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Introduction

The paper industry can anticipate an extra-white
Christmas in the final weeks of 1999. In Japan, 183 banks

plan to print out the financial records of all of their cus-
tomers in order to safeguard against Year 2000 computer
glitches. Piled up, these print-outs would tower three times
higher than the country’s 3,700-meter Mount Fuji. It is
uncertain how many other banks, insurance companies, and
other financial institutions will follow suit. And a multitude
of newspaper and magazine supplements and special edi-
tions intended to mark the millennium are also expected to
boost paper use.1

While printing every customer report, company record,
Internet document, or office e-mail seems particularly waste-
ful, many societies have grown so accustomed to massive
uses of paper that this millennial deluge will be only a drop
in the ever-rising tide of paper. Soaring paper use has gone
largely unnoticed for decades, reaching levels well over 300
kilograms per person per year in some industrial countries—
an amount equal to a stack of standard office paper nearly
seven meters high.2

The paper appetite of industrial countries has not
always been so ravenous. Until the mid-1800s, paper was a
scarce and expensive commodity made of rags or straw and
devoted primarily to printing documents intended to last a
long time. The discovery of methods for converting wood to
paper cheaply and in mass quantities brought dramatic
changes, as did new access to distant forests. Government
policies designed to encourage forest exploitation and indus-
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trial expansion have also played a major role in fueling the
consumption boom. And new uses for paper, such as pack-
aging, copy paper, food service, towels, and sanitary prod-
ucts, have enlarged the market. The average person in the
United Kingdom used 16 times more paper at the end of the
20th century than his or her grandparents did at its start.3

In the past 50 years, purchases of all sorts of goods,
including paper, have skyrocketed along with rising
incomes, expanding industrialization, and the promotion of
consumption by government and industry. These broad
trends, combined with the falling cost of paper, the relative-
ly new ethic of disposability, and high-speed printing and
communication technologies have helped fuel a more than
sixfold increase in global paper use since 1950. Since the
mid-1970s alone, paper use has more than doubled, and
there is no end in sight to this trend. World paper consump-
tion is expected to jump nearly a third in the next 10 years.4

Not everyone shares equally in the paper feast. With a
population only one tenth the size of China’s, Japan annually
consumes about as much paper as its neighbor. But Japan’s per
capita consumption is 249 kilograms, while China’s is less
than 27 kilograms. In the United States, per capita paper con-
sumption is 335 kilograms per year, while in India it is less
than four kilograms. Indeed, the vast majority of the world’s
people live in countries where the average annual consump-
tion of paper is less than the estimated 30- to 40-kilogram min-
imum each person needs for literacy and communication.5

While the impact of a single envelope, magazine, or box
may seem negligible, the process of making it requires many
steps that take a heavy toll on the world’s land, water, and air.
Logging, for instance, plays a leading role in global forest loss
and degradation—about 20 percent of all the wood harvested
is used to make paper. While pulpwood plantations could
lessen paper’s impact on forests, current plantation practices
in many places are hurting forests and local communities.
And the making of this product that seems so clean devours
vast amounts of chemicals, water, and energy while produc-
ing high levels of pollution. The paper industry ranks among



the highest in resource use and pollution generation, all to
make a product that is usually discarded after being used
once. Paper comprises roughly 40 percent of the municipal
solid waste burden in many industrial countries.6

The challenge—and the prospect—of the new century
is to maintain the important services paper provides while
lightening the burden that today’s heavy paper diet places
on the planet. While there have been some substantial gains
in recent decades, most have been outpaced by rapid growth
in production and consumption. Further improvements in
processing will need to be accompanied by reductions in
paper use. Production methods and consumption habits in
emerging markets present additional concerns as well as
opportunities for the future.

There is clear evidence that the challenge can be met.
The success of recycling initiatives, which now enable more
than 43 percent of the world’s paper to find a new life, sug-
gests enormous potential. The 50 percent drop in energy and
water use per ton of production in some of the major pro-
ducing countries also bodes well. The development of prod-
ucts designed to use far less material indicates that
manufacturers can use less paper. And because ways to virtu-
ally eliminate pollution are known, paper production need
not continue to sicken people, plants, and wildlife. So far,
most advances have been spurred by citizen demand and
government regulation, but industries are increasingly find-
ing that improvements can enhance profitability and create
new business opportunities. Thus, the prospect of greater
collaboration toward a sustainable paper economy is well
within reach.7

The start of a new century is a good time to reassess a
bedrock assumption of most governments’ economic poli-
cies—that ever-growing consumption of material goods is
essential to economic growth and human well-being. In
recent decades, that conventional wisdom has already been
challenged with the decoupling of energy use from econom-
ic growth, thus raising some fundamental questions about
the need for ever-rising use of paper. For instance, how much

7INTRODUCTION
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has this increase actually contributed to our quality of life?
How much paper do we really need? And how can those
needs best be met? In the United States, where per capita use
is twice the average for industrial nations, consumption grew
by 20 kilograms per person between 1992 and 1997. Yet most
people would probably not associate that 20-kilogram
increase with improvement in their quality of life, especially
if the associated raw material, pollution, energy, and waste
disposal costs were taken into account.8

Strategies for more sustainable paper use can be inte-
grated into the practices of business, government, and indi-
vidual consumers alike. Reducing wasteful paper use,
redesigning products and practices, and reusing and recy-
cling more paper can bring substantial environmental bene-
fits and save money too. Expanding the use of available
environmentally friendly papers—recycled, nonwood, total-
ly chlorine free—will also help transform the paper land-
scape. Combined, these measures could reduce paper use in
industrial countries by one third, trim the world’s paper
demand, and slash the amount of wood used in papermak-
ing by more than half, while allowing for growth in devel-
oping countries to meet basic needs.9

Producers also have a key part in reducing the paper
burden. New production methods with a proven ability to
reduce energy use, pollution, and costs can be employed
more broadly than they are today. Shifting the source of
fibers for paper from predominantly virgin wood to more
recycled and nonwood sources can ease pressure on forests
and landfills. The trees used for paper can come from forests
and plantations that are managed far better than they are
now, causing much less stress on the environment. Felling
ancient trees in the world’s dwindling frontier forests to
make paper need not continue in the new century. Effective
standards for forest management, pollution control, and
energy use now being followed in some places could be uni-
versally accepted and enforced.

Achieving a new paper economy will also require a
number of policy changes. A high priority, one that would
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yield environmental and economic benefits alike, is elimi-
nating subsidies for forest exploitation and virgin paper pro-
duction. Strengthening regulations governing pollution and
waste would help ensure a healthier environment and pre-
vent the disposal of valuable resources. Farsighted policies
can encourage the broader use of recycled and alternative
fibers and promote the adoption of cleaner technologies
instead of discouraging them, as many do now.
Governments must also examine the environmental and
social impacts that trade liberalization will have at home and
abroad before supporting further expansion.

Denuded landscapes, toxic rivers, foul air, bulging land-
fills, and belching incinerators eventually touch everyone.
But the tools are at hand to design a more sustainable paper
diet. The paper we do use can be produced in a less harmful
way, and high standards of living can be maintained, with-
out incurring high costs.

Mapping the Paper Landscape

“Just imagine a day without paper,” an ad in the Financial
Times for a Finnish paper company reads. “You

inevitably see our products every day.” And they’re right. For
the average reader of the Financial Times, a day without
paper would be almost as impossible as a day without breath-
ing. But in many industrial countries, people are so accus-
tomed to paper—whether it is supplying them with the daily
news, drying their hands, holding their groceries, or filling
their garbage cans—that its role in their daily lives goes vir-
tually unnoticed.10

For most of the 2,000 years since paper was first invent-
ed, it was a scarce and valued material, used primarily for
important letters and documents. In the last century, how-
ever, new technologies, falling costs, and growing economies
have allowed the use of paper to skyrocket. Today there are
more than 450 different grades of paper destined for purpos-



es as mundane as wiping noses and as specialized as filtering
chemicals.11

As the uses of paper have expanded, so too has con-
sumption. In 1997, the world’s appetite for paper rose to 299
million tons, an amount well over six times the 1950 level.
(See Figure 1.) Two hundred ninety-nine million tons of
office paper could fill the Empire State Building 383 times or
make a pile that could reach the moon and back more than
eight times. By 2010, global demand for paper is expected to
rise by nearly 32 percent.12

Paper use is closely correlated with income levels, and
most of the world’s paper is produced and consumed in
industrial countries. (See Tables 1 and 2.) With 22 percent of
the world’s population, these nations account for more than
71 percent of paper use. As the populations and economies of
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FIGURE 1

World, Industrial, and Developing-Country Paper
Consumption, 1961–2010 (projected)
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many developing nations grow, however, their share of the
world’s consumption climbs.13

On a per capita basis, differences in paper use are even
more striking. (See Figure 2.) In 1997, annual per capita
paper consumption in the United States was 335 kilograms,
and for industrialized countries as a whole, the average was
164 kilograms. But these high-end consumption levels are
no indication of the paper diet of the average world citizen.
The global average in 1997 was 51 kilograms per person per
year; for developing nations it was 18 kilograms. For all of
Africa, the average per capita consumption level was less
than six kilograms per person, and in over 20 African nations
it was below one kilogram. (One kilogram is roughly equiva-
lent to 225 sheets of office paper or two copies of a daily New
York Times.)14
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Top 10 Producers Production Share
(1,000 metric tons) (percent)

World 299,092

USA 86,477 29
Japan 31,015 10
China 27,440 9
Canada 18,969 6
Germany 15,939 5
Finland 12,149 4
Sweden 9,779 3
France 9,143 3
Korea, Republic of 8,364 3
Italy 7,532 3

Total for top 10 producers 226,807 76

Source: See endnote 13.

TABLE 1

World’s Top 10 Producers of Paper; Share of World
Production, 1997
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In many parts of the world, expanded access to paper is
needed for education, communication, and sanitary purpos-
es. One estimate by the United Nations Environment
Program (UNEP) suggests that an annual consumption level
of 30 to 40 kilograms per person is essential for education
and communication alone.15

Paper is used for many different purposes. Today, pack-
aging claims about 48 percent of world paper use. Printing
and writing papers make up 30 percent, newsprint another
12 percent, and sanitary and household papers account for 6
percent. While the use of all types of papers has increased,
consumption of printing and writing paper in recent years
has grown faster than grades such as packaging paper and
newsprint. (See Figure 3.) Since 1980, global paper consump-

Share of Share of
Top 10 Consumers Consumption Consumption Population

(1,000 metric tons) (percent) (percent)

World 296,896

United States 89,900 30 5
China 32,695 11 21
Japan 31,374 11 2
Germany 15,733 5 1
United Kingdom 12,240 4 1
France 10,328 3 1
Italy 9,125 3 1
Korea, Republic of 6,836 2 1
Canada 6,652 2 1
Brazil 6,124 2 3

Total for top 10 consumers 221,007 74 37

Source: See endnote 13.

