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Abstract— “Green computing” represents environmentally responsible way to reduce power and environmental e-
waste. Green computing is the practice of using computing resources efficiently. The goals are to reduce the use of
hazardous materials, maximize energy efficiency during the product's lifetime, and promote recyclability or
biodegradability outdated products and factory waste. It is known that the demand for computing devices rises as the
people seek faster way of doing things. The most important issue is the sustainability or sustainable development and
it is the key challenge for the environmentalists today. Quite a number of methods have been suggested to ensure
sustainability. One important issue is minimum use of papers. Papers are wastage of natural resources. Papers are
produced from wood pulp which leads to deforestation. The production of paper releases many by-products which
harms the environment. In the present paper the authors have made a systematic study on various issues while
producing printed papers which are not good for the environment as well as for the future generations. The authors
also propose the negative impacts of paper on the environment can be negated by using E-documentation.
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I. INTRODUCTION
Paper formed from wood pulp or plant fiber, paper is chiefly used for written communication. Paper, whether produced
in the modern factory or by the most careful, delicate hand methods, is made up of connected fibers. The fibers can
come from a number of sources including cloth rags, cellulose fibers from plants, and, most notably, trees. The use of
cloth in the process has always produced high-quality paper. Today, a large proportion of cotton and linen fibers in the
mix create many excellent papers for special uses, from wedding invitation paper stock to special paper for pen and ink
drawings.
The method of making paper is essentially a simple one—mix up vegetable fibers, and cook them in hot water until the
fibers are soft but not dissolved. The hot water also contains a base chemical such as lye, which softens the fibers as
they are cooking. Then, pass a screen-like material through the mixture, let the water drip off and/or evaporate, and then
squeeze or blot out additional water. A layer of paper is left behind. Essential to the process are the fibers, which are
never totally destroyed, and, when mixed and softened, form an interlaced pattern within the paper itself. Modern
papermaking methods, although significantly more complicated than the older ways, are developmental improvements
rather than entirely new methods of making paper.
Raw Materials
Probably half of the fiber used for paper today comes from wood that has been purposely harvested. The remaining
material comes from wood fiber from sawmills, recycled newspaper, some vegetable matter, and recycled
cloth. Coniferous trees, such as spruce and fir, used to be preferred for papermaking because the cellulose fibers in the
pulp of these species are longer, therefore making for stronger paper. These trees are called "softwood" by the paper
industry. Deciduous trees (leafy trees such as poplar and elm) are called "hardwood." Because of increasing demand for
paper, and improvements in pulp processing technology, almost any species of tree can now be harvested for paper.

Some plants other than trees are suitable for paper-making. In areas without significant forests, bamboo has been used
for paper pulp, as has straw and sugarcane. Flax, Most paper is made by a mechanical or chemical process.

hemp, and jute fibers are commonly used for textiles and rope making, but they can also be used for paper. Some high-
grade cigarette paper is made from flax.
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Cotton and linen rags are used in fine-grade papers such as letterhead and resume paper, and for bank notes and security
certificates. The rags are usually cuttings and waste from textile and garment mills. The rags must be cut and cleaned,
boiled, and beaten before they can be used by the paper mill.

Other materials used in paper manufacture include bleaches and dyes, fillers such as chalk, clay, or titanium oxide, and
sizings such as rosin, gum, and starch.

The Manufacturing Process
1)Making pulp

1 Several processes are commonly used to convert logs to wood pulp. In the mechanical process, logs are first
tumbled in drums to remove the bark. The logs are then sent to grinders, which break the wood down into pulp
by pressing it between huge revolving slabs. The pulp is filtered to remove foreign objects. In the chemical
process, wood chips from de-barked logs are cooked in a chemical solution. This is done in huge vats called
digesters. The chips are fed into the digester, and then boiled at high pressure in a solution of

The pul
series of rollers 1o remowe th

Sodium hydroxide and sodium sulphide. The chips dissolve into pulp in the solution. Next the pulp is sent
through filters. Bleach may be added at this stage, or colourings. The pulp is sent to the paper plant.

