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I. INTRODUCTION
This chapter has six major parts:

• This i n t ro d u c t i o n p resents basic background information on
paper recycling in the United States 

• The recommendations for purchasers and users of paper, f o l-
lowed by a short rationale and summary of the Task Force’s
key findings

• Implementation options, which provide purchasers with a
wide range of tools, techniques and suggestions for putting
the recommendations into action

• Ge n e ral conclusions of the Task Fo rce on re c ycling, in the are a s
of environmental issues, paper performance and economics

• Findings for specific grades of paper, also covering enviro n-
mental issues, paper performance and economics

• Answers to frequently asked questions about buying and using
recycled paper

The Use, Recycling and Disposal of Paper
in the United States

Paper makes up one-third of municipal solid waste nationwide,
and can make up 90% of the material generated in offices.1

Paper is an excellent material to collect for recycling. It is abun-
dant, easy for people to identify and sort, can be compacted in
collection trucks, and has large national and overseas markets.

The process of paper recycling begins with the manufactur-
ing of new paper. The United States produces about 30% of all
the paper made worldwide.2 Our country is also a net importer
of paper, both in the form of large rolls, and as finished prod-
ucts, such as corrugated boxes used to package imported goods.
Ap p roximately 9% of U.S. paper production becomes manu-
facturing scrap when it is converted into finished products like
envelopes, boxes, cups, magazines, etc. Almost all of this “pre-
c o n s u m e r” paper trim is re c yc l e d .3 Some paper products become
unavailable for recycling when they are put into long-term stor-
age or sent into sewage and septic systems. 

Taking all these factors into account, in 1993, U.S. house-
holds and businesses used 77.8 million tons of finished “post-
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The Paper Task Force has conducted a comprehensive analysis of

the environmental, economic and paper performance aspects of

paper recycling.  This research shows:

• Over the full lifecycle of paper products, recycling provides

extensive, clear and measurable environmental advantages com-

pared to virgin fiber systems. 

• For most grades of paper, products with recycled content that

meet users’ functional needs and perform comparably to virgin

paper are widely available.

• Recycling offers a powerful but not widely recognized means for

paper purchasers, acting in the aggregate, to increase supply and

reduce prices for new paper products over the medium term by

changing the dynamics of the market.
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consumer” paper products. Of this amount, 34% was collected
for re c ycling and 66% ended up in landfills or incinerators.4

Including preconsumer paper scrap in the picture, in 1993,
about 38% of the total paper available in the United States was
collected for recycling. This rate surpassed 40% in 1995, com-
pared to 27% a decade earlier.5 The paper industry has estab-
lished a goal of a 50% paper recovery rate by the year 2000.6

Of the paper collected for re c ycling in the United States in
1993, 80% was used by domestic paper mills, 17% was export e d
and 3% was used in products like cellulose insulation and animal
b e d d i n g .7 The tonnages of paper produced, used, re c ycled and
disposed in the United States in 1993 are shown in Table 1.

The environmental comparison and economic analysis in
this chapter covers the lifecycle of re c ycled and virgin paper. T h e
Task Force’s analysis approaches recycling as a complete system,
as depicted in Figure 1. All parts of the recycling sequence —
collection, intermediate processing, manufacturing and the use
of recycled products — must work together for the system to
function effective l y. Not all paper products can be re c ycled, due
to contamination and practical and economic limits on collec-
tion; some paper will always become solid waste. An input of
virgin fiber into the system is necessary to sustain a balance with
used paper that is discarded or exported for recycling, and to
maintain the physical properties of paper products.

II. RECOMMENDATIONS
Based on the definitive environmental and economic adva n-
tages of paper recycling, the Paper Task Force makes the follow-
ing recommendations.

Recommendation 1. Paper users should actively expand and
optimize paper recycling collection programs. Paper users also
should promote recycling activities and assist efforts to develop
the paper re c ycling infrastru c t u re in the following areas, as
appropriate to the capabilities of your organization:

• within the premises of your business

• for the products distributed by your company or your
industry

• in the communities in which your business operates
• among the broader business community and gen-

eral public.

Recommendation 2. Paper purchasers should
m a x i m i ze their overall use of paper with
postconsumer re c ycled content, consistent
with functional and economic considera-
tions.

Recommendation 3. Paper users and purchasers
should design and purchase paper products that
can be recycled readily after their use.

Implementation options to help paper purchasers
and users put these recommendations into practice are
provided in the third section of this chapter.
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S TATISTICAL CAT E G O RY MILLIONS OF SHORT TO N S
U.S. paper production 86.7
Net U.S. imports of paper as rolls and products (imports minus exports) 4.8
“New Supply” (U.S. production plus net imports) 91.5
Postconsumer paper products recycled or disposed 77.8
Preconsumer paper collected for recycling 8.5
Postconsumer paper collected for recycling 26.4
Total paper collected for recycling 34.9
Utilization of recovered paper by U.S. paper mills 28.0
U.S. manufacturers’ use of recovered paper in other products 1.2
Exports of recovered paper 5.9

Notes:

Preconsumer paper collection for recycling estimated as total paper collection (AF&PA) - postconsumer paper collection (Franklin).
“Other products” include molded pulp packaging (e.g., egg cartons), cellulose insulation, animal bedding, shredded packaging, etc.
Sources: American Forest & Paper Association, 1995; Franklin Associates, Ltd., 1991; Franklin Associates, Ltd., 1994 (see endnotes 3-5).

Table 1
Paper in the United States, 1993



Rationale for the Recommendations and
Summary of Task Force Findings

The Task Force’s recommendations call for action on both the
supply and demand sides of the re c ycling equation. Re c o m-
mendation 1, collecting used paper for re c ycling, provides a raw
material for making new paper and reduces the disposal of
paper products in solid waste landfills and incinerators. Buying
re c ycled paper, the subject of Recommendation 2, is essential to
“close the loop” in the recycling system and encourages manu-
f a c t u rers to invest in re c ycling technology and re s e a rch and
development. Recommendation 3, purchasing paper products
that are designed to be easily recycled, makes the whole system
work more efficiently. 

1. Environmental comparison

Paper re c ycling offers abundant environmental advantages com-
pared to virgin paper systems. The Paper Task Force has com-
pared two complete systems of virgin and recycled paper use.
These systems are (1) the production of virgin paper and its dis-
posal in landfills or incinerators, and (2) the operation of paper-
recycling collection programs and the manufacturing of paper
with recycled content. This comparison was made for each of
the grades of paper examined in this project. 

The Task Fo rc e’s extensive re s e a rch shows that paper re c y-
cling significantly reduces releases of numerous air and water
pollutants to the environment, reduces solid waste, and con-
serves energy and forest resources. These environmental advan-
tages generally are found across all comparable grades of
recycled and virgin paper studied by the Task Force.

2. Paper performance

For all of the paper grades that the Task Force studied, recycled
paper is available that meets users’ performance needs and func-
tions comparably to virgin papers in office equipment, printing
p resses and packaging machinery. Making re c yc l e d - c o n t e n t
paper does require adjustments in the manufacturing process to
compensate for the differences between re c ycled and virgin
fibers. Some types of paper use a blend of virgin and recycled
fibers to obtain desired properties. Overall, the changes in mill
technology and operations re q u i red to use re c ycled fibers are
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within papermakers’ technical capabilities. Most paper manu-
f a c t u rers have less experience using re c ycled fiber in making
printing and writing paper than they do using paperboard, tis-
sue, newsprint and other grades that traditionally have con-
tained some recycled content.

3. Economics

Informed, strategic action on paper recycling can also produce
considerable economic benefits for paper buyers and users. Not
all of these benefits will be immediately available to all paper
users, especially given recent fluctuations in markets for both
n ew paper products and re c ove red (used) paper. Howe ve r,
s t rong support of paper re c ycling should be part of all major
paper users’ economic strategy for favorably changing the
dynamics of the market for new paper products. The Task Fo rc e
investigated three major aspects of the economic costs and ben-
efits of paper recycling, summarized below.

a) Recycling and solid waste management costs
The business of paper re c ycling is in the midst of a major period
of change, which began around 1985 and will close by the late
1 9 9 0 ’s. A key indicator for this transition is the market price for
re c ove red paper. From 1990 to early 1994, U.S. prices for re c ov-
e red paper grades such as old newspapers and corrugated boxe s
we re at historical lows. This was due to an excess of supply com-
p a red to demand caused by the advent of thousands of munici-
pal and private-sector re c ycling programs and the 1991-1992
recession. In this same period, U.S. papermakers began making
large investments in re c ycling-based paper manufacturing capac-
i t y, projected to total more than $10 billion in the 1990s.8 

This new recycling capacity plus growing demand for paper
in general has dramatically reversed the situation in recovered
paper markets, as shown in Table 2. Experts project that recov-
ered paper prices will be volatile through the rest of the decade,
and on average will remain high compared to 1990-1993 but
generally not as seve re as in mid-1995.9 For paper users and re c y-
cling collectors, higher prices for recovered paper present an income
opportunity and an alternative to paying for solid waste disposal.
Greater demand for paper by U.S. mills is also increasing the
competition and quality of service offered by recycling collec-
tion companies.

b) Co m p a r a t i ve costs of manufacturing re c ycled and virgin
p a p e r
The economics of manufacturing virgin and re c ycled paper
p roducts va ry among different regions, paper grades and
mills. Re c ycling can provide economic returns that are
c o m p e t i t i ve or superior to manufacturing using virgin
fiber under certain conditions. Re c ove red fiber pro-
cessing systems generally are installed at a smaller

economic scale and a lower capital cost per ton of
p roduction compared to huge new virgin pulp mills.1 0

They can also be designed and built more rapidly and
obtain environmental permits more readily than virgin
pulp mills. For this reason, fiber re c ycling facilities tend to
be well-suited for supporting incremental expansions in paper
p roduction, which are a common means of growth in the indus-
t ry.1 1 The comparative costs of manufacturing virgin and re c yc l e d
p a p e r a re also sensitive to re c ove re d paper market prices.

R e c ove red Paper Gra d e N ov. 1 9 9 3 J u n e ,1 9 9 5 October 1995 P rojected 
(end of mid-1991 ( a p p ro x .p e a k - ( d o w n wa rd price ra n g e ,
to late-1993 highest price adjustment in 1 9 9 6 - 1 9 9 8 ,
low period) in real terms a volatile marke t ) in 1995 dollars

since 1974)
Mixed paper (1) $0-10 $ 8 5 - 1 4 0 $ 1 5 - 3 5

N e w s p apers (6) 0-20 1 4 5 - 1 8 0 5 5 - 9 5 8 0 - 1 4 5

M agazines (10) 1 0 - 2 5 1 0 0 - 1 7 5 7 5 - 1 3 0

C o r r u g ated containers (11) 10-25 1 6 0 - 1 9 0 3 0 - 6 5 5 0 - 1 5 5

Sorted office paper (37) N . A . 2 5 0 - 2 9 0 1 5 0 - 2 2 0 1 9 0 - 3 0 0

Sorted white ledger (40) 1 0 5 - 1 2 0 3 4 0 - 4 0 0 2 0 0 - 2 8 0

Laser computer printout (42) 1 4 0 - 1 8 0 3 8 0 - 4 3 0 2 5 0 - 2 9 0

L a s e r-free computer printout (42) 1 7 5 - 2 3 0 4 5 0 - 5 0 0 3 0 0 - 3 6 5

Table 2
Recent U.S. Prices for Recovered Paper

(Prices paid by mills, dollars per short ton, f.o.b. seller’s dock)

Note:

Numbers following each grade are classifications from the Scrap Specifications Circular 1994; Guidelines for Paper Stock: PS-94,
published by the Paper Stock Industries Chapter of the Institute of Scrap Recycling Industries. Ranges reflect variations in
transaction prices both within and among different U.S. regions.

Source: Paper Recycler newsletter, Miller Freeman, Inc.; projections from Jaakko Pöyry Consulting Inc., 1995
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Re c ove red-fiber processing technology has long been ava i l a b l e
for mills that make linerboard, corrugating medium, 100% re c y-
cled paperboard, newsprint, certain types of tissue and towe l i n g ,
and some specialty uncoated printing and writing papers such as
text and cover paper. When the cost of re c ove red paper is within its
historical range, these types of paper are generally less costly to pro-
duce with re c ycled content than comparable grades of virgin paper,
especially as mills undergo incremental expansions over time.

In the United States, the technology to deink re l a t i vely unsort e d
“office paper” for use in commodity-grade printing and writing
papers made at large mills was commerc i a l i zed only in the late 1980’s. 

In manufacturing these types of papers, deinked pulp gener-
ally costs more to produce than virgin bleached kraft pulp, espe-
cially when prices for re c ove red paper are high. Per-ton costs are
e ven higher when deinked pulp made from re c ove red office
paper is partially substituted for inexpensive virgin mechanical
pulp used in lightweight coated groundwood papers. The over-
all economics of making p a p e r with re c ycled content can be
f a vorable when mills are expanding their paper pro d u c t i o n
capacity and need more fiber, and when the cost of recovered
paper is not extremely high.

A combination of higher costs and the ability to set prices in a
tight market has led many, though not all, producers of printing
and writing paper to charge price premiums for recycled content.
Under certain conditions, price premiums may decline or dis-
appear, as discussed on page 91.

c) Increased recycling as a strategy for positively influencing the
dynamics of the paper market
Paper re c ycling holds a potentially powe rful cost-containment
f e a t u re that affects all users of paper, but is not re c o g n i zed by
most paper purchasers. The market price for new paper pro d u c t s
is strongly related to the overall demand for paper compared to
m a n u f a c t u re r s’ capacity to make new paper. When capacity is high
re l a t i ve to demand, prices tend to fall, as discussed in Chapter 1. 

Paper users cannot themselves build more production capac-
i t y, but by supporting increased re c ycling, they can collective l y
c reate incentives for manufacturers to do so. Collecting addi-
tional used paper for re c ycling provides paper manufacture r s
with an expanded supply of fiber for making new paper and
generally reduces their cost of using this material. Ex p ressing a

p re f e rence for re c ycled paper products that meet functional
and economic needs increases the incentive for paper manu-
f a c t u rers to add incremental, re c ycling-based pro d u c t i o n
c a p a c i t y. As noted pre v i o u s l y, re c ycling can often meet manu-
f a c t u re r s’ incremental needs for pulp more quickly, at a more
a p p ropriate scale, and at a lower capital cost than expansions of
virgin pulping capacity. Growth in re c ycling-based paper man-
ufacturing capacity is now outpacing growth in virgin paper
p roduction capacity.1 2

This stra t e gy  for changing the market re q u i res not only that
paper users collect their own paper for recycling and look for oppor-
tunities to purchase paper with re c ycled content, but that they
strongly encourage others to do the same. As discussed on page 88,
the advent of greater recycling in the United States is already
c reating lower prices for grades such as corrugated container-
b o a rd. Re c ycling extends the existing fiber base, providing  U.S.
paper manufacturers with an opportunity for additional grow t h
in the global market.

III. IMPLEMENTATION OPTIONS
This section provides guidance for paper buyers and users on
how to implement the Task Force’s recommendations on recy-
cling. The recommendations contain initiatives on both the
supply side and the demand side of the recycling system, which
ultimately must be balanced for re c ycling to work. Ac h i e v i n g
success in implementation will therefore require a strong orga-
nizational commitment to all three recommendations. 

Not all implementation options will be appropriate for all
paper users. Howe ve r, there should be one or more options in each
c a t e g o ry that allow all paper users to take action on each of the re c-
ommendations in a way that suits their organization’s needs. 
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Expanding and Optimizing Paper Recycling
Collection Programs

Whatever type of business you operate, one goal of initiating a
paper re c ycling collection program is to optimize re venues fro m
the sale of recovered paper and reduce your costs for solid waste
collection and disposal. With the re l a t i vely high prices for
re c ove red paper that are projected by experts through the end of
the decade, many businesses can now achieve both of these
goals by maximizing the volume of paper they collect.

The economics and practicality of setting up paper collec-
tion programs varies among different businesses and locations
and must be determined on a case-by-case basis. Information
re s o u rces that organizations can use to help plan or improve
recycling collection programs are listed at the end of this sec-
tion. Companies that provide recycling collection services can
also help design separation and collection programs. Rising
prices for recovered paper have made the paper collection busi-
ness much more competitive, and service is improving. To cre-
ate a successful  program, it is st ill important for yo u r
organization to take the initiative. Some basic principles and
guidelines to consider include the following.
• Establish a baseline. Understand your current waste manage-

ment and re c ycling services, such as the amount of solid waste
and recyclable materials your organization generates, the fre-
quency and cost of refuse collection and any revenues earned
for recycling collections.

• Optimize value and volume. Design a collection system that is
c o n venient enough to generate a large volume of material
while maintaining a level of separation that sustains the
intrinsic value of the paper. The specifics of this approach will
vary among different businesses and regions. 

• Enlist key support e r s. To start a business re c ycling collection
program, people are required to put the basic elements of the
p rogram in place. Successful business re c ycling programs have
been built both as top-down initiatives from senior manage-
ment and as grassroots projects started by individual staff. In
many large companies, building maintenance and purc h a s i n g
a re placed in separate divisions; clear support from senior
management can help surmount these separations. The active

participation of building management will also be critical for
multi-tenant buildings, retail malls, etc.

• Educate your co-work e r s. Provide a clear explanation for why
and how the re c ycling collection system is being implemented.
Continue the education program after the program is ru n n i n g .

• Track the markets. To ensure that you are receiving a fair price
for your used paper, stay informed of recovered paper market
conditions. The Chicago Board of Trade makes information
on recovered paper pricing available through an on-line ser-
vice. Data on market prices are available in the trade publica-
tions listed at the end of this section. Recycling specialists in
some state environmental or economic development agencies
also publish regional market data.  

• Add more materials. An office that generates primarily white
paper may be able to add newspapers, magazines and corru g a t e d
b oxes to its collection system. The converse is true for a re t a i l
s t o re or restaurant. Bottles and cans, wood pallets and shipping
materials and other re c yclable items should also be considere d .

• Work with other local businesses. Small businesses in the same
neighborhood may be able to join together to create a “busi-
ness re c ycling district” which would allow re c ycling collectors
to provide better service at lower cost. Examples of such pro-
grams are provided in the next section.

• Adjust your schedule for trash pick-up. If possible, use the vo l u m e
of materials dive rted due to re c ycling to justify less fre q u e n t
collection of refuse or use of a smaller container. Because it
takes about the same amount of time to collect a small re f u s e
container as it does a large one, a change in schedule may be
n e c e s s a ry to see major cost reductions. Businesses that generate
re l a t i vely small quantities of used paper on a daily basis may be
able to develop a system that allows for pickup of a ro l l i n g
container or bin once eve ry two weeks or once a month.

• Put it in writing . Consider contracts with recycling collectors
or paper manufacturers. Some paper recycling companies are
beginning to offer long-term contracts to generators of recov-
e red paper in order to provide an assured supply to mills.
Some contracts have floor prices, which make revenue from
sales of recovered paper more predictable. Such contracts are
also being offered to municipal re c ycling collection pro g r a m s .
For large generators of corrugated boxes, for example, con-
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tracts may offer a per-ton premium over the current market
price for a grade of recovered paper. These premiums are not
yet being offered for white office papers, but this could
change. A requirement that the collector monitor and report
information on market prices and volumes of materials col-
lected can also be part of a service contract. 

• Consider “closing the loop.” Some manufacturers of re c yc l e d
content paper are beginning to develop quasi- “closed loop”

contracts. Under these agreements, the paper manufac-
t u rer buys all of your re c ove red paper at the mark e t

price and sells you paper with re c ycled content.
The re c ycled content in the new paper that

you buy is not necessarily the same fiber that
was collected from your business. This type
of arrangement may provide a mutual eco-
nomic advantage to buyer and seller. T h e
seller is more likely to obtain the full mark e t
value of the re c ove red paper. Tr a n s p o rt a t i o n

of new products and re c ove red paper to and
f rom the mill may be made more efficient.

This arrangement also creates a relationship in
which the manufacturer can work with the paper

user to reduce sources of contamination in the paper and
i n c rease the re c yclability of paper being used. For large paper
users it is conceivable that such contracts could include dis-
counts on new paper prices or premiums for used paper col-
lected, although to our knowledge this has not yet occurre d .

• Measure and report your progress. Report volume and financial
results to the purchasing and other relevant departments and
to all employees participating in the program.

Assisting in the Development
of a Recycling Infrastructure

Organizations that distribute paper through their business
activities to customers as packaging, products or vehicles for
communication should actively work to increase the re c ove ry
of such paper. In some cases, efforts can be targeted specifically
to an organization’s own paper distributed into commerce. In
others, the effort may more appropriately entail working with

similar businesses or a range of other parties to facilitate greater
recovery of a range of used paper, including an organization’s
own distributed paper products.

Below are several examples of steps that companies, govern-
ment agencies and non-profit organizations have taken to facil-
itate re c ove ry of the paper they distribute through their
businesses. The feasibility of such efforts will vary with the type
of paper, how it is distributed, the availability of a collection
infrastructure and other factors. In virtually all cases, working
with other organizations will be an essential aspect of any effort .
It is rare that the organization distributing the paper would have
the capability of recovering such material by itself. A major role
that your organization can play is to catalyze, coordinate and
facilitate actions taken in concert with others.
• Several regional telephone companies have worked with local

communities to include used phone books in curbside and
commercial recycling collection programs. These efforts have
included working with recycling-based paper mills to ensure
that there is a market for phone books when they are col-
lected. In New York City, the NYNEX Yellow Pages includes
information on the schedule for residential recycling collec-
tion and the materials that are collected, which include phone
books. Phone companies also are buying dire c t o ry paper with
re c ycled content. Bell South and other utilities are using
e n velopes made from old phone directories for mailings to
customers. This model may be appropriate for other compa-
nies that have the ability to provide information about recy-
cling in the products they deliver to the public.

• Magazine and catalog publishers can work with others in their
i n d u s t ry and in the re c ycling industry to spur re c ove ry of used
or overissue magazines. For example, the Magazine Pu b l i s h e r s’
Association has undertaken an effort to learn from re c yc l i n g
collection companies and paper manufacturers how changes in
magazine design (e.g., binding methods, use of adhesives) and
distribution practices can facilitate greater re c ove ry.

• Companies that purchase and distribute large quantities of
printing and writing paper through the mail or other means
(e.g., financial services companies) can lend their support to
e f f o rts by businesses and municipalities to develop or enhance
office and residential recycling collection programs for such
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materials. For example, business members of the Na t i o n a l
Office Paper Recycling Project lend their name and effort to
spur office paper recovery through a range of activities.

• Businesses have joined together in many communities, states
and regions to share information on the practical aspects of
running efficient recycling collection programs and to orga-
nize collection networks. A few examples of these programs
are provided below; the endnotes provide details on how to
obtain more information.
- In Chicago and in northern Cook County, IL, public agen-

cies have helped set up several commercial recycling collec-
tion routes for groups of small businesses. Due to improved
collection efficiencies and the ability to put whole routes out
to bid, these programs in most cases have cut recycling and
waste disposal costs for the businesses they serve. The pro-
grams also allow for the collection of a very broad range of
materials, including virtually all recyclable paper. Many of
these programs are in a transition to being operated com-
pletely within the private sector or with the assistance of
local non-profit organizations.13

- In Lincoln, NB, a business group called In d u s t r i a l
Nebraskans for Or g a n i zed Re c ycling Management set up
d rop-off sites within a business district to help businesses
and residents recycle corrugated boxes and folding cartons
in an economical fashion.