TABLE 2

World’s Top 10 Consumers of Paper; Share of World
Consumption and Population, 1997
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tion has jumped by 74 percent while printing and writing
paper use has rocketed by 110 percent.16

In spite of lighter weight, more efficient packaging, and
the replacement of some paper packaging with plastic, the
consumption of paper packaging continues to grow. Since
the early 1960s, the use of paper for products such as corru-
gated boxes and food containers has more than tripled.17

Decades ago, at the dawn of the electronic information
era, many analysts predicted a “paperless” office, but the pro-
liferation of computers, fax machines, and high-speed copiers
has instead gone hand in hand with increased use of printing
and writing paper. Paper.com, an industry group that exam-
ines the correlation between paper use and electronic com-

FIGURE 2

Per Capita Paper Consumption, Various Countries and
Regions, 1997
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merce, e-mail, and the Internet, describes paper as the “cur-
rency of the electronic era,” adding, “While the Internet and
paper will certainly compete in certain areas, the general pat-
tern is one of mutual growth and interdependence.”18

Such statements are supported by the trends so far.
According to a leading industry analyst, the number of pages
consumed in U.S. offices is growing at a rate of about 20 per-
cent each year. In 1996, office copiers in the United States
churned out more than 800 billion sheets of paper, laser
printers nearly as much. When divided by the size of the U.S.
civilian labor force, the amount of office paper consumed
was almost 12,000 sheets per person. And electronic mail has
not replaced traditional letters either—the number of pieces
of mail delivered between 1993 and 1998 increased by 16
percent and the amount of advertising mail rose by 25 per-
cent. The amount of advertising, or “direct,” mail in the
United States has nearly tripled over the last two decades. In
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FIGURE 3

World Paper Production, Major Grades, 1961–97
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1998, over 87 billion pieces of “junk mail” were delivered to
U.S. households—850 pieces per household.19

While some technologies have clearly bolstered the use
of certain types of paper, others—such as electronic data
interchange—are beginning to cut paper use. Still, it is too
early to tell what the long-term impact on world paper mar-
kets will be. Information technologies may lead to a decline
in paper use eventually, but it is hard to know when, if ever,
this will happen. One wild card is the fast-growing markets
in some developing countries. As economies grow and tech-
nologies spread, the use of printing and writing papers in
these countries could skyrocket. But it is also possible that
new technologies could allow them to avoid assuming the
current wasteful habits of industrial nations.20

Rapid changes in the world’s pulp and paper industry
suggest that the 21st century paper economy will differ
greatly from the one we knew in the 20th. Changes in the
geography of production and consumption, trade, and
investment will have major implications for the landscape
and structure of the future pulp and paper economy. For
decades, the world’s top producers and consumers of pulp
and paper have been fairly constant, with the United States,
Europe, Japan, and Canada maintaining leading roles. (See
Figure 4.) But in the last 10 years, the shares accounted for
by these traditional suppliers and consumers have gradually
eroded as countries like China, South Korea, and Brazil have
emerged as major players.21

Nowhere have the changes in markets been more dra-
matic than in Asia. In the years before the financial crisis hit
in 1997, Asia had been home to the world’s fastest-growing
paper market, increasing at approximately 10 percent a year.
Between 1980 and 1997, overall paper consumption in Asia
jumped nearly threefold. In Indonesia, consumption rose
more than sevenfold, in China more than fivefold, and in
South Korea and Thailand well over fourfold. The economic
turmoil of 1997 and 1998 resulted in substantial reductions
in demand in most of these countries, but by early 1999,
markets were showing signs of recovery. Analysts expect
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rapid growth to resume again in the near future.22

The growth in Asian demand has accompanied growth
in the region’s production. Between 1991 and 1996, paper
production increased by more than 7 percent per year and
pulp grew by 8.5 percent. In 1996, Asian pulp and paper pro-
duction surpassed that of Europe for the first time. And by
2002, some analysts expect that Asia will become the largest
producer in the world.23

There has also been a flow of investment into Latin
America’s pulp and paper sector, particularly in Brazil, Chile,
Argentina, and Mexico. With the advantages of massive
brand new mills, cheaper fiber and labor, and, in some cases,
weaker environmental restrictions, production costs for
many Asian and Latin American mills are so low that they
can easily compete in export markets, even in the United
States, Canada, and Europe.24

FIGURE 4

Share of Paper Production in Industrial and
Developing Countries, 1970 and 1997
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Another change in the final decades of the 20th centu-
ry was a substantial increase in international trade in pulp
and paper. Since the 1960s, the volume of pulp and paper
trade has risen more than fivefold. And whereas close to 16
percent of the world’s wood pulp and 17 percent of its paper
and paperboard were traded internationally in the 1960s, by
1997, these shares rose to 22 and 29 percent respectively.
Together these products represent close to 45 percent of the
total value of world forest products exports.25

For many producers, export markets have driven most
growth in the 1990s. Overseas sales by U.S. pulp and paper
companies increased by an average 10 percent a year
between 1990 and 1997 and accounted for 46 percent of the
industry’s growth. U.S. companies report that, on average,
foreign buyers such as Canada, Japan, Mexico, and Europe
account for 24 percent of annual sales. In Brazil, a rapidly
growing pulp producer, the leading companies usually sell
between 80 and 90 percent of what they make to Western
Europe, the United States, and Japan. Pulp exports from
Latin American countries are expected to grow by more than
70 percent in the next 10 years.26

China is an extreme example of a country that has an
enormous and growing influence on global trade in pulp and
paper. Economic growth in the world’s most populous coun-
try has resulted in soaring pulp and paper consumption.
Given its population of 1.25 billion, and with per capita use
growing at about two kilograms per year, it is no surprise that
the eyes of the world’s pulp and paper companies are on
China. Between 1990 and 1997, paper consumption in
China increased by 127 percent while production doubled.
In the next decade, the country expects to increase produc-
tion and consumption by more than half.27

To reach these levels, China will need to revamp and
expand its industry. Thousands of Chinese mills have been
closed in recent years due to outdated technologies and pol-
lution problems, and the country also faces severe raw mate-
rial shortages. By one estimate, China’s wood demand will
exceed domestic supply by 40 million cubic meters in 2000,



an amount eight times the country’s net imports in 1997.
While tree-planting efforts and new mills may meet some of
the growth in demand, imports of wood, pulp, and paper will
also have to increase substantially. Imports have already risen
dramatically in the last decade. Since 1990, paper imports
have gone up almost fivefold, pulp imports more than three-
fold. China is now the largest net importer of paper in the
world.28

One of the more sudden changes in the pulp and paper
industry at the close of the 20th century has been the recent
trend in consolidation and foreign investment. The unprece-
dented spate of north-south and east-west mergers and acqui-
sitions in the late 1990s is rapidly changing the paper
landscape. The consolidation has been spurred in part by new
markets and new producers as well as the need to address the
chronic overcapacity and fragmentation problems that have
plagued the industry for years.29

As mill size and investments have grown over the course
of the century, the industry has become inflexible and vul-
nerable to market shifts. Most of today’s new mills are so
enormous that a new one can affect the entire global market.
A large-scale, state-of-the-art pulp mill costs $1.5–$2 billion to
build, and two to three years can pass before it is up and run-
ning. By the time a new mill is ready to go, the market may
have changed considerably. Yet with the enormous amounts
invested, mills must run nearly 24 hours a day, seven days a
week to be profitable. A sudden drop in demand is difficult
for the industry to respond to, and prices plummet once the
market is glutted.30

For decades, severe market swings have wrenched the
industry, resulting in extreme price fluctuations. Record low
prices brought on by the Asian financial crisis in 1997 and
1998 played a role in catalyzing a series of mergers in an effort
to improve the industry’s dismal financial performance. The
recent consolidation trend may make the industry more
responsive to market changes and help reduce price volatility
by making investment in new capacity more controlled, but
it could also make the industry more resistant to change.
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Uncovering the Real Costs of Paper 

As the world’s pulp and paper economy has expanded in
size and geographic reach, so too have its associated

environmental and health effects. The production of a piece
of paper involves numerous steps and subsequent impacts,
spanning from soil erosion and species loss when forests are
harvested in British Columbia or Chile, to air pollution from
pulp mills and waste incinerators in Japan, to the deadly
dioxins released by mills along lakes in North America and
Russia, to lifeless rivers in China and India. Paper’s impacts
spread far and wide, and can persist for decades or centuries.

The life cycle of paper usually begins with trees being
harvested in a forest or tree farm and transported—sometimes
over long distances—to a chip mill, where they are sliced into
poker-chip-sized pieces. The chips may then be loaded onto a
train or ship and taken to a pulp mill five to 5,000 kilometers
away. At the mill, the chips may be mixed with scraps from
sawmills, and then dissolved in a slurry of potent chemicals
or ground into pulp by mechanical grinders. The pulp is
bleached and washed with chemicals and water. It may be
shipped a great distance or used in an adjoining paper mill
that makes the finished product, such as newsprint or tissue,
boxes or writing paper. It will then be shipped to a distribu-
tor or printer and eventually purchased and used for shipping
other goods, relaying literature or the daily news, or holding
coffee for a morning commute.

