
PAPER TASK FORCE
Duke University  **  Environmental Defense Fund

Johnson & Johnson  **  McDonald’s
The Prudential Insurance Company of America  **  Time Inc.

WHITE PAPER NO. 9

ECONOMICS OF MANUFACTURING VIRGIN AND
RECYCLED-CONTENT PAPER

December 19, 1995



1995 Environmental Defense Fund



i

Table of Contents
 
I. INTRODUCTION........................................................................................................................1

A. Method of Analysis..............................................................................................................................................1
B. Definitions............................................................................................................................................................2

1. Solid waste management and recycling terminology.......................................................................................2
2. Definitions for specific grades of recovered paper and other materials...........................................................3

II. FINDINGS ..................................................................................................................................6
A. General Findings..................................................................................................................................................7
B. Comparative Production Costs for Virgin Bleached Kraft and Deinked Pulp (see Table 2 and Section IV A, B

& C)..........................................................................................................................................................10
C. Uncoated Freesheet (UCFS) Printing and Writing Papers (Table 3; Section V, A&B) ....................................13
D. Coated Publication Papers (Table 3; Section V, C) ...........................................................................................16
E. Linerboard and Corrugating Medium (Table 4; Section VI, A).........................................................................16
F. Boxboard for Folding Cartons (Table 4; Section VI, B&C) ..............................................................................17

III. PAPER PRODUCTION AND RECYCLING IN THE UNITED STATES ...........................19
A. Use of Recovered Paper by U.S. Paper Mills ....................................................................................................19
B. The Cost of Recovered Paper.............................................................................................................................25
C. The Cost of Pulpwood .......................................................................................................................................29
D. Interaction of Recovered Paper and Pulpwood Markets....................................................................................29
E. A Model for Comparing Virgin and Recycled-Content Paper Manufacturing Costs ........................................30

1. Sources of data and assumptions....................................................................................................................30
2. Caveats ...........................................................................................................................................................31
3. Results............................................................................................................................................................32

IV. COMPARATIVE COSTS FOR PRODUCING BLEACHED KRAFT PULP AND
DEINKED PULP...............................................................................................................32

A. Advances in Deinking Technology....................................................................................................................32
B. Deinked Market Pulp Production Costs.............................................................................................................33

1. Deinked market pulp capacity expansions .....................................................................................................33
2. The costs of producing deinked market pulp .................................................................................................36
3. Deinked market pulp vs. virgin market pulp costs.........................................................................................36
4. Integrated deinked pulp vs. integrated virgin pulp costs................................................................................40
5. Outlook for the deinked market pulp industry ...............................................................................................42

V. COMPARATIVE COSTS OF PRODUCING VIRGIN AND RECYCLED-CONTENT
PRINTING AND WRITING PAPER................................................................................43

A. Deinking Facilities Integrated with Printing and Writing Paper Mills ..............................................................43
B. Commodity Uncoated Freesheet ........................................................................................................................44

1. Commodity UCFS mills purchasing DMP.....................................................................................................44
2. Commodity UCFS mills installing integrated deinking facilities ..................................................................48
3. Commodity UCFS mills that are balanced in pulp and paper production capacity, or are producing and

drying excess virgin pulp.....................................................................................................................50
C. Specialty Uncoated Free Sheet...........................................................................................................................50
D. Coated Paper......................................................................................................................................................51

1. Coated Freesheet, Integrated and Non-Integrated Northern Mills .................................................................51
2. Lightweight Coated Groundwood, Integrated Northern Mills.......................................................................53
3. Lightweight Coated Groundwood Paper Manufactured Using Integrated Deinked Pulp From Newspapers

and Magazines .....................................................................................................................................53
VI. COMPARATIVE COSTS OF PRODUCING PAPERBOARD WITH RECYCLED

CONTENT.........................................................................................................................55
A. Containerboard Manufacturing in the U.S.........................................................................................................55
B. Corrugated Containerboard Production Technology .........................................................................................55
C. The Costs of Recycling in Producing Linerboard and Corrugating Medium ....................................................59
D. Paperboard for Folding Cartons.........................................................................................................................61



ii

VII. ECONOMIC CHARACTERISTICS OF THE PAPER INDUSTRY....................................62
A. Capital Intensity and Overall Manufacturing Costs...........................................................................................65
B. Labor and Raw Material Costs...........................................................................................................................69

1. Capacity-Building Cycles ..............................................................................................................................69
2. Price Cycles....................................................................................................................................................72

C. The Global Perspective ......................................................................................................................................72

Appendix A.  Paper Task Force White Papers
Appendix B.  ISRI Domestic Paper Stock Grade Definitions
Appendix C.  Panelists And Reviewers

Tables

Table 1.  Estimates of Virgin and Recovered Fiber Prices, in 1995 dollars

Table 2.  Bleached Kraft and Deinked Pulp Market Prices and Estimated Production Costs, in
1995 Dollars

Table 3.  Virgin and Recycled-Content Printing and Writing Paper, Total Production Cost
Comparison, 1995 $/ADST

Table 4.  Virgin and Recycled-Content Paperboard Total Production Cost Comparison, 1995
$/ADST

Table 5.  U.S. Production of Paper and Paperboard, 1970-1993

Table 6.  Recovered Paper Use By New Paper Grade, 1993

Table 7.  Deinked Market Pulp Mills Operating in North America in 1995 (Using Recovered
Free-Sheet Paper)

Table 8.  U.S. Deinked Market Pulp Mills Financed or Under Construction as of December, 1995

Table 9.  Production Cost Estimate for a 1993 Vintage Deinked Market Pulp Mill Producing
Wet-Lap Pulp, 250 tons per day, 1995 $/ADST

Table 10.  Projected Costs for a Deinked Market Pulp Mill Producing Air-Dried Pulp, Beginning
Operations in 1996-1997 in 1995 $/ADST

Table 11.  Estimated Costs for Producing Virgin and Deinked Pulp, Existing Capacity at U.S.
Southern Integrated UCFS Mills Compared to a New 300 tpd Deinking Plant, 1995 $/ADST

Table 12.  U.S. Printing and Writing Paper Mills with Integrated or Dedicated Deinking
Capacity, 1995



iii

Table 13.  Estimated Cost of Using Air-Dried Deinked Market Pulp to Produce 20% Recycled-
Content UCFS, Average U.S. Southern Mill, 20# Cut-Size, 83 Brightness, 1995 $/ADST

Table 14.  Estimated Cost of Using Integrated Deinked Pulp to Produce 20% Recycled-Content
UCFS, Average U.S. Southern Mill, 20# Cut-Size, 83 Brightness, with 330 tpd Expansion of
Paper Production, $/ADST

Table 15.  Estimated Cost of Producing Virgin and 10% Recycled-Content No. 3 Coated
Freesheet Paper, U.S. Northern Integrated Mill, $/ADST

Table 16.  Estimated Cost of Producing Virgin and 10% Recycled-Content Lightweight Coated
Groundwood Paper (no. 5, 34#), Using Wet-Lap Deinked Market Pulp, U.S. Northern Integrated
and Non-Integrated Mills, $/ADST

Table 17.  Major Capacity Expansions at U.S. Linerboard Mills, 1994-1997

Table 18.  Major Capacity Expansions at U.S. Corrugating Medium Mills, 1994-97

Table 19.  Estimated Costs of Producing Linerboard, 42#, U.S. Southern Mill, Eastern Delivery,
for Three Mill Configurations, $/ADST

Table 20.  Cost of Producing Recycled Paperboard for Folding Cartons, 20 Point, Clay-Coated,
Northern Mill, $/ADST

Table 21.  Size of Paper Machines by Principal Grade Produced (Capacity in thousands of short
tons)

Figures

Figure 1.  Consumption of  Recovered Fiber by U.S. Mills by End Use

Figure 2.  U.S. Paper Production and Consumption of Recovered Paper by Grade, 1984 and 1994

Figure 3. U.S. Paperboard Production and Consumption of Recovered Paper by Grade, 1984 and
1994

Figure 4.  Real Recovered Paper Prices, U.S. Average Prices Paid by Mills, in 1995 Dollars

Figure 5.  Recovered Paper Prices by Region, Old Corrugated Containers (11)

Figure 6.  Recovered Paper Prices by Region, Manifold White Ledger (41)

Figure 7.  Virgin and Deinked Market Pulp Prices, 1995 Dollars per Metric Ton, for U.S.
Delivery



iv

Figure 8.  U.S. Economic Cycles and Paper Demand, 1970-1993

Figure 9.  Capital Intensity of U.S. Paper Industry

Figure 10.  20 lb. Cut-Size Reprographic Paper and 42# Standard Linerboard; Average U.S.
Prices and Average Manufacturing Plus Delivery Costs for U.S. Southern Mills, in 1995 Dollars

Figure 11.  U.S. Paper Industry Capacity Building Cycle, Wood Pulp, 1972-1992, Three Year
Rolling Average

Figure 12.  U.S. Paper Industry Capacity Building Cycle, Paper and Paperboard, 1972-1992,
Three Year Rolling Average

Figure 13.  U.S. Paper Industry Capacity Utilization and Building Cycle, Wood Pulp, 1972-1992,
Three Year Rolling Average

Figure 14.  U.S. Paper Industry Capacity Utilization and Building Cycle, Paper and Paperboard,
1972-1992, Three Year Rolling Average

Figure 15.  U.S. Paper Industry Capacity Utilization and Prices, Paper, 1972-1993

Figure 16.  U.S. Paper Industry Capacity Utilization and Prices, Paperboard, 1972-1993

Figure 17.  World Production of Paper and Paperboard, Total Papergrade Pulp Production and
Recovered Paper Consumption



1

I. INTRODUCTION

This paper analyzes the comparative economics of manufacturing virgin and recycled-
content paper.  The paper covers four major categories of use:  uncoated freesheet printing and
writing papers, coated publication papers, linerboard and corrugating medium and the three
major types of  paperboard used in folding cartons, solid bleached sulfate, coated unbleached
kraft and recycled paperboard.  In combination, these grades made up 67% of U.S. production in
1994.1

This paper is one element of an extensive research process supporting the Task Force’s
recommendations for purchasing environmentally preferable paper (paper that reduces
environmental impacts and meets business needs).  The Task Force’s recommendations and final
report will be available in December.  This paper does not contain purchasing recommendations.
The full set of White Papers written by the Paper Task Force are listed in Appendix A.

The findings in this paper are based on the Task Force’s own research and analysis,
interviews and mill tours, a review of published articles and papers and an expert panel
discussion held by the Task Force in November, 1994.2  The panels were accompanied by
background “issue papers,” which the panelists and additional outside reviewers commented on.

The Paper Task Force members endorse the broad principles set forth by the Task
Force’s final report.  The findings and research in this White Paper reflect the contributions of
Paper Task Force Working Groups and changes made in response to comments received from
expert reviewers through the White Paper review process.  The contents of this paper do not
reflect the policy of individual Task Force member organizations.