2)Beating

2 The pulp is next put through a pounding and squeezing process called, appropriately enough, beating. Inside
a large tub, the pulp is subjected to the effect of machine beaters. At this point, various filler materials can be
added such as chalks, clays, or chemicals such as titanium oxide. These additives will influence the opacity
and other qualities of the final product. Sizings are also added at this point. Sizing affects the way the paper
will react with various inks. Without any sizing at all, a paper will be too absorbent for most uses except as a
desk blotter. A sizing such as starch makes the paper resistant to water-based ink (inks actually sit on top of a
sheet of paper, rather than sinking in). A variety of sizings, generally rosins and gums, is available depending
on the eventual use of the paper. Paper that will receive a printed design, such as gift wrapping, requires a
particular formula of sizing that will make the paper accept the printing properly.
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3)Pulp to paper
e 3 In order to finally turn the pulp into paper, the pulp is fed or pumped into giant, automated machines. One

common type is called the Fourdrinier machine, which was invented in England in 1807. Pulp is fed into the
Fourdrinier machine on a moving belt of fine mesh screening. The pulp is squeezed through a series of rollers,
while suction devices below the belt drain off water. If the paper is to receive a water-mark, a device called
a dandy moves across the sheet of pulp and presses a design into it.
The paper then moves onto the press section of the machine, where it is pressed between rollers of wool felt.
The paper then passes over a series of steam-heated cylinders to remove the remaining water. A large machine
may have from 40 to 70 drying cylinders.

4)Finishing

e [ POLLUTANTS SOURCE EFFECTS COMMENTS
CARBON DIOXIDE Green House Gas | Fuel A recent study by the IIED dismisses this
Combustion argument, concluding that the paper cycle
results in the net addition of some 450
million CO, equivalent units per year
fIYDROGEN SULPHIDE | GHG, Rotten Egg | Kraft Process | Very low odour threshold (5 to 10 ppb)
I Smell makes it very difficult to remove smell
I completely. Kraft process is banned in
y Germany because of this.
SULPHUR DIOXIDE Acid Rain Fuel Contribution to acid rain problem could be
Combustion, reduced by switching from fossil to wood
Pulping waste fuels.
VOLATILE ORGANICS | Precursors to | Various
d formation of | Processes
) ozone
CHLOROFORM Toxic, Chlorine The United  States  Environmental
Carcinogenic Bleaching Protection Agency has identified pulp
bleaching as the single largest source of
atmospheric chloroform.
THER Highly Toxic Chlorine
ERGANOCHLORINES Bleaching
FORMALDEHYDE & Wet Tissue
AMMONIA Resins
PUST & PARTICULATE | Allergic Combustion,
MATTER Reactions Paper
i Handling

s wound onto large reels, where it will be further processed depending on its ultimate use. Paper is smoothed
and compacted further by passing through metal rollers called calendars. A particular finish, whether soft and
dull or hard and shiny, can be imparted by the calendars.

The paper may be further finished by passing through a vat of sizing material. It may also receive a coating,
which is either brushed on or rolled on. Coating adds chemicals or pigments to the paper's surface,
supplementing the sizings and fillers from earlier in the process. Fine clay is often used as a coating. The paper
may next be supercalendered, that is, run through extremely smooth calendar rollers, for a final time. Then the
paper is cut to the desired size.

II. ENVIRONMENTAL IMPACTS OF PAPER MANUFACTURING PROCESS

A. Deforestation

Worldwide consumption of paper has risen by 400% in the past 40 years, with 35% of harvested trees being used for
paper manufacture. Logging ofold growth forestsaccounts for less than 10% of wood
pulp,http://en.wikipedia.org/wiki/Environmental_impact_of paper - cite_note-chase-7 but is one of the most
controversial issues. Plantation forest, from where the majority of wood for pulpingis obtained, is generally
a monoculture and this raises concerns over the ecological effects of the practice. Deforestation is often seen as a
problem in developing countries but also occurs in the developed world. Wood chipping to produce paper pulp is a
contentious environmental issue in Australia. In the 1990s, the New Zealand government stopped the export of
woodchips from native forests after campaigning by environmentalists.