It is possible that a single piece of writing paper will
contain fibers from hundreds of different trees that have col-
lectively traveled thousands of kilometers from their origin
in a forest to the consumer’s hands. After the paper is used,
it has about a 50 percent chance of winding up in a landfill
or an incinerator and a 40 percent chance of being recy-
cled—higher or lower depending on the location. Only 10
percent remains in use for a longer period of time, as books
or documents filed away.31

Perhaps one of the most widely recognized costs of
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paper is the threat it poses to the world’s forests. Forests are
subjected to a barrage of pressures today, and the insatiable
appetite for paper is a major one. The world is currently los-
ing about 14 million hectares of natural forest cover each
year—an area larger than Greece—and even larger areas are
being degraded by less obvious threats such as fragmenta-
tion, soil degradation, exotic species invasion, and air pollu-
tion. Causes of degradation vary greatly among different
regions of the world, but logging for pulp, lumber, and fuel,
as well as forest clearance for pasture, farmland, and other
forms of development are the leading causes of forest
decline.32

The virgin wood fiber used to make paper accounts for
approximately 19 percent of the world’s total wood harvest.
Of the wood harvested for “industrial” uses (everything but
fuelwood), fully 42 percent goes to paper production. This
proportion is expected to grow in the coming years since the
world’s appetite for paper is expanding twice as fast as that
for any other major wood product. By 2050 it is expected
that pulp and paper manufacture will account for over half
of the world’s industrial wood demand.33

Even so, the direct connection between papermaking
and forest decline is somewhat difficult to sort out. For one
thing, the amount of wood used to make paper is often
underestimated due to the lack of accounting for sawmill
residues. Of the 42 percent of the world’s industrial wood har-
vest going to paper, almost two thirds comes from wood har-
vested specifically for pulp, while the rest derives from mill
residues such as wood scraps and sawdust. In most global sta-
tistics, the residues and scraps are not categorized as “pulp-
wood” and therefore are not accounted for in paper
production. In the future, the use of mill residues in paper-
making will likely decline and more fiber will come from trees
harvested specifically for pulp, as engineered wood products
use more of the residues and mill efficiency increases.34

Another reason that the link between paper and forests
is not always easy to see is that today, just 55 percent of the
fibers used to make paper come from virgin wood. Recycled,
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or “recovered,” fibers make up about 38 percent of current
total fiber supply for paper, while nonwood fibers such as
wheat straw and bamboo contribute about 7 percent. (See
Figure 5.) Although nonwood fibers were the primary fiber
source for paper until about 150 years ago, their global pro-
portion has remained under 10 percent since the 1960s. The
use of recycled fibers, on the other hand, has risen dramati-
cally since that time. (See Figure 6.) Recycled fibers may
eventually account for a much larger share of the fiber sup-
ply for paper, but for the foreseeable future, the largest share
will come from virgin wood.35

The sources of wood fiber for paper were fairly constant
for most of the time after wood-pulping technologies were
invented in the mid-1800s. But in recent decades, wood fiber
production has entered a period of rapid flux. The regions,
species, and forest types have begun to change.

While the United States, Canada, and Northern
European countries have been the mainstays of the world’s
pulpwood supply in the 20th century, new suppliers in the
southern hemisphere have come on the scene and garnered

FIGURE 5

Sources and Share of Fiber Supply for Paper in the
Mid-1990s
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a larger share of the world’s pulp production in the last
decade or two. Countries such as Brazil, Indonesia, and Chile
have realized that they can become global players in the
world’s pulp and paper market by making the most of strate-
gic advantages—lower production costs and climates con-
ducive to fast growth rates.

In Chile and New Zealand, the widely planted radiata
pine grows at about 25 cubic meters per hectare per year,
whereas loblolly pine in the southern United States grows at
about half that rate. Hardwoods such as eucalyptus—the
plantation tree of choice in the tropics—grow at about 40
cubic meters per hectare in Brazil and 26 in Chile, while a
comparable hardwood species in Sweden manages a sluggish
five cubic meters per year. Faster growth and lower produc-
tion costs mean that some southern hemisphere producers
can provide wood at about half the cost of the traditional
suppliers in the North.36

FIGURE 6

World Fiber Supply for Paper, 1961–97
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In addition to the new geography of pulp, there has
also been a significant shift in how trees are grown. Rather
than rely on natural mixed-species, mixed-age forests, the
industry has shifted toward a more agricultural model where
genetic strains are carefully bred and selected, and seedlings
are planted in tidy rows and developed into single-species,
single-aged stands to be treated with fertilizers, herbicides,
and pesticides. These pulpwood plantations are generally
harvested in 6–10 year rotations in the tropics and 20–30
year rotations in temperate regions. The uniform, pre-
dictable fiber that results is extremely attractive to an indus-
try whose large, expensive mills require a steady flow of
easily managed fiber inputs.

In the mid-1990s, pulpwood plantations furnished
about 16 percent of the world’s total fiber supply for paper.
Second-growth forests provided 30 percent, and old-growth
forests 9 percent. (See Figure 5.) Of the old-growth forests
that are still being logged for pulp, most are in boreal regions
of Canada and the Russian Federation. A smaller share comes
from original temperate and tropical forests in countries
such as Indonesia, Malaysia, and Australia.37

While the current harvest from plantations may seem
fairly small, large investments in recent decades ensure that
the upward trend in plantation sources will continue, and
they may eventually become the predominant source of
wood fiber for paper. For many countries, the prospect of
gaining a larger share of the wood products market has led
to heavily subsidized plantation programs and a rush of for-
eign investment. In Japan, the shortage of domestic timber
has led the industry to invest heavily in pulpwood planta-
tions in Chile, Australia, New Zealand, Papua New Guinea,
China, Vietnam, and elsewhere.38

Today, there are approximately 13 million hectares of
fast-growing tree plantations (yielding more than 15 cubic
meters of wood per hectare each year), primarily for pulp pro-
duction. About 80 percent are in South America and the Asia
Pacific region. South Africa is also a major player. In Brazil,
the industry has been planting around 100 thousand hectares



annually with eucalyptus and pine. Similar plantation invest-
ments have allowed Chile, like Brazil, to reach the fastest
growth rates for industrial wood production in the world.39

Proponents argue that intensively managed plantations
will create jobs, rehabilitate degraded areas, combat climate
change by absorbing carbon, and help “save” forests by pro-
viding most of the world’s wood needs from a much smaller
parcel of land than natural forests might by themselves. A
1999 report from the World Commission on Forests and
Sustainable Development suggested that it could be possible
to meet the world’s demand for pulpwood in 2050 with 100
million hectares of fast-growing plantations—an area equal
to more than 70 percent of the amount of the world’s crop-
land planted in corn or three times the area planted in cot-
ton. The implication is that once these 100 million hectares
are divvied up, the need to log in natural forests will be
reduced and more forests can be protected.40

This sounds like an attractive scenario and, to be sure,
some types of plantations could play an important role in
improving the industry’s impact on forests. But plantation
development as it is currently unfolding within the pulp and
paper industry is not without drawbacks. When compared to
degraded farmland, plantations may provide more ecosys-
tem services such as wildlife habitat and soil protection, but
when compared to a mature, native forest, they simply don’t
measure up. Like virtually all large-scale monocultures, plan-
tations are susceptible to disease and pest outbreaks, so they
commonly require regular applications of insecticides and
fungicides. Herbicides are also used to prevent invasion of
competing vegetation. The frequent harvests and site prepa-
ration procedures can result in soil degradation that reduces
the long-term viability of the land. A mature pulpwood plan-
tation might look like a natural forest, but it actually has
about as much in common with a natural forest as a corn-
field does with a native prairie.

Another concern is that in some parts of the world, nat-
ural forests are being cleared to make way for plantations. In
Indonesia, where pulp production has more than quadru-
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pled in the last decade, more than 1.4 million hectares of
natural forest have been replaced by plantations. Plantation
expansion and the timber industry have been heavily subsi-
dized by the government for years. Satellite data showed that
80 percent of the fires that burned over 2 million hectares of
Indonesian forest in 1997 and 1998 were set mainly to clear
land for palm oil and pulpwood plantations.41

The loss of natural forest in favor of plantations is not
only a developing-country phenomenon. In the United
States, the expansion of pine plantations for pulp and sawn-
wood has also come at the expense of natural forests. The
United States produces about one third of the world’s pulp-
wood, with most of it grown in the Southeast. According to
U.S. Forest Service data, pine plantation cover in the south-
eastern United States grew by nearly 8 million hectares
between 1952 and 1985, while natural pine forest cover
declined by 12 million hectares, an area equal in size to the
state of Mississippi. The Forest Service predicts that this
trend will continue into the future, and anticipates that by
2030 there will be roughly twice as much area in plantation
pine as in natural pine stands.42

In addition to their environmental impacts, pulpwood
plantations have also had adverse effects on local people. In
Indonesia, some plantations have displaced indigenous
Dayak communities. Companies have failed to negotiate
land acquisition agreements with villagers, have broken
promises to provide facilities, and at times have harassed and
intimidated local people. Similar problems have occurred in
many other parts of the world. In Brazil, the Tupinikim and
Guarani indigenous peoples have been fighting for decades
to have their traditional territories restored. These lands were
lost to the Brazilian paper company Aracruz Celulose when
it appropriated thousands of hectares of “uninhabited” land
in the 1960s.43

Another trend threatening forests is the quest for farm-
land to feed a fast-growing population. In the next 50 years,
the world will likely add an additional 3 billion people to its
current 6 billion. Already people face severe shortages of
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arable land in many parts of the world. The United Nations
Food and Agriculture Organization (FAO) estimates that an
additional 90 million hectares of cropland will be needed by
2010, and at least half of that is expected to come from the
conversion of forest. The suggested 100 million hectares that
might satisfy human demands for pulp—an increase from
the approximately 13 million today—will have to come from
somewhere, and there is little productive land to spare.
Though generally supportive of plantation development,
FAO stated in its 1999 report that “the availability of land for
forest plantations is of growing concern. . . . Large blocks of
unencumbered land, even of low fertility, are increasingly
difficult to find, particularly in Asia, where the area under
forest plantations has expanded most rapidly.”44

Producing pulp and paper casts a long ecological shad-
ow beyond its impact on the world’s forests. To make a ton of
virgin paper, at least 2 to 3.5 tons of trees are brought to the
mill. Converting those trees into paper uses large amounts of
water, energy, and chemicals as well, and generates vast
amounts of air and water pollution and solid waste.45

Worldwide, pulp and paper is the fifth largest industrial
consumer of energy, accounting for 4 percent of all the
world’s energy use. In Canada, the pulp and paper industry is
the largest consumer of energy, in the United States, the sec-
ond largest. While there have been some improvements in
reducing energy use, pulp and paper is still one of the most
energy intensive industries in the world—measured as the
amount of energy used to make each ton of product—rivaling
iron and steel. In developing countries, energy use in pulp
and paper is often double that in industrialized countries,
because of a greater reliance on outmoded technologies.46

In most papermaking nations, energy efficiency has
improved in recent decades, due to regulations and cost con-
cerns. In Japan, the amount of energy used per ton of paper
has decreased by half since the mid-1970s. In the United
States, it declined by 22 percent between 1972 and 1996.
However, the United States’ efficiency gain was overshad-
owed by the fact that the total amount of energy used
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increased by 49 percent, a result of production levels rising
by 89 percent.47

The pulp and paper industry uses more water to pro-
duce a ton of product than any other industry—in the
United States, some 44,000 to 83,000 liters per ton of virgin
fiber paper, depending on the grade. Writing paper, the
fastest-growing grade, uses more water than other grades
(three times as much as containerboard,
for example) because of extensive bleach-
ing and washing.48

Some impressive advances have also
been made in water use efficiency. In
Japan the amount of water consumed per
ton of product has dropped by two thirds
in just the last 10 years. In the United
States, water use has fallen by 50 to 90
percent per ton since 1950. Some of this
progress came as a result of increased use of recycled fiber
(which uses less water), some as a result of improved pro-
cessing methods spurred by regulations.49

Converting wood into paper is a complex process that
begins by stripping trees of their bark and chipping them
into small pieces. Chemicals or mechanical grinders are then
used to separate—or “pulp”—the cellulose fibers. The pulp is
rinsed and washed several times and often bleached to make
it white. Finally, it is formed into paper.50