A. Method of Analysis

The analysis of the economics of virgin and recycled-content manufacturing for each
paper grade covered in this paper follows the same general approach in sections IV through VI.
First, each section reviews historical and projected paper mill investments in recovered fiber
processing technology.  Second, the section analyzes the comparative economics of  virgin and
recycled-content production of the same grades of paper in a variety of different hypothetical
“model” mill configurations.  This analysis examines the sensitivity of mill production costs to
the cost of using recovered paper.  Analysis of model mills does not capture all of the variations
that occur at individual mill sites, but combined with a discussion of events in the industry, helps
highlight some of the economic issues that manufacturers and purchasers face.

In this analysis, the cost of manufacturing paper using recovered fiber includes the
market price of a bale of recovered paper at the mill gate.  This recovered paper market price is
affected by the supply of used paper relative to demand from paper mills and the cost of
collecting, sorting and baling the paper.  Supply is in turn affected by the comparative cost of
other collection and solid waste management options, such as landfilling and incineration, which
is discussed in White Paper No. 2.
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B. Definitions

The following section defines terms used throughout this paper.  In the recycling
business, terminology is often important, because it defines the statistics that characterize the
industry.

1. Solid waste management and recycling terminology

Municipal solid waste (MSW) - includes durable goods, nondurable goods and
containers and packaging that have served their useful life and have been discarded, plus
food scraps and yard trimmings from residential, commercial, and institutional sources.
Strictly defined, MSW does not include construction and demolition debris, sludge,
combustion ash and industrial process wastes.3  As a practical matter, these materials are
sometimes disposed in municipal landfills.

Waste generation - this term is used by Franklin Associates, Ltd., the U.S.
Environmental Protection Agency’s consultant on national MSW estimates, to denote the
overall output of materials by society that must be managed through either landfilling,
incineration, recycling or composting.  In other words, “waste generation” is the sum of
materials managed by these approaches.4  The “generator” is the business or household
that produces wastes or recyclable materials, the “collector” is the party that picks these
materials up for the purposes of recycling or disposal.

Tip fees - Disposal charges; a collection truck empties or “tips” its load at a landfill,
transfer station, or incinerator.

Recycling - The process by which materials that would otherwise be destined for
disposal are used to manufacture products.  In basic terms, successful recycling requires
that four things happen in sequence:  (1) collection of recyclable materials; (2)
intermediate processing to remove contaminants, sort and compact materials for
shipment; (3) manufacturing of new products; and, (4) the purchase of products
containing recovered materials by business and individual consumers.

Recovery - Collection of materials for the purpose of recycling or composting; the first
step in the recycling sequence listed above.

Recovered paper - Used paper items collected for the purpose of recycling; this term is
preferred by some in the industry instead of “wastepaper” or “secondary fiber.”

Recovery rate - The total amount of materials recovered for recycling or composting
divided by total wastes generated.

The U.S. Environmental Protection Agency in 1991 provided the following definitions in
its “Guidance for the Use of the Terms ‘Recycled’ and ‘Recyclable’ and the Recycling Emblem
in Environmental Marketing Claims:”5
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Postconsumer material - “products or other materials generated by a business or
consumer that have served their intended end uses, and that have been recovered or
otherwise diverted from the solid waste stream for the purpose of recycling.”

Preconsumer material - “materials generated during any step of production of a
product, and that have been recovered from or otherwise diverted from the solid waste
stream for the purpose of recycling, but does not include those scrap materials, virgin
content of a material or by-products generated from, and commonly used within, an
original manufacturing process.”

2. Definitions for specific grades of recovered paper and other materials

Businesses that collect, process and consume recovered paper use about 80 specific
definitions to classify different paper grades.  The Paper Stock Industries Chapter, a national
commodity chapter of the Institute of Scrap Recycling Industries (ISRI) publishes these
definitions in the Scrap Specifications Circular 1994; Guidelines for Paper Stock: PS-94.  The
definition for each grade describes the type of paper and allowable percentage of contaminants,
which are classified either as “prohibitive materials,” which are not allowed at all, or allowed
only in very small quantities, and “outthrows” which are paper contaminants restricted on a
percentage basis, e.g., 1-10%.6  Each grade has a number.  Some mills have also developed their
own grading systems which are usually further refinements of the standard grades.  Some of the
major grades are listed in summary form below.  For complete ISRI grade definitions, see
Appendix B.  Definitions for sorted office paper grades are new and continue to evolve.7

Old newspapers (ONP) - No. 6 News consists of baled newspapers containing less than
5% of other papers.  No. 8 Special News De-ink Quality is a more highly sorted grade
used by newsprint deinking mills.   No. 9 is Over-Issue News, consisting of unused,
overrun regular newspapers.

Old corrugated containers (OCC) - used corrugated containers. ISRI has two
corrugated container grades, No. 11 Corrugated Containers and No. 12 Double Sorted
Corrugated.

Double-lined kraft cuttings (DLK) - Grade No. 13, the trim and scrap that results when
containerboard is converted into boxes.

Old magazines (OMG) - magazines and catalogs, grade No. 10.

Sorted white ledger (No. 40) - pre- or postconsumer white paper such as ledger, bond,
writing and similar papers; does not allow coated or groundwood-containing papers.
This grade is now often created by pulling white papers out of an office paper stream, and
is therefore a higher quality (more expensive) grade than sorted office paper.  Sorted
colored ledger (no. 37)  allows more colored paper, colored ink on white paper, or
greater than 25% ink coverage.
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Manifold white ledger (No. 41) - overissue (preconsumer) business forms, uncoated and
free of laser-printed or office paper waste; manifold colored ledger is the same type of
paper, with colored papers allowed in a similar fashion to sorted colored ledger.

Computer print-out (CPO) (laser and laser-free) (No. 42) - Impact-printed inks on
computer paper (e.g., “blue bar” paper) are much easier to remove from recovered paper
than the polymer-based thermoset inks used in laser-jet printers, therefore this distinction.
Laser-free CPO is one of the highest-priced  postconsumer recovered paper grades.

Sorted office paper (SOP) - paper typically found in offices; may contain a small
percentage of groundwood papers such as computer printout, but is free of unbleached
fiber such as corrugated boxes.  This grade was introduced to the ISRI system in 1994 as
No. 37.

Office pack - A more detailed definition of what is allowed and not allowed in sorted
office paper developed by individual deinking mills for use by their recovered paper
suppliers.  The “office pack” is not a detailed industry standard, but depends on the
technical capabilities of individual deinking plants.  However, some harmonization
among different mills’ definitions has occurred to facilitate recovered paper collection
and sorting.

Mixed paper (MXD) - The term “mixed paper” is used as an inclusive, “catch all”8 or
“what’s left over”9 category for a wide variety of recovered paper blends.  “Mixed paper”
can refer to the commingled remnants of paper boxmaking or printing operations, or to
office waste collected by haulers who removed some contaminants at a transfer station,10

or paper collected from households.  The physical properties and intrinsic value of the
paper are different in each case.

HDPE - high density polyethylene, a widely used plastic found in milk and juice bottles,
shampoo and laundry detergent bottles, plastic bags, etc.

PET - polyethylene terepthalate, used in soda and cooking oil bottles and some food
containers, for example.

F.O.B. - free on board; the phrase “free on board, shipper’s dock” means that a price for
a product or commodity is being quoted exclusive of shipping charges.

In reporting statistics on recovered paper, the U.S. Department of Commerce and the
American Forest & Paper Association use five major categories that encompass the 80 or so
definitions in use, including those above:11

ONP - includes all old newspapers and preconsumer newsprint scrap.

OCC - old corrugated containers, plus DLK and various types of brown paper from
converting grocery bags.  In discussing the collection and recycling of corrugated boxes,
this broader category is often used.  For example, the “OCC” recovery rate as reported by
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AF&PA for 1993 was 59.6%, including DLK and other preconsumer scrap.12  According
to Franklin Associates, Ltd., the recovery rate for postconsumer OCC in 1993 was
55.5%.13

High-grade deinking papers - printed white paper, including sorted white ledger, sorted
office paper, manifold white ledger, and a range of different types of preconsumer scrap.

Pulp substitutes - clean, essentially unprinted preconsumer scrap from converting paper
cups, plates, envelopes, etc.  This material can be pulped and furnished to paper machines
without deinking, hence its designation as a substitute for virgin pulp.

Mixed papers - as defined in the previous section, plus old magazines, telephone
directories, boxboard cuttings, tissue paper converting scrap if predominately composed
of recycled fiber, mill wrappers and everything else not in the four categories above.

Finally, this paper frequently discusses different types of paper and market pulp, pulp
that is manufactured and air-dried, and shipped in bales or rolls to paper producers:

Commodity papers refers to the major paper grades that are produced in quantities of
millions of tons per year at large integrated pulp and paper mills.  These grades include
linerboard, newsprint and various types of uncoated freesheet papers, such as papers used
in photocopy machines, computer printers, business forms, envelopes and long offset
printing runs.

There are also paper products that are produced in smaller quantities, usually at small- to
medium-sized mills, and tend to sell for higher prices than commodity papers.  For the
sake of simplicity, we will refer to these grades as “specialty” papers.14  One example of
this type of paper is text and cover papers used in books and reports.  These papers are
also used in highly visible, customer-oriented products that tend to have short printing
runs and place a high importance on the appearance and “feel” of the paper.  Such uses
include brochures, invitations, stationary, business cards, menus, etc.  For a variety of
reasons, recycled content may be an important aspect of the presentation made by these
paper products.

Northern bleached softwood kraft (NBSK) - is the bellwether grade in the worldwide
virgin pulp industry, and is produced in Canada, the Northern U.S., and northern Europe.
Softwood fibers are long and strong, and northern softwood is less coarse than southern
U.S. softwood (SBSK) and therefore makes a smoother paper sheet.  Southern bleached
softwood kraft (SBSK) is the same type of pulp made in the southern United States.

Northern bleached hardwood kraft (NBHK) - has shorter, finer fibers than softwood
pulp, and is used to impart smoothness and other desirable printing qualities to printing
and writing paper.
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Southern bleached hardwood kraft (SBHK) - a slightly lower quality hardwood pulp,
SBHK is considered to have the physical properties that are closest to deinked market
pulp.

Deinked Market Pulp (DMP) - produced in wet-lap (about 50% moisture) or air-dried
form by mills that receive sorted office paper, laser CPO, sorted white ledger and other
recovered paper grades and remove the ink and contaminants.  DMP is sold to paper
producers who blend it with virgin pulp for use on existing paper machines.  Because of
the presence of some softwood fibers in the recovered paper that is used to make DMP,
this grade has strength properties that are comparable to a 75/25 or 80/20 blend of
hardwood and softwood bleached kraft pulp.15

II. FINDINGS

The findings presented below must be prefaced by a few important observations about
the analysis conducted in this paper.  The Paper Task Force constructed a set of cost estimates
for hypothetical “model mills” that make recycled-content paper.  To examine the sensitivity of
recycled-content production costs to recovered paper prices, these estimates used high, low and
projected trend prices for recovered paper.  Cost estimates for the recycled-content paper
producers were compared to costs for the same type of mill producing 100% virgin paper.  The
model was constructed to show the importance of certain assumptions about mill configurations
and to add quantitative support to the more conceptual economic findings.  The model does not
represent any specific paper mill.  The results from this analysis are shown in Tables 1-4 and the
tables that back up the results are presented in the text.  Readers should refer to Section III C for
underlying assumptions and qualifications.