- A non-profit organization, the New England Re s o u rc e
Re c ove ry Association, has formed a company called the
Business Re c ycling Corporation that arranges cooperative
m a rketing and transportation services for businesses and
institutions throughout New England.14 By acting as a seller
of materials for many businesses and towns, the Association
can obtain higher prices for materials. By efficiently routing
transportation through rural areas it can reduce the cost of
getting materials to markets.

• Companies with extensive publicity and advertising resources
can promote efforts to enhance the re c ycling infrastru c t u re
for specific categories of paper products, such as catalogs,
d i rect mail, packaging, etc. Such companies should only
make claims about the recyclability of specific paper products
that are acceptable under Federal Trade Commission guide-

lines for the use of environmental claims in advertising.
• Companies that have a cost-effective mechanism for accept-

ing their products back from customers can develop pro c e-
d u res to re c ycle them. For example, numerous re g i o n a l
phone companies and electric and gas utilities are re c yc l i n g
e n velopes and billing statements returned to them by their
customers; this fact is noted on return envelopes. Ko d a k
re c e i ves single-use cameras back from customers when it
d e velops the film inside the cameras. The paperboard pack-
aging that is part of the camera is re c ycled and the plastic
camera itself is reloaded with film or re c yc l e d .

Approaches to Buying Paper With
Recycled Content

1. Getting started

A first step in increasing your organization’s use of paper with
re c ycled content is to assess purchasing opportunities. Pu rc h a s e r s
should take stock of their organizations’ functional and economic
re q u i rements in using paper. They should consider the potential
to use re c ycled paper in all applications, including major and
minor uses, paper products that are highly visible to customers or
other important stakeholders, and grades of paper that will be re l-
a t i vely easy or challenging in adding re c ycled content. 

Making meaningful pro g ress over time re q u i res a system for
measuring purchases of re c ycled-content paper, although the
d e g ree of specificity re q u i red for this system will va ry from com-
pany to company. Establishing a baseline that measures curre n t
virgin and re c ycled-content paper purchases is part of this pro c e s s .

2. Defining recycled content

In the process of buying paper with re c ycled content, the purc h a s e r
must specify how re c ycled content should be defined. Po s t c o n s u m e r
re c ycled content refers to “p roducts or other materials generated by
a business or consumer that have served their intended end uses,
and that have been re c ove red or otherwise dive rted from the solid
waste stream for the purpose of re c yc l i n g . ”1 5 In other words, post-
consumer materials are finished products that are collected fro m
homes or places of work. Postconsumer paper does not include
overissue publications and forms.1 6
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In contrast, p re c o n s u m e r material is defined as “materials gener-
ated during any step of production of a product, and that have
been re c ove red from or otherwise dive rted from the solid waste
s t ream for the purpose of re c ycling, but does not include those
scrap materials, virgin content of a material or by - p roducts gener-
ated from, and commonly used within, an original manufacturing
p ro c e s s . ”1 7 For paper re c ycling, this means that trim from conve rt-
ing envelopes, paper plates and cups, boxes and cartons and print-
ing runs counts as preconsumer material. Trim generated on the
paper machine (“mill bro k e”) that is returned directly to the paper-
making process within the mill does not. The percentage of t o t a l
re c ycled content in a paper product is simply the sum of the pre -
and postconsumer fiber content.

Including preconsumer and postconsumer recycled content
in paper are both desirable. The recommendations of the Paper
Task Fo rce place a higher priority on purchasing paper with
postconsumer recycled content because this action will directly
support business and community recycling collection programs
and manufacturers that are dive rting materials from solid waste.
Almost all preconsumer paper scrap is already being recycled.
The vast majority of used paper being disposed in landfills and
incinerators comes from postconsumer sources. Additional per-
s p e c t i ve on definitions of re c ycled content is provided in the
section on Answers to Frequently Asked Questions in this chapter.

The postconsumer definition has been established as a stan-
d a rd in the private marketplace after extensive public discussion
among many parties involved in manufacturing and using recy-
cled paper. The postconsumer definition is used by the federal
government and thousands of state and local government agen-
cies and private buyers. For example, all of the members of the
Paper Task Fo rce we re using the postconsumer definition before
the Task Force was established.

In paper, the percentage of re c ycled content can also be mea-
s u red by total we i g h t (the fraction of re c ycled content expre s s e d
as a percentage of the total weight of the paper sheet) or by f i b e r
weight (the fraction of re c ycled content expressed as a perc e n t a g e
of the total weight of paper fiber in the sheet).1 8 Since paper can
contain 5% - 35% non-fiber materials such as fillers and coat-
ings, for the same amount of re c ycled fiber in the paper sheet,
the fiber weight definition will provide a higher percentage of

re c ycled content than the total weight definition. The fiber
weight definition is the most widely used. The level of re c yc l e d
content in a specific paper product is usually stated as the ave r a g e
p e rcentage of re c ycled content for a mill’s output of that grade
over a given period of time, such as a month or quart e r.

3. Setting levels of recycled content

Purchasers that set out to buy paper with recycled content will
quickly encounter the question of what is a “g o o d” level of re c y-
cled content for a specific paper product. Maximizing postcon-
sumer content is generally desirable because it also maximizes
environmental benefits and does the most to support business
and community recycling collection programs. 

Howe ve r, the appropriate goal need not be 100% re c yc l e d
content — it depends on the product and the economic and
functional needs of paper users. Many paper producers, partic-
ularly those making printing and writing grades, blend recycled
and virgin fibers.

As a starting point for purchasers to use in setting, comparing
and evaluating their own re c ycled content goals, Table 3 p ro-
vides information re g a rding availability and current levels of
re c ycled content in specific paper grades. Because the market will
continue to evo l ve after this re p o rt is published, the last part of
this section provides additional information re s o u rces that can
be used to monitor developments in the market over time.

The availability of printing and writing paper with recycled
content depends in part on customer demand; manufacturers of
virgin printing and writing paper can add variable quantities of
p u rchased deinked market pulp (DMP) to provide postcon-
sumer recycled content. Deinked market pulp is usually made
by independent companies that remove the ink and other con-
taminants from office paper and dry and sell the pulp to paper
companies for blending with virgin fiber on their existing paper
machines. In 1988 there we re four deinked market pulp mills in
the U.S. making a pulp suitable for use in printing and writing
papers; by the end of 1997 there will be at least 18, making
roughly 1.5 millions tons a year of DMP.19 At 10% - 30% post-
consumer re c ycled content, for example, this much DMP could
be blended with virgin pulp to make a total of roughly 6 to 15
million tons of paper per year.
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4. Action steps for effective purchasing of paper with
postconsumer recycled content

The following are suggestions of ways in which purc h a s e r s
might generally improve the effectiveness of their organizations’
p u rchasing of re c ycled-content paper. These options can be
used in different sequences and combinations.
• Be open to new products and be willing to reexamine tradi-

tional purchasing specifications, such as brightness, shade and
the presence of minor impurities. Consider how these factors
affect the basic functional requirements of the paper. Among
printing and writing papers, for example, the majority of
papers introduced in the market have an appearance that is
identical to virgin paper, but some do not.

• Consider changing the specifications and design of paper
products and packaging in order to facilitate cost reduction
and the addition of recycled content. This approach may be
especially applicable for corrugated boxes and folding cart o n s .

• Wo rk with current and pro s p e c t i ve paper suppliers to assess the
a vailability and pricing of re c ycled-content papers in the mar-
ketplace. De velop the information re s o u rces to track new pro d-
uct introductions and other changes in market conditions.

• Based on an assessment of your needs, the availability of pro d-
ucts in the marketplace and a dialogue with suppliers, set
goals and milestones for purchasing paper with postconsumer
recycled content. For example, goals could be set for specific
l e vels of re c ycled content for individual grades of paper, either
as minimum levels or as desired ranges. Or, a goal could be set
for the use of a certain percentage of recycled-content paper
across the organization.

• Develop a minimum postconsumer recycled content specifi-
cation for a specific paper product. Buy paper from the sup-
pliers that meet the specifications.

• Rew a rd suppliers of re c ycled-content paper with additional
business or develop a strategic alliance with a supplier of
paper with re c ycled content. Within these alliances, pur-
chasers and suppliers work together to achieve mutual long-
term goals. Pu rchasers who take these steps send a stro n g
signal to the market.

• Consider labeling your use of re c ycled-content paper, espe-
cially on products where your customers will appreciate your
environmental initiative. Follow the Federal Trade Commis-

PAPER GRADE U S E S RECYCLED CONTENT RANGE AVA I L A B I L I T Y / C O M M E N T S
Commodity Uncoated P h o t o c o py pap e r, 10-35% postconsumer content and More than 2 million tons in 1996,
F r e e s h e e t fax pap e r, l a s e r- j e t h i g h e r or about 15% of the market.

computer print-out, Av a i l able with 50-70% post-
business fo r m s , consumer and 100% total
white wove envelopes recycled content on a more 
o ffset printing limited basis.

Specialty Uncoated Text and cover paper 10-100% postconsumer content, A wide selection is av a i l ab l e
F r e e s h e e t for books, l e t t e r h e a d , up to 100% total recycled content within this relat i v e ly small gr a d e

s t at i o n e ry, business cards, c at e g o ry; more limited av a i l ab i l i t y
short printing runs at very high brightness levels.
( e . g . ,i n v i t at i o n s ) ,e t c .

C o ated Freesheet C at a l o g s ,h i g h e r-end 10-30+% postconsumer content Production depends partly on 
m ag a z i n e s , direct mail d e m a n d , since deinked market 
i n s e r t s , annual reports, pulp is used to add recycled
commercial printing c o n t e n t .

C o ated Groundwood M ag a z i n e s ,c atalogs 10-30% postconsumer content Production depends on demand
in 40 lb. and higher basis weights due to the use of deinked market

p u l p . In lighter basis weights,
10-20% postconsumer content 10% postconsumer content 
in lighter basis weights p r e d o m i n at e s .

U n c o ated Groundwood N e w s p aper inserts, s o m e 10-100% postconsumer content Level of postconsumer content 
m ag a z i n e s ,p ap e r b a c k and av a i l ability depend on the 
b o o k s , some multi- type of pap e r.
purpose office paper and
p e r fo r ated computer fo r m s

Unbleached Linerboard C o r r u g ated boxes 0-100% total recycled content W i d e ly av a i l able; av e r age recycled
content of corrugated boxes (liner
and medium) is 38% total recycled
c o n t e n t ,m o s t ly postconsumer.

Mottled White C o r r u g ated boxes 0-100% total recycled content One recycled manufacturer; another 
L i n e r b o a r d starting up.

C o r r u g ating Medium C o r r u g ated boxes 0-100% total recycled content W i d e ly av a i l ab l e

C l ay Coated 100% Folding cartons and 100% total recycled content; W i d e ly av a i l ab l e
Recycled Pap e r b o a r d other packagi n g t y p i c a l ly a minimum of 35% 

postconsumer content 

Solid Bleached Folding cartons and 10-30% postconsumer content Limited av a i l ability; depends in 
S u l f ate Pap e r b o a r d other packagi n g part on demand.

C o ated Unbleached Folding cartons and 20-30% postconsumer Two producers of this grade overall;
Kraft Pap e r b o a r d other packagi n g recycled content both offer recycled content.

Table 3
Information on Recycled Content 

for Different Paper Grades in 1995
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sion’s guidelines (and, where applicable, state guidelines) on
e n v i ronmental claims in adve rtising and labeling postcon-
sumer content.

• Systematically test the performance of paper with re c yc l e d
content, as a way of overcoming misperceptions and myths
about recycled-content paper.
As of mid-1995, many manufacturers of printing and writ-

ing paper were charging price premiums for recycled content.
These premiums exist for a combination of reasons, which are
discussed on pages 91-92 in the section on the economics of
p roducing printing and writing paper with re c ycled content.
Although price premiums are generally found only for re c yc l e d -
content printing and writing grades and solid bleached sulfate
paperboard, the reality is that they have arrived at a time when
purchasers are already over-budget on paper due to recent price
hikes. Under certain conditions, price premiums for these
grades may decline or disappear over time. There is also some
variability in pricing; several Paper Task Fo rce members have
negotiated some purchases of re c ycled-content printing and
writing paper without price premiums.

In some cases, it may be possible to reduce costs in the paper
purchasing system and then apply a portion of the savings to
purchasing paper with recycled content. Some cost-saving steps
may be possible under any conditions. However, others may be
much more effective if employees and customers know that they
are part of an overall policy to achieve a positive environmental
goal, rather than just trying to cut costs. Some major paper
users, such as BankAmerica Corp., have established buying
paper with re c ycled content as a matter of corporate policy.
Within this policy, the purchasing department can take a num-
ber of steps to cut costs and still fulfill its commitment. Initia-
t i ves to create offsetting cost reductions and other means of
responding to price premiums may include the following. 
• Do not pay the premium for the recycled-content paper (i.e.,

do not buy the paper), but signal to all current and potential
suppliers that you will buy paper with recycled content if it is
at or close to price parity with virgin paper. Be persistent.
State your economic and functional needs clearly at the outset
and then follow through when they are met.

• Work with suppliers to reformulate paper so that underlying

p roduction costs are less of an issue. For example, levels of
recycled content may be reduced; it is better to accept a lower
level of recycled content that you can afford than not to buy
re c ycled content altogether due to increased prices. W h e re
possible, switching from white to brown paper will likely cut
costs and make possible the addition of significant levels of
recycled content.

• Where possible given functional requirements, shift to a dif-
f e rent grade of paper with lower costs (e.g., 83 brightness
instead of 87 brightness photocopy paper, uncoated paper
instead of coated paper, paper made from mechanical pulp
instead of freesheet paper or a paper with a reduced basis
weight). Use the savings to pay the premium for re c ycled con-
tent in that grade.

• Use the re venues from source reduction and better paper re c y-
cling collection programs to support payments for recycled-
content paper. This approach will work for businesses that
accumulate paper on their own premises, such as offices,
rather than distributing it to customers, such as publishers.

• Work with suppliers to reduce the cost of other elements in
the supply system, such as case packaging and ream wraps on
photocopy paper used by large photocopying centers; use the
savings to pay for the recycled content.

• Monitor indicators that will suggest whether price premiums
for re c ycled-content paper should be increasing or decre a s i n g ,
such as the price of the relevant type of recovered paper and
the difference between the price of deinked market pulp and
bleached hardwood kraft market pulp.

• Pay the premium. This may be easier to justify when cus-
tomers especially appreciate or expect paper with re c yc l e d
content, for a highly visible use of paper, or in cases when the
cost of paper is a relatively small fraction of the total cost of
the product. 
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Increasing the Recyclability of
the Paper Your Organization Uses

Acquiring a consistent supply of re l a t i vely uncontaminated
postconsumer recovered fiber is a major challenge to manufac-
turers of recycled-content papers, especially makers of printing
and writing papers. Designing or purchasing products that can
be more easily re c ycled after their use can help address this issue.
By taking into account “recyclability” principles when buying,
using or separating paper for recycling, businesses can expand
the supply of postconsumer re c ove red paper. They can also
potentially increase the revenue they receive for their own used
paper they collect for recycling. Over time, many organizations
taking these steps in the aggregate will enhance the practical and
economic viability of the overall recycling system. 

Contamination of re c ove red paper is generally a much gre a t e r
p roblem for paper manufacturers that “d e i n k” the re c ove re d
paper (i.e., printing and writing paper, tissue and new s p r i n t
m a n u f a c t u rers) than those that do not (i.e., paperboard manu-
f a c t u rers). Pa p e r b o a rd is generally stronger and thicker than
p a p e r, and in some cases appearance is not as critical. Among
printing and writing papers, coated papers, especially in lighter
basis weights, are the most sensitive to contaminants.

Modern deinking systems are designed to re m ove a wide range
of contaminants, including polymer-based inks from photocopy
machines, laser-jet printers and plain paper faxes, most paper dye s ,
bits of plastic, adhesive labels, magazine bindings, staples, paper
clips, plastic envelope windows, paper coatings, and random dirt
and debris. In addition, re c ove red paper is  usually sorted before
being baled and shipped to the deinking mill in order to re m ove
o bvious large contaminants. Deinking mills are striving to accept
m o re contaminated grades of paper collected from offices because
those grades are more abundant and less expensive. All other things
being equal, paper re c ycling mills would still prefer fewer contami-
nants in the re c ove red paper they buy. Paper users should check with
their re c ycling collectors or the mills that buy their re c ove red paper
to determine their processing capabilities.

As problematic contaminants and ways of addressing them
are identified, paper purchasers should use their position in the
m a rketplace to initiate a dialogue among product designers,

paper users, re c ycling collectors and re c ycling-based paper man-
ufacturers. One example would be a discussion between large
printers, ink manufacturers, deinking equipment suppliers and
mill operators aimed at developing inks that are also easier to
remove in deinking systems. As solutions to contamination prob-
lems are developed, purchasers should work with their suppliers to
implement them. Some of the most problematic contaminants in
recovered paper are listed below.

1. Printing and writing papers

• For printing and writing papers, the most prob-
lematic contaminants include “peel and stick”
a d h e s i ve labels and hot-melt glues used in
“p e rf e c t” bindings. Pa rticles of chopped up
a d h e s i ve that make it through the fiber
cleaning process can become “s t i c k i e s , ”
which can attach themselves to parts of
the paper machine or become imbedded
in the paper itself. Stickies become tacky
when they are heated. They can stick to
parts of the paper machine, picking holes or
starting tears in the paper sheet. They can also
show up as small blemishes in the paper itself, or
become attached to parts of printing presses or photo-
copy machines. While some repositionable labels may cause
stickies, Post-It Notes™ are an example of this type of prod-
uct that are not a problem.

• The presence of significant quantities of deep, brightly col-
o red papers (e.g., goldenrod, cherry and neon colors) can
cause a tint in deinked pulp. Pastel colors are not a problem.

• Most modern recovered fiber processing systems can remove
plastic envelope windows with relative ease, but like all parts
of the paper product that are not reused in the recycled paper
sheet, they must be disposed as waste. Where possible, elimi-
nating plastic windows is desired.

• Plastic envelopes (e.g., Tyvek™) can clog pumps and screens
in deinking systems. Users of these types of envelopes should
consider working with envelope suppliers to find a way that
they can be tinted or otherwise identified to pre vent being
mixed in with office papers. 
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• Another contaminant mentioned by printing and writing
paper manufacturers and makers of 100% re c ycled paper-
board is plastic, ultraviolet-set coatings. These tough, shiny
coatings are used on some magazines sold on newsstands and
some folding cartons. These coatings fragment into tiny
s h a rds of plastic in the re c ove red fiber pulping process, which
can be difficult to remove. Often aqueous coatings are used,
which are more recyclable.

• Consider using uncoated paper in place of clay-coated paper
in cases where functional needs can be met. Although the
paper itself is not a contaminant, the clay coating must be
re m oved and disposed in the deinking process, which re d u c e s
the amount of useful fiber per ton re c ove red by approx i-
mately one- third. Some manufacturers of re c yc l e d - c o n t e n t
n ewsprint use magazines and catalogs in their deinking
p rocess, because the clay enhances ink re m oval and magazines
contain brighter, higher-quality fiber than newsprint. How-
ever, the total demand for magazines at newsprint deinking
mills in North America in 1995 was approximately 0.7-1.4
million tons per year, compared to total use of coated papers
in magazines and catalogs of 6.4 million tons.2 0 Ma g a z i n e s
and catalogs are also recycled into tissue products.

2. Corrugated boxes

• The largest single contamination issue for paperboard manu-
f a c t u rers is waxed-coated corrugated boxes. The American Fo r-
est & Paper Association, the Fiber Box Association and seve r a l
c o r rugated box manufacturers are working on developing stan-
d a rds for wax coating replacements that are more re c yc l a b l e .

3. Folding cartons

• As more folding cartons are beginning to be collected for re c y-
cling in U.S. communities, paper mills are discovering that
many of the non-paper materials added to the package to make
it more functional and convenient are now having to be
s c reened out and disposed. Such items include plastic handles,
spouts, tear tapes, coatings and metal tear strips. Over time,
packaging designers should work to increase the re c yclability of
such packages while maintaining functional perf o r m a n c e .

• Folding cartons made using we t - s t rength paperboard (e.g.,
beverage carrier cases) can be difficult to recycle because the

we t - s t rength additive inhibits pulping. This is an issue for
recycling box clippings as well as packages themselves. One
manufacturer of CUK paperboard has developed a compara-
t i vely repulpable we t - s t rength additive; this formulation is
being made available to the entire industry.
In some cases, reducing the presence of a certain contami-

nant will provide an immediate economic return for paper
users. For example, office paper with less colored paper in it
sells at a higher price in the recovered paper market. Purchasing
less colored paper can also cost the paper user less. Paper users
and mills should both benefit when they can communicate
about the presence of certain contaminants in recovered paper
and how re c ycling collection systems are operated. Ot h e r
changes will have to be diffused throughout society before they
have their full impact on the recycling system. As certain mate-
rials such as brightly colored papers and adhesives are identified
as contaminants, manufacturers are developing alternatives that
can be handled more easily in deinking and fiber processing sys-
tems. Purchasers can help accelerate the introduction of such
products into the marketplace.

Information Resources For Purchasers
P u b l i c a t i o n s :

BioCycle — Monthly magazine covering a wide range of issues
in re c ycling and composting; publishes a compre h e n s i ve annual
survey, “The State of Garbage in America,” every spring. $63
per year. 419 State Avenue, Emmaus, PA 18049.

Paper Re c yc l e r — In d u s t ry newsletter with broad coverage of
market and manufacturing issues in recycled paper, paperboard
and packaging. Provides market prices paid by mills, by region,
for approximately 22 re c ove red paper grades. Pu b l i s h e d
monthly; $347 per ye a r. Miller Freeman, Inc., 600 Ha r r i s o n
St., San Francisco, CA 94107. Miller Freeman publishes a wide
variety of newsletters and books relating to the paper and forest
products industries.

The Jaakko Pöyry Re c ycled Gra d e f i n d e r — A compre h e n s i ve
guide that seeks to list all of the printing and writing papers
with re c ycled content available in the United States, which
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amounts to several hundred different products and brands.
Information on the grade of paper, brand name, distributor,
m a n u f a c t u re r, total re c ycled content, postconsumer content and
brightness are listed. Published four times a year; $90 for an
annual subscription. Jaakko Pöyry Consulting, Inc., 560 White
Plains Road, Tarrytown, NY 10591.

Re c ycled Paper Ne w s — Monthly newsletter covering new pro d u c t
i n t roductions, public policy, environmental marketing, pro d u c t
retailing and environmental issues for re c ycled paper pro d u c t s .
$235 per ye a r. 6732 Huntsman Bl vd., Sp r i n gfield, VA 22152.

Re c ycling Ti m e s — Weekly newspaper-format publication cove r i n g
re c ycling and market and public policy issues for a spectrum of
re c yclable and compostable materials (paper, plastics, glass, metals,
y a rd trimmings, etc.). Provides market price estimates paid by
p rocessors and manufacturers for a range of materials and re g i o n s .
Published by the En v i ronmental In d u s t ry Associations, the trade
association for the private solid waste management industry,
which also publishes Waste Ag e, a monthly periodical dedicated to
solid waste management in general. $99 per ye a r. 4301 Connecti-
cut Avenue NW, Suite 300, Washington, DC 20008.