There are a number of ways to accomplish this trans-
formation. Chemical pulping, especially the “kraft” process
developed about 100 years ago, is the most common
method, used to produce strong papers such as printing and
writing paper, wrapping paper and grocery bags, and corru-
gated boxes. These mills are very large and expensive and
can use a wide range of tree species. However, chemical pulp-
ing is not very efficient in converting wood into pulp, and
only about 50 percent of the wood ends up in paper. The
sludgy processing “waste”—the other half of the wood
mixed with leftover chemicals—is usually burned to help
fuel the mill and recover some of the chemicals. Mechanical
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pulping takes about twice as much energy as other processes
but is about 95 percent efficient in converting the wood into
pulp. The paper made from mechanical pulp tends to be
weaker and yellows easily, so it is generally used to make
newsprint and telephone books, which are not intended to
have a long life. There are also pulping processes that com-
bine mechanical and chemical methods. Worldwide, about
40 percent of the pulp that is made is “chemical” pulp, 3 per-
cent is “semi-chemical,” 12 percent “mechanical,” 38 per-
cent recycled, and 7 percent nonwood.51

Pulp and paper mills have long been considered bad
neighbors because of the foul-smelling air and sickening
water they produce. Even with improvements, in the United
States pulp and paper has one of the highest pollution inten-
sities, or emissions per value of output, of the 74 industrial
sectors monitored by the government’s Toxic Release
Inventory. In many countries, mills can be even more pol-
luting, especially if they rely on outdated technology or if
pollution is less well regulated. China, India, and other Asian
nations, for instance, have thousands of small mills that
have no chemical recovery systems, and pour untreated
black “pulping liquor” directly into waterways.52

Pulp and paper mills also generate solid waste. U.S.
mills, for example, produce over 12 million tons of solid pro-
cessing waste each year which is landfilled, incinerated, and,
increasingly, spread on land as a soil additive. While regula-
tory agencies do not consider this sludge a hazardous waste,
it is a source of concern for many local residents and envi-
ronmental groups because of the residual chemicals (like
dioxin) it contains.53

A host of air pollutants are released when paper is
made, including volatile organic compounds, nitrous oxides,
sulfur oxides, acetone, methanol, chlorine compounds,
hydrochloric and sulfuric acids, irritating particulate matter,
and carbon monoxide. It is the sulfur compounds that give
kraft pulp mills a characteristic “rotten egg” smell. In addi-
tion to their well-documented human and ecosystem health
effects, some of these air pollutants contribute to climate
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change, and others are ozone-depleting substances.54

Thousands of substances are released into water bodies
with the waste from pulp and paper mills, including dissolved
wood, chemicals, and other compounds—many unidenti-
fied—that result from interactions between wood and the
pulping and bleaching chemicals. This mix can reduce oxy-
gen levels in the receiving water system and thus kill aquatic
organisms, cloud and acidify the water, and spread toxic
chemicals. While some life is killed immediately, other effects
are long term and persistent as chemicals accumulate and
work their way up the food chain to people. Some of the most
deadly (and avoidable) compounds released are the chlori-
nated organic compounds, grouped under the heading
“AOX” for adsorbable organic halides. This group includes
dioxins, furans, and chloroform.55

Many of these highly toxic compounds are produced
during bleaching processes that use chlorine. To make whiter
paper, wood pulp is bleached, most commonly with elemen-
tal chlorine (usually in the form of chlorine gas). Chlorine
bleaching has come under intense scrutiny since the discov-
ery of dioxins in mill effluent in the mid-1980s. Some mills
have switched to other types of chlorine, such as chlorine
dioxide, which can cut measurable AOX discharges by 90
percent. Worldwide, about half of the total bleached produc-
tion now uses chlorine dioxide, and is called Elemental
Chlorine Free (ECF). The use of the ECF label has come under
some criticism because it can give the false impression that
no chlorine is used, which is not the case. And many of the
chlorine-based compounds are toxic at levels that are too
low to detect using standard measures.56

There are, however, many bleaching chemicals avail-
able that do not produce the highly toxic chlorine byprod-
ucts, and some mills are using them. These safer alternatives
include oxygen, hydrogen peroxide, and ozone, and are
labelled Totally Chlorine Free (TCF).

Most of the improvements in environmental perfor-
mance in industrial countries have come in response to gov-
ernment regulations. The earliest regulations tended to deal
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with end-of-the-pipe (or smokestack) pollution and to pre-
scribe specific technologies. In the United States, beginning in
the 1950s, a series of laws were enacted to deal with various
forms of pollution—air, water, solid waste, toxics, and so forth.
The Clean Water Act, Clean Air Act, and other laws were suc-
cessful in reducing the gross levels of pollution that character-
ized the pulp and paper industry of 30 to 50 years ago, when
dead and discolored rivers and lakes were commonplace.

Today, there is greater emphasis on pollution prevention
or source reduction. This newer approach tends to set longer-
range emissions targets with phase-in periods, and allows
industry to figure out how best to meet these goals by exam-
ining and modifying its production processes to reduce pol-
lution. As the public, regulators, and the industry have
become more sophisticated, there is a growing awareness that
the most effective way to achieve environmental and eco-
nomic goals is to prevent pollution in the first place: wasted
resources are wasted profits. In Sweden, strict standards with
flexible rules for compliance have helped that country
achieve higher environmental performance and greater com-
petitiveness. The recent U.S. Environmental Protection
Agency (EPA) “Cluster Rule” also takes a more integrated
approach to air and water regulations by allowing industry to
meet all regulatory requirements simultaneously, and gives
them flexibility in selecting the methods and technologies
they will use. The EPA estimates that the rule will cut the
amounts of various air pollutants to roughly half of current
levels, chloroform levels by 99 percent, and dioxins and
furans by 96 percent.57

Environmental improvements have not been uniform
around the world. In most developing countries, existing
paper mills are highly polluting as there is little or no pollu-
tion control technology. Of particular concern is the rapid
growth of the pulp and paper industry in developing coun-
tries that have weak environmental standards and enforce-
ment capability. The few standards that exist tend to focus on
concentration of pollutants rather than the amount of pollu-
tants—encouraging dilution as the way to tackle pollution.
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As a result, pollution is not cut, and water use is excessive.
Further complicating efforts to clean up pollution in devel-
oping countries is the fact that the agencies responsible for
the task tend to be grossly underfunded and understaffed.58

Trimming Consumption

While the industry itself will necessarily play a key part
in reducing the environmental impacts of paper and

shifting toward sustainability, consumers also have a pivotal
role. It is their purchases and preferences that send signals to
the industry. And consumers’ discards help create the moun-
tains of waste, much of which is made up of paper. Strategies
such as “reduce, redesign, reuse, and recycle” can easily be
practiced by business, government, and individual con-
sumers alike.

Business consumers can exercise particularly strong
influence over the industry. Office paper is the fastest-growing
use of paper, and the cost of printing, copying, mailing, stor-
age, and disposal can exceed the initial purchase price by as
many as 10 times. There are easy ways for businesses to audit
and reduce their paper use and costs. Reductions of 20 percent
or more are possible in most offices, and have been achieved
in many, through “good housekeeping” practices such as
eliminating “extra” paper purchases and needless copies and
reusing paper that is blank on one side. Photocopying and
printing on both sides can save a substantial amount of paper,
and office machines that print “duplex,” or double sided, are
widely available. When combined with printing two pages
per side (especially good for archiving), the amount of paper
used in photocopiers can be reduced by up to 75 percent.
Duplexing can also reduce the weight and the cost of sending
documents through the mail.59

Lighter-weight and smaller-sized papers provide anoth-
er option. In the United States, the standard office copy
paper is 20-pound paper (a label that refers to the weight of
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2,000 sheets). The Lawrence Berkeley Lab has calculated that
changing 75 percent of the 4 million tons of copy paper used
in the United States each year to 18-pound weight would
trim paper use by 300,000 tons per year. In Europe, the typ-
ical paper is slightly larger and heavier (about 6 percent
heavier), so there the savings would be even greater.
(Japanese paper, on the other hand, tends to be slightly
lighter than U.S. paper).60

Today’s new generation of information and communi-
cation technologies is showing how businesses can function
with far less paper. Electronic mail, electronic data inter-
change, document scanners, intranets, and the Internet can
radically reduce paper use, while also saving time and
money. Many companies are now producing and processing
core business documents like invoices, purchase orders, and
reports electronically, greatly increasing their efficiency.

Many companies have already begun using paper-
saving strategies. Bank of America, now the largest commer-
cial bank in the United States, decided in 1994 to reduce 
its paper use by an ambitious 25 percent in just two years. 
It reported that it exceeded that goal by 1997 by using 
online reports and forms, e-mail, and voice mail instead 
of paper forms and memos, duplex copying, and lighter-
weight papers. Trimming the weight of the paper in 
automatic teller machines by 25 percent alone saved 228
tons of paper a year. Bank of America now recycles 61 
percent of its paper, saving about half a million dollars a year
in waste hauling fees. And 75 percent of all its paper pur-
chases have recycled content.61

Many printers and publishers have managed to reduce
the amount of paper waste generated at the printing plant
and recycle the waste they create, saving money in the
process. Advances in computer-assisted layouts and other
design tools allow printers to maximize the amount of print-
ing on a sheet. Some printers are using lower-weight papers.
The weight of the paper in American newspapers, for exam-
ple, was gradually reduced by 9 percent from the late 1960s
to the mid-1980s. Some newspapers and magazines are saving
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even more money and paper by also reducing the size of their
publications by a fraction on each side.62

It is still common for magazine publishers, however, to
print and ship many more copies than they expect to send
to subscribers or sell at the newsstand. At least half of the
magazines printed in the United States are never sold.
Although most of the overruns are recycled, reducing these
overruns can bring significant resource savings.63

The rapidly growing overnight and express shipping
industry is another large consumer of paper. United Parcel
Service (UPS), the largest such company
in the world, ships over 3 billion pack-
ages a year. Together, the five largest
companies have yearly revenues of near-
ly $100 billion. There are ample opportu-
nities for shippers to reduce the amount
of material they use and save money by
using lighter packaging and redesigning
their shipping materials for easy reuse.
They can also expand their recycling
efforts and raise the recycled content and
recyclability of their materials. Some
companies (such as Airborne, UPS, Federal Express [FedEx],
and the U.S. Postal Service) now use more than 80 percent
post-consumer wastepaper for boxes and paperboard, are
eliminating bleached paper, and offer reusable materials.64