Paper manufacturers generally evaluate several related factors when determining to make
an investment.  These factors include the size of the capital expenditure, the projected return on
investment, the incremental impact on operating costs, risk and competitive advantage.  The
quantitative analysis in this paper focuses on what the cost of producing a specific grade of paper
would be in 1995 assuming different prices for recovered paper.

Manufacturers contemplating investments in recovered paper processing technology
consider the factors listed above somewhat differently depending on the configuration of their
mills.  Integrated virgin pulp and paper mills face the decision to manufacture deinked fiber, buy
deinked market pulp, or not make recycled-content paper at all.  Non-integrated manufacturers
compare the price of virgin market pulp to the price of deinked market pulp or the cost of
installing their own deinking system.  Producers of 100% recycled paper and paperboard have
sunk investments in recovered fiber processing technology, and are concerned with the impact of
recovered paper prices on the margin between their production costs and the market price for
finished product.

Average costs do not necessarily represent individual producers.  For example, in the
uncoated freesheet sector, the variable costs of production for the lowest 20% of producers are in
the $300-350 per ton range.  The break between integrated and non-integrated producers occurs
at approximately $700-750 per ton, and the costs for non-integrated producers, the top 20% of
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the curve, range from $700-1,400 per ton.16  Variable costs for deinked market pulp producers,
for example, show a similar distribution, though without as much difference between the high-
and low-cost manufacturers.17

All production cost information in this paper is on an air-dried short ton basis, in 1995
dollars, unless otherwise noted.  Recycled content is stated on a fiber weight basis.

A. General Findings

1.  The cost of recovered paper is a critical variable in determining the comparative cost of
producing paper with recycled content.

a.  The cost of recovered fiber can make up 20-40% of the total cost of producing
finished pulp or paper (at 100% recycled content), depending on the grade and
recovered paper market prices.

b.  The construction of substantial new recovered fiber processing capacity at pulp
and paper mills in the United States is one factor creating high, volatile prices for
recovered paper.   

The following table shows the recent and projected major growth in utilization of
recovered paper by U.S. paper mills from 1989 to 1997, in comparison with the trend
from 1975 to 1985.

    
                   1975  1985  1989  1993  1997    Compound annual growth rate (%)

                                                                            (millions of tons)                 75-85   85-89   89-93   93-97   

Use of recovered paper by U.S. mills    11.7   16.5   20.2   28.3   33.4          3.5      5.2       9.4       4.3

Total U.S. paper production                  51.0   68.6   78.3   86.6   92.3          3.0      3.4       2.5       1.6

Source:  American Forest & Paper Association, 1994 Statistics; Paper, Paperboard and Wood Pulp,  pp.
52-53 (all data except 1993 recovered paper and 1997 recovered paper and total production estimates) and
Paper, Paperboard, Pulp Capacity and Fiber Consumption, 35th Annual Survey, p. 12, 24 (1997 data
based on 94% utilization of total maximum capacity); Washington, DC: AF&PA, 1994.

The new construction of recycling-based pulp and paper mills follows a period of record
low prices for recovered paper, from 1989 to 1993, when many collectors and processors
were economically stressed.  U.S. average prices paid by paper mills for recovered paper
in the past low period, the peak of the market in June, 1995, a sharp downward
adjustment in late 1995 and prices projected for the end of the decade by industry experts
are shown in Table 1.  This table shows the recovered paper prices that are used
throughout this analysis; the low price was taken from the 1991-1993 period, the high
price was taken from the peak of the mid-1995 price spike, and the projected trend price
is a forecast by Jaakko Poyry Consulting Inc. for the year 2000.  Given the volatility of
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Wood Prices, in 1995 dollars
wood chips 1995 2000 units
U.S. southern softwood chips $34 $42  $/green ton. FOB mill
U.S. southern hardwood chips 31 37  $/green ton. FOB mill
U.S. Pacific NW softwood export chips 141 115 $/short ton FAS 

value of fiber in bleached kraft pulp 1995 2000  units
U.S. southern softwood 162 183 $/ADST of pulp produced
U.S. southern hardwood 126 139  $/ADST of pulp produced
U.S. Pacific northwest softwood 323 209  $/ADST of pulp produced

Source: RISI, 1995

Recovered Paper Prices, in 1995 dollars
dollars per short ton, FOB shipping point, U.S. average prices paid by mills 

low high low project.
Nov. June Nov. trend

Grade 1993 1995 1995 1996 1997 1998 1999 2000
CPO, laser free $203 $479 $335 $473 $464 $370 $241 $215
CPO, laser 140 409 203 404 397 316 206 184
Sorted White Ledger (SWP) 111 395 176 391 383 305 199 178
Sorted Office Paper  (SOP) 70 278 142 275 270 215 140 125
Newspapers (#6) 7 158 53 111 126 107 85 75
Magazines 0 148 76 103 117 100 79 70
Old corrugated containers 20 204 31 114 145 121 95 93
Mixed paper -10 109 8 60 77 64 50 49

Source: Paper Recycler (Nov., 1993 June, Nov. 1995), Jaakko Poyry Consulting, Nov. 1995 (projections)

Table 1. Estimates of U.S. Virgin and Recovered Fiber Prices, in 1995 dollars
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pricing already shown in this market, the magnitude of these prices is more important to
our analysis than the timing.

c.  The price of wood fiber is expected to increase significantly in the next five years.
According to Resource Information Systems, Inc. (RISI), inflation-adjusted average
prices for southern hardwood and softwood chips will increase 33% and 34%,
respectively, between 1994 and 2000, due in part to increasing production of engineered
wood products and declining timber inventories in this region.18  Restrictions on
harvesting in the Pacific Northwest are also putting pressure on wood prices.  If this
forecast is correct, the “projected trend price” manufacturing costs scenarios for recycled-
content printing and writing paper developed in Tables 2 and 3 will be competitive with
virgin paper.  Table 1 includes some current data and projections for pulpwood prices.
Economic issues in forest management are covered further in White Paper 11.

2.  The potential for comparatively wider fluctuations in the cost of recovered paper adds
economic risk to producing paper with recycled content compared to producing virgin
paper.  Virgin pulp and paper production has grown increasingly capital intensive over time, and
therefore cost fluctuations have decreased, as manufacturers have reduced both variable costs
and total manufacturing costs (until about 1994, when total manufacturing costs began rising
again due to increases in the cost of wood and chemicals).  Manufacturers of recycled-content
paper are following the same path, but have operating-to-capital-cost ratios that are generally
higher than virgin paper mills manufacturing comparable grades.

3.  In general, investments in recovered fiber processing capacity are most likely to be
economically viable when mills are expanding their paper production capacity.

a.  For an individual facility, the economics of installing recovered fiber processing
capacity or purchasing deinked market pulp (for printing and writing paper and for
tissue manufacturers) vary, depending on the location and size of the mill, whether
pulp and paper production are integrated or non-integrated and the mill’s balance
between virgin pulp production and the requirements of its paper machines.

b.  Integrated pulp and paper mills that are closely balanced in their pulp and paper
production are not good candidates to install recovered fiber processing capacity.
In this case, mills compare the cost of installing a recovered fiber processing system with
their virgin pulp “cash manufacturing costs,” since the capital costs of the virgin pulp
plant are sunk.  The recovered fiber processing system will rarely cost less in this case.

c.  For mills that cannot incrementally expand their virgin pulping capacity, adding
recovered fiber processing systems may be the most cost-effective means of
providing the required fiber, thereby improving the overall productivity of existing
mill assets.   Incremental expansions of paper manufacturing capacity require additional
pulp.  New paper recovered fiber processing systems achieve economies of scale at
production levels of 200-400 tons of pulp per day, while new virgin kraft pulping systems
reach economic scale at 1,000 tons of pulp per day or higher.  For mills that cannot
economically expand their virgin pulping capacity, due to recovery boiler limits, for
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example, recycling may be the most economical means of growth.  Mills in these
situations evaluate the cost of adding recycling systems as part of an overall expansion
package; the higher cost of recycled pulp (for printing and writing paper) may be offset
by the lower-than-average overall production costs associated with an incremental
expansion.  These economic advantages of recycling may also hold for mills that need to
renovate or replace aging pulping systems.

4.   Recovered fiber processing and deinking technology has undergone substantial
improvement in the last five years.

a.  Only within the last five years have improvements in deinking technology made
it possible in the United States to recycle white papers and some colored papers
collected from offices back into printing and writing papers without stringent
source separation requirements or extensive sorting.  Deinking and fiber cleaning
technology for other grades of paper has been available for much longer.  The effect
of this technological evolution is to expand the useable range of availability and
quality of recovered paper beyond the grades that have traditionally been used to
manufacture printing and writing paper.  For example, new deinking mills can accept
recovered office paper containing polymer-based inks from laser-jet printers and
photocopy machines, envelopes with plastic windows and adhesive labels. Technology to
remove virtually all of these types of contaminants from recovered paper continues to
undergo incremental refinements.

b.  These technological developments also bid up the price and decrease the
availability of recovered fiber for grades such as recycled tissue and paperboard..

B. Comparative Production Costs for Virgin Bleached Kraft and Deinked Pulp  (see
Table 2 and Section IV A, B & C)

1.  In general, for printing and writing grade papers, it is more expensive to produce
deinked pulp than virgin bleached kraft pulp.  The scope of these differences is shown in
Table 2.  Deinked pulp made from recovered office papers is generally used as a substitute for
bleached kraft hardwood pulp.

a.  Virgin kraft and deinked pulp production costs are assessed differently depending on
the position of the paper producer.  Integrated paper mills that want to add recycled
content to the paper they manufacture face a “make vs. buy” decision, in which they
compare the production costs of integrated deinked pulp to the price of deinked market
pulp.  Non-integrated producers and integrated mills that manufacture both pulp and
paper compare the market price of virgin kraft and deinked pulp as well as the potential
cost of producing integrated deinked pulp.  Prices for market pulp can be much higher or
lower than production costs due to supply and demand forces.
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Average Slush Pulp Production Costs, Integrated to Paper Mills

U.S. South, Bleached Kraft Softwood $456
U.S. South, Bleached Kraft Hardwood 380

Source: Table 11

Virgin Market Pulp Prices (U.S. delivery, in 1995 dollars)

1993 low 1996 projected high 2000 projected trend
/metric ton /short ton /metric ton /short ton /metric ton /short ton 

Northern bleached softwood kraft $445 $404 $1,031 $935 574 $521
Northern bleached hardwood kraft 375 340 966 877 466 423
Southern bleached softwood kraft 376 341 994 902 508 461
Southern bleached hardwood kraft 354 321 957 868 457 415

Source: RISI

100% Postconsumer Deinked Pulp Production Costs, dollars per ton

Recovered Paper Price Scenarios
low high projected trend

/metric ton /short ton /metric ton /short ton /metric ton /short ton 
DMP, circa. 1993 mill,  wet-lap pulp 519 $471 895 $812 611 $555
DMP, circa. 1996 mill, air-dried pulp 527 478 845 767 611 555
Deinked pulp, integrated to paper mill 411 373 729 662 495 449

Source: Tables 9, 10

100% Postconsumer Deinked Pulp Prices, dollars per ton

4Q, 1993 high, 2Q 1995 falling, 4Q, 1995 projected trend*
/metric ton /short ton /metric ton /short ton /metric ton /short ton /metric ton /short ton 

586 532 883 801 750 681 457 415

*Projected trend price is parity with SBHK market pulp.