B. Air Pollution:
Air emissions from chemical pulp mills are primarily made up of particulates, hydrogen sulphide, oxides of sulphur and
oxides of nitrogen. Micro-pollutants include chloroform, dioxins and furans, other organochlorins and other volatile
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mill practice. Another important factor is the fuel type and quality. Whilst older mills caused severe air pollution,

mitigating technology now exists to eliminate most harmful gas and particulate emissions.
Major air pollutants and their effects:

UIRIS

C. Water Pollution:
General Areas of Concern in relation to effluents from Paper Industries are as follows:
» General Organic Pollutants and Suspended Solids

The most common organic pollutants in effluents are lost cellulose fibre, carbohydrate, starch and hemi-cellulose (or the
organic acids resulting from their breakdown). The levels of these pollutants are measured by the Biological Oxygen
Demand (BOD) or Chemical Oxygen Demand (COD) (see Glossary). COD discharge can range from 25- 125 kg per
tonne of pulp. This demand for oxygen depletes that available to fauna and flora, thus damaging wildlife near to, and
downstream from, effluent discharges.
High levels of suspended solids can also cause problems of both water opacity and blanketing of river or lake beds.
Severe blanketing may also result in anaerobic decomposition under the blanket releasing hydrogen sulphide into the
aquatic ecosystem.
These problems are reasonably localised. However, organic solids can also absorb many of the toxins present in mill
effluents, such as resin and fatty acids and heavy metals. This can have long-term effects over a wider area as a result of
bioaccumulation and transportation through the food chain. Pre-treatment levels of suspended solids and Biological
Oxygen Demand are likely to be higher in de-inked re- cycled effluents than virgin pulp effluents but, more significantly,
COD is likely to be lower. Non de-inked recycled fibre effluents show significantly lower BOD and COD than de-inked,
hence BOD and TSS levels will be higher the lower the grade of paper used.

» Acidic Compounds
They are predominantly natural resin acids, which occur in high concentrations in softwood pulp, and are most
concentrated in  mechanical and (C)TMP pulp effluents (96-98mg/lIhttp://www.foe.co.uk/  resource/
briefings/consequence_pulp_ paper. html-Footnotel8). They can be chlorinated in bleached Kraft pulp effluent.
Although, both resin acids and chlorinated resin acids are moderately toxic and persistent, generally acidic compounds
are of relatively minor concern in these concentrations as they are readily biodegradable and do not bioaccumulate. These
are also known as abietic and dehydroabietic acids.

» Organochlorine Compounds
5-8kgs of elemental chlorine per tonne of bleached chemical pulp combine with wood products to form organochlorines.
About 300 such organochlorine compounds have been identified. The collective quantity of organochlorines present can
however be measured and three techniques are commonly used for this: AOX (Absorbable Organic Halogens, which is
most commonly used), EOX (Extractable Organic Halogens, that fraction of AOX (1-3%) which is likely to
bioaccumulate.) and TOCI(Total Organically-bound Chlorine, it has now been largely superseded by AOX and EOX).

+«+ Chlorophenolics
Formed in chlorine-bleached chemical pulping processes (up to 70g/tonne - highest in softwood pulp effluents20). Not
only are they themselves toxic, persistent and bioaccumulative, but they can transform into other compounds which are
even more so. As a group, chlorophenolics and their transformation products are probably the most hazardous chemical
group in pulp and paper mill effluents, being present in higher concentrations than more toxic compounds such as
dioxins. Substituting chlorine dioxide for elemental chlorine in some bleaching process stages significantly increases
chlorophenolic production. The chlorophenolic group contains phenols, guaiocols and catecholes. Biotransformation
products include anisoles and verathroles. The most common chlorophenolics are the extremely toxic and persistent
trichlorophenol and pentachlorophenol.
Dioxins (PCDD) and Furans (PCDF)
Dioxins are extremely toxic, persistent and carcinogenic. Furans are chemically similar but an order of magnitude less
toxic and less persistent than dioxins. Dioxins and furans tend to accumulate more in the pulp itself than in the effluent.
This has led to concern about dioxin levels in finished paper products and wastewater treatment sludge disposed of via
landfill or incineration, as well as in liquid mill effluents. Dioxins are also known to be present in mill flue gases. The
known effects of PCDD and PCDF on fish and mammals are wide-ranging but any link to effects on humans is proving
hard to establish. They are, however, suspected of causing miscarriages, birth defects, liver damage, skin complaints and
behavioural and neurological problems. Bioconcentration through the food chain, via fish, is a major concern.Dioxins
and furans do occur in re-pulped effluents, although little is known about their precise source. Recycling reduces dioxin
emissions by reducing demand for bleached woodpulp.
Chloroform and other neutral chlorinated compounds
This group includes chloroform, chloro-acetones, - aldehydes and -acetic acids which are formed during the bleaching
process but in lower concentrations than chlorophenolics. Whilst generally compounds in this group are non-persistent
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and non-bioaccumulative, some are moderately toxic, mutagenic and/or suspected carcinogens. The major concern is the
likely effect of human exposure to chloroform via drinking water and air.
Heavy Metals
Heavy metals in recycling mill effluents are also a cause for concern. Metals such as copper, chromium, lead, zinc, nickel
and cadmium are commonly used in printing inks and are discharged not only to wastewater but also to waste sludges
and some remain in the final paper product.