Smaller businesses can make a difference as well.
Thanks to an initiative started in 1990 by a concerned office
worker, an increasing number of Japanese offices are coming
together to collect paper in sufficient quantities to make its
pickup by a private recycling company economical. One
such “office town council,” a group of 280 offices, now
diverts more than 8,000 tons of high-grade office paper from
the waste stream each year, saving nearly 87 million yen
(approximately $712,000) in disposal costs. The group has
also promoted purchases of recycled content paper products.
Their example has been replicated elsewhere in Japan.65

Each household may not use as much paper as a busi-
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ness, but collectively their paper use is considerable, as is the
influence they have on businesses that provide them with
goods and services. Guides are now available to help con-
sumers audit and reduce their own paper use, and identify
and support more benign products. They can eliminate
excessive “junk mail” and catalogues, choose items with less
packaging, and support community recycling efforts. An
essential step is buying recycled products, for without a mar-
ket, paper that is collected for recycling may be end up in a
landfill or incinerator.66

Some manufacturers are finding creative ways to pro-
duce the same desired product while using less raw material.
In the 1980s, for example, standards for corrugated shipping
containers shifted from weight-based standards to perfor-
mance-based standards. By “lightweighting,” a substantial
amount of raw material was saved, yet stronger containers
resulted. Since 90 percent of materials shipped in the United
States use corrugated packaging and about half of the world’s
paper is turned into packaging and shipping products, this
shift has been significant.67

Products and services can be redesigned to use far less
material or material less harmful to the environment.
Consumer products giant Procter and Gamble shaved the
amount of paper packaging per unit of product by 24 percent
in just four years. In Europe, some padded shipping
envelopes are a “bag-in-a bag” that can easily be reused and
recycled. The plastic bubble-wrap bag slips out of the paper
envelope and both can be recycled.68

Entire products and functions are being redesigned to
virtually eliminate paper use. Documents such as phone
directories, parts catalogues, technical reference manuals,
and company reports can now be accessed online or on CD-
ROMs, saving millions of dollars and tons of paper. The
potential for saving paper, money, and time is illustrated by
the fact that the contents of all the phone directories in the
United States could be put onto a few CD-ROM disks for just
a few cents, and are already available on the Internet.69

While the paperless office predicted by some in the
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1970s has not materialized, today’s innovations are begin-
ning to trim paper use. A Danish company, for example, cut
its paper purchases by about half, just by expanding its use of
e-mail. Other technologies—such as electronic books or the
“decopying machine” that removes toner from old paper so
that each sheet can be used several times—show that redesign
is possible. While not all of these innovations may be widely
adopted, they illustrate possibilities for revolutionizing
communications and paper use in the coming decades.70

Paper products from office copy paper to corrugated
containers and shipping envelopes to magazines can be
reused before recycling. UPS is introducing reusable shipping
envelopes that not only cut down on materials but also make
it easier for the recipient to respond to the sender.
Manufacturers of a range of products like furniture and com-
puters are also switching to returnable and reusable packag-
ing, which can save them money.71

Municipalities and businesses have found that expand-
ing recycling has reduced the volume of waste. Retailers that
receive large shipments have already found that recycling
old corrugated containers can be profitable, and their efforts
help account for the fact that corrugated paper has the high-
est recovery rates of all paper types. In the United States, over
70 percent of old corrugated containers have been recycled
since 1995, and grocery stores are now the single largest
source of this valuable material.72

As very large consumers of paper, publishers can
demand that the market supply better papers. Dutch paper
buyers, for example, are demanding old-growth-free paper
from Finland, and German publishers are making sure that
their suppliers practice good forest management. Printers are
finding that customers are asking for these papers, and firms
that supply them have a competitive edge. Members of like
industries, such as publishers or environmental organiza-
tions, have come together to form buyers’ groups so that col-
lectively their purchases can help spur change.73

Governments are also big paper purchasers. The U.S.
government, which accounts for 2 percent of all paper
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bought in the country, has mandated that its purchases must
have a minimum of 30 percent post-consumer recycled-con-
tent. Japanese government offices now buy recycled content
copy paper with whiteness of 70 percent (instead of the old
standard of 80 percent), thanks to a pro-recycling campaign
by concerned businesses and nongovernmental organiza-
tions (NGOs). The campaign also taught consumers, includ-
ing the government, that whiteness standards for paper were
unnecessarily high.74

A number of creative alliances are bringing changes.
The U.S. EPA set up the WasteWise program five years ago to
encourage public and private entities to reduce waste by
sharing strategies and highlighting achievements. Last year,
more than 900 partners cut waste by 8 million tons and
saved about $40 million in avoided purchases and disposal
fees. The overnight shipping industry and the fast-food giant
McDonald’s have worked with the Environmental Defense
Fund to reduce their materials use. The U.S. Postal Service is
collaborating with the U.S. Department of Agriculture’s
(USDA) Forest Products Lab (FPL) to develop better stamp
adhesives that will make paper more recyclable. By using the
FPL’s innovative capacity and their own position as a large
paper buyer, the postal service is hoping to help shift the
paper industry to more sustainable practices.75

In recent years, many advances have been made in the
quality and availability of more “environmentally friendly”
paper. The perception of recycled paper, for example, as weak
or coarse and flecked is no longer true, as a range of high-
quality recycled paper that meets the demands of all types of
printing is available at competitive prices. Likewise, the
range and availability of “tree-free” papers and those made
without chlorine bleaching have expanded considerably,
and guides are available to help consumers make those
choices and find suppliers. Labels that indicate recycled con-
tent, chlorine-free bleaching, and so forth are becoming
widespread in many parts of the world. Consumers are using
this information to buy better products and encourage the
industry in a sustainable direction.76
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Improving the Fiber Supply

While significant progress has been made in reducing
the environmental costs of producing paper in many

parts of the world, there is still room for improvement, and
considerable responsibility for easing the planet’s paper bur-
den falls to producers. An important step is to improve the
mix of fibers in paper. Virgin wood fiber need not continue
to be the mainstay of paper manufacturing. Expanding the
use of alternatives, such as recycled and nonwood fibers, 
and improving forest management practices could greatly
reduce the real costs of producing and processing the basic
material for paper.

Expanding the collection and reuse of old paper is one
of the most promising ways to lessen many of the problems
associated with paper—by reducing the pressure to cut more
trees, easing overburdened waste disposal systems, and cut-
ting energy use and pollution, to name a few. As its benefits
have been recognized, recovered paper’s contribution to the
global fiber supply for paper has nearly doubled, from 20
percent in 1961 to 38 percent 1997.77

Producing new paper from old is an efficient process.
For each ton of used paper, nearly a ton of new can be pro-
duced—far more efficient than the 2 to 3.5 tons of trees used
to make one ton of virgin paper. And because recycled paper
has already been processed, far less energy and chemicals are
required during reprocessing, just 10 to 40 percent of the
energy consumed for virgin pulping. Much less bleaching is
needed because white papers have already been bleached
during their original production. Many grades (like corrugat-
ed boxes) do not even need bleaching.78

Recycling can make use of a huge, barely tapped supply
of materials—the “urban forest.” This term can be used to
describe cities, not because they grow trees, but because they
generate enormous amounts of wood and paper waste that is
all too often thrown away. A fast-growing industry is making
use of this vast resource to produce useful products, reduce

IMPROVING THE FIBER SUPPLY
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waste, and create jobs. A mill in the Washington-Baltimore
corridor takes 700 tons of mixed office waste paper each day
and converts it into a high-quality pulp that can be used for
printing and writing paper. The clean process uses no chlo-
rine and recycles its water, producing far less air and water
pollution and using far less energy than the virgin pulp mills
its product competes with. And this recycled pulp is priced
competitively. A new paper mill is under construction at an
old industrial site in the Bronx in New York City that will use
100 percent recycled newspaper and get its water from treat-
ed sewage. It will produce far less pollution (99 percent less
nitrous oxides, sulfur oxides, and volatile organic com-
pounds) and use half the energy of virgin production.
Locating near the source of its raw material and the buyers
for its products will slash transportation energy costs by 94
percent, and it is expected that the paper will cost 28 percent
less than virgin newsprint.79

In many countries, the primary motivation for increas-
ing recovery rates has been the need to reduce the flow of
waste to landfills and incinerators. The volume of waste gen-
erated in many industrial countries has grown substantially
in recent decades, more than doubling in the United States
alone since 1960. Paper accounts for the largest share of
municipal solid waste (MSW) in many industrial countries. In
the United States, for example, paper makes up 39 percent (by
weight) of MSW generated. Even though almost half is now
diverted for recycling, some 44 million tons are discarded
each year—more than all the paper consumed in China.80

As the benefits of recycling have been recognized, and
governments have promoted it, paper recovery has grown.
Between 1975 and 1997, the volume of paper recovered
worldwide more than tripled, from 35 million to nearly 110
million tons. During that time, the wastepaper recovery
rate—the share of paper used that is recycled or recovered—
increased from approximately 38 percent to more than 43
percent. FAO predicts that by 2010, global consumption of
recovered paper will reach 177 million tons, with a project-
ed recovery rate of 45 percent.81
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Wastepaper recovery rates vary dramatically among
countries. (See Table 3.) Legislation to aggressively reduce
solid waste in Germany has resulted in paper recovery rates
of nearly 72 percent. And in Japan, the world’s second largest
paper producer, limited domestic resources and a shortage of
waste disposal options have encouraged the heavy use of
recovered paper. Indeed, the Japanese paper industry itself
helped establish the Paper Recycling Promotion Center and
has set a target of 56 percent.82

Both mandatory laws and voluntary targets have been
very successful in expanding recovery and recycling. In the

Recovered Paper/Paperboard
Total Recovery Utilization

Country Recovered Exports Imports Rate1 Rate2

(1,000 metric tons) (percent) (percent)

World 128,725 16,460 43 44

United States 40,909 6,823 630 46 40
Japan 16,546 312 362 53 54
China 8,760 4 1,618 27 38
Canada 3,110 688 2,088 47 24
Germany 11,279 2,739 918 72 59
Finland 607 49 84 35 5
Sweden 1,323 193 559 55 17
France 4,270 750 998 41 49
Korea, 4,530 0 1,452 66 72

Republic of
Italy 2,784 53 926 31 49

1Total recovered paper volume divided by apparent paper and paper-
board consumption.   2Total recovered paper consumption divided by
paper and paperboard production.
Source: See endnote 84.