Source: Pulp & Paper Week, RISI

Table 2.  Virgin Bleached Kraft and Deinked Pulp Estimated Production Costs and Market Prices, in 1995
Dollars
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b.  Deinking is also used to make pulp for newsprint and tissue and toweling.  For
deinking investments made in concert with mill expansions, for products of similar
quality, and at recovered paper prices that fall within historical highs and lows, deinking
is less expensive than producing virgin pulp in the manufacture of these grades.  For
virgin newsprint mills that are located far from population centers, transportation costs
could alter this general finding.  In 1994, the average recycled content in newsprint
manufactured in the United States was about 37% and in tissue was about 48% (assuming
90% and 80% recovered fiber yield in manufacturing these grades).

2.  Deinked market pulp (DMP) facilities offer economic advantages and disadvantages to
paper producers.  Approximately 70% of the deinking capacity oriented toward printing
and writing paper starting up between 1989 and 1997 will be at deinked market pulp
facilities; the remainder will be integrated or semi-integrated to paper mills.

a.  From the standpoint of paper producers, a major advantage of deinked market pulp
facilities is that they allow the manufacturer to add recycled content to paper without
commitments of capital of $40-100 million or more.  For paper mills that are too small or
not configured to make an investment in deinking capacity at an economic scale, DMP
provides a means of making paper with recycled content.  The use of DMP is flexible;
quantities can be adjusted to meet market demand.

b.  In terms of disadvantages, DMP generally is more expensive to produce than deinked
pulp integrated to a paper mill, because of the cost of drying and shipping the pulp.
Integrated deinked pulp production also provides the paper manufacturer with greater
control over deinked pulp quality, through the purchasing of recovered paper, mill
operations and more immediate feedback between the papermaking and deinking
operations.

3.  Large quantities of deinked market pulp capacity are scheduled to come on-line
between 1995 and 1997.  As of late 1995, competition among these facilities and falling
recovered paper market prices was driving deinked market pulp prices below the price of
bleached hardwood kraft market pulp.  If recovered paper prices are high through the rest
of the decade, some deinked market pulp producers will be economically stressed.

a.  Between 1966 and 1990, four deinked market pulp mills were built in the United
States, primarily serving the tissue industry.  Between 1990 and 1995, 12 new mills
producing DMP of a quality acceptable for use in printing and writing paper began
operations.  In total, these mills have the capacity to make 1.2 million tons per year of
pulp now suitable for use in printing and writing papers (on an air-dried equivalent
basis).  (Not all mills are producing at capacity; some are in start-up phase and others are
running below capacity to balance inventories).  As of late 1995, five additional deinked
market mills have been financed or are under construction, adding another 750,000 tons
of production capacity by the end of 1997.  At 10%-30% recycled content, this is in
theory enough deinked market pulp capacity to supply the recovered fiber portion
of 7-23 million tons of recycled-content paper (assuming 15% filler), or roughly
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27% to 88% of the total printing and writing paper market.  Some of this DMP may
be exported or used in tissue products and not all mills may produce at their full capacity
levels.

b.  As more deinked market pulp capacity comes on-line, DMP will shift from being
a unique product required to meet customer demand for recycled-content paper to
a commodity product that must compete with virgin market pulp on a price basis.
The selling price of virgin market pulp is highly cyclical, and the cost of producing
deinked market pulp is strongly affected by the price of recovered paper.  It is therefore
difficult to predict comparative market prices for virgin and deinked market pulp at any
given time.  Since late 1993, DMP has sold at a premium to virgin market pulp, first due
to an excess of demand over supply, and more recently because of the high price of
recovered paper.  However, in the forth quarter of 1995, deinked market pulp began
selling at prices below bleached hardwood kraft pulp for the first time.

c.  Overall, the combination of potential high recovered paper prices and additional
DMP mills coming on-line in the next three years will put DMP producers under
intense economic pressure.  Competition resulting from increased capacity is
reducing  prices for DMP, which over time should help the product become more
competitive with virgin pulp, even though individual producers may face losses.
DMP manufacturers that do not have sufficient financial reserves may be compelled
to sell equity in their facilities to paper manufacturers or other DMP producers at a
discount.  As is true throughout the paper industry, these modern, capital-intensive
facilities will most likely keep operating.  (See Section VIII for an economic overview
of capacity-building and pricing cycles in the paper industry.)

d.  The new DMP mills now starting up or under construction are more capital intensive
and roughly twice as large as the previous generation, and most have pulp drying
capacity that will allow them to ship product internationally.  These mills should be able
to use lower-cost grades of sorted office paper than current DMP mills.  Over the long
term, deinked market pulp producers may be able to add value to their production by
installing paper machines at their facilities and blending their product with virgin
softwood kraft pulp.  This possibility is speculative for the U.S., but there are some
European mills that present a possible model for printing and writing paper with 50-75%
postconsumer content.

C. Uncoated Freesheet (UCFS) Printing and Writing Papers (Table 3; Section V,
A&B)

Table 3 displays the results of the Task Force’s analysis of the costs of producing printing and
writing paper with recycled content at mills in certain configurations.  Calculating the cost of
using DMP to make additional paper using the incremental cost of paper production instead of
the average cost would reduce the costs of manufacturing paper with recycled content shown in
Table 3 by 4-5%.
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Baseline Recovered Paper/Virgin Market
Virgin Pulp Price Scenarios

Prdn. Cost Low Proj. Trend High
Commodity UCFS, Integra ted Southe rn Mill,
Virgin vs. 20% Re cycled Conte nt Paper
Virgin paper, total production cost $776
Purchase air-dried DMP production cost $838 $854 $897
Difference, recycled- virgin 45 60 104
Install deinking, expand paper production, production cost 774 789 829
Difference, recycled- virgin -2 12 53
Source: Tables 14, 15

No. 3 Coate d Fre eshe et, Inte gra te d Northern Mill,
Virgin vs.10% Re cycled Conte nt
Virgin paper, total production cost 930
Purchase wet-lap DMP, total production cost 990 997 1015
Difference, recycled- virgin 15 20 39
Source: Table 16

No. 5 Lightwe ight Coa ted Groundwood, Integra te d
Northern Mill, Virgin vs. 10% Recycle d Content
Virgin paper, total production cost 798
Purchase wet-lap DMP, total production cost 825 831 849
Difference, recycled- virgin 16 22 40
Source: Table 17

Table 3.  Virgin and Recycled-Content Printing and Writing Paper; Total Production Cost
Comparison, 1995 $/ADST
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1.  Because of the difference in deinked and virgin pulp production costs, using deinked
market pulp to add recycled content at most U.S. southern integrated mills making
commodity UCFS papers will increase production costs.  The amount of the increase will
be determined primarily by the cost of recovered paper and the level of recycled content in
the finished paper.

2.  At large, integrated paper mills that are expanding paper manufacturing capacity by
roughly 200-400 ton per day increments, adding deinking systems may be a means of
supplying new pulp with the overall lowest production cost for the entire project.  The
economic scale for new virgin bleached kraft pulping capacity is 1,000 to 1,400 tons per day,
which means that virgin pulp mills that have reached the limits of their existing capacity may not
have an economical means of producing comparatively small increments of pulp.  Although
deinked pulp production is more costly than virgin pulp production on a per-ton basis, the
presence of the new deinking capacity may allow the addition of new paper production capacity
at a cost that is significantly lower than the current average cost per ton of producing paper, due
to either the incremental expansion of existing paper machines, or the installation of a new very
large, paper machine with comparatively low operating costs.

3.  Some integrated virgin mills produce both paper and market pulp and have excess pulp
drying capacity.  These mills can install deinking systems to make recycled-content paper,
displacing virgin pulp which would be sold on the market.  This type of expansion presents
similar costs as does adding deinking in concert with expanding paper capacity.  There is
an incremental cost of running additional pulp through a dryer, but it is substantially
lower than the average total cost per ton of drying market pulp.  There are greater
risk/reward opportunities that arise from the flexibility to produce and sell different
combinations of pulp and paper with virgin and recycled content.  For example, in times of
high virgin market pulp prices, these mills can sell more of their virgin pulp and replace it
with deinked pulp on their paper machines.  The higher revenues from the sale of virgin
market pulp would offset the increased costs from the manufacture of deinked pulp.

4.  Irrespective of deinked market pulp production, the installation of deinking systems at
large integrated paper mills will make large quantities of UCFS with recycled content
available by 1996.  Four large U.S. paper mills with integrated or semi-integrated deinking
capacity will be able to produce more than 1 million tons per year of paper with recycled
content in the 20-35% range by 1996.

5.  The economics of adding recycled content to specialty UCFS papers tends to be more
favorable than for commodity UCFS papers.  A significant fraction of specialty papers are
produced at non-integrated mills.  Non-integrated producers compare the full cost of using
virgin versus deinked market pulp.  Specialty papers also sell for higher prices than
commodity UCFS, providing an opportunity to recover more of the cost of using DMP.  A
substantial quantity of specialty papers are produced at approximately 12 small- and
intermediate-sized non-integrated mills in the United States.  The cost of adding recycled content
at these facilities depends on the price of virgin market pulp, the price of deinked market pulp,
the price of recovered paper, and the cost of installing deinking systems.  The cost of installing



16

deinking systems may be reduced by the presence of existing pulping and pulp-handling
equipment at some of these mills.  Historical experience with mills producing recycled-content
premium paper suggests that using recovered fiber is a competitive option except when
recovered paper prices are very high.  With prices for specialty grades of paper roughly double
those of commodity-grade papers, the relative cost impact of adding recycled content is reduced.
Buyers are purchasing specialty papers in smaller quantities for often highly visible uses where
recycled content may be important (e.g., corporate annual reports), and tend to be less price-
sensitive.

D. Coated Publication Papers (Table 3; Section V, C)

1.  Adding recycled content to coated publication papers through the use of deinked
market pulp increases production costs.   At comparable percentages of recycled content, the
cost impact of adding recycled content is greater for coated than uncoated papers, for various
reasons.  First, for lightweight coated papers that contain groundwood or TMP pulp content,
deinked market pulp is typically used to replace softwood kraft pulp and mechanical pulp on a
50/50 basis, in order to maintain the strength and opacity of the paper.  DMP produced from
office papers is essentially a hardwood pulp substitute, which is much more expensive than
integrated mechanical pulp.  Second, using deinked market pulp made from office papers can
increase coating costs because this pulp has lower opacity than groundwood pulp.  Due to either
opacity losses or the increased production of off-spec paper, manufacturers of coated paper with
postconsumer recycled content state that they incur an additional 1-3% increase in production
costs.  Finally, adding recycled content to coated publication papers can pose additional
technical issues due to the sensitivity of the coating process to contaminants, which is discussed
further in White Paper No. 8.  Manufacturers of coated papers generally state that they face a 1-
3% cost penalty for using deinked pulp.  The cost of using wet-lap DMP in place of purchased
virgin market pulp at a non-integrated lightweight coated groundwood paper mill depends on the
price of virgin market pulp relative to the price of recovered paper.