»  Process Effluents

UIRIS

Includes the waste generated from De-Inking. Three main issues with the environmental impact of printing inks is the use
of volatile organic compounds, heavy metals and non-renewable oils. Deinking recycled paper pulp results in a waste
slurry which may go to landfill. De-inking at Cross Pointe's Miami, Ohio mill in the United States results in sludge
weighing 22% of the weight of wastepaper recycled.?In the 1970s federal regulations for inks in the United States
governed the use of toxic metals such as lead, arsenic, selenium, mercury, cadmium and hexavalent chromium.

» Discolouring the Water

Discharges can also discolour the water leading to reduced aesthetics. This has happened with the Tarawera River in
New Zealand which subsequently became known as the "black drain".

C. Soil Pollution:

Solid waste from paper manufacture ranges from 10- 250kg/t (dry equivalent). Disposal is usually to landfill, although
incineration is becoming increasingly widespread. With the dumping of waste, there is concern about possible dioxin and
heavy metal contamination which seep into the soil. Soil can also be polluted due to spills or leaks of fuel, oil or
chemicals from your storage areas or pollutants seeping from leaking pipes or poorly maintained drainage systems.
Relatively large amounts of solid waste result from the production of recycled paper although, obviously, overall
recycling reduces waste volume. This waste comes in the form of bale wrappers and wire, sorting rejects and, more
significantly, pulping and de-inking sludges, comprising water, cellulose fibre, fillers and ink. The amount of waste is
dependent upon paper source and product type but is typically 15-100kg solid waste and 90kg (newsprint) to 520kg
(tissues) sludge per tonne of de-inked recycled paper.

In case of Non-Wood fibre Sources, where chemical agents are used to improve crop yields IED estimate that wood-
based fibre production theoretically has the environmental advantage. One crop rotation in a tree plantation (minimum
seven years) would use approximately equivalent amounts of pesticides and fertilizers as one annual rotation of non-
wood fibre crops. Using agricultural residue such as straw for paper results in no additional use of agrochemicals. Most
crops grown especially for fibre are disease resistant and hardy, and chemical use is low or non-existent. Hemp and kenaf
are both considered capable of out-competing most weeds, and hemp produced in the UK (by Hemcore) and in France is
grown without the use of any insecticides, fungicides or herbicides.

D. Noise Pollution:
Paper and cardboard businesses may create noise by:

-,

operating large processing plant and machinery, eg compressors, vacuum pumps and ventilators
moving materials and goods to and from the site
¢+ using vehicles on the site, especially if they have reversing alarms

7
‘0
7
0‘0
7

= Energy use

The pulp and paper industry is a major energy consumer, using 2,000-6,500 kWh to produce one tonne of dried pulp.
Whilst chemical pulping actually requires more energy than mechanical (6,350 kWh/tonne Kraft; 5,400 kWh/tonne
sulphite) the processes are largely energy self-sufficient through the burning of waste products to generate steam.
Mechanical pulping requires imported electrical energy (2,000 kWh/tonne). Different bleaching processes require
varying amounts of energy, with ECF requiring most at 4.0 kWh/kg and TCF requiring least at 1.0 -2.0 kWh/kg.The
overall energy consumed in the manufacture of recycled paper is low compared to other paper types at 16.3MJ/kg and
represents a calculated energy saving of 28- 70 per cent compared to virgin pulp and paper manufacture processes. The
source of this energy, however, is primarily imported electrical and therefore most commonly derived from non-
renewable fossil fuels (unlike virgin chemical pulp production which is often largely energy self- sufficient). Increasing
use of incineration/energy recovery for process waste may go some way to redressing the balance but would be of
questionable environmental benefit.

