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ABSTRACT

From an environmental perspective, papermakers have a positive story to tell. The products that we manufacture mainly
come from renewable resources. Paper can be recycled. It’s also biodegradable. It also can be incinerated to recover its
energy value. However, the process of making paper also can raise some environmental concerns. Decades ago it was
common to be able to see environmental impacts of papermaking additives just by looking at a waterway downstream
of a paper mill. The color of river water often was a good clue as to what color of paper was being manufactured. Such
impacts have been greatly reduced, not only due to implementation of wastewater treatment operations, but also to
advances in papermaking chemistry — making it possible to achieve high levels of retention efficiency. In the future we
can expect there to be increasing emphasis on the overall environmental impact of each chemical additive that is used.
Issues that will be considered will include the chemical’s toxicity, biodegradability, and its tendency (or lack thereof) to
become retained on solid surfaces. Certain papermaking additives also have the potential to reduce the need for fibers —
or to enable the papermaker to meet specifications at higher filler levels or lower basis weights. Further opportunities lie
in the area of automation, making it possible to use chemical additives more efficiently. Looking toward the future,
perhaps energy use will emerge as the dominant issue. Evaporation of water is the most energy-demanding part of the
papermaking process. Though it is very difficult to demonstrate conclusively, some of the same chemicals that can
promote faster dewatering in the forming section also appear to make it easier to squeeze water out of paper in the press

section, reducing the amount of evaporation required.
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INTRODUCTION

Today, more than ever, it is important for the paper
industry to work towards the goal of sustainability.
There are two parts to this effort. First, we need to
educate the public about the many positive features of our
industry and its products, from the standpoint of the
environment. We have not done a good enough job of
educating the public.

The second part of our effort should be directed towards
continuing the progress of our industry towards more
sustainable practices in the future. This article will begin
with the definition of some useful terms. These terms can
help us to understand the progress that already has been
made — and also discuss some future challenges.

SOME DEFINITIONS

Sustainability

To fully understand the word sustainability it will be
necessary to review various different terms that often
have been in the news recently. A manufacturing or
agricultural process may be called sustainable if it can be
practiced for a very long time without depleting the
natural resources of the world that we live in. For
instance, the use of gasoline for cars is not considered to

be sustainable. The supply of petroleum is limited, and
someday we will run out of it.

By contrast, the traditional practice of growing rice
appears to be highly sustainable. For over 8000 years
people have grown rice, using the same land. Even after
all of that time, the soil has not been worn out. As long as
there is rain and sunshine, many future generations of
people will have enough to eat.

Trees are an important aspect related to the sustainability
of paper industry practices. When the paper industry uses
wood to make paper, it is important to take good care of
the land. The rate of harvesting trees for paper and other
products should not exceed the rates of planting new trees
and allowing them to grow [1-2].

Renewable Resources

The next term to define is renewable resources. Rain and
sunshine are examples of two renewable natural resources.
Solar energy can be used year after year, and it does not
get used up. Rain is renewable too — as long as we don’t
use so much that is lowers the water table or causes the
climate to change. One of the key ways to use solar
energy is called photosynthesis, the process by which
living plants convert carbon dioxide and water to
polysaccharides, especially cellulose and starch.



Rainwater can be used to generate electricity in hydro-
electric power plants.

According to the definition, a renewable resource can be
used for many generations. However, it is important not
to use such resources too fast. In the case of trees, the rate
of cutting should not be higher than the rate of growth of
new trees. To address this issue, significant progress has
been achieved recently in the development of forest
plantations, which can achieve very high growth rates and
very uniform quality of the resulting fibers [3]. Such
plantations usually require high amounts of rainwater,
which is another renewable, but limited resource. It also
will be important to consider whether various plantation
forestry practices can deplete the soil on which the trees
are grown [4-5].

Non-toxic

In order for a process to be carried out for many years
without harming the environment, it must not produce
byproducts that kill living things. We could call this an
eco-friendly process. Personally, I prefer the term non-
toxic. Paper is a wonderful material, since its main
ingredient is cellulose — a natural material that does not
cause harm to life. Production of paper does not involve
significant release of truly hazardous substances, such as
radioactive materials, organic solvents, etc.