2.  Historical experience with the deinking of OMG and ONP to produce newsprint
suggests that recycling is a less expensive means of producing mechanical pulp than
equivalent virgin processes.  Deinking of newspapers, magazines and catalogs is less costly
than deinking sorted office papers, because inks are easier to remove and there are fewer
problematic contaminants present.  Experience with this approach for lightweight coated
groundwood papers in the U.S. is limited and quality issues remain a concern.  In concert
with mill capacity expansions, however, deinking a mix of OMG and ONP may offer a
means of adding recycled content to lightweight coated papers that is significantly less
costly than using deinked market pulp made from office paper.

E. Linerboard and Corrugating Medium (Table 4; Section VI, A)

Table 4 shows the results of the Task Force’s analysis of the costs of manufacturing different
grades of paperboard with recycled content.

1.  It is generally less costly to make linerboard and corrugating medium using recovered
fiber than virgin fiber except in the case of very high prices for recovered paper.  When
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recovered paper prices are within their historical range, the more recovered fiber used in
linerboard, the less expensive it is to manufacture.  The majority of incremental expansions
and new machines added to make linerboard and corrugating medium since the early 1980’s
have been based on recovered fiber.  Of the 55 mills producing linerboard in the United States,
14 currently use 100% recycled fibers as a furnish, 34 use a mix of recycled and virgin fiber, and
7 use 100% virgin fiber.19  Between 1994 and 1997, more than 2 million tons of new capacity to
produce recycled linerboard and corrugating medium will come on-line.  Almost all of the new
mills or major expansions in these two grades during this period are based on 100% recycled
fiber.

2.  At low or projected trend prices for recovered paper, linerboard “mini-mills” have
lower overall production costs than larger virgin and recycled linerboard mills.  At 400 tons
of production per day, these mills are small only in comparison with traditional large-scale virgin
linerboard mills.  The mini-mills obtain their cost advantages from lower transportation costs for
recovered paper and finished product and lower capital costs.  Their size allows them to be built
in more urbanized areas with less need for large water supply and wastewater treatment systems.

F. Boxboard for Folding Cartons (Table 4; Section VI, B&C)

Three different types of paperboard (“boxboard”) have traditionally been used in folding cartons:
100% virgin solid bleached sulfate (SBS), 100% virgin coated unbleached kraft (CUK, also
known as solid unbleached sulfate and coated natural kraft) and 100% recycled paperboard.  For
use in folding cartons, all three of these grades are clay-coated.  The two virgin paperboard
products are produced on fourdrinier paper machines.  The 100% recycled boxboard is produced
on modern multi-ply machines such as ultraformers and multi-formers, which can use lower
grades of recovered paper as a raw material.  There are also two multi-fourdrinier machines in
the U.S. and Canada.  The manufacturing technologies and performance characteristics of these
three types of paperboard as they are used in folding cartons are discussed in White Paper No.
6B.

1.  Adding recycled content to SBS paperboard using DMP increases production costs.  A
few manufacturers are now producing SBS with recycled content by adding deinked market
pulp.  The costs of manufacturing SBS with postconsumer recycled content are similar to those
for UCFS papers.

2.  The two companies that make coated unbleached kraft board have added OCC
recovered fiber processing systems in concert with mill capacity expansions.  Precise data
are not available, but it is likely that at projected trend prices for recovered paper, this is
an economically positive step, as in the similar case of linerboard.

3.  For producers of 100% recycled boxboard, a key issue is the impact of rising costs for
recovered paper on profit margins.  Data available to the Task Force suggests that in 1994
and 1995, most of these producers have been able to raise prices for clay-coated grades
sufficient to compensate for rising recovered paper prices.  For example, estimated fiber
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Baseline Recovered Paper/Virgin Market
Virgin Pulp Price Scenarios

Prdn. Cost Low Proj. Trend High

Line rboa rd
100% virgin, 1300 tpd mill $356
75% virgin, 25% recycled, 1300 tpd mill $283 $374 $503
Difference, recycled- virgin -73 18 147
100% recycled, 1000 tpd mill 263 355 483
Difference, recycled- virgin -93 -1 127
100% recycled, 400 tpd mill 248 339 468
Difference, recycled- virgin -108 -16 112

Note:  These estimates account for only the production cost impact of using recovered fiber; 
they do not include reductions in overall mill production costs made possible by recycling-
based incremental expansions of capacity.  Including this factor in the estimate for the 25% 
recycled mill would results in costs in the projected trend case that are lower than the 100% 
virgin mill.

Source: Table 19

Baseline Recovered Paper/Virgin Market
Virgin Pulp Price Scenarios

Boxboa rd for Folding Cartons Prdn. Cost Low Proj. Trend High
Virgin SBS, 15 pt. clay-coated, southern mill $597
Virgin CUK, 20 pt. clay-coated, southern mill 413
100% recycled cylinder board, 20 pt., northern mill $340 $427 $558

Source: RISI, Table 20

SBS = solid bleached sulfate
CUK = coated unbleached kraft

Note: Negative value in difference indicates savings due to recycled content production

Table 4.  Virgin and Recycled-Content Paperboard Total  Production Cost Comparison,
1995 $/ADST
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costs for recycled the average boxboard producer increased from $96 to $175 per ton of finished
product manufactured from 1994 to 1995.  Projected prices for 20 point recycled clay-coated
paperboard increased from $597 per ton to $759 per ton in the same period, more than making
up the difference.  The experience of individual mills may not match these average results.

Margins for products such as chipboard and core and tubestock may be under more pressure.
The combined effect of high recovered paper prices and fiber shifting to less expensive grades of
paper is causing recycled paperboard manufacturers to install additional fiber cleaning
equipment and develop new sources of supply, such as papers found in households that have
traditionally not been recycled.  By shifting to lower grades of mixed paper and installing more
recovered fiber cleaning equipment, 100% recycled boxboard mills also can compensate
partially for rising recovered paper prices.

III. PAPER PRODUCTION AND RECYCLING IN THE UNITED STATES

A. Use of Recovered Paper by U.S. Paper Mills

The economics of producing paper with recycled content depend in large part on capital
already spent on virgin production, both at individual mills and collectively for the industry.  The
economic analysis in this paper must therefore begin with an understanding of the current
industry situation.

In 1993, the U.S. paper industry produced 86.6 million tons of paper and paperboard,
resulting in $131.2 billion of net sales.  On average, tonnage produced increased by 2.4% per
year between 1970 and 1993, and net dollar sales rose by 8.3%.  The average increase in
production volume corresponds to the annual real growth of Gross Domestic Product (GDP) of
2.6% in the same time period.20  Table 5 shows production figures for major paper grades.

In 1993, U.S. mills consumed 29.2 million tons of recovered paper, corresponding to
33.7% of the above production volume.21  This does not equate to a 33.7% average recycled
content across the industry because the numerator (recovered paper) includes contaminants,
additional moisture and fibers that are lost in the recycling process, while the denominator (paper
production) is rolls coming off the paper machine.

Consumption of recovered paper by U.S. mills has accelerated since 1985.  Figure 1
shows more detail on recovered paper consumption by major paper and paperboard grades over
time.  Corrugating medium and recycled paperboard grades such as recycled boxboard, core and
tube stock and chipboard have historically absorbed the majority of recovered paper.  In the
1980’s, linerboard and tissue producers began using increasing amounts of recovered paper, and
in the late 1980’s and early 1990’s, consumption of recovered paper at newsprint mills also
increased.

Table 6 shows the consumption of recovered paper by different categories of paper
production.  As noted in Section II, B, “Definitions,” the headings in the table for major grade
categories (“old corrugated containers,” “high-grade deinking,” etc.) represent the sum of many   
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Grade U.S. Production in 1000 short tons CAGR*** in %
1970 1975 1980 1985 1990 1991 1992 1993 1970-1993

Paper
Newsprint 3,464 3,691 4,627 5,428 6,611 6,841 7,081 7,068 3.1
Printing and Writing Papers 10,904 10,966 15,522 18,463 22,370 22,064 23,394 24,062 3.5
 - Uncoated Groundwood 1,085 1,127 1,499 1,521 1,806 1,716 1,609 1,799 2.2
 - Coated Papers 3,239 3,155 4,622 5,875 7,536 7,358 8,119 8,276 4.2
 - Uncoated Free Sheet Papers 5,090 5,328 7,984 9,690 11,503 11,504 12,170 12,355 3.9
 - Other 1,490 1,355 1,417 1,377 1,526 1,485 1,496 1,632 0.4
Packaging and Industrial Papers 5,265 4,624 5,484 5,230 4,578 4,511 4,713 4,608 (0.6)
Tissue Papers 3,719 3,980 4,439 4,941 5,802 5,669 5,784 6,008 1.9
All Pape r* 23,351 23,260 30,116 34,061 39,361 39,084 40,857 41,521 2.5

Paperboard
Linerboard 11,252 10,842 14,677 15,468 19,258 19,899 20,700 20,845 2.7
Corrugating Medium 4,416 4,490 6,004 6,574 7,699 7,649 8,141 8,240 2.7
Boxboard** 6,303 5,645 6,127 6,413 6,920 7,279 7,339 7,768 0.9
Other 3,666 3,760 4,118 4,467 5,546 5,589 5,806 6,359 2.4
All Pape rboard 25,638 24,736 30,926 32,922 39,423 40,416 41,985 43,213 2.3

All Pape r and Paperboa rd* 48,719 47,997 61,042 66,983 78,784 79,500 82,958 84,957 2.4

Note:
* Rounding differences
**  Only production for domestic use, exports included in "Other" category. 
*** CAGR = Compound Annual Growth Rate

Sources:  1994 North American Pulp & Paper Factbook, San Francisco: Miller Freeman, Inc., 1993, p. 240 and 262;
American Forest & Paper Association, Paper, Paperboard & Wood Pulp, 1994 Statistics - Data Through 1993, Washington, DC, 1994, p. 4 and 9-12.

Table 5.  U.S. Production of Paper and Paperboard, 1970-1993
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Recovered Paper

Old High 
Mixed News- Corrugated Pulp Grade
Papers papers Containers Substitutes Deinking Total

New Paper Grades in 1000 short tons

Newsprint 220 2,431 --  0 192 2,843
Printing, Writing & Related 357 127 3 1,196 635 2,318
Packaging & Ind. Converting 127 21 557 178 23 906
T issue 669 456 168 451 1,738 3,482
S ubtota l, P a pe r Gra de s 1,373 3,035 728 1,825 2,588 9,549

Kraft Linerboard 290 38 2,937 68 107 3,440
Other Kraft, Bleached & Unbleached 16 --  98 61 3 178
Semichemical 159 20 1,907 5 --  2,091
Recycled Containerboard 161 140 4,215 91 4 4,611
Other Recycled 1,717 1,437 3,383 583 175 7,295
S ubtota l, P a pe rboa rd Gra de s 2,343 1,635 12,540 808 289 17,615

Construction Paper & Board 387 325 294 162 2 1,170

T ota l, All Gra de s 4,103 4,995 13,562 2,795 2,879 28,334

Source:  American Forest & Paper Association, Paper, Paperboard & Pulp Capacity and Fiber Consumption,
35th Annual Survey, Washington, DC, December 1994, p. 26.