= WATER USE
Abstraction of water for the industry is significant both in terms of quantities used and the possible damage caused to the
adjacent environment. Problems associated with water use include increased sedimentation and turbidity, increased water
temperature, loss of habitat diversity, possible concentration of toxic material and lowering of water tables. Chemical
pulping uses 159,000-204,000 litres / tonne, whereas mechanical pulping uses less, at 45,000- 68,000 litres / tonne.
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Recycled paper production requires approximately 100,000 litres of water to produce 1 tonne of pulp. However with re-

circulation and reuse of water during the process, abstraction can be reduced to between 1,000 and 30,000 litres per tonne
of pulp This compares favourably to virgin pulp production.
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= WASTE GENERATION

Paper waste accounts for up to 40% of total waste in the United States, which adds up to 71.6 million tons of waste per
year in the United States alone.http://en.wikipedia.org/wiki/Environmental_impact_of paper - cite_note-11 Paper waste
like other wastes faces the additional hazard of toxic inks, dyes and polymers that could be potentially carcinogenic when
incinerated, or commingled with groundwater via traditional burial methods such as modern landfills. Paper
recycling mitigates this impact, but not the environmental and economic impact of the energy consumed by
manufacturing, transporting and burying and or reprocessing paper products. Here are some statistics regarding the waste
generated by paper: Each year, the United States used 85.5 million tons of paper, of which we recycle 22% or 19 million
tons. Of the remaining paper, we could recycle up to 70% or 46 million tons. And those 46 million tons could save 782
million trees. Every day, Americans buy about 62 million newspapers and throw out around 44 million of them. If we
recycled just half our newsprint every year, we would need 3,200 fewer garage trucks to collect our trash.

An average American uses 465 trees to create a lifetime of paper. Americans throw away the equivalent of more than 30
million trees in newsprint each year. Americans discard 4 million tons of office paper every year. That's enough to build
a 12 foot-high wall of paper from New York to California. If Americans recycled every phone book each year, an
estimated 650,000 tons of paper could be saved. Recycling half the world's paper would free 20 million acres of forest
land. Recycling one stack of newspapers about 6 feet tall saves the life of one tree 35 feet tall. Recycling approximately 1
ton of newspaper saves 17 trees. The EPA has found that making paper from recycled materials results in 74% less air
pollution and 35% less water pollution. This means that every ton of recycled paper keeps almost 60 pounds of
populations out of the atmosphere that would have been produced if the paper had been manufactured from virgin
resources. Every ton of recycled paper saves approximately 4 barrels of oil, 4,200 kilowatt hours of energy and enough
energy to heat and air-condition the average North American home for almost 6 months. Recycled paper is made to the
same standards as paper made from virgin pulp. Moreover, recycled paper has features which make it more desirable
than virgin paper, such as being more opaque, dense, and flexible. Paper plus cardboard combined make up 73% of the
materials in the landfill. For every 15,000 tons of old newspaper recycled annually, 30 jobs are created to collect the
paper, 40 jobs are created to process the paper, and 75 jobs are required to manufacture the newsprint. Making a ton of
virgin paper requires 3,688 Ibs. of wood, 24,000 gallons of water, 216 Ibs. of lime, 360 Ibs. of salt cake and 76 Ibs. of
soda ash. We then have to treat and dispose of 84 Ibs. of air pollutants, 36 Ibs. of water pollutants and 176 Ibs. of solid
waste.

