of both computer resources and the employee experience, has started to
generate significant benefits for green computing. Computer virtualization refers to an abstraction
of computer resources --- for example, running two or more logical computer systems on one set
of physical hardware. With virtualization, hardware infrastructure is reduced, resulting in reduced
energy and cooling consumption. Cloud computing services, relating to the location and
ownership of infrastructure, can be purchased from a third-party provider, resulting in economies
of scale and significant cost savings. In addition to virtualization of computer resources,
virtualization of the employee experience can also drive benefits for the environment, the
company and the employee. Telecommuting, teleconferencing and telepresence technologies are
good examples of this. These practices can reduce travel costs, increase worker satisfaction and,
through a reduction of facilities requirements, reduce energy consumption and generate significant
savings through lower overhead costs for office space, lighting, heat, and the like. According to
the EPA, the average annual energy consumption for U.S. office buildings is over 23 kilowatt
hours per square foot, with heat, air conditioning and lighting accounting for 70% of all energy

consumed (U.S. EPA, Office of Air and Radiation, 2008).
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Certainly one of the basics of green computing involves recycling. The EPA estimates that
as of 2007, some 66 million PCs, 42 million monitors and 25 million printers/faxes/scanners were
in storage. The EPA further estimates that only about 18% of these would be recycled, with the
rest disposed of in landfills (Tucci, 2008). Recycling computer equipment can keep toxic materials
such as lead and mercury out of landfills, and can also replace equipment that otherwise would
need to be manufactured, thus reducing further energy requirements. Computer systems that have
aged or become obsolete can have their lifecycles extended or re-purposed. For example, older
servers can be kept powered off or in standby, and used only during periods of high demand.
Older desktops can be used as terminal servers, or can be provided to employees whose jobs do
not require high-end computing power. Older computer equipment can also be donated to various
charities and non-profit organizations.

Finally, within the realm of green computing, there are many practices and work habits that
can be encouraged, or mandated, among employees. Most computer equipment now comes with
power management features and they should be activated. Computers, printers and monitors
should be turned off when not in use. Printers, and hardcopy print output, can be especially hard
on the environment. Users should review documents on screen, rather than printing documents
unnecessarily, especially draft versions. Many printers can print double-sided documents, which is
also environmentally friendly. Ink-jet printers, though a little slower than laser printers, use 80 to
90 percent less energy (“Go green, save green,” 2010). Many organizations mandate the recycling
of paper, which is an excellent practice. Companies should carefully consider the size of computer
monitors provided to employees. A large display device, such as a 17-inch monitor, uses 40
percent more energy than a 14-inch monitor. Also, if a monitor is set to display higher resolution,

it requires more energy (“Go green, save green,” 2010).
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Barriers to Implementation

As indicated above, there are many benefits to green computing. Unfortunately there are
barriers that a company has to overcome in order to successfully implement green computing.
First is the natural psychological resistance to change on the part of any organization. The larger
the organization, the more difficult it is to justify and manage change. Green computing can justify
some significant cost savings and increased profits, but there are also “soft benefits,” such as
environmental awareness, that are more difficult to recognize and quantify. Cloud computing is
difficult for many companies to embrace as they apparently still feel the need to “own” the
infrastructure and resources, rather than “rent” them from a third-party provider (Barnhart, n.d.).

Another overwhelming barrier can be that of cost. Most companies, particularly in times of
a weaker economy, find it hard to justify expenditures on information technology, which is often
viewed as a cost center, rather than a business enabler. It can be very challenging to construct a
cost-benefit analysis that adequately demonstrates how information technology contributes to the
bottom line. Certainly a comprehensive return-on-investment analysis that shows how, for
example, reduced energy or travel costs can increase the profit margin, is imperative. Internal
recycling, or re-purposing of computer equipment, can also contribute to cost reductions and thus
improved profit margins. Many states have enacted specific laws relating to the disposal of certain
types of electronic equipment in landfills, and companies view this as a cost increase, rather than a
cost reduction.

Green computing is still relatively new and it is not easy for organizations to understand
and articulate their requirements. Although it is desirable to purchase computer equipment from
suppliers and vendors that are ecologically mindful in their manufacturing processes, this can be

challenging to accomplish as many manufacturers lack environmental awareness.
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Conclusion

Despite the barriers, green computing is gradually becoming more popular. In most
commercial endeavors, consumers are increasing the demand for eco-friendly products. There is a
vast amount of computer equipment manufactured worldwide. This, coupled with the widespread
use of information technology has had a direct impact on the environment. The goal of green
computing is to reduce the negative impact of computer resources on our natural resources.

To accomplish this, companies that implement green computing purchase and deploy
information technology equipment that is manufactured with environmentally-friendly chemicals
and materials. They deploy computer equipment that uses less energy, and they utilize processes to
positively manage energy consumption. Companies are moving to various methods of
virtualization that require less computer resources to accomplish the same tasks. They attempt to
recycle or re-purpose obsolete computer equipment, or to dispose of the equipment in an
ecologically-sensitive manner when the equipment cannot be recycle. These companies also
encourage their employees to adopt habits and practices that help to reduce the organization’s
environmental footprint.

Organizations that have adopted green computing methods demonstrate how Green IT can
reduce costs in a company, and increase the profit margin. Additionally, if a company
demonstrates corporate responsibility and is perceived by the public as being environmentally
responsible, this can attract more customers and increase revenue.

“Sustainability, corporate responsibility, and greening business practices have jumped
from social movement to business imperative. Green IT is a dynamic, strategic, and ethical
framework of practice for all IT. Green IT is about doing what it takes to be innovative, agile,
efficient, responsive, profitable and responsible all at the same time” (Baroudi, Hill and Reinhold,

2009).
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