Table 6.  U.S. Recovered Paper Use by New Paper Grade, 1993
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individual grades.  Both preconsumer and postconsumer fiber is included in these overarching
categories, except for pulp substitutes.  Figures 2 and 3 show recovered paper consumption
relative to production volumes for major grades.  Of the major grade categories, printing and
writing papers have the lowest utilization of recovered fiber.

B. The Cost of Recovered Paper

Prices for recovered paper are based on supply and demand.  The last decade has been an
especially volatile period for recovered paper prices.  Rising landfill disposal costs, changing
government regulations for solid waste management facilities, the implementation of thousands
of business and community recycling programs, and the addition of substantial recycling
capacity within the paper industry have all affected recovered paper prices.  The Paper Task
Force’s White Paper No. 2, The Economics of Recycling as an Alternative to Solid Waste
Management, analyzes some of these issues in more detail.

Within the paper industry, manufacturing capacity that uses recovered paper also tends to
come on-line in large blocks, while overall collection expands incrementally.  At points when
demand surpasses the amount of material being collected -- which can be the result of a new mill
starting up, an export buying run, or even bad weather -- recovered paper prices rise rapidly,
until the system adjusts again.  Likewise, the collection of  5-10% more material than the market
demands can send prices plummeting, as occurred from 1991 to 1993.22

Table 1 sets out recent low, high, and medium-term projected prices for several
recovered paper grades that will be analyzed in the sections below.  The projected trend price
estimates in Table 1 were provided by Jaakko Poyry Consulting, Inc.  Trend prices are similar to
a long term “average” above and below which prices may fall at any given time. The Jaakko
Poyry estimates are based on a subjective analysis of several factors, primarily the cost of
collecting additional quantities of recovered paper and the price that mills can afford to pay over
the medium term, and also including the effect of new capacity on supply and demand and fiber
shifting within the paper industry (makers of lower-value recycled paper products shifting to
lower-cost recovered paper furnishes). These projections are similar to those made by other
experts, such as Franklin Associates and Thompson-Avant, Inc.23  The trend prices also are
based on aggressive actions by mills and recycling collectors to expand the collection
infrastructure.  Note that these are U.S. averages for prices paid by mills.

Figure 4 shows the inflation-adjusted price history for three major grades of recovered
paper.  As shown in Figures 5 and 6, there is substantial regional variation in market pricing.  In
the past, prices have been highest on the West Coast, due to the effect of Asian export markets.
However, the growing domestic demand for recovered paper is beginning to equalize price on a
nationwide basis.

The prices in Table 1 are used in the grade-by-grade analysis in the rest of the paper as
the basis for low, high and intermediate (projected trend) forecasts for recovered paper prices.
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C. The Cost of Pulpwood

The cost of pulpwood also affects the relative cost of manufacturing paper using virgin
and recycled fiber.  Resource Information Systems, Inc. projects that pulpwood prices in the
United States will rise significantly between 1994 and 2000. According 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 registered in the
1970’s.  By next year [1996], real pulpwood prices in the South will have broken a 30-year
record high in real terms, and will be heading up substantially from there.  The overwhelming
factor is that harvesting is now exceeding growth in the South for softwood fibre, and inventories
of standing timber are declining.” According to RISI, inflation-adjusted average prices for
southern hardwood and softwood chips will increase 32% and 30%, respectively, between 1994
and 1999.24

Forest products companies interviewed by the Paper Task Force also project that prices
for hardwood fiber used in papermaking will increase in real terms by the end of the decade.
This is significant for recycling because deinked pulp made from recovered office paper is
primarily a substitute for bleached kraft hardwood pulp when it is used in printing and writing
papers.

A different forecast is provided in an earlier report by the U.S. Forest Service.  Relative
to 1991, the Forest Service 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 North.25  One
difference between the RISI and U.S. Forest Service pulpwood price estimates is the assumed
rate of increase in demand for engineered wood products, such as oriented strand board (OSB).
Engineered wood products are made from the same types of plantation-grown pine trees that are
typically 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 structural lumber
market than does the Forest Service.

The Forest Service also attributes much of the stability in its projected pulpwood prices
to the role that increased recovery of paper plays in extending the fiber supply.  The increased
supply of fiber created by expanded paper recycling is seen to have a moderating effect on
pulpwood prices.  Both forecasts conclude that recycling will play an important economic role in
the market for fiber used in making paper in the United States.

D. Interaction of Recovered Paper and Pulpwood Markets

Volume and pricing in markets for pulpwood and recovered paper will affect each other
over time.  Growth in recycling-based paper manufacturing capacity is now outpacing growth in
virgin paper production capacity.  Between 1984 and 1994, U.S. production of pulp from wood
grew by 10.2 million tons, while consumption of recovered paper by U.S. paper manufacturers
grew by 13.3 million tons.26  (Note that these tonnage figures are not exactly comparable,
because some recovered fiber and contaminants that are counted in the recovered paper
consumption estimate are lost in the fiber cleaning process at the mill.)
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Because recycling provides an alternative source of fiber to virgin pulpwood, it has the
ability to extend the virgin fiber supply.  An econometric study conducted at the U.S. Forest
Products Lab shows that, by extending the fiber base, higher recycling rates will allow greater
overall industry growth than low recycling rates.  According to the study, “increased paper
recycling will extend U.S. fiber resources and contribute to enhanced competitiveness for the
U.S. pulp and paper industry (and will also extend timber resources for the lumber and plywood
sectors).  Increased export and decreased import of pulp, paper and paperboard products will
significantly improve the U.S. balance of trade.”27

E. A Model for Comparing Virgin and Recycled-Content Paper Manufacturing Costs

In order to compare the costs of adding recycled content to uncoated freesheet papers,
coated publication papers, corrugated boxes and folding cartons, the Paper Task Force developed
a model to estimate recycled pulp and paper production costs for several  different hypothetical
“model mills.”  This section summarizes this model and the major data and assumptions that
support it.

1. Sources of data and assumptions

The data used in the model came from several sources.  These sources are listed and cited
here and referenced in the tables in summary form.  The baseline costs for average paper mills in
specific grade segments were developed by Resource Information Systems, Inc., (RISI), a
forecasting and econometrics consulting firm specializing in forest products and paper.28  The
Paper Task Force is a subscriber to the RISI Pulp & Paper Service, which has agreed to allow the
Task Force to publish some data from the service.  Additional data on costs for wet-lap deinked
market pulp facilities were supplied by Rust Engineering.29  Costs for integrated deinking and
virgin kraft pulping facilities were supplied by RISI and Weyerhaeuser.30  This data was checked
against published sources31 and additional quantitative and qualitative information supplied to
members of the Paper Task Force by individual paper companies.32  Data on costs for air-dried
DMP facilitates now under construction were developed from financial offering statements for
several such facilities.33  Jaakko Poyry Consulting, Inc., provided projected trend estimates for
recovered paper prices.34

The Paper Task Force has developed and is following guidelines for acquiring and using
economic data.  These guidelines address competitive and proprietary data issues and are
available upon request.  In some cases, detailed or back-up calculations are not shown in order to
limit the public dissemination of data.

In order to conduct an analysis that is comparable across paper grades, we attempted to
put cost data from different sources in the same terms.  This generally meant conforming
information on fixed costs to RISI’s format of depreciation, interest expense and overhead.
Paper manufacturers use different methods of calculating their capital costs and overhead.  One
advantage of using the RISI data is that it conforms to a common approach.
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All production volumes and per-ton costs have been converted to an air-dried short ton
(ADST) basis.  Recycled content in paper products is measured on a fiber-weight basis (the
weight of the recycled fiber in the sheet divided by the total weight of paper fiber in the sheet,
i.e., excluding coatings and fillers).  “Variable costs” refers to both true variable costs (costs that
fluctuate proportionally with production, such as chemicals) and semi-variable costs (e.g., labor).
“Fixed costs” refer to capital assets such as real estate, plant and equipment, interest expenses
and overhead.

2. Caveats

If mills are exactly balanced in their pulping and paper-making capacity, adding deinking
capacity or buying deinked market pulp will require cutting back on virgin pulp production.  In
this case, the total costs of the deinking operation will be compared with the variable costs
(“cash costs”) of virgin manufacturing, since the virgin capital costs are sunk.  The recycling
option will almost always be more expensive in this case.  The calculations used in this paper
assume that mills installing deinking capacity or using deinked market pulp are not exactly “fiber
balanced” in their virgin production.  This is possible because renovation of different parts of
paper mills at different times, combined with economies of scale, tend to produce mill
configurations that are not perfectly balanced between pulp and paper production.  In addition,
across the industry, UCFS mills average a 1.5% per year “creep” of incremental improvement in
capacity.35  Therefore, in the tables that estimate production costs, the percentage recycled
content of a particular run of paper does not necessarily equate to average recycled content of all
paper produced, except where noted.  For example, a mill using deinked market pulp (DMP) to
produce paper with 20% recycled content might be doing so for only 5% of its total output of
paper.

Paper mills that are expanding their paper production and adding integrated deinking
equipment in the process may gain ancillary economic benefits from the more efficient
utilization of their existing assets, such as powerplants and water treatment facilities.  In other
words, the addition of deinking may allow mills to achieve marginal gains in production at costs
that are lower than average mill production costs. This situation is discussed further in Sections
V and VI.  The nature of this type of economic benefit is highly site-specific and requires an
analysis of the net present value of the overall investment, anticipated future paper prices and
variable manufacturing costs.  However, in most cases, the addition of recycling equipment in
concert with capacity expansions will provide productivity gains along these lines.

The model does not consider reduced paper machine speeds that might occur due to
reduced freeness of recycled pulp.  These factors have an incremental impact but are not likely to
change the direction of the main results significantly. Losses due to reduced production of
recycled-content paper for coated papers are reported at 0.5% - 3%.  This is not due to a
reduction in machine speed, but the production of off-spec base stock which cannot be coated
and must be sold at a discount, or because of the impact of DMP on reducing opacity.36

For uncoated papers, major producers report that the impact on machine speed of using
high-quality deinked market pulp is negligible.  For example, one producer reports that a slight
reduction in machine speed is necessary, but that the economic impact is compensated for by the
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additional fillers present in the deinked pulp, which reduces costs.  In comparison to the
experience in recycled-content grades such as paperboard and tissue, most papermakers running
large southern printing and writing paper machines have limited experience in using deinked
fiber on a long-term or continuous basis.  Issues such as the build-up of contaminants in water
recirculation systems are largely unexplored.37

In some of the sections below, examples of real mills in a roughly comparable class as
the hypothetical model mills are given.  The costs estimated for the model mills are not
applicable to the actual mills listed in each class. The model mill costs are not an attempt to
model costs for any actual mill.

3. Results

The different model mill and paper production configurations are summarized in Tables
3-4, with the Findings.  Tables 2-4 show both the total per-ton manufacturing cost for a baseline
virgin mill, the total per-ton cost for manufacturing paper with a specified recycled content, and
the difference between the virgin and the recycled content mills.  The recycled-content paper
manufacturing costs are estimated under low, projected trend and high prices scenarios for
recovered paper.