Re s o u rce Re c yc l i n g — A monthly magazine offering up-to-date
c overage and inve s t i g a t i ve journalism on innovations in re c yc l i n g ,
with a focus on paper, plastics and emerging programs and col-
lection and processing technologies. Also covers composting top-
ics. $42 per ye a r. 1206 NW 21st Avenue, Po rtland, OR 97209.

The U.S. En v i ronmental Protection Agency offers a range of pub-
lications and programs relating to re c ycling and solid waste
management. A list of publications can be obtained by writing
to: RCRA Docket (5305 SW), U.S. EPA, 401 M St reet SW,
Washington, DC 20460.

Organizations and Programs:

Chicago Board of Tra d e. In October 1995, the Chicago Board of
Trade established a “Re c yclables Exc h a n g e” for re c ove red paper,
glass, PET and HDPE plastic bottles and other materials. T h e
e xchange is an on-line electronic bulletin board that can be used
to buy and sell materials and to check market prices. As a re c o rd
of trades is accumulated, data on market prices are aggre g a t e d
and made ava i l a b l e .2 1 A subscription to the complete on-line ser-

vice that allows buying and trading costs $1,000 per year; infor-
mation on market prices only is available free by dialing into the
system using a computer with a modem. Re c yclables Exc h a n g e ,
141 W. Jackson Bl vd., Chicago, IL 60604; (312) 341-7955.

National Office Paper Re c ycling Pro j e c t. Founded by the U.S.
Conference of Mayors and businesses including BFI, Hewlett-
Pa c k a rd, Kodak, Waste Management, Inc., Xe rox and a number
of paper companies, this program provides a wide range of prac-
tical re s o u rces for offices of all types that want to make their
paper recycling programs more effective. Service and materials
include manuals on setting up and improving collection pro-
grams, posters and other promotional materials for use in
offices, and quarterly seminars held in different U.S. re g i o n s
focusing on problem-solving and improvements in office recy-
cling collection programs. 1620 Eye St reet NW, Wa s h i n g t o n ,
DC 20006; (202) 223-3088.

National Recycling Coalition (NRC). The NRC is a non-profit
organization committed to maximizing re c ycling along with
s o u rce reduction, reuse and composting. The NRC ’s dive r s e
membership includes private companies, non-profit organiza-
tions, government agencies and individuals. T h i rty-one state
recycling organizations are part of the NRC as affiliates or asso-
ciates. Major NRC projects include a national recycling “con-
g ress and exposition” held eve ry fall; the Re c ycling Ad v i s o ry
Council, a policy-development group; ReTAP, a recycling tech-
nology assistance program conducted with the Clean Washing-
ton Center and other organizations; a number of committees
and councils; and the Buy Recycled Business Alliance (BRBA).
As of November, 1995, the BRBA included more than 1,400
companies and 5,000 purchasing managers committed to pur-
chasing products with recycled content. NRC, 1725 King St.,
Suite 105, Alexandria, VA 22314; (703) 683-9025.

Re c ycled Paper Coalition. This group includes approximately 200
businesses committed to buying paper with postconsumer con-
tent, including large corporations and small firms in financial
services, retail/wholesale, health care, consulting, law, manufac-
turing, utilities, printing, non-profit, government, paper and
office supplies and other sectors. Founding members include
BankAmerica, Pacific Gas & Electric, Chevron, Pacific Be l l ,
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Sa f ew a y, George Lithograph and Wallace Computer Se rv i c e s .
Members commit, via the CEO’s signature, to implementing a
comprehensive paper-purchasing program, to giving preference
to competitively priced recycled paper products and to working
with paper and equipment manufacturers to increase the per-
centage of postconsumer content in recycled paper.22 In 1994,
the postconsumer re c ycled content fraction of overall paper
p u rchases by coalition members was estimated as at least 80,000
t o n s .2 3 Chapters exist in northern, central and southern Califor-
nia, Texas and Chicago; a chapter is being organized in New
York. Within these different regions, contact: 

– Mindy Grant, exe c u t i ve dire c t o r, Re c ycled Paper Coali-
tion, 3921 E. Ba y s h o re Road, Palo Alto, CA, 94303;
(415) 985-5568

– Gregory Voelm, 3524 Dutch Way, Sacramento, CA 95608;
(916) 944-4218

– Jennifer Pinkerton, 315 W. 9th St., Suite 312, Los Angeles,
CA 90015; (310) 333-4350

– Janine Ablan and Ro b e rt (Bob) Kee, Bank of America
Texas, PO Box 619005; Dallas, TX 75265; (214) 651-2750
or (214) 444-5033

– Liz Claudio, En v i ronmental Law & Policy Center of the
Mi d west, 203 N. LaSalle St., Suite 1390, Chicago, IL
60601; (312) 759-3400

– Linda De s c a n o - Nelson, vice president, enviro n m e n t a l
affairs, Salomon, Inc., Se ven World Trade Center, 43rd
Floor, New York, NY 10048; (212) 783-6928

The U.S. Federal Trade Commission has developed guidelines for
the use of environmental claims in adve rtising, including claims
regarding a product’s recycled content or ability to be recycled.
Available from FTC, Public Reference Branch, Room 130, 6th
and PA Ave., NW, Washington, DC, 2058; (202) 326-2222.

The U.S. Environmental Protection Agency has developed guide-
lines for federal purchases of different grades of paper with re c y-
cled content; the federal government is the largest purchaser of
paper in the country.24 In 1993, the White House issued Execu-
t i ve Order 12873, which re q u i res that federal agencies purc h a s e
printing and writing papers with specified minimum levels of
postconsumer recycled content.

A revision of the EPA’s guideline, which was first published in
1988, is scheduled for release in early 1996.

For more information on the EPA guidelines and supporting mate-
rials, call the RCRA Hotline; (800) 424-9346, or (703) 412-9810
in the Washington DC metro area. The Office of the Federal En v i-
ronmental Exe c u t i ve can provide copies of the Exe c u t i ve Order and
additional information; c/o U.S. EPA, Mail Code 1600, 401 M
St reet SW, Washington, DC 20460; (202) 260-1297.

Nu m e rous state and local environmental protection, eco-
nomic development and purchasing agencies have materials or
services available on a wide range of recycling topics.

IV. GENERAL CONCLUSIONS IN
SUPPORT OF THE RECYCLING

RECOMMENDATIONS

Environmental Comparison of Recycled and
Virgin Fiber-based Systems

The Task Fo rce has compared energy re q u i rements and enviro n-
mental releases from 100% re c ycled fiber-based and 100% vir-
gin fiber-based systems. Each system includes analogous
activities in the acquisition of fiber, pulp and paper manufactur-
ing and disposal of residuals. We have taken the compre h e n s i ve
a p p roach of examining entire systems, rather than limiting our
comparison only to the re c ycled vs. virgin manufacturing
p rocesses or re c ove ry vs. waste-management systems alone. T h e
systems approach allows us to better assess the full range of envi-
ronmental consequences that follow from the choice to pro d u c e
re c ycled-content paper and re c over and re c ycle used paper, as
opposed to producing virgin paper, disposing of it and re p l a c i n g
it with new virgin paper.

We re c o g n i ze that paper often contains re c ycled content at lev-
els lower than 100%. By comparing 100% virgin and 100% re c y-
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cled papers, we can assess the re l a t i ve energy use and enviro n-
mental releases of each type of fiber arising from its acquisition,
m a n u f a c t u re, use and post-use management by various means.
En v i ronmental attributes of paper containing intermediate leve l s
of re c ycled content would fall between the estimates provided in
this study for the 100% virgin and 100% re c ycled pro d u c t s .

1. Scope of the comparison

For the re c ycled fiber-based system, we have examined: used paper
collection, transport of the re c ove red paper to a material re c ove ry
facility (MRF), processing of the material at the MRF, transport
of processed re c ove red material to the manufacturing site, man-
ufacturing of pulp and paper using re c ove red fiber, and disposal
of residuals from MRF operations and paper manufacturing. 

For the virgin fiber-based system, we have included: harve s t i n g
of trees and transport of logs (or chips) to the mill, debarking
and chipping, manufacture of pulp and paper using virgin fiber,
collection of the paper after its use as part of municipal solid
waste (MSW), transport of the waste to MSW landfills and
waste-to-energy incinerators, and disposal or processing of the
waste at such facilities.25

The environmental data gathered by the Task Fo rce on the
re c ycled and virgin fiber-based systems include energy use and
e n v i ronmental releases in the form of solid waste output,
releases in several categories of air emissions and waterborne
wastes, and water use/effluent flow in manufacturing. T h e
Explanation of Key Terms and Ab b reviations included at the
end of this report provides definitions for the specific parame-
ters examined by the Task Fo rce. In addition, readers should
refer to pages 178-180 of Chapter 5 for a more detailed descrip-
tion of these parameters and their environmental significance.
Be l ow we elaborate on our examination of two specific cate-
gories of environmental parameters: energy use and emissions of
greenhouse gases.

In examining energy use, we considered both total energy —
that generated from combustion of all types of fuels, including
fuels derived from wood by-products (bark and pulping liquors
at pulp mills and paper in incinerators), as well as electricity
purchased from utilities — and purchased energ y which repre-
sents only energy generated from combustion of purchased fos-

sil fuels (that is, excluding combustion of wood-derived materi-
als) and purchased electricity. The analysis also incorporates
e n v i ronmental releases and solid waste generation associated
with the operation of powerplants that produce electricity used
in recycled and virgin manufacturing processes.

Purchased electricity may be generated by a variety of energy
s o u rces, including fossil fuels (coal, oil, natural gas), nuclear
power and hydropower – each of which has its own set of asso-
ciated environmental impacts. On a national level, about 68%
of electricity is produced from combustion of fossil fuels. In our
analysis there f o re, we have also indicated the fraction of pur-
chased energy used in the virgin and re c ycled systems that is f o s-
sil fuel-derived. The relative consumption of fossil fuels by the
different systems is an important environmental consideration:
Consumption of fossil fuels contributes to the depletion of a
natural resource, while fossil fuel extraction and transportation
can also damage natural re s o u rces through mining activities (for
example, strip-mining for coal) and accidental releases of raw
fuels or other pollutants to the environment (for example, oil
spills, re f i n e ry explosions, leaks from natural gas pipelines). Fo s-
sil fuel extraction, refinement and combustion also re q u i re
energy and entail releases to the environment; estimates of these
environmental parameters have been incorporated directly into
our quantitative analysis.

In our analysis, the difference between the amounts of total
and purchased enery used by a system represents the amount of
energy generated from wood-derived fuels (bark, pulping
liquors and used paper). For several of the paper grades we
examined, the virgin fiber-based system uses more total, but less
p u rchased, energy than the re c ycled fiber-based system (see Se c-
tion V). Such a system consumes less fossil fuel and hence
entails fewer of the environmental impacts just described; but it
also consumes greater wood re s o u rces, which has enviro n m e n t a l
implications with respect to forest management that are dis-
cussed in Chapter 4.

Our accounting for g reenhouse gases ( s p e c i f i c a l l y, carbon diox-
ide (CO2) and methane emissions) also re q u i res some elabora-
tion. The environmental concern associated with such emissions
is their association with the so-called “g reenhouse effect” linked to
global climate change. In assessing these emissions, we compare d
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the virgin and re c ycled systems with respect to both total and n e t
g reenhouse gas emissions. CO2 and methane emissions are
accounted for somewhat differe n t l y, as follow s :

CO2: Emissions of CO2 derived from burning wood-derived
materials (bark and pulping liquors in pulp and paper mills, and
paper in incinerators) do not result in a net i n c rease in such
emissions, because the trees from which these materials we re
derived absorbed the equivalent amount of CO2 in the process
of grow i n g .2 6 In contrast, emissions of CO2 d e r i ved from the
combustion of fossil fuels do result in a net increase. He n c e ,
wood-derived CO2 emissions are counted in total, but not net,
greenhouse gas emissions; fossil  fuel-derived CO2 emissions are
counted in both total and net greenhouse gas emissions.

Methane: Methane emissions from landfills are the only sig-
nificant source of methane in our systems comparison. De c o m-
position of paper-based materials in landfills results in emissions
of both CO2 and methane. The CO2 emissions are accounted
for as just described: they contribute to total but not to n e t
g reenhouse gas emissions, because they are offset by an equiva-
lent amount of CO2 originally absorbed by the trees from which
the paper was made. Howe ve r, emissions of methane need to be
accounted for differe n t l y. Methane is a much more potent gre e n-
house gas than is CO2, with one pound of methane emissions
re p resenting the equivalent of 69 pounds of CO2.2 7 That is, each
pound of methane contributes 69 pounds of greenhouse gas
emissions when expressed as CO2 e q u i va l e n t s . Only one pound of
these emissions was derived from CO2 originally absorbed by the
t rees used to make the paper; hence, all 69 pounds are counted
in t o t a l g reenhouse gas emissions, while 68 pounds are counted
as n e t g reenhouse emissions. Both total and net g reenhouse gas
emissions are expresed in terms of CO2 e q u i va l e n t s .

Except for energy use in harvesting trees and transport i n g
logs, the environmental effects associated with obtaining virgin
fiber from trees have not been considered here, due to their
largely qualitative nature. As discussed in Chapter 4, intensive
management of forests for fiber and wood production can have
significant biological and ecological consequences, such as
effects on biodiversity, wildlife habitat and natural ecosystems.
Such consequences are an important difference between recy-
cled fiber and virgin fiber-based systems.

Because an increase in the use of re c ove red fiber by paper
mills means a lower re q u i rement for pulpwood, re c yc l i n g
extends the fiber base and can help to conserve forest re s o u rc e s .
Mo re ove r, the reduced demand for virgin fiber achieved thro u g h
re c ycling will generally reduce the overall intensity of forest man-
agement re q u i red to meet a given level of demand for paper. In
so doing, it can help to foster changes in forest management
practices that are environmentally beneficial. For example, pre s-
s u re may be reduced to conve rt natural forests and sensitive eco-
logical areas like wetlands into intensively managed pine
plantations, and more trees may be managed on longer ro t a t i o n s
to meet demand for solid wood products rather than fiber.

2. Results of the comparison

The Task Fo rce compiled data for several different grades of
paper and paperboard products: newsprint made using either
virgin thermomechanical pulp (TMP) or re c ove red deinked
n ewspapers; corrugated boxes made using either virgin
unbleached kraft linerboard and semi-chemical medium or
recovered corrugated boxes; office papers made using either vir-
gin uncoated freesheet or recovered deinked office paper; and
p a p e r b o a rd used in folding cartons made using either virgin
pulp (coated unbleached kraft or solid bleached sulfate) or non-
deinked re c ove red paper. Although the Task Fo rce did not make
p u rchasing recommendations for newsprint, we thought this
grade was important to examine because it is collected in almost
all residential curbside recycling collection programs. 

This analysis shows clear and substantial environmental adva n-
tages from re c ycling all of the grades of paper we examined. Fi g u re s
2 and 6-9 and Appendix A provide the data supporting this find-
ing. Fi g u re 2, which shows findings for virgin and re c yc l e d
n ewsprint systems, is shown here as an example; additional fig-
u res are provided in Section V. The figures allow a comparison of
the energy use and environmental releases associated with the
re c ycled and virgin fiber-based systems for each paper grade. T h e
tables in Appendix A p rovide the underlying data on the magni-
tude of each energy and environmental parameter examined, for
each component activity that comprises the re c ycled fiber-based
system and the two virgin fiber-based systems (one invo l v i n g
landfilling and the other waste-to-energy incineration).28
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T h e re are several exceptions to the general enviro n m e n t a l
finding just stated: (1) While the recycled fiber-based systems
re q u i re smaller amounts of total energy than the virgin fiber-
based systems, for three of the five grades examined here (office
papers, corrugated boxes and coated unbleached kraft (CUK)
paperboard used in folding cartons) the virgin fiber-based sys-
tem requires less purchased (and fossil fuel-derived) energy. (2) In
the case of corrugated boxes and CUK paperboard, sulfur oxide
emissions are lower for the virgin fiber-based system. This is a
direct result of the greater use of fossil fuel-derived energy by
the re c ycled fiber-based system for these grades; sulfur ox i d e
emissions are strongly correlated with fossil fuel combustion.
(3) In the case of newsprint, the virgin fiber-based system,
which invo l ves making newsprint using thermomechanical pulp
(TMP), results in lower releases of two water pollutants (bio-
chemical oxygen demand, or BOD, and suspended solids) and
generates less effluent in the manufacturing process, compared
to the recycled fiber-based system.

The strong environmental advantages attributable to re c yc l i n g
hold true despite the exclusion from the model, due to a lack of
data, of several types of energy use and environmental releases asso-
ciated only with the virgin system. These include, for example,
the energy and environmental releases associated with fore s t
management other than harvesting; releases to the air and water
f rom landfills other than carbon dioxide and methane emis-
sions; releases to the air from incinerators other than carbon
d i oxide, sulfur oxides, nitrogen oxides and particulates; and
releases from ash landfills. In addition, certain assumptions we re
made in the model that overestimate energy use and environ-
mental releases for the recycling system.29

3. Energy used in transportation vs. manufacturing

Se veral specific results from the comparison are worth noting, as
they are somewhat counter to commonly held perc e p t i o n s
about re c ycling. First, it is often noted that collection and trans-
port of materials for recycling often requires more energy and
hence generates larger releases of pollutants from vehicles than
does collection of municipal solid waste for disposal in landfills
or incinerators. Our analysis is consistent with this finding, but
also shows that this use of energy (and its contribution to envi-

Figure 2-Newsprint
Average Energy Use and Environmental Releases for Managing

Newsprint by Recycled Production + Recycling vs. Virgin Production
+ Waste Management (Landfilling and Incineration)*
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ronmental releases) is quite small in comparison to the
energy used in manufacturing. 

As shown in the tables in Appendix A, the reduction in
total manufacturing energy consumption re s u l t i n g

f rom using re c ove red paper rather than virgin materi-
als is much larger than the increase in energy

required for collection and transport of recovered
materials re l a t i ve to municipal solid waste.

Indeed, for all grades of paper and for both vir-
gin and recycled-fiber systems, manufacturing
energy is the predominant use of energy by a
large margin. Materials and residuals collec-
tion, processing and transport are all re l a-
tively small by comparison.
Another factor often neglected in assessing
virgin fiber-based systems invo l ves the
amount of wood in the form of trees that
must be harvested and transported to serve
as a source of raw material. Wood in har-
vested trees contains approximately 50%
m o i s t u re. In addition, wood pulping
p rocesses have yields that are considerably
less than 100%; bleached kraft pulping
yields are on the order of 45%, unbleached
kraft yields are approximately 57% and
mechanical pulp yields are 80-95%. T h e
combination of these two factors means that

f rom 2 to as many as 3.5 tons of trees must be
h a rvested to produce one ton of pulp. The har-

vesting and transport energy per ton of pulp,
t h e re f o re, is re l a t i vely high even in comparison to

re c ove red paper collection and transport .

4. Important caveats

The details of the Task Fo rc e’s model, data and assumptions
a re included in Appendix A and White Papers Nos. 3, 10A,

10B and 10C. Some important caveats need to be kept in mind
when considering the findings just pre s e n t e d .
In general, the data cited and presented in this chapter re p re s e n t

a verage (mean) values, or estimates intended to be re p re s e n t a t i ve of

the facilities and activities being characterized, and the comparisons
will be valid only for “t y p i c a l” activities or facilities. Due to the
time- and site-specific variation in much of the data presented here ,
caution should be exe rcised in applying these average data to char-
a c t e r i ze the environmental attributes of individual facilities or activ-
ities. The environmental characteristics of the types of activities and
facilities examined here will virtually always show considerable va r i-
ation. Average data may there f o re overstate or understate the mag-
nitude of a given environmental parameter for a specific activity or
f a c i l i t y. While the data presented here are useful in indicating gen-
eral or likely attributes, they should be subjected to further exami-
nation and confirmation if used in a more specific manner or
setting than intended here .

As discussed in Chapter 1, howe ve r, in most cases average data are
most appropriate for our purposes, because we are most interested in
comparing typical activities and facilities, not ‘best case” or “worst case”
ones. For example, most purchasers do not know or cannot designate
the mills from which they buy paper. The use of averages is appro p r i a t e
in this case. By following conclusions drawn from average data, many
p u rchasers, acting in the aggregate, will make decisions that on balance
benefit the environment. For purchasers who do know from which
mills they buy, Chapter 5 presents options for evaluating the enviro n-
mental performance of individual manufacturing facilities. 

No attempt is made here to assess the magnitude of actual
e n v i ronmental impacts that arise from the energy use and envi-
ronmental releases; only their quantity is re p o rted. Ac t u a l
impacts depend on site-specific and highly variable factors, such
as rate and location of releases, local climatic conditions, popu-
lation densities and so on, which together determine the level of
e x p o s u re to substances released to the environment. Such an
assessment would re q u i re a detailed analysis of all sites where
releases occur, which is well beyond the scope of this project (and
indeed virtually any analysis of this sort). Our comparison here is
of necessity limited to a quantitative comparison of data on the
magnitude of energy use and environmental releases associated
with the systems examined. The rationale for this approach is
discussed at more length in Chapter 1.

Overall, we believe this is a conservative analysis with respect
to the recycled fiber-based systems. The level of support for the
findings is more than sufficient to ensure that their use by busi-

Figure 3
Conceptual Comparison of 

the Range of Virgin and 
Recycled Paper Performance
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nesses making purchasing decisions will, in the aggregate, have
a positive impact on the environment.

The Impact of Recycled Content on the
Functional Performance of Paper Products

As discussed in Chapter 1, the functional requirements of dif-
ferent paper products vary widely, as do the physical properties
of the different types of fiber used to make these paper prod-
ucts. For example, the linerboard used in a corrugated box
places a premium on strength, while clay-coated groundwood
paper used in magazines is designed to optimize pro p e rties such
as a good printing surface, light weight and opacity.

C o m p a red to the same type of virgin fibers used in the same
application, re c ycled fibers have different pro p e rties. The differ-
ences may be large or small, depending on the application and
h ow the re c ycled fibers are processed. Generally speaking, re c y-
cled fibers have reduced bonding potential compared to their vir-
gin counterparts, which tends to reduce strength and re q u i re s
compensation in the manufacturing process. In some circ u m-
stances, howe ve r, re c ycled fibers may also impart desired qualities
to the paper sheet, such as smoothness and dimensional stability. 

While the details va ry for different paper grades, the Ta s k
Fo rce has found that large quantities of re c ycled-content papers
a re available that meet specifications and perform comparably to
virgin paper in the major grade categories cove red in this re p o rt .
In other words, the quality of paper with re c ycled content is gener-
ally not a barrier to purchasing at levels of postconsumer re c yc l e d
content that are now ava i l a b l e . To consider the performance com-
parison for virgin and re c ycled-content paper, it is important to
bear in mind that for a given grade, the quality of both re c yc l e d
and virgin paper varies over a range, as shown in Fi g u re 3. 

At the ve ry upper end of the spectrum, the highest-quality vir-
gin paper may have a slight advantage over the highest-quality
re c ycled paper, but there are many re c ycled-content papers that
p e rform as well as virgin paper and some that perform better than
their virgin counterparts. The age, capabilities and operation of
papermaking equipment have a greater impact on the pro p e rt i e s
of the finished paper than its re c ycled or virgin content. 