TABLE 3

Paper Recovery and Use in Top 10 Paper-Producing
Countries, 1997
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1970s and early 1980s, only about one quarter of wastepaper
was recovered in the United States. Thanks to a variety of
laws and private initiatives (such as banning paper in land-
fills, establishing curbside recycling programs, and issuing
mandates for recycled content paper), recovery rates rose to
46 percent by 1997. In Europe, which also has high levels of
wastepaper recovery, a 1994 European Union Directive tar-
geted a recovery rate of 50 to 65 percent for packaging waste
by 2001, and a new directive calls for a nearly two-thirds
reduction in the amount of biodegradable material (such as
paper) sent to landfills. Combined with expanded recycling
programs, these laws will reduce waste and increase paper
recovery. The Netherlands is on the way to meeting its goal
of recovering more than 72 percent of the paper sold inside
its borders by 2001.83

Because used paper is traded between nations, recovery
rates do not necessarily indicate the amount of old paper a
country actually uses to produce new paper. Fifteen percent
of all recovered paper entered world trade in 1997. Although
Sweden recovers well over half of what it consumes, the
country is such a large producer and exporter of paper that
the relative contribution of recovered paper to overall paper
production is only 17 percent. In the United States, the
largest exporter of used paper, rates for utilization of
wastepaper remained close to 23 percent between 1965 and
1985. By 1997, they reached 40 percent, a level not seen
since the 1940s. (See Table 3.)84

While recycling has slowed growth in the demand for
wood pulp, it has served more as a supplement than as a sub-
stitute for virgin fiber. Global paper and paperboard consump-
tion has been increasing so rapidly that it has overwhelmed
gains made by recycling. So while the amount of material
recovered has increased sevenfold since 1961 and its share of
the fiber supply has nearly doubled, the total volume of virgin
wood pulp and paper consumed and waste generated contin-
ues to rise, overtaking these important successes.85

The potential for using old paper to provide a steady
stream of fiber for new paper has yet to be fully exploited.
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Today’s 43 percent recovery rate is far below the 70 percent
or more of old paper that could be recycled. Some grades of
waste paper, such as old corrugated and newspapers, are
more widely recycled than others, and there are well-devel-
oped markets for pulping them to make new like products
(such as new corrugated boxes made from old corrugated
boxes). Other grades, such as mixed office paper, have lower
recovery rates and very little of what is collected is used in
making new office paper. Instead, it is downgraded for other
uses such as cardboard because of the
variety of inks used and the demand for
ultra-bright white office paper. In fact,
more than 90 percent of the printing
and writing paper made in the United
States is from virgin fiber, only 6 to 7
percent from recycled. In the United
Kingdom, which has scarce raw materi-
als and imports two thirds of its
newsprint, only 40 percent of its old
newspapers are recycled, while the rest
are landfilled. Their Newspaper Publishers Association
recently issued a report confirming that expanded recycling
would provide considerable environmental benefits and
improve the industry’s competitiveness.86

A number of hurdles—some technical or economic,
some social—prevent recovery and recycling from reaching
its full potential. One barrier has been price volatility in
recovered paper. Until recently, the supply of recovered paper
fluctuated widely, as did prices, as collection programs were
adopted and abandoned, then re-adopted in response to
prices. Volatile global markets also affected prices. For many
years, the capacity to pulp wastepaper was limited, and the
volatility of supply and price made it difficult for mills to
invest in new facilities to handle the paper, creating a vicious
circle. Now, with the more widespread adoption of municipal
and business recycling programs and significant expansion of
mill capacity for recycled material, supply and prices are
more predictable. Still widespread subsidies for virgin fiber

Paper consump-
tion has been
increasing so
rapidly that it
has overwhelmed
gains made by
recycling.
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production and for landfills and incinerators continue to put
recovery and recycling at an economic disadvantage.87

Despite the expansion and success of recycling pro-
grams, their economic benefits are usually underestimated.
As a result, municipalities tend to underinvest in recycling.
In Massachusetts, these economic benefits are two to four
times the waste disposal fees. The additional investment
needed to fully expand recycling would amount to just 1 to
2 percent of the economic benefits that would accrue to
municipalities.88

Many of the technical barriers that once stood in the
way of using more recycled paper—such as insuring fiber
strength, removing new types of printer and copier inks, and
eliminating “stickies” (adhesive labels and such)—have been
solved or are close to being solved. In addition, some new
technologies are increasing the strength and recyclability of
recovered fibers. Still more work is needed on improving the
recyclability of mixed office paper, the fastest-growing seg-
ment of the paper market.

What may be the biggest hurdles to expanding recy-
cling in some industrial countries are the persistent myths
about recycled paper. Some articles have mistakenly claimed,
for example, that recycling paper uses far more energy than
making virgin paper, or that the quality of recycled paper is
too low to meet printing standards and consumer prefer-
ence. The truth is that even though collecting old paper may
use slightly more energy per vehicle than collecting trash,
when the total energy budget of recycling is compared to vir-
gin production, recycling wins by a landslide because virgin
processing is so energy intensive. And of course recycling
also saves forests and water.89

Many skeptics also claim that recycled paper cannot
meet the same standards as virgin papers. But in recent years
there have been dramatic advances in the quality of recycled
papers, thanks to innovations in processing (such as enzy-
matic deinking to remove stubborn toner inks). And as the
volume of recovered paper use rises each year, even more
gains are being made. The most common standards for judg-
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ing writing papers—opacity and brightness—are easily met
by today’s recycled papers. The strength of recycled paper as
well is on a par with virgin paper (a concern for printers
because breaks in large paper rolls can be very costly). And in
many surveys, consumers have a stated strong preference for
recycled.90

Nonwood fibers could also contribute to a more envi-
ronmentally benign fiber mix. There are three main types 
of nonwood fibers for paper: agricultural byproducts from
crops such as wheat, rice, and sugar; crops such as kenaf and
industrial hemp that can be grown specifically for pulp; and
wild plants like reeds and grasses. Textile scraps are 
also used as a fiber source in some places, but in much small-
er amounts.91

While nonwoods currently make up about 7 percent of
the world’s total fiber supply for paper, there is a strong case
for increasing the share of nonwood fibers to 20 percent or
more. The incorporation of a larger share of nonwood
sources could make use of a resource that is currently burned
in many parts of the world, provide farmers with an addi-
tional source of income, reduce chemical use in pulping, and
drive down the demand for wood pulp.

Nonwood fibers were once the sole source of raw mate-
rial for pulp; it wasn’t until the middle of the 19th century
that wood-pulping techniques were even invented. The first
piece of paper, produced in China in 105 A.D., was made of
tree bark, old rags, hemp, and used fishing nets. As recently
as the 18th century, used rags and cloth were the primary
source, but as demand began to outstrip supply in the early
1800s, a search for new sources began. Since the dawn of the
wood-pulping era, the use of nonwood fibers in papermak-
ing has gradually declined to its current marginal share.92

Developing countries account for 97 percent of the
world’s nonwood pulp use. China consumes 83 percent of
global nonwood pulp, and India accounts for nearly 5 per-
cent. In the United States, nonwood fibers account for less
than 1 percent of the paper industry feedstock, whereas in
China nonwood fibers (primarily straw) make up nearly 60
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percent. In the future, China may rely more on wood and
recycled paper and less on nonwoods, largely because non-
woods have been processed in older, smaller mills that are
inefficient and cannot afford important pollution-abate-
ment measures. In recent years, thousands of these mills
have been closed, and large wood-based mills are likely to
replace them.93

There are many reasons to consider expanding the role
of nonwoods in the papermaking process, not to replace
wood sources entirely, but to displace a portion of the wood
used for paper. One of the primary advantages that non-
woods have over wood is their low lignin content. Lignin
binds cellulose together and the removal of lignin is part of
what makes the pulping process so energy and chemical
intensive. While lignin makes up 23 to 34 percent of the
total chemical composition of wood fibers, nonwood sources
such as rice straw and kenaf have a lignin content of 9 to 15
percent. The lignin content of industrial hemp can be as low
as 3 percent. For many nonwood fibers, the lower lignin con-
tent corresponds with a higher proportion of cellulose.
While wood fibers are less than 50 percent cellulose, cotton
linters (byproducts of cotton processing) are 85 to 90 percent
cellulose—making them an extremely valuable papermaking
material.94

A major drawback for some nonwood fibers is their
high percentage of silica. This is particularly problematic for
agricultural residues. While the amount of silica in wood
fibers is negligible, silica content for different straws ranges
between 0.5 and 14 percent. The silica is difficult to remove
in pulp mills’ conventional chemical recovery process. It can
therefore result in a highly polluting effluent and costly loss-
es of chemicals and water that could otherwise be recycled.
However, there are ways to get around the silica problem.
Since up to 50 percent of the silica in many straw fibers
comes from soil residues, washing the fibers before pulping
can reduce the silica load dramatically. In addition, there are
alternative pulping techniques that enable the recovery of
chemicals.95
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Agricultural byproducts such as wheat straw, sugar cane
bagasse, and corn stalks currently make up about three quar-
ters of the world’s nonwood pulp supply. By one estimate,
one hectare of cereal grain can yield up to one ton of straw—
and this includes an allowance for half of the straw to be
plowed back into the soil. The total availability of agricul-
tural byproducts could be over 2 billion metric tons per year,
far more than the roughly 35 million tons currently used.96

The majority of agricultural residues should be com-
posted and recycled on farmlands, and in some countries,
residues represent an important source of fuel. Yet in some
parts of the world, large amounts of these residues are
burned, resulting in polluted air and a wasted resource. By
incorporating a small share of this material into the fiber
supply, the industry could provide an additional source of
income for farmers and make use of a material that may
already be conveniently collected at processing mills.97

Crops like kenaf and hemp that are planted specifically
for pulp also have potential for expanded use. These sources
currently make up about 9 percent of the world’s nonwood
pulping capacity. They can cost more than agricultural
byproducts, but many have properties that yield high-quali-
ty pulps as well as environmental and social benefits. In
some places, kenaf and hemp crops can produce greater
yields than typical tree plantations, and the lower lignin
content of their fibers makes the pulping process less chem-
ical and energy intensive.98

Some critics argue that planting crops of kenaf or hemp
could be more environmentally harmful than planting crops
of trees. Assuming similar management practices, both
would be monocultures, could contribute to soil erosion,
and would be vulnerable to pest outbreaks and disease. And
as far as wildlife habitat and watershed protection values go,
a 20-year-cycle pulp plantation would likely come out ahead
of an annual crop. But beyond lower chemical and energy
requirements and a potential for higher yields, industrial
nonwood crops offer additional social and economic bene-
fits that pulp plantations do not.
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Ultimately, whether kenaf or hemp is preferable to wood
fiber is highly dependent on the local social, economic, and
ecological conditions of a region. In some places, the climate
may be more suitable for nonwood crops; in others, farmers
may be looking to diversify crop options and could get a
much faster return from an annual crop than from a pulp-
wood plantation that could take 15 to 20 years to mature.

Some of the main obstacles to expanding the use of
nonwoods are industrial inertia and over 100 years of invest-
ment in forest resources and billion-dollar wood-pulping
mills. In addition, current economies of scale and subsidies
for timber harvest and production make it difficult for small-
scale, localized nonwood mills to compete.