I11. CONVERSION OF PRINTED DOCUMENT TO E-DOCUMENT

An electronic document is any electronic media content (other than computer programs or system files) that are intended
to be used in either an electronic form or as printed output. Originally, any computer data were considered as something
internal — the final data output was always on paper. However, the development of computer networks has made it so
that in most cases it is much more convenient to distribute electronic documentsthan printed ones. And the
improvements in electronic display technologies mean that in most cases it is possible to view documents on screen
instead of printing them (thus saving paper and the space required to store the printed copies).

A paperless office is a work environment in which the use of paper is eliminated or greatly reduced. This is done by
converting documents and other papers into digital form. Proponents claim that "going paperless" can save money, boost
productivity, save space, make documentation and information sharing easier, keep personal information more secure,
and help the environment. The concept can be extended to communications outside the office as well.

The need for paper is eliminated by using online systems, such as replacing index cards and rolodexes with databases,
typed letters and faxes with email, and reference books with the internet. Another way to eliminate paper is to automate
paper-based processes that rely on forms, applications and surveys to capture and share data. This method is referred to
as electronic forms or e-forms and is typically accomplished by using existing print-perfect documents in electronic
format to allow for pre-filling of existing data, capturing data manually entered online by end-users, providing secure
methods to submit form data to processing systems, and digitally signing the electronic documents without printing. One
of the main issues that has kept companies from adopting paperwork automation is difficulty capturing digital signatures
in a cost-effective and compliant manner. The E-Sign Act of 2000 in the United States provided that a document cannot
be rejected on the basis of an electronic signature and required all companies to accept digital signatures on documents.
Today there are sufficient cost-effective options available, including solutions that do not require end-users to purchase
hardware or software. In just over three years (the 37 months from July 4, 2006 to August 4, 2009) more than 200 million
free ebooks were downloaded from two websites: Project Gutenberg (PG), and the World Public Library's annual event,
the World eBook Fair (WEF). Had these 200 million books been made of paper, how many trees would have been saved?
In the USA in one year, 2 billion books are produced. To get the paper for these books requires consuming 32 million
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trees. We can estimate that one tree yields enough paper for 62.5 books. The 200 million free ebooks downloaded from
Project Gutenberg and the WEF saved three million and two hundred thousand (3,200,000) trees.This number (200
million free ebooks downloaded) is from two free ebook sources only; there are many other sources of free ebooks,
including Google Books, the Internet Archive, Feedbooks, Manybooks, Scribd, and many more. Every year, the world
produces more than 300 million tons of paper. Books are not the only source of paper consumption. Newspapers are
another big consumer of trees. One Sunday issue of the New York Times consumes 75,000 trees. One year of Sunday
newspapers, produced by the New York Times, is responsible for the destruction and consumption of more than
3,900,000 trees. The newspaper industry in the USA, each year, consumes 95 million trees. If all the people reads the
news from the news websites then 3.9 million trees could be save annually and here we are just considering USA’s
newspapers only. If the news websites are used instead of buying daily newspapers, globally a huge amount of trees
could be saved each year. The blog Eco-libris tells us that the book publishing industry in the USA uses 16 million tons
of paper every year. They estimate that about 20 trees yield one ton of paper. Therefore, the USA book publishing
industry consumes 32 million trees per year. According the website of the Green Press Initiative (more about the GPI,
below), "The U.S. book and newspaper industries combined require the harvest of 125 million trees each year and emit
over 40 million metric tons of CO, annually; equivalent to the annual CO, emissions of 7.3 million cars."

UIRIS

IV. CONCLUSIONS AND FUTURE SCOPE

In this digital age every countries must make policy from the government that e-document should be considered as a
valid document instead of printed forms. More emphasis should be given on publishing e-books instead of printed books
to save millions/billons of trees per year and to make the environment sustainable in the entire globe. All newspapers
should be convereted to e-papers instead of printed paper. Government may provide few TV channels through which also
the daily news paper may be shown in every hour plus a digital copy should also be stored in internet for anytime use by
the user. Primary, secondary education in school level should be conducted through e-books. Both Government and the
private sectors should shake hands to change all printed materials to e-documents to save space, money and finally the
environment. In the present paper the authors have given a through study on production of papers and its outcome. In
developed countries like US, UK, Australia, Many countries in Europe already started to reduce the use of papers and to
use more and more e-documents. This idea must percolate in developing country like India, Pakistan etc.
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