Papermakers adjust for the differing pro p e rties of re c ycled fiber
in numerous ways in the manufacturing process. In some cases,
p a rticularly for printing and writing papers, re c ove red and virgin
fibers are blended. The compensations and adjustments for using
re c ove red fiber do re q u i re capital and operating expenditures in
some cases, but they also avoid certain capital and operating expen-
d i t u res on the virgin production side (for example, having to build
and run a virgin pulp mill). The economic tradeoffs for paper man-
u f a c t u rers in using re c ycled versus virgin fiber are dis-
cussed later in this chapter and in White Paper No.
9. Many of the adjustments made on the paper
machine to compensate for the pro p e rties of
re c ycled fiber are analogous to those made to
compensate for attributes of different tre e
species, for example.

The ability of papermakers to compensate
for the negative pro p e rties of re c ycled fiber
and enhance the positive traits has deve l o p e d
over time. Ma n u f a c t u rers have decades of expe-
rience working with re c ycled fibers in linerboard ,
c o r rugating medium, re c ycled paperboard, tissue
and some high-value printing and writing paper grades.
In contrast, the addition of re c ycled content in commodity-grade
printing and writing paper at large, integrated paper mills is a
phenomenon in the United States of the last five years. 

The Economics of Paper Recycling
The Paper Task Force has identified three key themes from its
research on the economics of paper recycling. 
• The market price of recovered paper plays an important role

in determining the comparative costs of paper recycling as an
alternative to traditional forms of solid waste management. 

• The price of recovered paper is also a key determining factor
in the comparative economics of producing virgin and recy-
cled-content paper. When recovered paper prices are within
their historical range, producing paper with recycled content
is less expensive than producing paper with virgin content for
several major paper grades. This is especially true when paper
mills are undergoing incremental expansions of capacity. 
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• By expanding the supply of fiber available to make paper and
by expressing a pre f e rence for paper with re c ycled content,
paper users can, in the aggregate, positively affect the dynam-
ics of the market for new paper products.

1. Recovered paper prices and recycling collection
and solid waste management costs

The market price of recovered paper has consequences for the
economics of re c ycling compared to solid waste management
and the comparative cost of manufacturing recycled and virgin
p a p e r. The recent history of paper re c ycling in the United St a t e s
indicates how the price of recovered paper reflects changes in
the overall recycling system. 

From 1990 to early 1994, prices for re c ove red paper we re ve ry
l ow, due to an excess of supply over demand. Many re s i d e n t i a l
and commercial re c ycling collection programs started up during
this time, and the 1991-1992 recession depressed demand for
n ew paper products. These new collection programs we re the
result of rapidly rising disposal fees in some regions, gove r n m e n t
regulation of landfills and other public sector initiatives and the
popularity of re c ycling among American citizens. Mills that we re
using re c ove red paper in this period benefited from the low
prices. Some posted good operating profits even through the
recession, outperforming predominantly virgin paper compa-
nies. Re c ycling collectors, on the other hand, earned re d u c e d
re venues per ton for the materials they collected.

Sp u r red by the abundance of inexpensive re c ove red fiber, con-
sumer demand and technological advances in re c ove re d - f i b e r
p rocessing systems, in the late 1980’s paper manufacturers began
installing large increments of additional deinking and re c ove re d -
fiber processing capacity. The timing and economics have va r i e d
for different grades of paper, but overall “...the paper industry in
the second half of the 1990’s will change more dramatically than
it has in the previous 50 years. The structural impacts of re c y-
cling on the pulp and paper industry will mean a decre a s i n g
reliance on tree cultivation, a rethinking of the size of mills, new
attitudes on locations of mills and strong re c ove red paper grade
m a rk e t s . . .”.3 0 Due to the installation of new paper re c yc l i n g
c a p a c i t y, the re c ove ry of the U.S. economy and growing world-
wide demand for paper, by mid-1995, the situation in re c ove re d
paper markets was the re verse of that in the early 1990’s .

Source: Resource Information Systems, Inc., 1995

Figure 4
Recovered Paper Prices, U.S. Quarterly Average 

Prices Paid by Mills, in 1995 Dollars
(No. 6 old newspapers, old corrugated containers, sorted white ledger paper)
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Fi g u re 4 s h ows U.S. quarterly average prices paid by paper
mills from 1974 to September 1995 for three major grades of
re c ove red paper, old newspapers, old corrugated containers and
s o rted white ledger paper (a re l a t i vely clean grade of postconsumer
white paper collected from offices and similar sources). The prices
c h a rted in Fi g u re 4 are adjusted for inflation. As the figure show s ,
f rom late 1993 to mid-1995, real prices for these three paper
grades ranged between exceptional lows and highs. In the fall of
1995, re c ove red paper prices fell sharply from their mid-1995
peak, as shown previously in Table 2. Ex p e rts project that re c ov-
e red paper prices will va ry around a trend price that is significantly
higher on average than during the 1989-1993 period. 

The costs of recycling collection and processing compared to
the costs of garbage collection and transfer plus landfilling or
incineration va ry greatly depending on local conditions and
how the recycling program is designed. For example, across the
United States, landfill disposal charges ranged from $10 to
$140 per ton in 1994.31 On a regional basis, incinerator tip fees
a re almost always higher than landfill fees. Except in areas where
disposal is ve ry expensive, collection costs are usually gre a t e r
than disposal fees, for both refuse and recyclable materials. 

Economically and practically, paper is one of the best materi-
als to collect for re c ycling, due to its abundance, easy identifica-
tion, and ability to be compacted (unlike aluminum, differe n t
types of plastic containers and glass, re s p e c t i vely). The economic
benefit of re c ycling collection is that it provides re venues fro m
the sales of materials and avoids the cost of disposing of waste in
landfills or incinerators. Re c ycling adds costs to local waste man-
agement systems when re c ycling collection duplicates, rather
than replaces, regular refuse collection. This is particularly an
issue for conventional residential curbside collection pro g r a m s .

The large majority of paper collected for re c ycling now
comes from the commercial sector, where the economics of
recycling are generally positive. The key to cost-effective collec-
tion of additional volumes of used paper will be increasing the
efficiency of collecting from dispersed sources, such as homes,
apartment buildings, small businesses, retail strip malls, restau-
rants, light manufacturing districts, etc. In both the residential
and commercial sectors, collecting additional grades of paper
that now have available markets — such as corrugated boxes,

mail, white papers, magazines, catalogs and folding cartons —
can increase collection volumes and efficiency. 

Residential curbside collection is a large and re l a t i ve l y
untapped source of used paper aside from newspapers. In 1988,
t h e re we re approximately 1,000 curbside re c ycling collection
programs operating in the United States; by 1994 one survey
counted 7,265. By these estimates, curbside recycling services
were available to 108 million people in 1994, or 41% of U.S.
h o u s e h o l d s .3 2 Municipalities and re c ycling-collection companies
are taking a number of steps to reduce duplication and
make their curbside recycling programs more cost-
effective, including redesigning recycling-collec-
tion trucks, optimizing re c ycling and
refuse-collection routes and schedules, and
collecting additional materials, especially
paper.33 Surveys of U.S. cities show that as
the amount of material collected in re c y-
cling programs increases, the cost per ton
decreases, due to better utilization of labor
and equipment.3 4

Due to increased efficiencies and higher
prices for recovered materials, in 1995 a number
of cities implemented curbside re c ycling pro g r a m s
with little or no increased costs over their existing refuse-
collection and disposal systems. These cities included Fa ye t-
teville, AR, Cincinnati, OH, and Austin, TX.35 Seattle, a city
with a longer-established recycling program, will save approxi-
mately $5 million in 1995 due to its curbside re c ycling and
composting collection programs compared to what it would
o t h e rwise have spent on municipal solid waste disposal.3 6

Nu m e rous cities in the province of Ontario have been operating
curbside recycling programs since the late 1980’s. As five-year
contracts for these programs and others in Canada expire and
a re being renegotiated in 1995, one survey found an ave r a g e
45% decline in fees.37 There are undoubtedly still many cities
with readily available opportunities for achieving reductions in
the costs of their recycling programs.3 8

The change in recovered paper markets also provides oppor-
tunities for paper users in the commercial sector. Not only have
recovered paper prices risen substantially, there is much more
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competition among companies providing re c ycling serv i c e s .
Some large re c ycling-collection companies are now offering
long-term contracts to municipalities and businesses for their
re c ove red paper. These contracts have guaranteed minimum
prices that are substantially higher than the low prices of the
early 1990’s. Some large generators of used corrugated contain-
ers, for example, are also receiving a premium over the market
price for old corrugated containers.

2. The cost of manufacturing paper with recycled
c o n t e n t

Depending on the type of paper being produced and the mark e t
price of re c ove red fiber, the cost of re c ove red paper can make up
20-40% of the total cost of producing 100% re c ycled paper.
For mills that use recovered paper, the cost of fiber as a portion
of total production costs rose significantly with the mid-1995
i n c rease in re c ove red paper prices. Prices for finished paper
p roducts have also risen, for re c ycled paper producers more
than fully offsetting the increase in recovered paper prices, and
for virgin paper producers providing the substantial operating
profit margins typical of the upside of the paper-pricing cycle.

With 534 pulp and paper mills operating in the United States in
1994, the comparative cost of manufacturing virgin and re c yc l e d
paper depends on a number of factors, including the amount of
re c ycled fiber in the sheet, the cost of re c ove red paper (the raw
material), the grade of paper being produced and the configuration
and age of individual mills. Some mills make 100% re c yc l e d - p a p e r
p roducts, some make only virgin paper products and some blend
virgin and re c ycled fiber. Non-integrated mills (those that do not
h a ve their own virgin pulp manufacturing systems) typically can
use either virgin or deinked pulp purchased on the market. 

For integrated pulp and paper mills, as a general rule, the eco-
nomics of adding a re c ove red-fiber cleaning and processing sys-
tem are most attractive when the mill is undergoing an expansion
or re n ovation and needs more pulp. Re c ove red-fiber pro c e s s i n g
systems achieve economic scale at 200-400 tons per day of pro-
duction, compared to 1,000-1,400 tons per day for new virgin
kraft pulp mills. When existing virgin pulping systems cannot be
economically expanded, the smaller re c ycling systems offer a bet-
ter fit with incremental expansions of papermaking capacity.
They can also be permitted and built more rapidly.

The use of re c ove red fiber in manufacturing corru g a t e d
b oxes, paperboard for folding cartons, newsprint and tissue
products used in the commercial (“away from home”) market
and the “va l u e” sector of the residential market is we l l - e s t a b-
lished. As mills making these grades of paper have expanded
over the last two decades, many have installed recovered-fiber
processing systems. When prices for recovered paper are within
their historical price range, the average mill making re c yc l e d
paper in these grades has a lower cost structure than the average
mill making the same grade of virgin paper.39

Office papers and other white papers have long been col-
lected for re c ycling into tissue and paperboard products. T h e
recycling of white paper used in offices back into printing and
writing papers is a new phenomenon, partly because the deink-
ing technology that can achieve this result has been in use in the
United States only since about 1989. As a result, fewer printing
and writing paper mills have had the opportunity to install
deinking systems as part of capacity expansions that naturally
occur over time. This has led many producers of printing and
writing paper to charge a price premium for re c ycled content, as
discussed in more detail on page 91.

In order to understand the impact of re c ove red paper prices
on the comparative cost of making different grades of virgin and
re c ycled paper, the Task Fo rce conducted a sensitivity analysis
using low, high and projected “t re n d” prices for re c ove re d
p a p e r.4 0 Trend prices are comparable to a long-term ave r a g e ,
a b ove and below which prices may fall at any given time.4 1 T h e
results of this analysis are provided in the sections on specific
grades of paper in this chapter and in more detail in White Pa p e r
No. 9. The analysis shows that for many paper grades, including
most types of printing and writing papers, the projected “t re n d” price
range for re c ove red paper will provide a good economic incentive to
s u p p o rt the collection of paper for re c ycling and also a raw material
cost that is competitive with virgin fiber for paper manufacture r s .
This situation will certainly not apply to eve ry paper mill, but
when re c ove red paper prices are at projected trend levels, there
will be a set of paper manufacturers that can manufacture large
quantities of high-quality re c ycled-content paper products at
costs competitive with virgin pro d u c e r s .



3. Projections of the future cost of pulpwood

The cost of pulpwood also affects the re l a t i ve cost of manufacturing
paper using virgin and re c ycled fiber. Re s o u rce Information Sy s-
tems, Inc. (RISI), a forecasting and economics consulting firm that
s p e c i a l i zes in forest products and paper, projects that pulpw o o d
prices in the United States will rise significantly between 1994 and
2000. Ac c o rding to RISI, “southern pulpwood prices began rising
in real terms around 1989, have already recouped all of the declines
that occurred in the 1980’s, and are starting to recoup the declines
re g i s t e red in the 1970’s. By next year [1996], real pulpwood prices
in the South will have broken a 30-year re c o rd high in real terms,
and will be heading up substantially from there. The ove rw h e l m i n g
factor is that harvesting is now exceeding growth in the South for
softwood fiber, and inventories of standing timber are declining.”
Ac c o rding to RISI, inflation-adjusted average prices for southern
h a rdwood and softwood chips will increase 33% and 34%, re s p e c-
t i ve l y, between 1994 and 2000.4 2

Fo rest products companies interv i ewed by the Paper Task Fo rc e
also project that prices for hardwood fiber used in papermaking
will increase in real terms by the end of the decade. This is signifi-
cant for re c ycling because deinked pulp made from re c ove re d
office paper is primarily a substitute for bleached kraft hard w o o d
pulp when it is used in printing and writing papers. 

A different forecast is provided in an earlier re p o rt by the U.S.
Fo rest Se rvice. Re l a t i ve to 1991, the Fo rest Se rvice projects an actual
modest decrease in real softwood and hardwood pulpwood prices in
the year 2000 in all U.S. regions except for softwood in the No rt h .4 3

One difference between the RISI and U.S. Fo rest Se rvice pulpw o o d
price estimates is the assumed rate of increase in demand for engi-
n e e red wood products, such as oriented strand board (OSB).  En g i-
n e e red wood products are made from the same types of
p l a n t a t i o n - g rown pine trees that typically are chipped and pulped to
make paper in the South, and thus compete for this source of wood.
RISI projects that such products will gain a much larger share of the
s t ructural lumber market than does the Fo rest Se rv i c e .

The Fo rest Se rvice also attributes much of the stability in its
p rojected pulpwood prices to the role that increased re c ove ry of
paper plays in extending the fiber supply. The increased supply of
fiber created by expanded paper re c ycling is seen to have a moder-
ating effect on pulpwood prices. Both forecasts conclude that re c y-

cling will play an important economic role in the overall mark e t
for fiber used in making paper in the United St a t e s .

4. Increased recycling as a cost-containment
strategy for paper purchasers

A key conclusion from the Paper Task Fo rc e’s re s e a rch is that
i n c reased paper re c ycling has the potential to change the dynamics
of markets for new paper products in a way that reduces paper prices. 

Paper prices in the short term are determined by supply and
demand factors. In the long term, manufacturing costs also play a
role. Ab ove - a verage profit margins for a particular product tend
to draw new manufacturers into the field and lead existing pro-
ducers to expand capacity. Conve r s e l y, if market prices are below
manufacturing costs over a significant period of time, affected
mills will either shut down, go bankrupt and reemerge with lowe r
costs, or re n ovate and shift to making different grades.

As of mid-1995, paper prices were reaching all-time highs,
reflecting a peak in the demand for paper relative to available
supply, as has occurred in past pricing cycles. This time around,
h owe ve r, there are three new factors in the equation, all of
which suggest that the upside of the paper pricing cycle may be
sustained differently than in the past. First, in the United St a t e s ,
there are relatively few major expansions in paper-manufactur-
ing capacity announced or under construction, especially in
printing and writing grades. Second, inflation-adjusted U.S.
prices for raw materials used to make paper — pulpwood, vir-
gin market pulp and re c ove red paper — have climbed above
their historic highs, with further significant increases in pulp-
wood prices expected by the end of the decade. 

T h i rd, increases in both total and per-capita demand for
pulp and paper, both in the United States and worldwide, are
also projected for the medium term. Growth in demand re l a t i ve
to local supply will be particularly acute in Asia, which will be
the largest net importing region in the world. Demand for
paper in Asia is projected to grow to 107 million tons by the
year 2000, compared to 60.3 million tons in 1990. “The fast
growth in consumption will outpace even the large amount of
investment in new capacity in the region, requiring an increas-
ing amount of imported paper products.”44 Some analysts pre-
dict that the growth in demand in Asia will be partially supplied
by pulpwood producers in the southern United States, given its
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relative production costs and the largely open market situation
that prevails, especially for non-industrial private owners.45

Seeking to bring the supply and demand (and therefore pric-
ing) for paper back into balance, paper users themselves cannot
build new mills or plant and harvest additional trees. They can
influence the supply of fiber, however, by increasing the collec-
tion of used paper for re c ycling. They can influence mark e t
demand by expressing a preference for paper with recycled con-
tent. If taken by many paper users, these two actions will create
i n c e n t i ves for paper manufacturers to expand re c yc l i n g - b a s e d
paper production capacity.

The recent history of paper re c ycling underscores the power of
this approach. Growth in re c ycling-based paper manufacturing
capacity is now outpacing growth in virgin paper pro d u c t i o n
c a p a c i t y. Be t ween 1984 and 1994, U.S. production of pulp fro m
wood grew by 10.2 million tons, while consumption of re c ove re d
paper by U.S. paper manufacturers grew by 13.3 million tons.46 

The case of linerboard and corrugating medium used to make
c o r rugated boxes provides an example of the market impact that
re c ycling can have. Be t ween 1990 and 1995, total U.S. corru g a t e d
c o n t a i n e r b o a rd capacity is projected to grow from 28.4 to 33.0
million tons per ye a r, or 16%. Of the 4.6 million tons of con-
t a i n e r b o a rd capacity growth, 3.0 million tons will be made fro m
100% re c ycled fiber and an additional increment will be a re c y-
cled/virgin fiber mix.4 7 When the costs to mills of using old corru-
gated containers and mixed paper are within their historical range,
capital and operating costs are generally lower for re c yc l i n g - b a s e d
expansions compared to new virgin containerboard capacity.
Ac c o rding to Pulp & Paper We e k, the new containerboard capacity
is moderating potential price incre a s e s .4 8 Re c ycling has also playe d
a key role in supporting the expansion of low-cost manufacturing
capacity in the commercial and institutional segment of the tissue
i n d u s t ry over the last 15 ye a r s .4 9

A similar case could be made that deinked market pulp is
affecting prices for its functional competition, virgin hard w o o d
m a rket pulp, in comparison to virgin softwood market pulp.5 0

Deinked market pulp now makes up roughly 10% of U.S. mark e t
pulp production. In c reased BCTMP pulp and Indonesian hard-
wood market pulp also affect the global hardwood pulp pricing
equation, howe ve r.
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Figure 5
World Production of Paper and Paperboard, Total Papergrade

Pulp Production and Recovered Paper Consumption

Source: Resource Information Systems, Inc., 1995



5. The economic benefits of increased recycling for
paper producers

In c reased collection of paper for re c ycling can also benefit paper
m a n u f a c t u rers. An increased supply of re c ove red paper will help
keep the cost of re c ove red paper at a level that maintains the com-
p a r a t i ve manufacturing cost advantage for grades of paper that have
traditionally contained re c ycled content. Paper manufacturers con-
sidering incremental increases in capacity that could be supplied by
re c ove red-fiber processing systems will be more likely to make these
i n vestments. The Task Fo rce has interv i ewed several manufacture r s
who we re considering such expansions and who put their plans on
hold when re c ove red-paper prices rose sharply in early 1995.
In c reased re c ycling will also help moderate the long-term effect of
i n c reasing pulpwood costs on overall prices for new paper.

An econometric study conducted at the U.S. Fo rest Pro d u c t s
Lab shows that, by extending the fiber base, higher re c ycling rates
will allow greater overall industry growth than low re c ycling rates.
Ac c o rding to the study, “increased paper re c ycling will extend
U.S. fiber re s o u rces and contribute to enhanced competitive n e s s
for the U.S. pulp and paper industry (and will also extend timber
re s o u rces for the lumber and plywood sectors). In c reased export
and decreased import of pulp, paper and paperboard pro d u c t s
will significantly improve the U.S. balance of trade.”51

The power of re c ycling to allow judicious use  of wood
re s o u rces is greatest when viewed on a global scale. In 1994,
a p p roximately 20% of all paper produced w o rl d w i d e was dis-
c a rded into municipal solid waste in the United St a t e s .5 2 A n
i n c rease in the collection of paper for re c ycling in the Un i t e d
States from 40% to 50% would equate to a 3.3% increase in
fiber supply worldwide.5 3 As shown in Fi g u re 5, global demand
for paper has been growing significantly faster than pro d u c t i o n
of virgin wood pulp used in making paper, and re c ycled fiber
has been filling the gap. From 1985 to 1995, worldwide paper
and paperboard production grew by an estimated 90 million
tons, re c ove red paper consumption grew by 55 million tons,
and wood pulp production grew by 27 million tons.5 4 In part s
of the world that do not have major forest re s e rves, such as
regions within Asia and Eu rope, individual paper fibers are
re c ycled more than once. In these situations, one ton of re c y-
cled fiber used multiple times is actually substituting for seve r a l
tons of wood pulp.

V. FINDINGS FOR SPECIFIC GRADES
OF PAPER

Printing and Writing Paper
Printing and writing paper, used in myriad products such as
books, magazines, business communications and advertising, is
probably the type of paper most people encounter most
often in their daily lives. Printing and writing paper
is the largest category of paper used in the
United States; 25.7 million tons were manu-
factured domestically in 1994, and another
3.7 million tons we re imported (net), in
total making up about one-third of all U.S.
paper shipments.5 5 Of all the major paper
grades, printing and writing paper generally
has the highest value, both as new paper and
as a used material collected for recycling.

1. Environmental issues

The lifecycle comparison of virgin and re c ycled office
paper systems developed by the Task Fo rce examined a
total of 16 parameters, including total and purchased energy, eight
categories of pollutant releases to air and four to water, and quan-
tities of effluent and solid waste. Ton-for-ton, 100% re c ycled paper
made from deinked used office paper is preferable (for most para-
meters) or comparable (for three parameters) to 100% virgin
p a p e r. The only exceptions are purchased and fossil fuel-derive d
e n e r g y, where the re c ycled system exceeds the virgin system by
17% and 19%, re s p e c t i ve l y. Fi g u re 6 s h ows this comparison. Fo r
a paper sheet that contains a blend of virgin and re c ycled pulp, the
e n v i ronmental profile would be intermediate to that described
h e re and pro p o rtional to the re l a t i ve amounts of virgin and re c y-
cled pulps. 

Deinking mills use somewhat larger amounts of purc h a s e d
energy compared to virgin bleached kraft pulp mills, but consid-
erably less total energy. When all of the activities that comprise the
virgin and re c ycled lifecycle systems are factored in, the re c yc l e d
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fiber-based system still uses more purchased energy and much less
total energy than the virgin fiber-based system.