IV. COMPARATIVE COSTS FOR PRODUCING BLEACHED KRAFT PULP AND
DEINKED PULP

There are two ways that printing and writing paper manufacturers can add recycled
content to their products.  The first strategy is to buy “deinked market pulp” from an independent
company that buys office or other recovered paper, removes ink and other contaminants, and
sells the pulp on the market to other paper mills to be blended with virgin pulp on existing paper
machines.  This pulp is typically produced in sheets that are 1/4” to 3/8” thick and are cut and
stacked in bales.  The second technique is to build a deinking plant integrated to a new or
existing paper mill.  This section discusses recent trends in both approaches and compares costs
to virgin market and integrated pulp.

A. Advances in Deinking Technology

Recovered fiber has historically been used in paper and paperboard grades that do not
require deinking.  In 1988, for example, the paper industry worldwide used almost 75 million
tons of recovered paper, making up about one-third of the total fiber furnish.  Western Europe
and North America consumed about 20 million tons of recovered paper each, and Japan
consumed another 12.5 million tons.  Almost 85% of recovered paper used globally in 1988 was
used in packaging grades, generally paperboard.38

In 1988, there were about 400 deinking mills operating worldwide.  Roughly 50 of these
were in the United States, 5 in Canada, and 315 in Europe and Japan, reflecting a relative
scarcity of virgin fiber in the latter two regions.  The total production capacity of these 400 mills
was approximately 12.5 million tons per year of deinked pulp, of which 60% was used in
newsprint, 30% in tissue, and 10% in printing and writing paper.39
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The economics of adding recycled content to virgin printing and writing paper are
determined in part by the technical capabilities and costs of deinking systems.  Growing
investment in deinking systems and international competition among equipment suppliers have
accelerated research and development on deinking technologies and operating procedures. These
innovations are overcoming some of the most difficult paper recycling problems of the past.
State-of-the-art “full mechanical” systems are allowing deinking mills to use more
heterogeneous and contaminated grades of wastepaper for pulp of high enough quality to be used
in printing and writing paper, compared to the more expensive, uniform, highly sorted grades
used more often in the past.  These systems rely primarily on energy and mechanical devices, as
opposed to chemical systems, for separating ink and other contaminants from the pulp slurry.
The use of an “office pack” type of recovered paper to make deinked pulp for printing and
writing paper has only been possible in the U.S. in the 1990’s.40

B. Deinked Market Pulp Production Costs

1. Deinked market pulp capacity expansions

The rapid growth of the deinked market pulp industry is one of the best examples of the
impact that recycling is having on the printing and writing paper manufacturing.  Prior to 1989,
deinked market pulp was used primarily in tissue products, and Ponderosa Fibres of America
was the main U.S. supplier.  At four mills, Ponderosa’s subsidiaries received primarily printed
preconsumer material; the source of the recovered paper per se was not an issue to customers.

Responding to market demand for postconsumer recycled content in printing and writing
paper, in 1989 Ponderosa began intentionally buying postconsumer fiber, and by mid-1993 had
shifted 80% of its business to supplying producers of printing and writing grades.  Ponderosa
upgraded its equipment to handle the less expensive but more contaminated postconsumer paper
it now receives, investing $4 million at one facility for new fiber cleaning equipment, and
installing an electrical substation and wiring to support a new dispersion unit at another.41

Between 1988 and 1995, 12 new deinked market pulp mills designed to produce high
quality pulp for use in printing and writing papers began operations in the United States.  As of
December, 1995 another five U.S. plants have been financed or are under construction.  Most of
the newest deinked market pulp facilities are substantially larger than the previous generation of
mills.

Table 7 lists currently operating North American deinked market pulp mills and Table 8
shows the five  mills that are either under construction or financed.  Assuming that all of the
plants listed in Table 8 are built, by 1998, approximately 2 million tons per year of deinked pulp
will be on the market, a 700% increase from 1988.  Many more mills have been proposed but are
unlikely to be built, due to high or volatile prices for recovered paper.42
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Deinked
Initial Pulp

Start-up Production
Company CIty State Year in tpd 

Ponderosa Fibres of America Santa Ana CA 1966 150
Ponderosa Fibres of America Augusta GA 1970 200
Ponderosa Fibres of America Oshkosh WI 1972 250
Ponderosa Fibres of America Memphis TN 1974 270
Desencrage Cascades Breakeyville QUE 1988 111
Mississippi River Natchez MS 1990 350
Ohio Pulp Mills Cincinnati OH 1990 28
Eastman Kodak co. Rochester NY 1992 50
Ecofibre/Riverside Paper DePere WI 1992 100
Fox River Fiber DePere WI 1992 200
Kieffer Paper Mills Brow nstow n IN 1992 130
Burrow s Paper Corp. Little Falls NY 1993 50
Superior Recycled Fiber Ind. Duluth MN 1993 250
American Pow er Recyclers LP Sanford WV 1995 520
Auburn VPS LP Auburn ME 1995 200
Blue Water Fiber Port Huron MI 1995 230
Hagerstow n Fiber LP Hagerstow n MD 1995 420

Total U.S. Production of Bleached Kraft-Based Deinked Pulp to Market 3,398 tpd
1,206,290 tpy

Total U.S. Recovered Office/White Paper Consumption 4,719 tpd
1,675,403 tpy

Note:
Assumes 355 operating days per year
Assumes 72% yield in recovered paper to pulp
Does not include mills making pulp from ONP/ONP for new sprint or tissue.

Source: Paper Task Force Interview s; Paper Recycler, Pulp & Paper Week, American Forest & Paper Association,
RISI.

Table 7.  Deinked Market Pulp Mills Operating in North America in 1995 (Using Recovered Free-Sheet Paper)
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Deinked
Initial Pulp

Start-up Production
Company CIty State Year in tpd 

Great Lakes Pulp & Fibre Menominee MI 1996 470
Intercontinental Recycling Corp. Fitchburg MA 1996 400
Ponderosa Fibres of America Northampton PA 1996 415
Columbia River Wallula WA 1997 422
Snohomish Pulp Ltd. Everett WA 1997 394

Total U.S. Production of Bleached Kraft-Based Deinked Pulp to Market 2,101 tpd
(Printing and Writing Paper Quality) 745,855 tpy

Total U.S. Recovered Office/White Paper Consumption 2,918 tpd
1,035,910 tpy

Note:
Assumes 355 operating days per year
Assumes 72% yield in recovered paper to pulp

Source: Paper Task Force Interview s; Paper Recycler, Pulp & Paper Week, American Forest & Paper Association,
RISI.

Table 8.  U.S. Deinked Market Pulp Mills Financed or Under Construction, as of December, 1995
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During the late 1980’s and early 1990’s, deinked market pulp was produced in grades
that had a minimum of 20%, 50%, 75-80% or 100% post-consumer content.  By late 1994, most
producers were making 100% post-consumer content pulp, and the 20% grade was close to
obsolete.43

2.  The costs of producing deinked market pulp

Table 9 estimates the costs of producing deinked market pulp in a state-of-the-art DMP
mill of the type that was being built in the United States in the early 1990’s.  The hypothetical
mill modeled here uses a full mechanical deinking system and would be in the class of a 1993
vintage mill such as Superior Recycled Fiber Industries (SRFI, Duluth, MN, 250 tpd).  As noted
previously, this is not an attempt to model costs at this specific mill.

The model mill makes deinked wet-lap pulp (about 50% moisture content) from a mix of
50% sorted office paper and  50% sorted white ledger paper.  This is an expensive mix of paper
and the DMP output is suitable for use in coated paper mills that have no tolerance for dirt
particles.  Replacing the sorted white ledger paper with 100% office pack would substantially
reduce fiber costs, and this is the goal of new DMP producers.  Other producers are running with
a higher percentage of sorted office paper.44  Some deinking mills in this class are also running
higher than their rated capacity,45 which would also reduce the per-ton production costs.

Table 10 shows the average of projected costs for three DMP mills that will be starting
up in 1996.  The average of the three is used in Table 10 as the cost for air-dried DMP used in
successive cost estimates.  These mills will produce an air-dried pulp (10% moisture) that can be
stored and shipped long distances.  Within the shipping range of the wet-lap producers, shipping
costs for an air-dried DMP producer are about 40% lower.  In addition, the pulp can be stored for
longer periods without freezing or molding.

The developers of this generation of DMP mills intend to compete directly with virgin
hardwood market pulp in the domestic and export market (75% of U.S. virgin hardwood market
pulp is exported).  These mills have higher capital costs than the mill modeled in Table 9, but
expect to be able to use lower grades of recovered paper, therefore their overall production costs
are lower.  The same general level of overhead is also allocated over more tons of production.
As has been the historical trend in the virgin pulp and paper industry, producers are trying to
substitute known fixed costs for uncertain and fluctuating variable costs.

3. Deinked market pulp vs. virgin market pulp costs

Over the long term, most experts predict that deinked market pulp will compete with
virgin bleached kraft hardwood pulp on a price basis.  Prices for virgin bleached kraft pulp have
been highly cyclical in the last 25 years, as shown in Figure 7.  The virgin market pulp prices
shown in Figure 6 include delivery, whereas DMP prices typically do not.  For DMP, the buyer
has traditionally paid the freight, an anomaly in the paper industry.  As of late 1995, some new
DMP mills were beginning to quote prices with transportation included..
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Facility parameters:
Total Installed Cost $85,000,000 (in 1993 dollars)
Installed cost per daily ton 340,000
ADST/day, average 250
Operating days/year 355
Furnish, recov. paper, ADST/day 347
Yield 72%

Cost, $/ADST
Recovered paper furnish Recovered paper price scenarios
Grade mix: percent low proj. trend high
SWL 50% 111 178 395
SOP 50% 70 125 278

Variable costs
Recovered Paper, net of yield 126 210 467
Inbound Freight 21 21 21
Energy 55 55 55
Chemicals 86 86 86
Labor 33 33 33
Other 47 47 47
Subtotal 368 452 709

Fixed costs
Overhead 34 34 34
Depreciation + Interest Expense 69 69 69
Subtotal 138 138 138

T ota l 471 555 812

Source: PTF estimate, based on data from Rust Engineering, interviews 
with deinked market pulp suppliers and RISI.