Even with expanded use of recycled and nonwood
fibers, a substantial share (25–30 percent) of the world’s fiber
supply for paper will likely come from virgin wood. Tree
plantations and forests are integral to the modern paper pro-
duction system, but in a world with a rapidly expanding
population and a declining forest endowment, reforming
forest management is essential. Continuing the practices of
the 20th century combined with a growing demand for
wood would leave us with severely degraded, fragmented
systems 50 years hence. Large expanses of healthy, intact for-
est ecosystems that are not in protected or extremely remote
areas would likely become a distant memory, and vital
ecosystem services would be severely compromised.

There are some encouraging trends that demonstrate
how forest management can be improved. In recent years,
there has been a growing interest in sustainable forestry
practices on the part of local communities, foresters, indus-
try, policymakers, and concerned citizens. These practices
involve changing harvesting techniques, managing for mul-
tiple species, age classes, and uses, and protecting wildlife
habitat and watersheds while also providing products and
livelihoods.

Some types of plantations can play a role in reducing
the environmental impacts associated with the production of
pulp for paper. Farming trees in a sustainable way is clearly
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preferable to harvesting the world’s last remaining old-
growth stands. But in general, plantations can be managed
much better than they are now. It is important that they be
established on lands that truly are degraded—that are not
currently forested, farmed, or inhabited, and do not have
high potential to regenerate naturally. Instead of providing
subsidies for plantation establishment in recently cleared or
highly productive areas, governments could offer financial
incentives to plant in degraded areas. These subsidies could
make up for some of the profits lost from slower growth rates.

Other ways to improve plantation management include
protecting watersheds, involving local stakeholders, reduc-
ing fertilizer and pesticide use, using native trees, and plan-
ning land use for the long term. Some companies have
already taken steps to reduce their environmental impact.
For example, a Brazilian company intersperses its plantations
with plantings of native rainforest species. They do this in
part to improve their public image, but also to provide a nat-
ural means of pest control.99

In some parts of the world, consumer demand for sus-
tainably harvested products has played a role in encouraging
the trend toward sustainable forest management. Increased
consumer awareness, especially in the European market, has
recently caught the attention of major forest products indus-
tries. And companies ranging from Dutch publishers to
McDonald’s have recently begun demanding products free of
old-growth wood.100

The growing concern over forest management practices
has contributed to an expansion of certification initiatives in
the 1990s. The Forest Stewardship Council (FSC) sponsors
the best known and most credible certification program. FSC
accredits certifiers who, at the request of companies wishing
to use the FSC logo, audit forest management practices and
certify products for the entire chain of custody, from forest
to transport to processing. FSC-certified forests must follow
strict standards set forth in regionally specific principles and
criteria for sustainable forest management. Many companies
are seeking this certification, and by the beginning of 1999

IMPROVING THE FIBER SUPPLY
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over 15 million hectares of forest—equal to an area nearly
three times the size of Costa Rica—had been certified by FSC-
accredited certifiers. In late 1998, the first U.S.-produced
paper containing FSC third-party-certified wood pulp arrived
on the market.101

In addition to the FSC, there are many other certification
initiatives under way. However, they lack similarly stringent
criteria and indicators for forest management and reliable
third-party certification processes. As certification programs
gain steam, it will be important for consumers to learn about
the real meanings of the different labels they encounter so
they can encourage the most reliable initiatives.102

Producing Cleaner Paper

Regardless of the fiber source, there is ample room to
improve the way that paper is made. In recent years, new

methods have been developed for producing paper with less
water, less energy, less pollution, and less virgin raw material.
Some businesses have begun to embrace these changes. Many
companies were initially prodded by regulations, but a grow-
ing number are finding it more profitable (and publicly
acceptable) to generate less waste and produce more environ-
mentally benign products. On the whole, however, the pulp
and paper industry has been rather slow to change. And rela-
tively few companies have been willing to adopt innovations
that fail to pay for themselves in the next quarter.

Reusing water, chemicals, and other materials in a
manufacturing operation is a time-tested way of increasing
profitability and improving environmental performance. A
logical extension of this approach is the development of
“minimum-impact mills” that keep natural resource con-
sumption (wood, energy, water) as well as releases to the
water, air, and land as low as possible. The ultimate goal is
the complete elimination of these releases through a “closed-
loop” or “zero-discharge” system.103
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There are already several zero-effluent mills in the
world. One is a mini-mill located in the New Mexico desert
that uses old corrugated containers to make 100 percent
recycled linerboard (for such items as boxes). While similar
plants consume 2.5 million gallons of water a day, this mill
requires only one fifteenth that amount, taking steam and
water purchased from a nearby electric plant and recycling it
over and over in a closed loop. A Wisconsin recycled paper
mill has completely eliminated discharge. This mill converts
98 percent of the fiber into new containerboard, ranking it
among the most efficient in the industry.104

As noted, progress has been made in reducing the vol-
ume of waste produced in pulp and paper mills, and the lev-
els of some of the most toxic chemicals like dioxins. Using
better methods for removing lignin (such as extended cook-
ing and oxygen delignification) that reduce chemical and
energy use and give higher fiber yields, switching to safer
bleaching chemicals, and better waste treatment are major
steps toward cleaner paper. Modern mills that have adopted
improved processes have cut effluents by 80 percent, which
in turn helps cut energy and chemical demands, saves
money, and makes it easier to comply with environmental
permit requirements.105

A number of other new technologies have the potential
to significantly improve pulp and paper processing.
“Biopulping,” for example, takes advantage of naturally
occurring local fungi to break down lignin in the wood
chips, thereby reducing the amount of energy needed in pro-
cessing and improving the water quality of effluents, while
increasing the strength of the resulting paper. Researchers at
the USDA Forest Products Lab are developing “fiber loading”
as a way to produce lighter-weight printing and writing
papers from recycled or virgin pulp with the same qualities
as heavier paper—such as being able to print on both sides
without the ink showing through, what printers call “opaci-
ty.” When a harmless filler (calcium carbonate) is incorpo-
rated, or loaded, into the fibers, less wood fiber is needed to
make the same amount of paper. Since the process is easier
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on fibers than mechanical pulping is, the resulting paper is
also stronger and more recyclable. Because fiber is the most
expensive material used in papermaking, and fiber-loading
technology is quite inexpensive, mills that retrofit their old
equipment could pay for their investment in one year on the
material and energy savings alone. Fiber loading may be an
especially good way to upgrade mixed office paper waste into
high-quality paper, and reduce the weight of newspaper
without sacrificing quality. For newspaper manufacturing,
for instance, about 15 percent less wood fiber is needed
(because the filler substitutes for wood and the weight of the
paper can be reduced).106

A major focus of effort by regulators, industry, and envi-
ronmentalists in most industrial nations continues to be on
cleaning up the bleaching process. Reducing or totally elimi-
nating chlorine from processing has a number of advantages,
both ecological and economic. Chlorine is corrosive to pro-
cessing equipment (which limits its recyclability within a
plant and requires more expensive equipment), dangerous to
workers, and extremely harmful when released to the envi-
ronment. But there are ways to eliminate its use.

“Totally chlorine-free” (TCF) processes replace chlorine-
based chemicals with oxygen-based chemicals such as hydro-
gen peroxide. With TCF systems, dioxin releases are virtually
eliminated, almost no hazardous air pollutants are released,
less water is needed, and that water can be reused many
times (an essential step toward developing closed-loop sys-
tems). The water that is discharged needs less treatment, and
energy use is far lower. All of these advances increase prof-
itability. Chlorine-free processes are also safer for workers
than processes using chlorine compounds, which are highly
unstable, making them explosive and deadly. Scandinavia
has already shifted 27 percent of its production to TCF. The
United States and Canada lag far behind with less than 1 per-
cent. TCF mills require less capital to build because they need
less equipment and can use less expensive metals than mills
using chlorine—an important benefit when new capacity is
added. Malaysia has opened a new chlorine-free, recycled
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newsprint mill that will meet 75 percent of that nation’s
newsprint need. Worldwide, about 6 percent of the world’s
bleached pulp is totally chlorine free.107

So far, most of the industry (especially in North
America) has chosen to adopt the “elemental chlorine-free”
(ECF) approach rather than TCF because it requires fewer
modifications to existing plants. ECF uses chlorine deriva-
tives (such as chlorine dioxide) rather than elemental chlo-
rine, which reduces some—but not all—of the most harmful
compounds in the effluent. Worldwide,
54 percent of the bleached pulp pro-
duced in 1998 was ECF, a big jump from
17 percent the year before.108

Adoption of these newer bleaching
methods has resulted in significant reduc-
tions in toxic discharges. An average
paper mill using standard chlorine bleach-
ing releases about 35 tons of organochlo-
rines a day, while ECF mills release seven to 10 tons. TCF
mills, on the other hand, produce and release none. In
Scandinavia, where most of the world’s TCF mills are located,
detectable chlorine and dioxin discharges have been 
eliminated. According to the North American pulp and 
paper industry, the adoption of ECF has reduced measurable
dioxin discharges from pulp and paper mills there by 
96 percent between 1988 and 1994. Still, total effluent 
flows from the best ECF mills are twice as high as those from
TCF mills.109

A potential opportunity for speeding up the shift to the
more advanced technology in North America was missed
when the U.S. EPA recently named ECF, rather than TCF, the
“best available technology” under new combined air/water
regulations for pulp and paper mills (the Cluster Rule). EPA
also decided not to include oxygen delignification, another
way to reduce the amount of bleaching and energy needed.
Under pressure from industry, the EPA rejected the better
technology, saying that TCF bleaching fails to meet the
brightness level required for the market, a claim belied by
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the many TCF mills that exceed the standard. And in
Canada, a 1992 British Columbia law gave pulp and paper
mills 10 years to achieve the goal of completely eliminating
organochlorines from their discharge. Rather than do so by
switching to TCF processes, the industry has largely opted to
go to ECF and is demanding that the law be overturned.110

The reluctance to move to the full range of cleaner tech-
nologies is surprising given their proven cost benefits. A 1995
study of 50 mills in six countries found that the earlier a mill
had invested in improved technologies (such as extended
delignification, ECF, and TCF), the more profitable and com-
petitive it became. These findings held true even in nations
without strong pollution regulations. As the study published
in the industry journal Pulp and Paper International noted,
“Business people have been brainwashed by classes in tradi-
tional economics to believe that investing to reduce pollution
is a waste of money. The problem with this view is that it
makes assumptions that do not hold true in the real world.”
The traditional view assumes that preventing pollution nei-
ther saves money nor increases output. But the reality is that
such investments lower operating costs. As new capacity is
added around the world, mills that shun cleaner technologies
will find themselves at a competitive disadvantage.111