Fi n a l l y, virgin printing and writing papers (specifically uncoated
f reesheet, coated freesheet and the kraft portion of coated gro u n d-
wood papers) re q u i re the most wood of the paper grades studied by
the Task Fo rce, about 3.5 tons of trees (assuming 50% moisture
content) to produce a ton of paper. This is due to the average 45%
yield associated with kraft pulping and bleaching.5 6 Hence, ton for
ton, replacing virgin kraft pulp with deinked pulp will have the
g reatest positive environmental impact on forest re s o u rc e s .

2. Av a i l a b i l i t y

The addition of re c ycled content to printing and writing paper i s
a re l a t i vely new phenomenon, in part because deinking technol-
ogy has improved substantially since the mid-1980’s. In 1989,
re c ove red paper made up less than 6% of the fiber used in print-
ing and writing paper, almost all of which came from precon-
sumer sourc e s .5 7 In contrast, between 1993 and 1997, the
majority of newly constructed pulping capacity oriented tow a rd
printing and writing paper will use recycled rather than virgin
fiber. By 1997, capacity will exist in the United States to make
approximately 3 million tons of deinked pulp of a high enough
quality for use in printing and writing papers.58 Since deinked
pulp is usually blended with virgin fiber in the manufacture of
printing and writing papers, this means that substantial quanti-
ties of printing and writing paper with recycled content will be
available in almost all grades.

Four large U.S. mills with integrated or semi-integrated
deinking capacity will produce 1.6 - 1.8 million tons per year of
paper with 20-35% postconsumer re c ycled content by 1996, in
addition to at least one large Canadian pro d u c e r. Fo u rteen small
or medium-sized mills with their own deinking plants will also
be producing coated and uncoated printing and writing paper
p roducts by this time, compared to eight in 1989.

3. Paper performance

Ma n u f a c t u rers and users of both re c ycled-content and virgin
paper assess performance in two ways: by means of individual
physical specifications (for example, moisture content, opacity,
brightness, smoothness) and actual performance in printing
p resses and office equipment. The Paper Task Fo rc e’s re s e a rc h
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s h ows that, by these standards, there are commodity grade papers
a vailable today containing postconsumer re c ycled content that
meet customers’ re q u i rements for runability and print quality.

Uncoated freesheet papers with 10-35% postconsumer con-
tent are currently available that meet the functional re q u i re-
ments of office users and consistently perform well in low - ,
medium- and high-speed copy machines, fax machines and
laser-jet printers and offset presses. Papers with 50-70% post-
consumer content are available on a more limited basis. There
are specialty-grade business papers and publication papers that
contain from 20% to 100% postconsumer content and meet
functional re q u i rements. Based on extensive interv i ews with
paper and equipment manufacturers, the Task Force found that
frequency of copy machine jams is not correlated with the use
of recycled-content paper.59 The majority of jams are a function
of several factors, such as two-sided copying, the speed and con-
dition of equipment, the quality of the paper being used
(whether recycled or virgin) and operator errors.

L i g h t weight coated papers with 10-15% postconsumer con-
tent, medium and higher-weight coated papers with 10-30%
postconsumer content and uncoated groundwood publication
papers with 10-60% postconsumer content are available that
meet the functional re q u i rements of users and consistently per-
form well in offset printing presses and finishing operations. In
the paper-manufacturing process, it is more challenging to use
deinked fiber in coated papers because of the sensitivity of the
coating process to contaminants on the surface of the paper sheet.

The experience of several large publishers, printers and paper
m a n u f a c t u rers confirms that acquiring a level of familiarity with
the paper, whether virgin or re c ycled-content, prior to printing a
job is a key to successful printing. Press adjustments (for example,
p ress speed, roller tension, composition of the fountain
solution/inks) re q u i red to accommodate the characteristics of re c y-
cled-content paper are analogous to what is re q u i red for any change
in paper stock, including virgin grades. For books, re c yc l e d - c o n-
tent paper can have better dimensional stability and increased bulk
c o m p a red to virgin paper. These pro p e rties help the paper lay flat
and improve the “f e e l” of book papers, re s p e c t i ve l y.

Brightness specifications for most business papers and publi-
cation papers can be met when using re c ycled content at the

l e vels described above. Re c ycled-content business papers with
10-35% postconsumer content are available with brightness lev-
els of up to 89 GE brightness (see the Explanation of Key Te r m s
and Abbreviations for a description of how brightness is mea-
s u red). T h e re are few high-brightness (above 90) uncoated
f reesheet papers available with postconsumer content. Howe ve r,
less than 10% of the uncoated freesheet market is comprised of
high-brightness papers.

Ma n u f a c t u rers produce coated freesheet grades with 10-15%
postconsumer content that meet typical brightness specifica-
tions for magazines, trade books and textbooks. However, it is
more difficult to reach the high-brightness levels specified for
some coated freesheet grades with recycled content.

4. Price premiums for printing and writing paper with
recycled content

A major concern to purchasers is whether or not printing and
writing paper with recycled content will cost more than virgin
p a p e r. Evaluating this issue re q u i res an understanding of mark e t
dynamics and manufacturing costs, which are discussed in this
section and the two sections that follow.

In general, producers have the ability to set price premiums
under a variety of different conditions. For example, sellers may
obtain a premium when a new product is introduced that has
special features that add value for customers. Ma n u f a c t u re r s
who face higher production costs for new products may seek
price premiums to justify their additional expenditures com-
p a red to their standard production runs. Premiums are also
likely when there is limited competition among sellers or when
demand is significantly greater than supply. In this case, limited
supplies are allocated among potential customers based on their
willingness to pay higher prices. In 1995, many of these factors
were at work in the market for recycled-content printing and
writing paper.

Due to the high cost of re c ove red paper and high ove r a l l
demand for finished paper, as of mid-1995 many producers of
printing and writing papers were asking their customers to pay
a price premium for paper with recycled content. The premium
is generally on the order of 5-10%, and comes on top of major
increases in the price of paper overall. The level of the premium
depends on the manufacturer and the market, and is not always
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present, especially at the retail level. 
In a time of high prices for new paper products, manufactur-

ers of virgin and re c ycled paper are both achieving positive
returns; this is certainly the case at re c ycled content levels of 10-
30%. Charging a premium is re q u i red to maintain the same
p rofit margin in making re c ycled-content paper as a mill is
achieving with virgin paper.60 In contrast, price premiums are
generally not being charged for tissue, paperboard and
newsprint with recycled content, for several reasons.61

Pu rchasers should be aware of several factors that may serve
to reduce price premiums over time, or that could have the
opposite effect. Paper purchasers and users, in the aggre g a t e ,
can influence many of these factors themselves. For example,
g reater collection of re c ove red paper for re c ycling will tend to
reduce manufacture r s’ cost of using re c ove red paper. Paper use
reduction steps like those outlined in Chapter 2 can ease tight
m a rket conditions.

As paper demand and supply come into greater balance, large
mills with integrated deinking plants may reduce price premi-
ums and use re c ycled content as a competitive tool to re t a i n
market share, compete more effectively for the best customers,
and keep their mills running at full capacity. Increasing prices
for pulpwood, particularly hardwoods, may bring the cost of
p roducing virgin and deinked pulp closer together. On the
other hand, high prices for re c ove red paper and a ve ry tight
m a rket for new paper would maintain pre s s u re to pre s e rve price
premiums. By assessing factors such as these, purchasers should
be able to gauge whether or not price premiums are justified for
specific grades of paper.

5. The cost of producing printing and writing paper
with recycled content

Paper mill operators who want to produce printing and writing
paper with re c ycled content face a “make vs. buy” decision.
They can either install their own deinking systems or purchase
deinked market pulp from another producer. Integrated deink-
ing plants are located adjacent to paper mills, which may also
make or buy virgin pulp to supply their paper machines. Inde-
pendent deinked market pulp (DMP) mills purchase recovered
p a p e r, re m ove the ink and other contaminants, and sell the pulp
to a paper mill for use on existing paper machines. Given these

options, the costs of producing printing and writing paper with
recycled content depend on how the deinked pulp is produced,
the configuration of the paper mills that use it and the compar-
ative cost of using recovered paper versus virgin pulpwood.

The cost of producing deinked pulp
Approximately 70% of deinking capacity for producing print-
ing and writing paper grades to be constructed from 1989 to
1997 will be at deinked market pulp facilities. By the end of
1997, there will be at least 20 deinked market pulp mills oper-
ating in the United States making a pulp of sufficient quality for
use in printing and writing paper; in 1989, there were four.62

Overall, deinked market pulp mills provide a more flexible
but slightly more expensive means of furnishing recovered fiber
pulp to paper mills than do integrated deinking mills. Purchas-
ing deinked market pulp does not re q u i re a major capital inve s t-
ment by paper manufacturers; the investment is made by the
company producing the pulp and its financial support e r s .
Smaller paper mills that could not use all the pulp from a full-
scale deinking plant can buy DMP in amounts that meet their
needs. Paper manufacturers can use DMP to make differe n t
quantities of paper with va rying levels of re c ycled content to
meet market demand. On the other hand, producing DMP
generally costs more than making deinked pulp at integrated
mills, in part due to pulp drying and transportation costs. 

By September 1995, competition between deinked mark e t
pulp manufacturers, falling prices for re c ove red office paper and
rising prices for virgin market pulp forced the price of DMP
below that of bleached kraft hardwood pulp for the first time
ever, in a highly unsettled market.63 This is especially important
for non-integrated or semi-integrated paper mills that have a
choice in buying market pulp.

If deinked market pulp costs more to produce than inte-
grated deinked pulp, both generally cost more to manufacture
than virgin bleached hardwood kraft pulp, even at pro j e c t e d
trend prices for recovered paper. Very high prices for recovered
f i b e r, such as those pre vailing in mid-1995, heighten this differ-
ence. However, there will be some overlap in production costs
for specific mills. Low-cost re c ycled pulp producers may be
more than competitive with high-cost virgin pulp producers.64

The cost of pulp is only one factor that determines the total
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cost of making paper. Other aspects of paper mill configura-
tions that influence the cost of making re c ycled paper are
described in the next section.

6. Manufacturing costs for specific paper grades

a) Commodity uncoated freesheet
“Commodity uncoated fre e s h e e t” refers to paper grades used in
photocopy machines, computer printers, business forms,
e n velopes and long offset printing runs. These papers are pro-
duced in large volumes at integrated virgin pulp and paper mills.

The comparative cost of using deinked pulp to make com-
modity-grade uncoated freesheet with re c ycled content depends
on the grade of paper, the level of re c ycled content, the configu-
ration of the individual mill and the cost of purchasing re c ove re d
paper or deinked market pulp. Di f f e rent cost scenarios are pre-
sented in the text box below.6 5 Mills in the United States can be
found in all of the different scenarios outlined here. This in part
accounts for the variability in availability and pricing for differ-
ent brands of printing and writing paper with re c ycled content.

b) Specialty uncoated freesheet papers
In contrast to commodity-grade papers, the paper industry pro-
duces a number of paper products in smaller quantities, usually
at small- to medium-sized mills, that tend to sell for higher
prices. For the sake of simplicity, we will refer to these grades as
“s p e c i a l t y” papers.7 1 One example of this type of paper is text and
c over papers used in books and re p o rts. These papers are also
used in highly visible, customer-oriented products that tend to
h a ve short printing runs and place a greater importance on the
appearance and “f e e l” of the paper. Such uses include bro c h u re s ,
invitations, stationery, business cards, menus, etc. For a variety of
reasons, re c ycled content may be an important aspect of the pre-
sentation made by these paper pro d u c t s .

C o m p a red to commodity-grade printing and writing papers,
high-value papers with recycled content are less likely to carry a
price premium for re c ycled content, and when they do, the pre-
mium is usually a lower percentage of the selling price. This is
true for several reasons. 

Some text and cover paper mills have been producing paper
with re c ycled content for several decades. These mills have mod-
e r n i zed their deinking facilities in order to handle postconsumer
re c ove red paper, but at least part of their deinking systems may
be more fully depreciated than the brand new deinking plants
being installed at commodity printing and writing paper mills.
In vestments in deinking at these mills are sunk, compared to dis-
c re t i o n a ry purchases of deinked market pulp at other mills.

Many specialty printing and writing paper mills are non-
integrated or semi-integrated to virgin pulp production. These
mills purchase market pulp to obtain fiber for making
p a p e r. They directly compare the price of purc h a s-
ing virgin and deinked market pulp. Be t we e n
1989 and 1995, the price of deinked market
pulp was higher than virgin market pulp; in
the fall of 1995 this position was reversed.
Smaller non-integrated mills are likely to
operate at less-than-full capacity utiliza-
tion, especially during the downside of the
paper-pricing cycle. If it helps a mill sell
m o re paper, adding re c ycled content may
improve the overall economics of running the
mill due to declining marginal costs of pro d u c-
tion.

Even when purchasing deinked market pulp is more expen-
s i ve than purchasing virgin market pulp, the manufacturing
cost impact as a percentage of the total selling price will be less.
This is simply because text and cover paper tends to sell for
roughly twice the price of commodity uncoated freesheet paper. 

c) Coated freesheet papers
The large number of uncoated freesheet mills operating in No rt h
America means that there have been more opportunities over time
for these facilities to add deinking systems as they undergo incre-
mental expansions. In comparison, there are a smaller number of
mills making coated freesheet, so that opportunities for adding
integrated deinking facilities have been comparatively limited. As
of 1995, two re l a t i vely small coated freesheet mills in the Un i t e d
States operated their own deinking plants7 2. A number of other
mills purchased DMP to make paper with re c ycled content. 
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Manufacturing cost scenarios for adding
postconsumer recycled content at coated 

and uncoated freesheet mills
These scenarios start with the lower-cost manufacturing cases and
end with the highest.

Mills that have some existing recycling equipment

Se veral small- to medium-sized U.S. paper mills now making
paper with recycled content were able to install deinking systems
at a low capital cost compared to completely new systems. These
mills already had some equipment on site that could be adapted
to create a viable deinking plant. Other re c ycling-based mills
h a ve upgraded their deinking systems to handle postconsumer
recovered paper.66 Most of these mills are not integrated to virgin
pulping systems.

Integrated mills undergoing incremental expansions 
of paper production capacity

Mills typically expand their capacity to make paper by increasing
the running speed of existing paper machines or by installing a
new machine. When recycling systems are considered for such mills,
the cost of producing deinked market pulp is evaluated as part of the
overall expansion package. When virgin pulp mills have reached
their production limits and cannot be incrementally expanded in
a cost-effective manner, a deinking plant may be the most eco-
nomical means of gaining a 200-400 ton per day increment of
pulp production. One large southern printing and writing paper
mill started up a 300 ton-per-day deinking plant in late 1994,
which will eventually support a 300 ton-per-day expansion in
paper production at the same mill.67 Modular deinking systems
based on technology used in washing industrial textiles are now
being developed and sold. If successful, these systems could be
installed as single units producing 100 tons of deinked pulp per
day at per-ton costs comparable to larger deinking systems.68

Mills with extra pulp drying capacity

Some mills make both virgin market pulp and paper and have
extra pulp drying capacity available. Such mills could add a
deinking system and make market pulp or paper with va ry i n g
levels of recycled content depending on market conditions. With

a pulp-drying machine already in place and operating, the incre-
mental cost of drying additional tons of pulp is re l a t i vely low.
The economic picture is similar to the case above, but there is
more exposure to the profit and loss potential of the virgin and
deinked pulp market. These mills could also add a ve ry large new
paper machine and use the deinked pulp to supply part of the
new machine’s pulp requirement. Two large, integrated southern
mills in this configuration started deinking plants of 234 and 400
tons per day of production in 1995; both are also in the process
of adding world-class paper machines.69

Mills with a minor increment of paper 
machine capacity available

Some mills have production capacity available on their paper
machines that is slightly greater than their overall production of
virgin pulp. This situation occurs because it is often easier for
mills to speed up their paper machines than to gain increments of
virgin pulp production capacity. These mills might not be candi-
dates for installing their own deinking systems, but could buy
deinked market pulp to add to some of their production. In this
case, they would compare the cost of deinked market pulp to the
cost of virgin market pulp. The per-ton cost of paper production
declines as a machine is brought up to full capacity, because fixed
and semi-variable costs are allocated over greater quantities of
production.

Mills that are closely balanced in virgin 
pulp and paper production

The increase in costs associated with buying deinked market pulp
would be greatest for mills that are closely balanced in their virgin
pulp and paper production and do not have pulp drying capacity
a vailable. In calculating their manufacturing costs, they would
c o m p a re the cost of buying deinked market pulp to the “c a s h
c o s t” (variable cost) of making their own virgin pulp. Bu y i n g
deinked pulp will invariably be more expensive in this compari-
son, because the capital costs of the virgin pulp system are sunk
and are not counted. In addition, virgin pulp production may
have to be curtailed to allow for the use of DMP, which would
i n c rease the average per-ton cost of making virgin pulp. Su c h
mills are not good economic candidates for adding recycled con-
tent to their paper.70



The economics of adding DMP to coated freesheet are simi-
lar to the economics of adding DMP to uncoated freesheet, as
are the economics of installing integrated deinking systems. In
both cases, DMP is essentially a substitute for virgin hardwood
pulp. The key cost factors include whether or not the mill has
extra papermaking capacity beyond its virgin pulp capacity and,
if this is the case, the comparative cost of virgin and deinked
market pulp.

As a percentage of the selling price of paper, the cost of
adding DMP to coated freesheet is smaller than commodity
uncoated freesheet, because coated freesheet sells for a higher
price. In addition, meeting a 15% level of recycled content, for
example, actually requires less recycled fiber per ton for coated
than uncoated paper, because the re c ycled content is most often
measured as a percentage of the fiber weight in the paper sheet,
and coated paper is made up of only about two-thirds fiber.
Nonetheless, due to the cost of using deinked market pulp com-
p a red to producing virgin bleached kraft pulp, most coated
freesheet available with recycled content in 1995 is selling at a
price premium.

Two coated paper manufacturers now own deinked market
pulp mills, one of which is essentially integrated to the paper
mill. These mills both produce coated groundwood and
freesheet papers, but the majority of the deinked pulp that they
consume is used in freesheet grades.7 3

d) Coated groundwood papers
At comparable percentages of re c ycled fiber content, the cost
impact of adding re c ycled fiber is usually greater for coated
g roundwood papers than for coated or uncoated freesheet papers.
L i g h t weight coated papers contain a mix of bleached softwood
kraft and mechanical pulp. Deinked market pulp is typically used
to replace these two types of virgin pulp on a 50/50 basis, in ord e r
to maintain the strength and opacity of the paper. 

Deinked market pulp produced from office papers is essentially
a bleached hardwood kraft pulp substitute. The cost of purc h a s i n g
deinked market pulp is substantially greater than the cost of man-
ufacturing virgin mechanical pulp. Deinking of used new s p a p e r s
and magazines (which contain mechanical pulp themselves) may
be a more economical means of making gro u n d w o o d - c o n t a i n i n g
printing and writing paper with re c ycled content. Actual operating

experience with this approach in the United States and Eu rope is
l i m i t e d .7 4 A major U.S. producer announced in October 1995 that
it is considering partially conve rting a large newsprint mill to light-
weight coated groundwood paper at a site with a large deinking
plant that uses old newspapers and magazines.75

Corrugated Boxes
Corrugated shipping containers play a major role in distribu-
tion of products in the United States. St rength is their most
i m p o rtant performance attribute but is not the only feature that
may be important to purchasers. Corrugated boxes are made
f rom a combination of linerboard and corrugating medium,
which in this re p o rt we call “c o n t a i n e r b o a rd . ”7 6 C o n t a i n e r b o a rd
is one of the largest uses of paper used in the United States, with
a production of 28.1 million tons for domestic use in 1994,
including 19.3 million tons of linerboard and 8.8 million tons
of corrugating medium.77 

In sum, purchasers can buy corrugated boxes that re d u c e
e n v i ronmental impacts in at least four ways, usually saving
money or maintaining price parity: 

• Boxes are available with recycled content
• They can also have reduced basis weight
• They can be designed for source reduction 
• The use of film laminates, the “bag-in-box concept” and

n ew water-resistant coatings can potentially help make
wax-coated boxes more recyclable

All of these steps can be taken without compromising the per-
formance of the container.

1. Environmental issues

The lifecycle comparison of virgin and recycled corrugated box
systems developed by the Task Fo rce examined a total of 14
parameters, including total and purchased energy, eight cate-
gories of pollutant releases to air and three to water, and quan-
tities of effluent and solid waste. Ton-for-ton, 100% re c yc l e d
containerboard made from old corrugated containers is prefer-
able (for most parameters) or comparable (for two parameters)
to 100% virgin containerboard. The only exceptions are pur-
chased and fossil fuel-derived energy, where the recycled system
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exceeds the virgin system by 23%. Figure 7 shows this compari-
son. For a corrugated box that contains a blend of virgin and
recycled pulp, the environmental profile would be intermediate
to that described here and proportional to the relative amounts
of virgin and recycled pulps.

C o n t a i n e r b o a rd re c ycling mills use somewhat larger amounts
of purchased energy compared to virgin unbleached kraft pulp
mills, but considerably less total energy. When all of the activities
that comprise the virgin and re c ycled lifecycle systems are fac-
t o red in, the re c ycled fiber-based system still uses more purc h a s e d
energy and less total energy than the virgin fiber-based system.

Mills using recovered corrugated containers produce compa-
rable or slightly higher amounts of solid waste compared to vir-
gin corrugated mills, due in large part to higher rates of sludge
generation. Howe ve r, when the amount of waste avoided by
reutilizing most of the fiber in the recovered material is consid-
ered, the recycled fiber-based system results in about one-quar-
ter as much solid waste as the virgin fiber-based system. 

Fi n a l l y, virgin corrugated containerboard re q u i res almost
three tons of trees (at 50% moisture content) to produce one
ton of containerboard. This is due to the average 57% yield
associated with unbleached kraft pulping and the low percent-
age of fillers used in linerboard and medium.78 Replacing virgin
unbleached kraft and semichemical pulps with pulp made from
re c ove red corrugated will reduce considerably the number of
t rees needed to make this grade of paper, with concomitant pos-
itive impacts on forest resources.

2. Av a i l a b i l i t y

Recycled content levels historically have been relatively high in
the containerboard industry and have been growing in recent
years. Of the 55 mills producing linerboard in the Un i t e d
States, 14 currently use 100% re c ycled fibers as a furnish, 34 use
a mix of recycled and virgin fiber, and 7 use 100% virgin fiber.
Of the 60 corrugating medium mills in the United States, all
use some recycled fiber and 33 use 100% recycled fiber.79

The majority of incremental expansions and new machines
added to make linerboard and corrugating medium since the
mid-1980’s have been based on recovered fiber. Between 1994
and 1997, more than 5 million tons of new capacity to produce

96

R E C Y C L I N G  A N D  B U Y I N G  R E C Y C L E D  P A P E R

Figure 7-Corrugated Boxes 
Average Energy Use and Environmental Releases for Managing

Corrugated by Recycled Production + Recycling vs. Virgin Production +
Waste Management (Landfilling and Incineration)*



recycled linerboard and corrugating medium will come on-line.
Ap p roximately 42 of the 54 new mills, major expansions or
i n c remental increases in containerboard capacity to be built
during this period are based on 100% recycled fiber.80

Linerboard mills have traditionally used clippings from box
plants as a source of fiber, and old corrugated containers (OCC)
have been a major source of fiber for corrugating medium. The
t rend tow a rd more widespread use of postconsumer re c yc l e d
content in containerboard began for the most part in the early
1 9 8 0 ’s, supported by several factors. Im p rovements in paper
mill headbox, press section and drying technology have made it
possible to compensate in the manufacturing process for some
of the lowe r - s t rength pro p e rties of re c ove red fiber. Im p rove-
ments in OCC screening and cleaning technology have also
facilitated the utilization of more recovered fiber.