Various types of biocides are among the most toxic
substances used during the manufacture of paper [6-8].
Such additives are used to limit the growth of slime-
forming bacteria and fungi in paper machine systems.
One way that papermakers minimize the use of such
additives is by intermittent addition — treating the system
with just enough biocide to kill the micro-organisms, and
then discontinuing addition of the biocide until the
populations of bacteria and fungi begin to recover.
Further progress in reducing the industry’s dependence on
highly toxic chemicals has been achieved by use of other
additives. Surface-active agents can be used in order to
improve the effectiveness of various synthetic organic
biocide chemicals. Surfactants also can be used to inhibit
the growth of bacterial films on the wetted surfaces
within a paper machine system [9-12]. Papermakers also
have using bleaching agents, such as chlorine dioxide, to
control bacteria, often making it possible to reduce the
amounts of other biocides [13-14].

Biodegradable

The term biodegradable means that a product does not
accumulate in the environment. Paper products usually
can be described as biodegradable. Natural bacteria and
fungi can break down most of the cellulose and other
polymers in paper into simpler molecules that can be used
by living organisms. Paper products even can be compos-
ted, so that they can be used as an ingredient of soil.

Plastic bottles and aluminum cans are examples of
products that do not decompose under ordinary conditions

found in nature. There is a danger that future papermakers
increasingly will tend to combine plastic, metal, and
paper — especially when manufacturing composite
structures. It will be a shame to take an inherently
renewable, biodegradable product— conventional paper —
and mix it with other materials in such a manner that it
won’t decompose and can’t be easily recycled.

Recyclable

Another way to prevent the accumulation of paper in
landfills is to recycle the waste paper and convert it into
new paper [15-16]. The term recyclable means that
something can be manufactured repeatedly from the same
material. Cellulosic fibers have a natural ability to bond
together, just by suspending them in water, forming a
sheet, and then drying.

Increases in the rate of recycling have helped the paper
industry to limit its usage of forest resources in recent
years. The proportion of recycled fiber used in paper
manufacture has risen to about 43% [16], and the rate of
recycling is much higher in certain grades of paper and
paperboard, and also in certain countries. But more work
needs to be done. Collection of wastepaper and separation
of the fibers from extraneous materials, such as ink, are
expensive operations. Also, recycling and de-inking
operations can be rather inefficient, generating substantial
amounts of waste materials.

Efficient

Another important word is efficient. An efficient process
does not produce a lot of waste. There is an old saying,
“waste not — want not.” One of the best ways to reduce
waste is to find a valuable use for all of the significant
byproducts. Another way to define “efficient” is in terms
of how much energy is consumed. It is possible to
manufacture paper pulp is such a way that most of the
energy is obtained by the combustion of lignin, which
otherwise might be considered to be a waste product.

Yet another to increase the efficient use of cellulosic
resources is to use less fiber to make paper. For instance,
the basis weight can be decreased, or the mineral content
can be increased. Either of these approaches makes it
more difficult to achieve adequate strength to meet
customer requirements. Part of the solution may involve
more effective use of dry-strength chemical additives [17].

Carbon-Neutral

The term carbon-neutral is often used when describing
ecologically friendly strategies for energy production. A
carbon-neutral process does not consume of fossil fuels,
such as oil or coal. The pulp and paper industry, by
relying so much on energy from wood material, has
learned a great deal about carbon-neutral technology. The
industry is not yet carbon-neutral, but we have traveled a
long distance down the road toward carbon-neutrality.

When waste paper is incinerated to produce energy and



heat, the consumption of fossil fuels can be reduced.
Although incineration of wastepaper has been considered
to be less desirable than paper recycling, from an environ-
mental standpoint [18], incineration may be the best use
for certain low-quality types of wastepaper.

Well Managed

The forest plantations, wheat fields, and sugar cane fields
from which we obtain fibers for paper should be well
managed. It is important not to exceed the rate at which
cellulosic materials can be replaced. In the past it was
possible to obtain most of the fibers using in paper
production from natural forests. However, in the future,
our forests and other cellulosic crops will need to be
managed like well-run farms [19].

To summarize the principles just outlined, it is reasonable
to say that paper manufacturing can be done sustainably.
The main ingredient of paper, cellulose, is renewable.
Paper is nontoxic, recyclable, and compostable. The
process has a long history — almost 2000 years. But
there remain considerable challenges in order to truly live
up to the requirements for a sustainable technology in a
modern paper mill of the future.

MINIMIZING THE ENVIRONMENTAL IMPACT

Needed Progress

As was mentioned, educating the public is an important
activity for paper technologists. But the paper industry’s
reputation, in the eyes of the public, also will depend on
our progress in addressing environmental issues. Three of
the most important factors, in order to make the needed
progress, will be research, regulation, and restraint.
These three factors are described below:

Research

In the first place we will need research. Considerable
study will be needed in order to discover more efficient
ways to make and utilize paper products, using less
energy, eliminating waste, and finding uses for various
byproducts of the process.