Designing a Sustainable Paper Economy

As the world enters a new century, the need for a healthi-
er paper diet is more urgent than ever. In its most recent

projections, the FAO predicts that global paper consumption
will reach nearly 391 million tons by 2010, up more than 30
percent over today’s level. With such growth would come
the felling of more trees, and more pollution and waste. But
ever-rising consumption and all the costs it entails are not a
foregone conclusion. Accelerating the use of promising tech-
nologies and promoting leaner consumption habits can
bring a healthier paper diet within reach.112
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Paper use has traditionally been closely correlated with
income levels, and industry analysts generally treat rising
consumption as a sign of a healthy economy and improved
quality of life. But higher paper consumption is no more a
prerequisite for rising economies and standards of living than
are increased automobile traffic, television viewing, pollu-
tion, or heart disease—other trends that historically have
grown with income. Paper use can be decoupled from eco-
nomic growth, just as energy use has been in most industrial
countries thanks to strides in technological efficiency and
conservation.113

In many parts of the world, expanded access to paper is
needed if education, communication, and sanitation are to
improve. About 80 percent of the world’s people consume
under 40 kilograms per person per year. But basic needs for
paper will have to be met in an environmentally sound way
lest the burden of forest degradation, air and water pollu-
tion, and waste generation outweigh the benefits they 
provide. This means embracing the best forest and industri-
al practices and rejecting the old model of ever-rising 
consumption.114

The high consumption levels prevalent in most indus-
trial nations can be substantially reduced without losing the
benefits of the services that paper now provides. Ways to
reduce and reuse material have been demonstrated. About 85
to 90 percent of paper use is ephemeral, and nearly half of all
paper is used for packaging. Recycled material already pro-
vides 38 percent of the fiber supply for paper, but this
amount could be increased substantially. And even before
being recycled, many paper products can be reused far more
than they are today.115

Businesses can become more “eco-efficient” by adding
value to products and services while reducing material and
energy use, pollution, and waste. Today’s box manufacturers,
for instance, could sell shipping services, as some are already
doing by selling or leasing reusable containers. Companies
could sell information transmittal or communications services
rather than reams of paper and copy machines. Businesses
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that move away from the strategy of “more material through-
put equals more profit” will find that they can become more
profitable by using and wasting less material while providing
better services.116

Each of these strategies can provide considerable bene-
fits. When combined, they can yield substantial savings by
“capturing the magic of compounding arithmetic,” as
Hawken, Lovins, and Lovins describe in their book Natural
Capitalism. If, for example, a process has 10 steps, and you
can save 20 percent at each step, the net savings is a whop-
ping 89 percent. The highest gains are made by reducing
consumption because the impact of that savings is multi-
plied back through the entire chain of production, from the
mills to the forests.117

Applying the principle of compounding arithmetic to
paper consumption and production, dramatic savings could
be achieved using some fairly conservative estimates of
improvements along the chain. For example, if per capita
consumption in today’s high-consuming industrial countries
were trimmed by one third—an amount possible largely
through “good housekeeping” alone—global consumption
would fall by 5 percent. At the same time, developing-coun-
try consumption could rise to 30 kilograms per person per
year, enhancing the ability to meet basic needs.118

If industrial countries trimmed consumption by one
third and production efficiency increased by 5 percent and
recycled paper as a fiber source expanded to 60 percent (from
today’s 38 percent) and nonwoods as a fiber source doubled,
total global consumption would fall, developing-country
consumption could rise, and 56 percent of the wood fiber
now used for papermaking could be saved. Beyond the 
obvious benefit of reducing paper’s impact on the world’s
forests would also come substantial reductions in the other
burdens of paper production and consumption—pollution,
energy and water use, waste disposal, and the monetary cost
of paper use.119

The action of policymakers is essential to making the
transition to a sustainable paper economy. Through policies
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and regulations, governments can spur cleaner production,
encourage recycling, promote sound forest management,
shift consumption patterns, and save taxpayers money.

Fiscal reform is a top priority, starting with reducing the
extensive subsidies for use of raw materials (such as wood,
water, and energy), tax incentives for forest conversion, and
low concession and stumpage fees. Many countries rely 
on such policies in the mistaken assumption that 
forest exploitation, trade, and increased consumption are
engines for economic growth. In addition to being wasteful
in their own right, these policies put relatively sustainable
alternatives and activities like recycling and nonwood 
fiber sources at an economic disadvantage. The overall 
effect is to make paper produced from virgin wood fiber 
artificially inexpensive, encouraging overproduction and
wasteful consumption.

Eliminating numerous widespread subsidies would
yield substantial financial and environmental benefits. In
Canada—the world’s largest timber exporter—the province
of British Columbia subsidizes the timber industry to the
tune of $7 billion a year. Indonesia’s subsidies for forest
exploitation range between $1 and $3 billion a year. Some
subsidies are direct, such as the $811 million in tax breaks
the U.S. government annually gives the forest industry.
Others are indirect, such as tax-exempt bonds for landfills
and incinerators, and the subsidized energy, water, and
transportation infrastructure that make virgin extraction and
processing more profitable. The pulp and paper industry is
the biggest beneficiary of one such project, the U.S. taxpay-
er-funded $2 billion Tennessee-Tombigee waterway, which
allows access to previously landlocked forests and has made
the explosive growth in wood chip exports possible.120

Taxes can be an effective tool for shifting the industry
in a more sustainable direction. Higher taxes for exceeding
pollution levels and for excess packaging, waste incineration,
and landfilling have the double benefit of discouraging
things people want less of (such as pollution) while lowering
other taxes and thus encouraging things people want more
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of (such as jobs and investment). By gradually increasing
taxes on water pollution in recent decades, the Netherlands
has prodded industry to adopt cleaner technologies which in
turn have led to major improvements in water quality.
Producers who neglected to innovate and just passed the
cost of the taxes on to consumers found that customers
switched to less expensive and less-polluting products.121

Most governments have been pursuing a policy of trade
promotion and liberalization that encourages forest degrada-
tion. Current global trade agreements under negotiation 
are set to further reduce tariffs on forest products (potential-
ly stimulating production) and possibly to eliminate 
non-tariff measures such as raw log export bans, eco-
labelling, and health and safety rules. Some national laws
covering packaging, recycling, certification, and eco-
labelling are targeted for elimination under expanding 
global free trade rules because the World Trade Organization
(WTO) views them as non-tariff barriers to trade. Also 
under attack are national sanitary standards intended to pre-
vent the accidental introduction of exotic pests and diseases
that can hide in wood products and decimate the forests of
the importing nation. Governments should resist allowing
international trade agreements to undermine progress 
that has been made in allowing consumers choice, promot-
ing sound forest management, and stemming the tide 
of invasive species.122

Paradoxically, allowing trade policies to be interpreted
in ways that constrain labeling efforts, and thus limit con-
sumer access to information about products (such as how
they were produced, whether or not they were harvested
destructively or by illegal means or even using forced labor)
is antithetical to free trade’s own ideology that markets
should be ruled by consumer choice. If such rules had been
in effect in the 1980s, the international consumer boycotts
that were so effective in helping topple South Africa’s
apartheid rule would have been declared illegal.

In addition to reforming unsustainable policies, scaling
up successful policies with proven benefits could help
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improve the paper diet. Laws mandating waste reduction
and recycling have expanded the supply of used paper avail-
able for paper manufacturing. German laws aimed at reduc-
ing excess packaging and increasing the amount recycled
have succeeded in boosting paper recovery rates. In many
countries, “pay-as-you-throw” programs provide an incen-
tive to generate less trash and to recycle more by charging
households only for the amount they throw away, much the
way many businesses already pay trash haulers based on vol-
ume. Policies that encourage recycling mills to locate in
urban areas close to the fiber sources and markets, or agri-
cultural fiber mills to set up in areas where such fibers are
underutilized, can simultaneously make use of wasted
resources and provide regional economic benefits.
Ordinances that encourage the procurement of recycled or
totally chlorine-free paper have stimulated the markets for
more environmentally friendly paper.123

Even taking into account some successes in reducing
pulp and paper pollution in many countries, room for
improvement exists. Regulators, as well as industry, can use
more integrated approaches to pollution prevention and
control, source reduction, and the more prudent use of raw
materials. Such an initiative is set to come into force in
Europe. Many countries lack strong pollution controls or
standards for industrial energy and water use and could ben-
efit from them.124

Sometimes sound policies and regulations fail to trans-
late into action because of poor implementation or enforce-
ment. The U.S. government, whose purchases account for 2
percent of the U.S. paper market, could further stimulate
progress by fully implementing the 1993 and 1998 executive
orders mandating levels of post-consumer recycled content
in government paper purchases. While a few agencies are
leading the way, many others have very low compliance.
Regulators may also bow to pressure by industry, as is hap-
pening to British Columbia’s pollution policy mandating
zero discharge of deadly dioxins. The efforts of many devel-
oping countries to enforce pollution control measures or halt
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illegal logging and land conversion are often hampered by
understaffed and underfunded environmental agencies.
Good laws may also be stymied by corruption at various lev-
els of government.125

Relatively small investments in research by government
and industry can yield big dividends. Given the economic
importance of paper, surprisingly little is spent by govern-
ment and industry on research and development. The 
pulp and paper industry spends less on research than any
other major industry, about 1 percent of sales (compared to 
4 to 5 percent in manufacturing industries as a whole). Even
the USDA Forest Products Lab, which has sparked many inno-
vations, has undergone repeated budget cuts. A hopeful 
sign is that several developing nations, notably India,
Indonesia, and China, have established research institutes
that focus on the environmental problems of their pulp 
and paper industries.126

By funding innovative research efforts and the adop-
tion of sustainable production technologies and forest man-
agement, international lenders can help industries and
nations make much-needed shifts to economic and environ-
mental sustainability. Often, however, their financing has
the opposite effect. The International Monetary Fund’s poli-
cies after the Asian economic crisis, for example, encouraged
Indonesia to expand its pulp and palm oil plantations,
despite the well-known fact that these activities were largely
responsible for Indonesia’s devastating forest fires in 1997
and 1998.127

Because of its phenomenal utility, paper has become a
fundamental and ubiquitous part of the global economy. In
many paper-rich countries, people have grown so accus-
tomed to the availability of cheap paper that it is hard to
imagine sharing a thought with colleagues without printing
out a memo on the whitest and brightest paper available, or
sending a child off to school without single-serving snacks
encased in little cardboard boxes. But the costs of ever-
expanding production and consumption of paper are
becoming increasingly untenable. The sooner we shift these
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trends, the greater the benefits will be—in terms of trees and
soils saved, water and air pollution avoided, landfill and
incinerator pressures eased, and money saved. It is fortunate
that the ability to design a less damaging paper economy is
at hand, for managing our relationship with this apparently
“ordinary” material is essential to achieving an environmen-
tally sustainable society in the new century.
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