These technologies have not only improved the quality of
c o n t a i n e r b o a rd made from re c ove red fiber, but have also
allowed mills to incrementally expand their paper production,
requiring an increased supply of pulp. Installing an OCC pulp-
ing and cleaning line is often the most economical way to pro-
vide increments of pulp below the scale of large virgin pulping
systems. Finally, some customers are requesting boxes that con-
tain recycled content.

Between 1990 and 1994, the average total recycled content
for corrugated boxes increased from 26% to 38%.81 The recov-
e red fibers used are mainly postconsumer materials, although
precise data on percentages are not available. The generation of
preconsumer scrap through the box-converting process is esti-
mated at 8% of total containerboard production, or the equiv-
alent of 2.2 million tons in 1994; this scrap is used in the
manufacturing of containerboard, 100% re c ycled paperboard
and other products.82 Average total recycled-content levels are
higher for corrugating medium (59% in 1994) than for liner-
board (25% in 1994).83

3. Performance

The ultimate performance of corrugated boxes, both recycled
and virgin, depends as much on individual mill and converting
technology as the type of fiber used. Recycled fibers from OCC
a re shorter and present some disadvantages in manufacturing

compared to virgin unbleached kraft fibers. However, with new
production technologies and adjustments in the papermaking
p rocess, manufacturers can produce boxes with high levels of
recycled content and no loss in performance compared to boxes
produced from virgin fibers. Based on these new technologies,
some manufacturers produce corrugated boxes with 100% post-
consumer recycled content with the same performance charac-
teristics as virgin boxes. 

Changes in freight carrier standards, primarily those used by
the trucking and railroad industry, and the acceptance of com-
p re s s i o n - s t rength test standards, especially the Edge Crush Te s t
( E C T), allow for both increased re c ycled content and sourc e
reduction through lightweighting. Re c ove red fibers we re at a
re l a t i ve disadvantage under the old basis weight/burst stre n g t h
test standards. With ECT as an alternative testing measure ,
re c ycled content can be increased and lighter-weight board can
be used, with comparable performance to virgin boxes. T h e
a l t e r n a t i ve testing measures have promoted the newly deve l-
oped high-performance containerboard, which mainly includes
l i g h t weight containerboard with maintained edge-cru s h
s t rength. Depending on mill technology, adding re c ycled con-
tent and reducing weight can be achieved simultaneously. A
f ew manufacturers offer 100% re c ycled lightweight container-
b o a rd, for example.

4. Economics 

It is generally less costly to make linerboard and corru g a t i n g
medium using re c ove red fiber rather than virgin fiber, except when
the cost of purchasing re c ove red paper is ve ry high, as in mid-
1995. This is especially true when incremental mill expansions are
c o n s i d e red. When re c ove red paper costs are within their historical
range, the more re c ove red fiber that is used in linerboard, generally
the less expensive it is to manufacture .8 4 This statement is based on
cost estimates for average U.S. mills; there are variations at indi-
vidual sites. Makers of corrugated boxes generally do not charge a
price premium for re c ycled content.

The most recent development in re c ycled containerboard
p roduction is the “mini-mill.” At 400 tons of production per
d a y, these mills are small only in comparison with traditional
large-scale virgin linerboard mills. Their size allows them to be
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built in more urbanized areas with reduced need for large water
supply and wastewater treatment systems. One such mill has
e ven been proposed for Staten Island in New Yo rk City.8 5 Un d e r
p rojected “t re n d” costs for re c ove red paper, containerboard mini-
mills generally have lower overall production costs than larger
virgin and re c ycled linerboard mills.8 6 The mini-mills obtain
their cost advantages from lower transportation costs for re c ov-
e red paper and finished product and from lower capital costs. A
related trend is the conversion of old, small printing and writing
paper mills to making 100% re c ycled containerboard .8 7

Given the high and volatile prices for OCC encountered in
mid-1995, much of the attention of the industry is devoted to
finding new sources of supply. The commercial sector
accounted for 80% of OCC discarded (not recycled) in 1992.88

C o r rugated boxes are readily identifiable and bulky, making
them comparatively easy to pull from mixed commercial waste
on a tipping floor or conveyor. Increasing the recovery of OCC
is therefore partly a matter of the incremental expansion of an
already well-developed network.8 9

Much of the discussion in this area revolves around projec-
tions of the “practical recovery limit” for OCC and the poten-
tial to substitute mixed paper for 5-15% of the OCC furnish.
The new generation of mini-mills may be able to make corru-
gating medium with up to 100% mixed paper.9 0 The conclusion
of officials who purchase recovered paper for major container-
board manufacturers and a number of studies on the topic is
that the United States may be approaching a limit to the recov-
ery of OCC, but has not reached it yet.

Di f f e rent sources use different methods for defining the
re c ove ry of OCC. Ac c o rding to the Franklin Associates Ltd.
consulting firm, 14.6 million tons, or 55.5% of all postcon-
sumer OCC generated in the United States were recovered in
1993, and nearly 12 million tons were discarded.91 The Ameri-
can Fo rest & Paper Association (AF&PA) includes both pre -
and postconsumer recovered paper in its definition of OCC.92

Using the AF&PA definition, 16.7 million tons of OCC, or
62.0% of a total containerboard production of 26.9 million
tons, we re re c ove red in 1993.9 3 Using either method of calculat-
ing OCC recovery, large volumes are now being collected for
recycling, but a significant tonnage is still being disposed.

Franklin Associates, AF&PA and other experts have concluded
that there is sufficient available fiber that is currently not re c yc l e d
to meet the current round of containerboard capacity expansions.9 4

This fiber will come in part from OCC collected from small busi-
nesses and homes, and in part from mixed paper substituted for
O C C .9 5 O ver the longer term, the interplay of market forces and
re c ycling collection and fiber-processing technology will deter-
mine the ultimate limit on re c ycled content in corrugated boxe s .

5. Purchasing corrugated boxes with environmental
i m p r o v e m e n t s

A range of options is available for purchasers of corru g a t e d
boxes that potentially offer environmental benefits: increasing
s o u rce reduction, increasing re c ycled content and increasing the
re c yclability of coated boxes. So u rce reduction in corru g a t e d
packaging can also be facilitated by box redesign, an opportu-
nity that is often overlooked. For example, boxes can be
redesigned to optimize box size and maximize truck utilization,
or the size of box flaps can be reduced. 

It may be possible to increase the re c yclability of waxed boxe s
t h rough the substitution of repulpable coatings. Wa xed boxes are
mainly used in the meat, poultry and produce industries for water
resistance. They constitute about 3-6% of all corrugated boxe s
p roduced, or 800,000 to 1.6 million tons of OCC. The wax is
difficult to re m ove during repulping, causing problems in paper-
making and affecting the quality of the new containerboard .

In order of their current ava i l a b i l i t y, three alternatives to waxe d
b oxes are possible: film laminates, the “bag-in-box” concept and
repulpable water-resistant coatings. Boxes with laminated film
linings are accepted by some containerboard manufacturers but
not accepted by others. Plastic bags inside corrugated boxe s
should be re m oved prior to collection. The Fiber Box Association
and the American Fo rest & Paper Association are working with
c o n t a i n e r b o a rd manufacturers to set a vo l u n t a ry industry stan-
d a rd for repulpable water-resistant coatings.96
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Folding Cartons
Folding cartons are paperboard boxes that are creased and
folded to form containers that are shipped and stored flat and
erected at the point where they are filled. Designed to contain
and present products to the customer, folding cartons are gen-
erally small enough to hold in one hand.9 7

The three major grades of paperboard used to make folding
c a rtons are solid bleached sulfate (SBS), coated unbleached kraft
(CUK) and clay-coated 100% re c ycled paperboard. Other terms
for coated unbleached kraft paperboard include coated natural
kraft and solid unbleached sulfate.97

In sum, environmental benefits, price and availability all
weigh in favor of recycled paperboard. If limits arise in the use
of re c ycled paperboard for a specific type of folding carton, they
a re likely to be related to performance issues. In these cases,
adding recycled content to SBS or CUK may offer a compara-
t i ve environmental advantage to virgin paperboard. Ad d i n g
recycled content to SBS is likely to increase the price.

Three basic types of packages are made from these grades of
p a p e r b o a rd, each designed for a different type of product. Fo l d-
ing cartons are made from all three types of paperboard and are
used as mass-produced consumer packaging. Set-up boxes are
made principally from re c ycled paperboard and are custom-
designed to package products such as liquor and jewelry. Food-
board, more than 90% of which is made from SBS, is used in
food containers and milk and juice cartons.9 8

In 1994, 6.1 million tons of paperboard was used in folding
cartons and similar uses, 316,000 tons of paperboard was used
in set-up boxes, and 1.7 million tons was used in food service
and milk and juice cartons. These numbers measure pro d u c t i o n
for domestic use; an additional 1.9 million tons of paperboard
used in these types of boxes and cartons was exported in 1994,
67% of which was SBS.99 Folding cartons are the focus of the
Paper Task Fo rc e’s recommendations. They are a much larger
use than set-up boxes. The public health and safety issues asso-
ciated with direct-contact packaging for fatty and aqueous food
tend to limit, although they do not exclude, the use of postcon-
sumer recycled fiber.

Because SBS, CUK and re c ycled paperboard differ in perf o r-

mance characteristics and price, each tends to be used to pack-
age a different set of goods, though there is substantial overlap
and competition outside of direct food-contact packaging. SBS
is generally used for items that are perishable or for which re t a i l-
ers perc e i ve that a highly printable or smooth, bright white
appearance inside and out helps differentiate the product (for
example, baked goods, medicine, cosmetics, high-priced toys). 

Be verage carriers for beer and soft drink bottles make up
about 70% of the use of CUK. CUK is beginning to penetrate
other markets, such as frozen foods and hardware.100 Recycled
paperboard is used to package items such as dry foods, which
may or may not be packaged with plastic inner liners (for exam-
ple, cereal, pasta, rice, cookies, crackers and pet food), paper
goods (for example, envelopes and stationery), hard w a re and
powdered laundry detergents. Of the 6.2 million tons of paper-
b o a rd produced for the U.S. folding-carton market in 1994, 2.9
million tons (47%) we re re c ycled, 2.0 million tons we re SBS
(32%), and 1.3 million tons were CUK (21%).101

1. Environmental issues

The lifecycle comparison of virgin and re c ycled paperboard systems
d e veloped by the Task Fo rce examined a total of 15 parameters,
including total and purchased energy, eight categories of pollutant
releases to air and three to water, and quantities of effluent and solid
waste. Ton-for-ton, 100% re c ycled paperboard is generally found to
be preferable to 100% virgin CUK and SBS paperboard. For the
comparison between 100% re c ycled and CUK paperboard, the
only exceptions are purchased and fossil fuel-derived energy, where
the re c ycled system exceeds the virgin system by 28% and 17%,
re s p e c t i ve l y, and sulfur oxides, where the two systems are compara-
ble. For the comparison between 100% re c ycled paperboard and
SBS paperboard, this finding holds true across all enviro n m e n t a l
parameters examined in our analysis except for purchased and fos-
sil fuel-derived energy, where the two systems are comparable. Fi g-
u res 8 and 9 s h ow the results from the re c ycled-CUK and
re c ycled-SBS comparisons, re s p e c t i ve l y. 

Of all the paper grades examined by the Task Fo rce, the envi-
ronmental benefits of the re c ycled fiber-based system are the
most pronounced and consistent in comparison to SBS. Fo r
paperboard that contains a blend of virgin and recycled pulp,
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the environmental profile would be intermediate to that dis-
cussed here and proportional to the relative amounts and types
of virgin and recycled pulps.

Mills making re c ycled paperboard use smaller amounts of
total energy compared to mills making virgin paperboard. The
recycled mill uses comparable purchased energy to a mill mak-
ing SBS paperboard, but more than a mill making CUK paper-
board. When all of the activities comprising the recycled and
virgin lifecycle systems are factored in, the recycled fiber-based
system uses comparable purchased energy and much less total
energy than the virgin system involving SBS paperboard, but
m o re purchased energy (though still much less total energy)
than the virgin system involving CUK paperboard.

Mills making re c ycled paperboard produce slightly higher
amounts of solid waste than do virgin mills making CUK paper-
b o a rd, but considerably less than virgin mills making SBS paper-
b o a rd. When the amount of waste avoided by reutilizing most of
the fiber in the re c ove red material is considered, the re c ycled fiber-
based system results in only about 30% and 26% as much solid
waste as the CUK and SBS virgin fiber-based systems, re s p e c t i ve l y. 

Fi n a l l y, virgin CUK and SBS paperboard re q u i re 3.3 and 3.5
tons, re s p e c t i ve l y, of trees (at 50% moisture content) to pro d u c e
1 ton of paperboard, depending on the grade.1 0 2 Replacing virgin
kraft pulp with pulp made from re c ove red paper will reduce con-
siderably the number of trees needed to make this grade of paper-
b o a rd, with concomitant positive impacts on forest re s o u rc e s .

The issue of source reduction vs. re c ycled content is fre-
quently raised in environmental comparisons of different types
of paperboard used in folding cartons. In some cases, using
recycled paperboard instead of CUK or SBS requires moving to
a higher basis weight. The typical increase is two points in
caliper, which translates to paperboard that is 10-20% heavier.
New types of stronger, lighter 100% recycled paperboard and
i n n ovations in package design mean that increases in basis
weight are not inevitable when using re c ycled paperboard. In
many cases, however, increases in basis weight will be required. 

The case of re c ycled paperboard in folding cartons is an
exception to the general rule that source reduction is environ-
mentally preferable compared to adding recycled content. This
is because, on a ton-for-ton basis, the energy use and environ-
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Figure 8-CUK Paperboard
Average Energy Use and Environmental Releases for Managing

Paperboard by Recycled Production + Recycling vs. Virgin
Production + Waste Management (Landfilling and Incineration)*



mental releases associated with re c ycled paperboard are substan-
tially lower than those for CUK and especially SBS, as shown in
Figures 8 and 9. The differences are so large that, in general, an
individual package made from re c ycled paperboard will still
have lower energy use and environmental releases than an SBS
or CUK carton, even if the recycled carton is 10-20% heavier.

2. Performance and availability

In the case of re c ycled paperboard, “Mo re than half of the p ro d-
ucts on supermarket shelves are now packaged in cartons using
re c ycled paperboard, and growth in nonfood products has also
been good.”1 0 3 In other words, the fundamental question of
whether re c ycled paperboard can meet basic functional re q u i re-
ments for many types of consumer product packages is not at issue. 

Users of folding cartons are generally concerned with three
criteria for the paperboard: appearance (“graphic appeal” or
printability), strength (stiffness) and machinability (the ability
of the carton to set up and run smoothly and quickly through
packaging filling lines). Folding cartons must meet perf o r m a n c e
requirements through their entire use cycle, including convert-
ing and printing, filling and gluing, distribution, retail presen-
tation and use by the final customer. Packaging buyers tend to
specify performance criteria for the overall package, rather than
for the paperboard itself.

With re g a rd to appearance (printability, smoothness and
brightness), SBS offers superior performance compared to CUK
and re c ycled paperboard. The color of the inside of the box
(white, brown or gray) appears to be diminishing as a selection
factor for some packaging uses.

With re g a rd to strength (stiffness, tear, compression stre n g t h ,
scoring and bending strength) at comparable caliper leve l s ,
CUK offers superior characteristics compared to SBS, with
recycled paperboard ranked third. 

Machinability depends on the type of filling and gluing
machines being used, as well as the paperboard. Machinability
is most critical when there is a challenging filling environment
or when the speed of the filling line is a limiting factor in the
overall production of the product. For example, beverage filling
lines run at high speeds and tend to create wet and humid con-
ditions. Conventional package filling machines are fairly flexible
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and can be tuned to compensate for the properties of different
types of board. CUK manufacturers state that CUK runs best
through modern filling machines that run at very high speeds;
SBS manufacturers suggest that their product runs through typ-
ical filling machines with the greatest consistency in perf o r-
mance. Within these criteria, performance can vary depending
on the mill that manufactures the paperboard.

Ad vances in forming technology at re c ycled paperboard mills,
such as multifourdrinier machines and ultraformers, can sub-
stantially reduce the difference in basis weight between virgin
and re c ycled board. Roughly half of the coated re c ycled paper-
b o a rd produced for the U.S. folding carton market is made on
m o d e r n i zed machines. Lighter-weight re c ycled paperboard (12-
14 point range) is not available in the same quantities as heavier-
weight board. Ad vances in coating, printing and va r n i s h
technology also have increased the quantity of re c ycled paper-
b o a rd available for high-quality graphics applications.

The use of re c ycled paperboard raises concerns in the con-
ve rting and printing process, but these can be re s o l ved by pro c e s s
modifications and operator experience and training. Re c yc l e d
p a p e r b o a rd can pose problems with respect to response to mois-
t u re (causing curva t u re of the board) and increased dusting and
linting. These can be addressed through proper storage, inve n-
t o ry management and climate control at the conve rting plant,
and by installing vacuuming and dust-collection equipment.

SBS paperboard is available with 10-30% postconsumer re c y-
cled content in limited quantities, usually made by adding
deinked market pulp. One manufacturer is using a differe n t ,
p ro p r i e t a ry technology that produces an SBS product with re c y-
cled content that is suitable for use in aqueous food-contact
applications. This manufacturer states that performance specifi-
cations for its re c ycled-content bleached paperboard are the same
as for its 100% virgin pro d u c t s .1 0 4 CUK is available with 20-25%
re c ycled content. At these levels of re c ycled content, manufac-
t u rers state that there is no loss in performance charact e r i s t i c s
c o m p a red to their 100% virgin pro d u c t s .

3. Economics

Recycled paperboard has traditionally sold at a lower price than
CUK, and both sell for less than SBS. This reflects both lower

manufacturing costs and appearance characteristics for recycled
and CUK paperboard and comparatively lower stiffness pro p e r-
ties for recycled board. Between 1985 and 1995, per-ton prices
for 20 pt. CUK ranged between 72% and 93% of prices for 15
pt. SBS (these are the standard basis weights for which publicly
a vailable price data are re p o rted). During the same period,
prices for 20 pt. recycled paperboard ranged between 59% and
79% of 15 pt. SBS prices.105

Users of folding cartons buy packages from conve rters, rather
than paperboard itself. The design of the carton, the type of
printing, the basis weight of paperboard used and other factors
will influence the final cost of the package. In 1995, the cost of
paperboard made up an estimated 58% of the average total cost
of printing and converting folding cartons.106

For 100% re c ycled paperboard producers, the impact of
recovered paper prices on total production costs is a key con-
cern. Changing recovered paper costs can make a difference of
about $150 per ton for a product with production costs in the
$400-500 per ton range. Experience in 1994 and 1995 suggests
that most producers of recycled paperboard have been able to
raise prices for clay-coated grades sufficient to compensate for
rising recovered paper prices.107 For example, estimated average
fiber costs for re c ycled paperboard producers increased fro m
$96 to $175 per ton of finished product manufactured fro m
1994 to 1995. Average prices for the same grade of paperboard
i n c reased from $597 per ton to $759 per ton in the same
period, more than making up the difference.108 By shifting to
lower grades of mixed paper and installing more recovered fiber
cleaning equipment, re c ycled paperboard mills can part i a l l y
compensate for rising recovered paper prices.

Producing SBS with re c ycled content by adding deinked
m a rket pulp increases production costs. The economic issues
a re comparable to those for uncoated freesheet, presented pre v i-
ously in the chapter. One operational difference is that SBS pro-
ducers often manufacture their entire output at food-grade
quality, since they do not know the ultimate use of the paper-
board they are making. When using deinked market pulp for
non-food contact applications, SBS producers must modify
their mill operations somewhat.

The two manufacturers of CUK in the United States both
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p roduce board with 20-25% re c ycled content. For these mills,
the costs of doing so will be similar to those for linerboard ,
although possibly higher, since CUK is a more demanding appli-
cation. Because it is coated with clay, the re q u i rements for
smoothness and lack of contamination in the CUK top liner are
g reater than for linerboard. The pro p o rtional effect of changing
costs for re c ove red paper will not be as great for CUK as for liner-
b o a rd, because overall production costs for CUK are higher than
for linerboard. Manufacturing costs for CUK are comparable to
re c ycled paperboard. Prices for CUK, howe ve r, are much higher,
because of the value-added uses of the product and the effect of
having only two producers in a market with strong demand.

4. Recycling of folding cartons

Folding cartons are collected for recycling in a relatively small
but growing number of communities in the United St a t e s .1 0 9

There is little systematic data on how they are collected or the
types of paper mills that use them as a raw material. In a pro-
gram promoted by re c ycled paperboard manufacturers in
Ontario, citizens can re c ycle folding cartons through a two-part
separation of paper products, with newspapers, magazines, cat-
alogs and telephone directories on one side of a partitioned bin,
and corrugated boxes, mail, ledger paper and paperboard pack-
aging on the other.

The most likely candidates for using folding cartons as a
feedstock are mills producing different grades of re c yc l e d
p a p e r b o a rd, unbleached tissue and toweling and constru c t i o n
paper and board. The manufacturing processes at these mills
can handle more contaminants compared to other types of
paper and paperboard. 

Mills that use folding cartons as a feedstock will face higher
levels of contaminants, due to the presence of packaging com-
ponents such as polyethylene coatings, metal tear strips, plastic
handles, etc. These problems may be addressed by a number of
steps taken at the mill. Packaging designers may be able to
reduce some of the contaminants in paperboard packaging that
cause problems at recycling mills through their choice of var-
nishes, adhesives and packaging components.

VI. ANSWERS TO FREQUENTLY ASKED
QUESTIONS

As organizations begin to collect their used paper for re c yc l i n g
and buy re c ycled paper, questions usually arise. This section poses
some of the questions the Task Fo rce has often encountered, and
p rovides answers based on our analysis and experience.

1. Why does some printing and writing paper with
recycled content cost more?

Considering all types of paper and paperboard produced in the
United States, most recycled-content paper does not cost more
than comparable grades of virgin paper. Manufacturing printing
and writing paper with re c ycled content often costs about 5-
10% more than manufacturing comparable grades of virgin
paper in current market conditions. As of mid-1995, the pri-
mary reason for this fact was the extremely high cost of recov-
ered paper, although technological factors can also play a role.
In order to maintain comparable profit margins for re c ycled and
virgin grades, manufacturers charge more for the paper with
recycled content. 

Price premiums generally are found only in the case of print-
ing and writing paper. When prices for recovered paper are in
their historical range, in many circumstances it costs less to
manufacture grades such as newsprint, linerboard, corrugating
medium and various types of 100% recycled paperboard com-
pared to competing virgin paper products.

As discussed in the chapter, the economics of pro d u c i n g
paper with recycled content can vary from mill to mill. Gener-
ally speaking, adding a re c ove red fiber processing system at a
paper mill is most likely to be cost-effective when the mill is
expanding its paper production and needs an additional incre-
ment of pulp. For integrated virgin mills that are closely bal-
anced in their pulp and paper production, purchasing deinked
m a rket pulp is substantially more expensive than manufacturing
virgin hardwood kraft pulp.