Biodegradability of additives

Some common papermaking chemicals decompose easily
in the environment, whereas others have much slower
biodegradability [20-22]. The goal is to achieve faster
biodegradability of paper’s ingredients. An expected
benefit of using more highly biodegradable wet-end
additives will be better performance of wastewater
treatment facilities. Research will be required in order to
develop new generations of dyes, wet-strength agents,
and other additives with improved biodegradability.

Affinity for solid surfaces

One of the best ways to minimize papermaking additives’
impact on rivers and lakes is to make sure that the
chemicals stay attached to solid surfaces and get retained
very efficiently during the formation of paper. A study

by Roberts [23] provided a wonderful demonstration of
the superiority of cationic starch, compared to unmodified
starch. The cationic starch had a very high efficiency of
retention on fibers, whereas uncharged starch was
retained very poorly under the conditions of testing.

More research is needed to achieve even higher levels of
dry strength, since the amount of cationic starch that can
retained on fiber surfaces usually is limited to about 1 to
2%. Recent research already has shown a number of
strategies for achieving a highly efficient retention of
more effective dry-strength chemicals on fiber surfaces.
For examples, certain polyacrylamide-based dry-strength
additives can achieve effects comparable to those of
cationic starch, but with much lower contribution to
biological oxygen demand [24]. Amphoteric polymers —
having both positive and negative ionic groups — often
can outperform single-charged dry-strength agents [25].
And finally, highly efficient retention of large amounts of
dry-strength agents can be achieved by using sequential
addition of cationic and anionic polymers in well-
balanced proportions [26-27]. Advanced dry-strength
treatments may increase paper’s inherent strength enough
so that less fiber is required in order to meet customer
requirements.

Greater re-use of water

In past years papermakers have made tremendous
progress in reducing the amount of fresh water that is
used to make a ton of paper [28-29]. Benefits have
included reduced volumes of wastewater to be treated,
reduced costs for fresh water treatment, and reduced costs
for the heating of water. But problems can arise due to
increased concentrations of dissolved and colloidal
materials in white water when it is recirculated many
times. Research and development will be needed to
implement suitable “kidney” technologies to remove
contaminants from water, so that it can be used again and
again in the paper mill [30].

Getting the water out more quickly

Further research also will be needed to increase the rate of
water release during the production of paper. Benefits of
increased dewatering rates can include increased
production rates, and sometimes there can be reduced
energy per ton of product. Much progress has been made
in recent years to increase rates of drainage and vacuum
dewatering by chemical treatments [see 31]. One of the
most interesting recent developments has involved the use
of enzymatic treatments to promote dewatering [32].

Despite this progress, there is a critical need for research.
Although some very impressive theoretical work has been
done as early as the 1960s to understand factors affecting
drainage rates [see 31], such theories do not begin to
explain the effects on dewatering rates due to fiber fines
and chemical additives. We have carried out some
preliminary work in our lab in this regard [33-35].



Regulation

Good laws, as well as the fair enforcement of those laws,
will be needed in order to make sure that “best practices,”
those that are most eco-friendly, are adopted by the entire
industry, throughout the world. Laws can provide an
incentive for companies to find the most economical ways
to achieve environmental benefits. The laws need to be
international, so that companies don’t just relocate to
places where they don’t need to worry about polluting the
environment or making people sick.

Recently there have been substantial advances in more
environmentally friendly bleaching technologies [36].
These advances probably would not have been achieved
in the absence of strict limits on the amounts of various
pollutants discharged from pulp and paper facilities. Up to
the present there has been much less emphasis on the
paper machine system, in comparison with the
environmental impacts of pulping and bleaching.
Scientific work needs to continue, however, in order to
meet more challenging pollution limitations in the future.

Restraint

Considerable restraint will be needed in order for the
industry to keep on doing what we do best — making a
sustainable product from a renewable resource. These
advantages tend to get lost if we incorporate plastic
materials, metals, excessive amounts of wax, or UV-
curable inks into products that are made from paper. In
the future we can expect that paper companies will face a
lot of temptation to make products that are very difficult
to recycle. As responsible papermakers, we need to
resist such temptations.

WHERE WE STAND

Considerable challenges remain along our industry’s path
towards the goal of sustainability in papermaking
operations. But I think that you will agree that our
industry is in a very good starting position to contribute
to a sustainable future of this planet.
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