Price premiums for printing and writing paper with re c yc l e d
content may decline in the future under certain conditions. Fo r
example, in the fall of 1995, market prices for re c ove red paper
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declined substantially, and the price of deinked market pulp
d ropped below that of virgin bleached hardwood kraft mark e t
p u l p. Collection of significantly more office-type paper for re c y-
cling would tend to reduce mills’ raw material costs. Competition
among manufacturers of deinked pulp and among manufacture r s
of re c ycled-content printing and writing paper will tend to re d u c e
or eliminate premiums, especially as the downside of the paper
pricing cycle begins. As paper mills expand and technology
e vo l ves over time, mill managers will find more economical
means of fitting deinking facilities into mill operations.

2. Does paper recycling “save trees?”

Yes, but the effect is more complex than would appear on the sur-
face. Re c ycling can reduce the number of trees that are harve s t e d
for making paper. The real impact of increased re c ycling should
not be considered literally in terms of individual trees, but in
terms of changes in forests and forest management practices.
Re c ycled fiber substitutes directly for virgin fiber in the paper
sheet and, consequently, reduces the demand for virgin fiber
coming from the pulp and paper sector. Trees can also be used to
make lumber and other wood products, howe ver; so some of the
t rees that are not used to make paper due to re c ycling could end
up as wood products or be exported as logs or chips.

O verall, paper re c ycling helps conserve and extend the virgin
fiber base and affects the management of forests in a way that is
e n v i ronmentally positive. This is especially true on a global basis.
In regions like Asia and Eu rope where high re c ycling rates mean
that fibers are re c ycled multiple times, one ton of re c ycled fiber
would replace the equivalent of several tons of virgin fibers.

3. Don’t we have plenty of landfill space? If so, why
recycle paper?

While the adequacy of landfill space is as much a political and
economic question as an environmental one, the enviro n m e n t a l
a d vantages of re c ycling extend well beyond saving landfill space.
Landfills are a source of both air and water pollutants, includ-
ing, for example, methane (which is a potent “greenhouse gas”
and contributor to global climate change) and leachate, which
can contaminate groundwater and must be collected and
t reated, adding to the amount of sludge generated by waste-
water treatment plants. As paper degrades in landfills, it con-

tributes to releases of both air and water pollutants. Re c ycling of
paper avoids these releases and reduces the need to site addi-
tional landfills thereby reducing the number of locations where
those releases might occur.

But more significantly, paper re c ycling reduces enviro n-
mental impacts occurring “upstream” of the landfill, in the for-
est or at the pulp and paper mill. By adding to the ava i l a b l e
fiber supply, paper recycling moderates the rate and extent of
harvesting trees to make paper (see Question 2 above) and the
e n v i ronmental impacts associated with managing forests to pro-
duce fiber. By displacing the need to produce more paper made
f rom virgin fiber, paper re c ycling avoids the enviro n m e n t a l
impacts (energy use, air and water pollution and solid waste)
that arise in making virgin pulp and paper. Paper recycling has
its own impacts, of course: used paper must be collected, trans-
p o rted, processed and used to manufacture new pulp and paper.
But the Task Fo rc e’s analysis shows that collecting paper for
re c ycling and making re c ycled paper provides clear and sub-
stantial environmental advantages re l a t i ve to making virgin
paper and disposing of it in landfills (or incinerators). T h i s
holds true for all of the grades of paper we examined.

4. Is recycled printing and writing paper inferior in
performance compared to virgin paper?

No. The performance of printing and writing papers made with
re c ycled content has improved dramatically since the late 1980’s .
Because adding re c ycled fiber to printing and writing paper at
large-scale mills is a more recent phenomenon, manufacturers have
had to gain experience in incorporating this re l a t i vely new type of
f i b e r. T h e re are commodity-grade re c ycled papers currently ava i l-
able that perform as well as their virgin counterparts for virt u a l l y
e ve ry grade of printing and writing paper. (See also Question 7.)

5. Does recycled-content paper jam in photocopy
machines and other office equipment more often than
virgin paper?

Major equipment and paper manufacturers state that the inci-
dence of jams in photocopy machines is not attributable to
re c ycled content in paper. Rather, the majority of jams are a
function of several factors such as the speed and condition of
equipment, the quality of paper being used, two-sided copying,
and operator errors.

R E C Y C L I N G  A N D  B U Y I N G  R E C Y C L E D  P A P E R

104



R E C Y C L I N G  A N D  B U Y I N G  R E C Y C L E D  P A P E R

For example, a “high-quality” paper will likely perform better
in office machines than a “low - q u a l i t y” paper, irre s p e c t i ve of vir-
gin or re c ycled content. Si m i l a r l y, the expertise and capabilities of
individual manufacturers in producing virgin or re c ycled papers
will affect the performance quality of that specific paper grade.

One of the best ways to ensure that the re c ycled content paper
you buy will perform well in your office machines and be
accepted by your staff is to test different brands in your equip-
ment. Such trials can be effective if set up without biases in either
d i rection. Many manufacturers of copy machines also re c o m-
mend that you try a product, whether virgin or re c ycled, before
making large volume changes. Se veral Paper Task Fo rce members
h a ve conducted controlled tests with re c ycled photocopy paper
and have found products with up to 25% post-consumer re c yc l e d
content that performed comparably to virgin papers. 

6. Does recycled content conflict with source
r e d u c t i o n ?

Generally speaking, source reduction is environmentally prefer-
able compared to re c ycling. Re c ycling-based paper manufactur-
ing results in lower energy use and environmental releases than
virgin paper manufacturing across comparable paper grades.
Howe ve r, using less paper or not using paper at all results in
c o r respondingly reduced environmental impacts compared to
either manufacturing process.

For folding cartons, in some cases, the use of recycled paper-
b o a rd in place of virgin paperboard may re q u i re a slight incre a s e
in the weight of the board. However, this example is an excep-
tion to the general rule that source reduction is enviro n m e n-
tally preferable compared to adding re c ycled content. This is
because, on a ton-for-ton basis, the energy use and enviro n-
mental releases associated with re c ycled paperboard are substan-
tially lower than those for CUK and especially SBS, as shown in
Figures 8 and 9. The differences are so large that, in general, an
individual package made from re c ycled paperboard will still
have lower energy use and environmental releases than an SBS
or CUK carton, even if the recycled carton is 10-20% heavier.

For folding cartons that must be made from CUK or SBS
p a p e r b o a rd due to functional considerations, adding re c yc l e d
content to these grades at the levels that are currently ava i l a b l e
(10-30%) does not re q u i re an increase in the weight of the board .

7. Will printing and writing papers with higher levels
of postconsumer content perform the same as virgin
papers? Will they be available in the future?

There are uncoated printing and writing papers available today
with more than 20% postconsumer content that perform as
well as comparable virgin papers. Cost, end use, and ava i l a b i l i t y
will affect decisions to buy such papers. T h e re are few data
available on the performance of lightweight coated papers with
more than 15% postconsumer content. Several paper manufac-
t u rers re p o rt that it is possible to produce lightweight coated
papers with as much as 20% postconsumer content that meet
runability and print quality re q u i rements, but cite concerns
about (1) the technical difficulty of addressing contamination at
higher postconsumer levels; (2) the cost of necessary capital
modifications for paper machines; and (3) the cost, availability
and variability of postconsumer re c ove red paper and/or pulp.
Customer demand and further technological developments will
also influence the evolution of manufacturing capabilities.

8. How many times can paper be recycled?

T h e re are limits to the number of times an individual paper fiber
can be re c ycled, but this does not provide a reason for purc h a s e r s
to avoid buying paper with re c ycled content. To understand this
issue we must consider two things: what happens to individual
paper fibers when they are re c ycled multiple times, and the ove r-
all system of paper use and re c ycling in the United States. 

Depending on how the fiber is handled, re c ycling over and ove r
does reduce fiber length and strength pro p e rties. Repeated fiber
p rocessing and cleaning seem to have a greater impact on fibers
f rom kraft pulp compared to fibers from mechanical pulp.110

In the real world, howe ve r, for the average fiber to be re c yc l e d
s e veral times, re c ycling rates must be significantly higher than they
c u r rently are in the United States. In 1994, about 70% of the paper
m a d e in the United States was based on new, virgin fiber. Ab o u t
66% of the finished paper products used in the United States are
disposed in landfills and incinerators. The remaining 34% is col-
lected for re c ycling, of which about 20% is exported to other coun-
tries. Many paper products that contain re c ycled content, such as
tissue and toweling and folding cartons made from 100% re c yc l e d
p a p e r b o a rd, are usually not collected to be re c ycled again. Thus, the
paper fibers in these products leave the re c ycling system.
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In other words, in the United States, the chances for the
same paper fiber to be recycled several times are quite low — a
lot of fiber is flowing out of the system and is being replaced by
new virgin fiber. This will slowly change as recycling rates rise,
but technology and the composition of paper products should
be able to adjust gradually through the working of the market. 

The most frequently re - re c ycled fibers are found in corru-
gated boxes, where the average recycled content is approaching
40% and there is a fair degree of re c ycling used corru g a t e d
b oxes back into the same product. Howe ve r, in the Un i t e d
States, the average fiber in a corrugated box is recycled twice,
compared to four times in western Europe.111

The repeated recycling of paper fiber is less of an issue for
printing and writing papers. For this grade, the large majority of
paper is made from virgin fiber, and levels of re c ycled content in
grades that do contain some recycled fiber are relatively low. In
addition, the shortest fibers are typically washed out in the fiber
cleaning process used by deinking mills, so they have a reduced
probability of being recycled again.

9. What is the basis for the distinction between
postconsumer and preconsumer recycled content?

Postconsumer materials are finished products that have served
their useful lives and would otherwise end up in a landfill or
incinerator if not discarded. Preconsumer materials include trim
and scrap from manufacturing processes, such as the conve r s i o n
of rolls of paper into envelopes.  In the paper industry, the vast
majority of preconsumer paper scrap produced has been recy-
cled for decades. It is environmentally beneficial to recycle both
materials, although most purchasers give a greater emphasis to
postconsumer content.

The difference between postconsumer used paper and pre-
consumer scrap is based on their origin. This distinction may
not be very important to a paper manufacturer, but it can be
ve ry important to a city, business or household that separates its
paper to be picked up in recycling collection programs.

As noted the chapter, the Task Fo rce is using the definition of
“postconsumer” established by the Federal Resource Recovery
and Conservation Act in 1976. This definition is the most
widely accepted by purchasers in the private market.

Postconsumer materials are generally more challenging to
recycle than preconsumer paper scrap. This is because postcon-
sumer paper items accumulate in smaller quantities in dispersed
sites (homes and businesses rather than converting facilities and
printing plants). Postconsumer materials are typically more con-
taminated, varied and unpredictable in their physical character-
istics than comparable preconsumer materials. Prices in
recovered paper markets generally reflect this reality; for exam-
ple, cuttings from corrugated box plants usually sell for more
than old corrugated containers.

By taking into account the source of re c ove red paper, the
postconsumer definition gives credit in the marketplace to those
m a n u f a c t u rers that have made investments that directly incre a s e
the recycling of postconsumer materials. For example, without
the postconsumer definition, a printing and writing paper man-
u f a c t u rer making 20% re c ycled content paper from easily re c ov-
e red clean preconsumer scrap could adve rtise using the same
“recycled” label for its product as a manufacturer that had just
made a $100 million investment in deinking technology to use
mixed office paper. The new investment in the deinking plant
directly expands the infrastructure to use paper that otherwise
would go to a landfill, while the continued use of preconsumer
material that has long been recycled does not. Using more pre-
consumer re c ycled fiber in one product or another may shift
fiber use within the overall system, but for additional postcon-
sumer paper to be diverted from disposal, a mill somewhere has
to make an investment in equipment to use it.

The postconsumer definition also serves final customers,
who may desire that the re c ycled-content products that they
buy are produced with the same type of paper they took the
time to separate themselves for a business or community recy-
cling collection program.

10. Why should printing and writing paper contain
recycled content — doesn’t it make more sense to
recycle all of the paper we collect by putting it into
lower grades of paper and paperboard?

The overall paper re c ycling system in the United States is
designed for both “like-to-like” re c ycling, in which re c ove re d
paper is used to make the same grade of new paper, and “down-
c ycling,” in which re c ove red paper is used to make paper or
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p a p e r b o a rd of a lower value or different character than the orig-
inal product. T h e re is no reason based on the concept of “d ow n-
cycling” alone for users of printing and writing paper to avoid
p u rchasing paper with re c ycled content when it meets their
functional and economic needs. Adding re c ycled content to print-
ing and writing paper grades is essential to significantly expanding
paper recycling in the United States from its current position, and
pulp and paper manufacturers are already making the investments
to do so.

Most of the finished paper products that are candidates for
using higher-grade re c ove red paper as a raw material alre a d y
contain 100% re c ycled content. These products include, for
example, brown paper towels, various grades of 100% recycled
p a p e r b o a rd, and asphalt roofing felt. These grades cannot
absorb any more recovered fiber except that made possible by
overall growth in production and sales. The total pro d u c t i o n
and annual sales growth for printing and writing paper is sig-
nificantly greater than that for the 100% recycled paperboard
grades. Trying to add more re c ycled content to the curre n t l y
100% re c ycled grades would there f o re be like pouring water
into a bucket that is already full.

To achieve the full potential environmental benefits of paper
re c ycling in the U.S., it is clear that it will be important for
some printing and writing paper to contain recycled content.
From an economic standpoint, printing and writing paper man-
u f a c t u rers are most likely to be able to support the deve l o p m e n t
of an infrastru c t u re for collecting clean, high-value re c ove re d
paper grades. The goal set by the American Fo rest & Pa p e r
Association of re c overing 50% of preconsumer and postcon-
sumer paper in the United States in the year 2000, for example,
assumes significant growth in recycled content in printing and
writing papers.112

11. What are the consequences of using printing and
writing paper that contains mechanical (e.g.,
groundwood) pulp for office paper uses?

Some uncoated paper made using mechanical pulp and used in
the office for computer forms and photocopy paper can contain
re c ycled content. These papers are usually less expensive and can
h a ve higher levels of re c ycled content than comparable
uncoated freesheet papers. T h e re are functional differe n c e s

b e t ween papers made with mechanical and bleached kraft pulps
that may or may not be important to the user. Some of these
issues are discussed in Chapter 5.

Except in small quantities, paper containing mechanical
pulps, such as newsprint, is considered a contaminant in the
process of recycling office paper back into printing and writing
paper. As deinking technologies improve, this is becoming less
of a problem as long as mechanical fibers make up less than 5-
10% of the incoming recovered paper. Deinking mills squirt a
solution of flouroglucinol onto bales of incoming re c ove re d
paper. If this compound turns purple, it indicates the presence
of lignin associated with mechanical fibers. The presence of
large quantities of papers made from mechanical pulps, such as
n ewsprint, in re c ove red office paper reduces the market value of
the re c ove red paper. A gro u n d w o o d / f reesheet mix (as one
would find in residential mixed paper collection programs) can
be re c ycled into 100% re c ycled paperboard, for example, but
these mills would pay less for the mix. 

Ultimately, if businesses are going to use groundwood-con-
taining papers in the office, they should take responsibility for
w o rking with their suppliers to ensure that the full range of
paper used in the office is collected for re c ycling. De p e n d i n g
on the location of the business and the amount of paper used,
this could mean mixing groundwood and freesheet papers
together, developing a program to keep them separate, or find-
ing different markets for the used paper. Individual purchasers
of paper will have to make the economic decision of whether
the lower cost of papers made using mechanical pulps is worth
the potential decrease in value of recovered office paper.
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Table A-1: Newsprint
Energy, Air Emissions, Solid Waste Outputs, Waterborne Wastes and Water Use 

Associated with Component Activities of Three Methods for Managing Newsprint

NOTES:
(1) Landfill gas collected for energy recovery not included.

Only carbon dioxide and methane in landfill gas are included in atmospheric emissions; methane has been converted to carbon dioxide equivalents using a molecular ratio of 25:1 and a weight ratio of 69:1.
Waterborne wastes caused by leachate from landfills not included.

(2) Air emissions based on new source performances standards (NSPS) for combustors > 250 tpd.
(3) Values in parentheses represent energy and environmental releases from a utility avoided due to energy generation by incineration.

Assumes 670 kwh of electricity generated by a utility is avoided by combusting one ton of ONP.
Avoided releases based on fuel mix for national electricity energy grid.

(4) Waterborne wastes caused by leachate from ash landfills not included.
Assumes burning ONP yields 9 percent ash residue by dry weight, 25 percent moisture content as disposed.

(5) Assumes curbside collection of ONP.
(6) Assumes ONP is processed at a material recovery facility (MRF); values based on average of low tech and high tech MRF.
(7) Values represent the solid waste and waterborne wastes associated with utility generation of electricity purchased 

by the recycled or the virgin pulp and paper mill; energy and air emissions have been incorporated into the adjacent manufacturing energy/releases column. 
Releases incurred or avoided are based on fuel mix for national electricity energy grid.

(8) Values for this parameter are reported by the cited sources only for the virgin and recycled manufacturing processes.
(9) Total greenhouse gases include CO2 emissions from combustion of both wood-derived materials (including paper) and fossil fuels as well as CO2 and methane emissions from landfills.
(10) Net greenhouse gases include CO2 emissions from combustion of fossil fuels and methane emissions from landfills; see text for full explanation.

SOURCES: (1) VIRGIN PRODUCTION + LANDFILLING: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10A), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10A), based on sources sited therein.
Columns d-e: Franklin Associates, 1994, with adjustments made to greenhouse gas data in column e as explained in Note 1 and White Paper 3.

(2) VIRGIN PRODUCTION + INCINERATION: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10A), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10A), based on sources cited therein.
Columns d-g: Franklin Associates, 1994, with adjustments made to columns d-f as explained in White Paper 3.

(3) RECYCLED PRODUCTION + RECYCLING: Columns a-d: Franklin Associates, 1994.
Column e: Franklin Associates and PTF calculations (detailed in White Paper 10A), based on sources cited therein.
Column f: PTF calculations (detailed in White Paper 10A), based on sources provided therein.

References cited:
Franklin Associates: The Role of Recycling in Integrated Solid Waste Management to the Year 2000, prepared for Keep America Beautiful, Stamford, CT, September 1994, Chapter 6, Appendix I.
Argonne: Stodolsky, F. and M.M. Mintz (1993) Energy Life-Cycle Analysis of Newspaper, Energy Systems Division, Argonne National Laboratory, U.S. Department of Energy, May 1993.
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Energy Usage (000 Btus/ton)
Total 1,150.0 36,300.0 527.4 37,977.4 1,150.0 36,300.0 296.6 782.8 (8,202.0) 35.6 30,363.0 989.0 282.7 42.2 205.2 19,300.0

Purchased 1,150.0 33,000.0 527.4 34,677.4 1,150.0 33,000.0 296.6 33.0 (8,202.0) 35.6 26,313.2 989.0 282.7 42.2 205.2 19,300.0

Fossil Fuel-Derived 1,150.0 24,624.6 527.4 26,302.0 1,150.0 24,624.6 296.6 33.0 (8,202.0) 35.6 17,937.8 989.0 282.0 42.2 205.2 15,088.1

Environmental Releases (lbs/ton)
Atmospheric Emissions

Total Greenhouse Gases (CO2 Equivalents) [9] 183.8 5,946.0 84.1 11,626.7 17,840.5 183.8 5,946.0 47.3 2,207.1 (1,024.8) 5.7 7,365.0 157.7 31.7 6.7 33.0 3,232.0

Net GreenhouseGases (CO2 E q u i v a l e n t s )[10 ] 183.8 5,300.0 84.1 11,152.0 16,719.9 183.8 5,300.0 47.3 5.3 (1,024.8) 5.7 4,517.2 157.7 31.7 6.7 33.0 3,232.0

Nitrogen Oxides 2.2 21.1 1.0 24.3 2.2 21.1 0.57 1.8 (4.7) 0.07 21.1 1.9 0.17 0.08 0.28 12.4

Particulates 0.49 13.1 0.23 13.8 0.49 13.1 0.13 0.27 (3.4) 0.02 10.7 0.43 0.11 0.02 0.05 6.6

Sulfur Oxides 0.31 41.4 0.14 41.9 0.31 41.4 0.08 0.39 (8.8) 0.01 33.4 0.27 0.29 0.01 0.06 24.1

Hazardous Air Pollutants (HAPs)[8] 0.43 0.43 0.43 0.43 0.15

Volatile Organic Chemicals (VOCs)[8] 3.9 3.9 3.9 3.9 1.7

Solid Wastes 0.6 362.0 444.2 0.26 2,000.0 2,807.0 0.6 362.0 444.2 0.15 180.0 (122.6) 0.02 864.3 0.49 163.8 0.02 0.10 223.4 530.0

Waterborne Wastes
Biochemical Oxygen Demand (BOD) 0.0008 2.5 0.0024 0.0003 2.5 0.0008 2.5 0.0024 0.0002 (0.0007) 0.0000 2.5 0.0006 0.0002 0.0000 0.0002 0.0012 6.1

Chemical Oxygen Demand (COD) 0.0031 36.3 0.0073 0.0016 36.3 0.0031 36.3 0.0073 0.0008 (0.0019) 0.0001 36.3 0.0030 0.0005 0.0001 0.0006 0.0037 27.5

Suspended Solids 0.0008 4.8 0.0048 0.0003 4.8 0.0008 4.8 0.0048 0.0002 (0.0014) 0.0000 4.8 0.0006 0.0000 0.0000 0.0002 0.0024 6.9

Effluent Flow (gals/ton)[8] 14,172 14,172 14,172 14,172 19,304

(Notes)

20,819.1

20,819.1

16,606.5

3,461.1

3,461.1

14.9

7.2

24.7

0.15

1.7

917.8

6.1

27.5

6.9

19,304

R E C Y C L I N G  A N D  B U Y I N G  R E C Y C L E D  P A P E R

108

APPENDIX A



R E C Y C L I N G  A N D  B U Y I N G  R E C Y C L E D  P A P E R

109

Table A-2: Office Paper
Energy, Air Emissions, Solid Waste Outputs, Waterborne Wastes and Water Use 

Associated with Component Activities of Three Methods for Managing Office Paper

NOTES:
(1) Landfill gas collected for energy recovery not included.

Only carbon dioxide and methane in landfill gas are included in atmospheric emissions; methane has been converted to carbon dioxide equivalents using a molecular ratio of 25:1 and a weight ratio of 69:1.
Waterborne wastes caused by leachate from landfills not included.

(2) Air emissions based on new source performances standards (NSPS) for combustors > 250 tpd.
(3) Values in parentheses represent energy and environmental releases from a utility avoided due to energy generation by incineration.

Assumes 594 kwh of electricity generated by a utility is avoided by combusting one ton of OWP.
Avoided releases based on fuel mix for national electricity energy grid.

(4) Waterborne wastes caused by leachate from ash landfills not included.
Assumes burning OWP yields 25 percent ash residue by dry weight, 25 percent moisture content as disposed.

(5) Assumes curbside collection of OWP.
(6) Assumes OWP is processed at a material recovery facility (MRF); values based on average of low tech and high tech MRF.
(7) Values represent the  solid waste and waterborne wastes associated with utility generation of electricity purchased 

by the virgin or recycled pulp and paper mill; energy and air emissions have been incorporated into the adjacent manufacturing energy/releases column. 
Releases incurred or avoided are based on fuel mix for national electricity energy grid.

(8) Values for this parameter are reported by the cited sources only for the virgin and recycled manufacturing processes.
(9) Total greenhouse gases include CO2 emissions from combustion of both wood-derived materials (including paper) and fossil fuels as well as CO2 and methane emissions from landfills.
(10) Net greenhouse gases include CO2 emissions from combustion of fossil fuels and methane emissions from landfills; see text for full explanation.

SOURCES: (1) VIRGIN PRODUCTION + LANDFILLING: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10A), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10A), based on sources cited therein.
Columns d-e: Franklin Associates, 1994, with adjustments made to greenhouse gas data in column e as explained in Note 1 and White Paper 3.

(2) VIRGIN PRODUCTION + INCINERATION: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10A), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10A), based on sources cited therein.
Columns d-g: Franklin Associates, 1994, with adjustments made to columns d-f as explained in White Paper 3.

(3) RECYCLED PRODUCTION + RECYCLING: Columns a-d: Franklin Associates, 1994.
Column e: Franklin Associates and PTF calculations (detailed in White Paper 10A), based on sources cited therein.
Column f: PTF calculations (detailed in White Paper 10A), based on sources provided therein.
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Virgin Production + Landfilling Virgin Production + Incineration Recycled Production + Recycling

Energy Usage (000 Btus/ton)
Total 1,908.5 36,800.0 527.4 39,235.9 1,908.5 36,800.0 296.6 782.8 (7,176.8) 98.9 32,710.0 989.0 282.7 42.2 205.2 19,800.0

Purchased 1,908.5 17,200.0 527.4 19,635.9 1,908.5 17,200.0 296.6 33.0 (7,176.8) 98.9 12,360.2 989.0 282.7 42.2 205.2 19,800.0

Fossil Fuel-Derived 1,908.5 13,094.7 527.4 15,530.6 1,908.5 13,094.7 296.6 33.0 (7,176.8) 98.9 8,254.9 989.0 282.0 42.2 205.2 15,307.1

Environmental Releases (lbs/ton)
Atmospheric Emissions

Total Greenhouse Gases (CO2 Equivalents) [9] 305.0 10,163.0 84.1 11,626.7 22,178.7 305.0 10,163.0 47.3 2,207.1 (896.7) 15.7 11,841.4 157.7 31.7 6.7 33.0 3,345.0

N e tG r e e n h o u s eG a s e s (CO2 Equivalents) [10 ] 305.0 2,868.0 84.1 11,152.0 14,409.1 305.0 2,868.0 47.3 5.3 (909.3) 15.7 2,332.0 157.7 31.7 6.7 33.0 3,345.0

Nitrogen Oxides 3.7 14.1 1.0 18.8 3.7 14.1 0.57 1.3 (4.1) 0.19 15.8 1.9 0.17 0.08 0.28 12.2

Particulates 0.8 11.7 0.23 12.7 0.8 11.7 0.13 0.27 (2.9) 0.04 10.0 0.43 0.11 0.02 0.05 6.7

Sulfur Oxides 0.5 26.6 0.14 27.3 0.5 26.6 0.08 0.39 (7.7) 0.03 19.9 0.27 0.29 0.01 0.06 24.8

Hazardous Air Pollutants (HAPs)[8] 2.2 2.2 2.2 2.2 0.15

Volatile Organic Chemicals (VOCs)[8] 5.4 5.4 5.4 5.4 1.7

Total Reduced Sulfur (TRS)[8] 0.3 0.3 0.34 0.3 0.0

Solid Wastes 1.0 400.0 217.7 0.26 2,000.0 2,618.9 1.0 400.0 217.7 0.15 500.0 (107.3) 0.05 1,011.6 0.49 163.8 0.02 0.10 238.3 752.0

Waterborne Wastes
Absorbable Organic Halogens (AOX) [8] 2.6 2.6 2.6 2.6 0.0

Biochemical Oxygen Demand (BOD) 0.0013 6.1 0.0012 0.0003 6.1 0.0013 6.1 0.0012 0.0002 (0.0006) 0.0001 6.1 0.0006 0.0002 0.0000 0.0002 0.0013 6.1

Chemical Oxygen Demand (COD) 0.0051 89.2 0.0036 0.0016 89.2 0.0051 89.2 0.0036 0.0008 (0.0017) 0.0002 89.2 0.0030 0.0005 0.0001 0.0006 0.0039 27.6

Suspended Solids 0.0013 9.8 0.0024 0.0003 9.8 0.0013 9.8 0.0024 0.0002 (0.0012) 0.0001 9.8 0.0006 0.0000 0.0000 0.0002 0.0026 6.9

Effluent Flow (gals/ton)[8] 20,500 20,500 20,500 20,500 19,304

(Notes)

21,319.1

21,319.1

16,825.5

3,574.1

3,574.1

14.7

7.3

25.4

0.2

1.7

0.0

1,154.7

0.0

6.1

27.6

6.9

19,304
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Table A-3: Corrugated Boxes
Energy, Air Emissions, Solid Waste Outputs, Waterborne Wastes and Water Use 

Associated with Component Activities of Three Methods for Managing Corrugated

NOTES:
(1) Landfill gas collected for energy recovery not included.

Only carbon dioxide and methane in landfill gas are included in atmospheric emissions; methane has been converted to carbon dioxide equivalents using a molecular ratio of 25:1 and a weight ratio of 69:1.
Waterborne wastes caused by leachate from landfills not included.

(2) Air emissions based on new source performances standards (NSPS) for combustors > 250 tpd.
(3) Values in parentheses represent energy and environmental releases from a utility avoided due to energy generation by incineration.

Assumes 594 kwh of electricity generated by a utility is avoided by combusting one ton of OCC.
Avoided releases based on fuel mix for national electricity energy grid.

(4) Waterborne wastes caused by leachate from ash landfills not included.
Assumes burning OCC yields 9 percent ash residue by dry weight, 25 percent moisture content as disposed.

(5) Assumes curbside collection of OCC.
(6) Assumes OCC is processed at a material recovery facility (MRF); values based on average of low tech and high tech MRF.
(7) Values represent the solid waste and waterborne wastes associated with utility generation of electricity purchased 

by the virgin or recycled pulp and paper mill; energy and air emissions have been incorporated into the adjacent manufacturing energy/releases column. 
Releases incurred or avoided are based on fuel mix for national electricity energy grid.

(8) Values for this parameter are reported by the cited sources only for the virgin and recycled manufacturing processes.
(9) Total greenhouse gases include CO2 emissions from combustion of both wood-derived materials (including paper) and fossil fuels as well as CO2 and methane emissions from landfills.
(10) Net greenhouse gases include CO2 emissions from combustion of fossil fuels and methane emissions from landfills; see text for full explanation.
(11) Data are insufficient to allow calculation of a reliable estimate for average release.

SOURCES: (1) VIRGIN PRODUCTION + LANDFILLING: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10B), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10B), based on sources cited therein.
Columns d-e: Franklin Associates, 1994, with adjustments made to greenhouse gas data in column e as explained in Note 1 and White Paper 3.

(2) VIRGIN PRODUCTION + INCINERATION: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10B), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10B), based on sources cited therein.
Columns d-g: Franklin Associates, 1994, with adjustments made to columns d-f as explained in White Paper 3.

(3) RECYCLED PRODUCTION + RECYCLING: Columns a-d: Franklin Associates, 1994.
Column e: Franklin Associates and PTF calculations (detailed in White Paper 10B), based on sources cited therein.
Column f: PTF calculations (detailed in White Paper 10B), based on sources provided therein.
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Virgin Production + Landfilling Virgin Production + Incineration Recycled Production + Recycling

Energy Usage (000 Btus/ton)
Total 1,643.0 26,766.7 527.4 28,937.1 1,643.0 26,766.7 296.6 782.8 (7,176.8) 35.6 22,347.9 989.0 282.7 42.2 205.2 16,866.7

Purchased 1,643.0 14,222.2 527.4 16,392.6 1,643.0 14,222.2 296.6 33.0 (7,176.8) 35.6 9,053.7 989.0 282.7 42.2 205.2 16,866.7

Fossil Fuel-Derived 1,643.0 12,004.3 527.4 14,174.7 1,643.0 12,004.3 296.6 33.0 (7,176.8) 35.6 6,835.7 989.0 282.0 42.2 205.2 13,798.2

Environmental Releases (lbs/ton)
Atmospheric Emissions

Total Greenhouse Gases (CO2 Equivalents) [9] 262.5 6,918.2 84.1 11,626.7 18,891.5 262.5 6,918.2 47.3 2,207.1 (896.7) 5.7 8,544.1 157.7 31.7 6.7 33.0 2,951.0

Net Greenhouse Gases (CO2 Equivalents) [ 1 0 ] 262.5 2,560.6 84.1 11,152.0 14,059.2 262.5 2,560.6 47.3 5.3 (909.3) 5.7 1,972.0 157.7 31.7 6.7 33.0 2,951.0

Nitrogen Oxides 3.2 10.6 1.0 14.8 3.2 10.6 0.57 1.3 (4.1) 0.07 11.6 1.9 0.17 0.08 0.28 9.8

Particulates 0.7 7.4 0.23 8.3 0.7 7.4 0.13 0.27 (2.9 0.02 5.6 0.4 0.11 0.02 0.05 5.0

Sulfur Oxides 0.4 20.9 0.14 21.5 0.45 20.9 0.08 0.39 (7.7) 0.01 14.1 0.3 0.29 0.01 0.06 21.1

Hazardous Air Pollutants (HAPs)[8] 3.4 3.4 3.4 3.4 0.002

Volatile Organic Chemicals (VOCs)[8] 6.5 6.5 6.5 6.5 0.5
Total Reduced Sulfur (TRS)[8] 0.21 0.2 0.21 0.2 0.00

Solid Wastes 0.8 200.7 117.6 0.26 2,000.0 2,319.4 0.8 200.7 117.6 0.15 180.0 (107.3) 0.02 392.0 0.49 163.8 0.02 0.10 162.7 210.0

Waterborne Wastes
Biochemical Oxygen Demand (BOD) 0.0011 3.7 0.0006 0.0003 3.7 0.0011 3.7 0.0006 0.0002 (0.0006) 0.0000 3.7 0.0006 0.0002 0.0000 0.0002 0.0009 3.6

Chemical Oxygen Demand (COD) 0.0044 N/A [11] 0.0019 0.0016 N/A [11] 0.0044 N/A [11] 0.0019 0.0008 (0.0017) 0.0001 N/A [11] 0.0030 0.0005 0.0001 0.0006 0.0027 N/A [11]

Suspended Solids 0.0011 5.8 0.0013 0.0003 5.8 0.0011 5.8 0.0013 0.0002 (0.0012) 0.0000 5.8 0.0006 0.0000 0.0000 0.0002 0.0018 1.8

Effluent Flow (gals/ton)[8] 9,779 9,779 9,779 9,779 1,927

(Notes)

18,385.8

18,385.8

15,316.6

3,180.1

3,180.1

12.3

5.6

21.7
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0.5
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3.6
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1.8

1,927
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Table A-4: CUK Paperboard
Energy, Air Emissions, Solid Waste Outputs, Waterborne Wastes and Water Use 

Associated with Component Activities of Three Methods for Managing CUK Paperboard

NOTES:
(1) Landfill gas collected for energy recovery not included.

Only carbon dioxide and methane in landfill gas are included in atmospheric emissions; methane has been converted to carbon dioxide equivalents using a molecular ratio of 25:1 and a weight ratio of 69:1.
Waterborne wastes caused by leachate from landfills not included.

(2) Air emissions based on new source performances standards (NSPS) for combustors > 250 tpd.
(3) Values in parentheses represent energy and environmental releases from a utility avoided due to energy generation by incineration.

Assumes 642 kwh of electricity generated by a utility is avoided by combusting one ton of material.
Avoided releases based on fuel mix for national electricity energy grid.

(4) Waterborne wastes caused by leachate from ash landfills not included.
Assumes burning yields 13 percent ash residue by dry weight, 25 percent moisture content as disposed.

(5) Assumes curbside collection of material.
(6) Assumes material is processed at a material recovery facility (MRF); values based on average of low tech and high tech MRF.
(7) Values represent the solid waste and waterborne wastes associated with utility generation of electricity purchased 

by the virgin or recycled and paper mill; energy and air emissions have been incorporated into the adjacent manufacturing energy/releases column. 
Releases incurred or avoided are based on fuel mix for national electricity energy grid.

(8) Values for this parameter are reported by the cited sources only for the virgin and recycled manufacturing processes.
(9) Total greenhouse gases include CO2 emissions from combustion of both wood-derived materials (including paper) and fossil fuels as well as CO2 and methane emissions from landfills.
(10) Net greenhouse gases include CO2 emissions from combustion of fossil fuels and methane emissions from landfills; see text for full explanation.

SOURCES: (1) VIRGIN PRODUCTION + LANDFILLING: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10C), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10C), based on sources cited therein.
Columns d-e: Franklin Associates, 1994, with adjustments made to greenhouse gas data in column e as explained in Note 1 and White Paper 3.

(2) VIRGIN PRODUCTION + INCINERATION: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10C), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10C), based on sources cited therein.
Columns d-g: Franklin Associates, 1994, with adjustments made to columns d-f as explained in White Paper 3.

(3) RECYCLED PRODUCTION + RECYCLING: Columns a-d: Franklin Associates, 1994.
Column e: Franklin Associates and PTF calculations (detailed in White Paper 10C), based on sources cited therein.
Column f: PTF calculations (detailed in White Paper 10C), based on sources provided therein.
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f
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Mfctr’ing
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Releases

g

Total
(per Ton of

P a p e r b o a rd
Recycled)

Virgin Production + Landfilling Virgin Production + Incineration Recycled Production + Recycling

Energy Usage (000 Btus/ton)
Total 1,815.8 27,400.0 527.4 29,743.2 1,815.8 27,400.0 296.6 782.8 (7,821.7) 49.1 22,522.7 989.0 282.7 42.2 205.2 16,000.0

Purchased 1,815.8 12,930.0 527.4 15,273.2 1,815.8 12,930.0 296.6 33.0 (7,821.7) 49.1 7,302.9 989.0 282.7 42.2 205.2 16,000.0

Fossil Fuel-Derived 1,815.8 10,895.1 527.4 13,238.3 1,815.8 10,895.1 296.6 33.0 (7,821.7) 49.1 5,268.0 989.0 282.0 42.2 205.2 12,124.0

Environmental Releases (lbs/ton)
Atmospheric Emissions
Total Greenhouse Gases (CO2 Equivalents) [9] 290.1 7,757.0 84.1 11,626.7 19,757.9 290.1 7,757.0 47.3 2,207.1 (977.2) 7.8 9,332.1 157.7 31.7 6.7 33.0 2,605.0

Net Greenhouse Gases (CO2 Equivalents) [10 ] 290.1 2,369.0 84.1 11,152.0 13,895.2 290.1 2,369.0 47.3 5.3 (981.9) 7.8 1,737.6 157.7 31.7 6.7 33.0 2,605.0

Nitrogen Oxides 3.5 10.2 1.0 14.7 3.5 10.2 0.57 1.8 (4.5) 0.10 11.8 1.9 0.17 0.08 0.28 9.9

Particulates 0.8 7.8 0.23 8.8 0.8 7.8 0.13 0.27 (3.2) 0.02 5.8 0.4 0.11 0.02 0.05 6.0

Sulfur Oxides 0.5 20.0 0.14 20.6 0.50 20.0 0.08 0.39 (8.4) 0.01 12.6 0.3 0.29 0.01 0.06 20.0

Hazardous Air Pollutants (HAPs)[8] 3.0 3.0 3.0 3.0 0.0

Volatile Organic Chemicals (VOCs)[8] 4.8 4.8 4.8 4.8 1.6

Total Reduced Sulfur (TRS)[8] 0.35 0.4 0.35 0.4 0.0

Solid Wastes 0.9 182.0 107.9 0.26 2,000.0 2,291.1 0.9 182.0 107.9 0.15 248.4 (117.0) 0.02 422.4 0.49 163.8 0.02 0.10 205.6 209.8

Waterborne Wastes
Biochemical Oxygen Demand (BOD) 0.0012 3.6 0.0006 0.0003 3.6 0.0012 3.6 0.0006 0.0002 (0.0007) 0.0001 3.6 0.0006 0.0002 0.0000 0.0002 0.0011 2.1

Chemical Oxygen Demand (COD) 0.0049 30.0 0.0018 0.0016 30.0 0.0049 30.0 0.0018 0.0008 (0.0019) 0.0001 30.0 0.0030 0.0005 0.0001 0.0006 0.0034 5.0

Suspended Solids 0.0012 5.9 0.0012 0.0003 5.9 0.0012 5.9 0.0012 0.0002 0.0000 0.0000 5.9 0.0006 0.0000 0.0000 0.0002 0.0022 1.7

Effluent Flow (gals/ton)[8] 11,300 11,300 11,300 11,300 1,927

(Notes)
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Table A-5: SBS Paperboard
Energy, Air Emissions, Solid Waste Outputs, Waterborne Wastes and Water Use 

Associated with Component Activities of Three Methods for Managing SBS Paperboard

NOTES:
(1) Landfill gas collected for energy recovery not included.

Only carbon dioxide and methane in landfill are gas included in atmospheric emissions; methane has been converted to carbon dioxide equivalents using a molecular ratio of 25:1 and a weight ratio of 69:1.
Waterborne wastes caused by leachate from landfills not included.

(2) Air emissions based on new source performances standards (NSPS) for combustors > 250 tpd.
(3) Values in parentheses represent energy and environmental releases from a utility avoided due to energy generation by incineration.

Assumes 642 kwh of electricity generated by a utility is avoided by combusting one ton of material.
Avoided releases based on fuel mix for national electricity energy grid.

(4) Waterborne wastes caused by leachate from ash landfills not included.
Assumes burning yields 13 percent ash residue by dry weight, 25 percent moisture content as disposed.

(5) Assumes curbside collection of material.
(6) Assumes material is processed at a material recovery facility (MRF); values based on average of low tech and high tech MRF.
(7) Values represent the solid waste and waterborne wastes associated with utility generation of electricity purchased 

by the virgin or recycled pulp and paper mill; energy and air emissions have been incorporated into the adjacent manufacturing energy/releases column. 
Releases incurred or avoided are based on fuel mix for national electricity energy grid.

(8) Values for this parameter are reported by the cited sources only for the virgin and recycled manufacturing processes.
(9) Total greenhouse gases include CO2 emissions from combustion of both wood-derived materials (including paper) and fossil fuels as well as CO2 and methane emissions from landfills.
(10) Net greenhouse gases include CO2 emissions from combustion of fossil fuels and methane emissions from landfills; see text for full explanation.

SOURCES: (1) VIRGIN PRODUCTION + LANDFILLING: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10C), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10C), based on sources cited therein.
Columns d-e: Franklin Associates, 1994, with adjustments made to greenhouse gas data in column e as explained in Note 1 and White Paper 3.

(2) VIRGIN PRODUCTION + INCINERATION: Column a: PTF calculations based on Franklin Associates, 1994 (for fuel-related release factors) and Argonne, 1993 (for energy use estimates).
Column b: PTF calculations (detailed in White Paper 10C), based on sources provided therein.
Column c: Franklin Associates, 1994 and PTF calculations (detailed in White Paper 10C), based on sources cited therein.
Columns d-g: Franklin Associates, 1994, with adjustments made to columns d-f as explained in White Paper 3.

(3) RECYCLED PRODUCTION + RECYCLING: Columns a-d: Franklin Associates, 1994.
Column e: Franklin Associates and PTF calculations (detailed in White Paper 10C), based on sources cited therein.
Column f: PTF calculations (detailed in White Paper 10C), based on sources provided therein.
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g

Total
(per Ton of
P a p e r b o a rd

Recycled)

Virgin Production + Landfilling Virgin Production + Incineration Recycled Production + Recycling

Energy Usage (000 Btus/ton)
Total 1,908.5 38,400.0 527.4 40,825.9 1,908.5 36,400.0 296.6 782.8 (7,821.7) 49.1 33,615.4 989.0 282.7 42.2 205.2 16,000.0

Purchased 1,908.5 16,900.0 527.4 19,335.9 1,908.5 16,900.0 296.6 33.0 (7,821.7) 49.1 11,365.6 989.0 282.7 42.2 205.2 16,000.0

Fossil Fuel-Derived 1,908.5 13,250.1 527.4 15,686.0 1,908.5 13,250.1 296.6 33.0 (7,821.7) 49.1 7,715.6 989.0 282.0 42.2 205.2 12,124.0

Environmental Releases (lbs/ton)
Atmospheric Emissions
Total Greenhouse Gases (CO2 Equivalents) [9] 305.0 10,799.0 84.1 11,626.7 22,814.7 305.0 10,799.0 47.3 2,207.1 (977.2) 7.8 12,388.9 157.7 31.7 6.7 33.0 2,605.0

Net Greenhouse Gases (CO2 Equivalents) [10 ] 305.0 2,872.0 84.1 11,152.0 14,413.1 305.0 2,872.0 47.3 5.3 (981.9) 7.8 2,255.4 157.7 31.7 6.7 33.0 2,605.0

Nitrogen Oxides 3.7 14.4 1.0 19.1 3.7 14.4 0.57 1.8 (4.5) 0.10 16.2 1.9 0.17 0.08 0.28 9.9

Particulates 0.8 11.3 0.23 12.3 0.8 11.3 0.13 0.27 (3.2) 0.02 9.3 0.4 0.11 0.02 0.05 6.0

Sulfur Oxides 0.5 26.9 0.14 27.6 0.52 26.9 0.08 0.39 (8.4) 0.01 19.5 0.3 0.29 0.01 0.06 20.0

Hazardous Air Pollutants (HAPs)[8] 2.4 2.4 2.4 2.4 0.030

Volatile Organic Chemicals (VOCs)[8] 5.7 5.7 5.7 5.7 1.6

Total Reduced Sulfur (TRS)[8] 0.37 0.4 0.37 0.4 0.0

Solid Wastes 1.0 382.0 193.6 0.26 2,000.0 2,576.8 1.0 382.0 193.6 0.15 248.4 (117.0) 0.02 708.1 0.49 163.8 0.02 0.10 205.6 209.8

Waterborne Wastes
Biochemical Oxygen Demand (BOD) 0.0013 6.1 0.0011 0.0003 6.1 0.0013 6.1 0.0011 0.0002 (0.0007) 0.0001 6.1 0.0006 0.0002 0.0000 0.0002 0.0011 2.1

Chemical Oxygen Demand (COD) 0.0051 81.0 0.0032 0.0016 81.0 0.0051 81.0 0.0032 0.0008 (0.0019) 0.0001 81.0 0.0030 0.0005 0.0001 0.0006 0.0034 5.0

Suspended Solids 0.0013 9.8 0.0021 0.0003 9.8 0.0013 9.8 0.0021 0.0002 0.000 0.0000 9.8 0.0006 0.0000 0.0000 0.0002 0.0022 1.7

Effluent Flow (gals/ton)[8] 20,500 20,500 20,500 20,500 1,927

(Notes)
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