Table 9.  Production Cost Estimate for a 1993 Vintage Deinked Market
Pulp Mill Producing Wet-Lap Pulp, 250 tons per day, 1995 $/ADST
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Facility parameters:
Mill Capacity (ADST)
   Per day 441
   Per year 156,555
Total Installed Cost $200,000,000
Installed cost per daily ton $453,515

Cost, $/ADST
Recovered paper price scenarios

low proj. trend high
Variable costs
Sorted Office Paper, 72% yield 97 174 386
Inbound Freight 21 21 21
Energy 54 54 54
Chemicals 71 71 71
Labor 24 24 24
Other 62 62 62
Subtotal 329 405 618

Fixed costs
Overhead 18 18 18
Depreciation + Interest Expense 132 132 132
Subtotal 150 150 150

T ota l 478 555 767

Table 10.  Projected Costs for a Deinked Market Pulp Mill Producing Air-Dried Pulp,
Beginning Operations in 1996-1997, in 1995 $/ADST

Source: PTF estimate, based on average of costs of three deinked market pulp
mills currently under construction:  American Power, Sanford, WV; Ponderosa
Fibres, Northampton, PA; Hagerstown First Fiber, Hagerstown, MD.  From financial
offering statements and Andover Intl. Assoc., 1995 (see text for full reference).
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The virgin bleached kraft pulp market saw a dramatic reversal in 1994, with NBSK prices
rising back to $700 per metric ton by October 1, and prices for U.S. June, 1995 deliveries of
$910-925 per metric ton being quoted by some producers.46  Regarding the strength of the
market, one top-rated industry analyst said, “I have followed the industry for 40 years and have
never seen anything like this.”47

As shown in Figure 6, over most of the short history of the 100% postconsumer deinked
market pulp industry, DMP has sold at a premium to virgin hardwood market pulp.  This
difference in price was due in part to a combination of an excess of demand for deinked pulp
over the available supply and the very low prices for virgin pulp.  In 1994 and mid-1995, DMP
producers were passing on the high cost of recovered paper and following the rise of virgin pulp
prices.  In late 1995, DMP began selling at prices lower than bleached hardwood kraft market
pulp for the first time, due to competition among DMP start-ups and declining costs for
recovered paper.

In the model mill analyses, where deinked market pulp is used as a raw material for a
paper mill, the price is calculated at the production cost, plus a stated level of profit for the DMP
producer, plus transportation costs.

4. Integrated deinked pulp vs. integrated virgin pulp costs

Integrated pulp, whether virgin or recycled, is produced and used to make paper at the
same site, avoiding drying, transportation and some storage costs.  Virgin market pulp
manufacturers partially compensate for their economic disadvantage by producing at very large
scale.  Because it is not dried but stored in tanks in its wet form, integrated pulp is referred to as
“slush pulp.”

Estimated or current construction costs for new full-mechanical deinking mills range
from $200,000 to $500,000 per daily ton for facilities in the 200-500 tpd range, with the larger
facilities being less expensive on a per-ton basis, and with newer facilities being more expensive
than older ones.48  In comparison, typical costs per daily ton for new bleached kraft pulp mills
range from $500,000 to $750,000 at an economic scale of 1,000 tpd or more.49 Capital costs
therefore tend to be lower for new deinking facilities compared to new virgin pulp mills.
Operating costs show the reverse pattern.

Table 11 presents an estimate of the capital and operating costs for a 300 ton per day
deinked pulp facility compared to the per-ton costs of a virgin bleached kraft pulp mill on the
scale of 1,000 tpd or more.

According to the analysis in Table 11, the cost of recovered paper is critical to
determining whether deinked pulp is competitive with virgin pulp.  At the low value, the
deinking operation costs roughly the same as the virgin pulping operation, within the range of
the estimate.  At higher prices for recovered paper, the deinking option is more expensive.  Note
that northern virgin pulp mills have sufficiently higher costs such that the virgin and deinked
pulp costs can be closer at the projected trend price for recovered paper.50  The table assumes



41

Virgin Virgin Virgin 25/75 Deinked Deinked Deinked
Softwood Hardwood swd/hwd mix Low Fiber $ Trend Fbr. $ High Fiber $

Variable costs
Fiber 162 126 135 97 174 386
Inbound Freight 21 21 21
Energy 29 25 26 50 50 50
Chemicals 71 61 64 76 76 76
Labor 26 26 26 28 28 28
Other 46 44 45 35 35 35
Subtotal 333 283 295 306 383 595

Fixed costs
Overhead 34 34 34 23 23 23
Depreciation, Interest 122 98 104 67 67 67
Subtotal 156 132 138 90 90 90

T ota l 456 380 399 373 449 662

Note:  The capital cost of the deinking plant is $110 million, yield on recovered fiber is 72%.

Source: PTF estimate based on data supplied by RISI and Weyerhaeuser; recovered paper prices
from Table 1.

Table 11.  Estimated Costs for Producing Virgin and Deinked Slush Pulp, Existing Capacity at U.S.
Southern Integrated UCFS Mills Compared to a New 300 tpd Deinking Plant, $/ADST
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that the deinking mill is running on a sorted office paper furnish.  If a higher-cost furnish is
required, the deinking mill will be more expensive to operate.

5. Outlook for the deinked market pulp industry

The long-term economic outlook for deinked market pulp manufacturing depends on four
interrelated factors:  (1) the cost of recovered paper, (2) price trends for competing virgin market
pulp, (3) advances in deinking technology, (4) the total capacity of integrated and non-integrated
deinked pulp mills that are built, and (5) consumer demand for recycled-content paper.

The deinked market pulp phenomenon offers a range of economic advantages and
disadvantages for producers of recycled-content printing and writing paper.  From the overall
standpoint of paper producers and buyers, the advantages include the following points.

• Buying deinked market pulp allows paper manufacturers to add recycled content to their
products in a flexible fashion, with relatively minor capital expenditures.  The DMP
manufacturers and bondholders assume the risk of the new facility, rather than the paper
producer.

• Areas like the Midwest and Northeast, where many deinked market pulp mills are
concentrated, have large numbers of small and intermediate sized paper mills for which
building an economic-scale deinking plant is not a viable option.  Deinked market pulp
provides these mills with the ability to make paper with recycled content.

• Non-integrated and semi-integrated paper mills that buy market pulp already have most
of the equipment required to repulp bales of deinked market pulp and convey fiber to the
paper machine.

• Many deinked market pulp mills are being built in locations that take advantage of the
economic synergies of natural gas cogeneration facilities or the infrastructure from older,
idled paper mills.

• Compared to the usual timing for introducing new technology into the paper industry on
a widespread basis, the deinked market pulp mills were built very rapidly, allowing paper
producers to respond to market demand for recycled paper while they wait to gauge the
ultimate direction of the market and the soundness of their own investments.

• Over the long term, some deinked market pulp mills may be able to add their own new
paper machines, buying and blending virgin pulp to produce paper with a high recycled
content close to sources of recovered paper and end-product markets (the mini-mill
concept).  Although this has not been done in the United States and is clearly speculative,
there are mills in western Europe that are producing printing and writing paper with very
high postconsumer recycled content from deinked sorted office paper.51

On the other hand, in addition to the high price of deinked market pulp, concerns raised
by the proliferation of deinked market pulp mills include the following.
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• Integrated virgin pulp and paper mills typically do not have their own equipment for
repulping fiber from outside sources, so some expenditures have to be made on
equipment to deliver the incoming pulp to the paper machines.

• Currently, the most common form of deinked market pulp, wet-lap pulp, is dried by
mechanically squeezing water out of fiber.  Because of the absorbency of paper fibers,
this product is still about 50% water by weight.  In terms of cubic volume, a 40,000 lb.
capacity semi-tractor trailer can only be loaded half full with this material, increasing
transportation costs.  Drying the pulp to 90% fiber substantially increase the distances it
can be economically shipped, but at added cost on the capital side.

• Although many deinked market pulp mills are built at sites with an industrial host, these
sites may not have the full complement of services that an deinking mill built at an
integrated paper mill site would have.  The useful existing infrastructure at an integrated
pulp and paper mills includes power plants, water and steam, water treatment and solid
waste disposal facilities, a machine shop and maintenance staff.52

• Some deinked market pulp mills may be financially incapable of enduring a sustained
period of very high prices for recovered paper, which would either force them to raise the
selling price of their product or absorb the higher costs.  In some cases, “stabilization
funds” have been built into the non-recourse financing arrangements used to finance
DMP facilities to provide a buffer against unanticipated pressures on profit margins.53

Like pulp and paper mills, modern deinked market pulp plants are likely to  keep running
if financially distressed facilities are purchased at a discount and brought back on line
with reduced capital costs.  One small mill has already gone bankrupt and has been
purchased by a paper company with a nearby mill.

• Deinked market pulp mills collectively represent a major new appetite for recovered
paper.  The rapid development of the deinked market pulp industry is slowing the
installation of deinking plants integrated to paper mills by large paper producers that are
concerned about future recovered paper costs.  Large producers like Champion
International, Weyerhaeuser and Georgia-Pacific have conducted studies for integrated
deinking mills and are waiting to see how the recovered paper market develops.54

V. COMPARATIVE COSTS OF PRODUCING VIRGIN AND RECYCLED-CONTENT
PRINTING AND WRITING PAPER

A. Deinking Facilities Integrated with Printing and Writing Paper Mills

Prior to 1990, most recycled-content printing and writing paper that contained pulp made
by deinking systems integrated with paper mills (as opposed to unprinted pulp substitutes) was
made by about eight producers for the specialty  paper market.  Among these mills, the average
deinked pulp production was about 150 tons per day (tpd) and average paper production was
about 290 tons per day.55 Almost all of the recovered fiber used at these mills came from clean,
predictable and expensive pre-consumer sources, compared to paper that is typically collected
from offices.
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Between 1990 and 1994, five new deinking plants were built at medium-sized non- or
semi-integrated paper mills; the average size of the deinking plants at these mills is
approximately 155 tpd (output) and the average paper production is about 650 tpd.56 These mills
are not large-scale commodity paper producers in the modern sense, but some have introduced
new commodity paper variants (e.g., Unity DP, a groundwood office reprographic paper made
by International Paper at Lock Haven, PA).  Many of the older specialty recycled paper mills
upgraded their deinking systems during this period in order to handle the more contaminated and
usually lower cost post-consumer fiber.

Deinking plants at three large, integrated southern pulp and paper mills started up
between December, 1994 and May, 1995.  The average deinked pulp output for each of these
facilities is 320 tpd; the average paper production is 1,320 tpd.  Each mill also has the capability
to sell DMP on the market.  At its mill in Cornwall, Ontario, Domtar is constructing a recycling
system to recover fiber from old corrugated containers and process the pulp through a
conventional (chlorine-based) virgin pulp bleaching plant, along with unbleached virgin fiber
from the digesters.  The company is studying the same approach for its Windsor, Quebec mill.
Table 12 lists the integrated U.S. mills currently making printing and writing paper with
recycled content.

B. Commodity Uncoated Freesheet

From the standpoint of a paper producer, the economic viability of installing deinking
equipment or purchasing deinked market pulp can vary considerably, depending on the
configuration of a mill and the level of recovered paper prices.  This section conceptually
discusses the economic impact of variations that could be present for different mills and
develops cost models for certain mill configurations.

1. Commodity UCFS mills purchasing DMP

Table 13 estimates the cost of adding 20% recycled content to UCFS photocopy paper
(converted into sheets at the mill) for an average southern integrated UCFS mill as profiled by
RISI.  In this case the mill purchases air-dried DMP to add the recycled content. The price of
DMP is calculated using the estimated production cost (from Table 10) plus profit to the DMP
manufacturer and DMP delivery costs to the southern mill.  The impact of the higher cost of the
DMP is diluted by the fact that it is used for only 20% of the fiber furnish, or 17.6% of the total
weight of the sheet.

The approach used in Table 13 shows that manufacturers can account for the costs of
using DMP to produce paper in at least two ways.  If a mill has reached the limits of its virgin
pulping capacity and still has some production capacity available on its paper machines, the
incremental cost of making paper using this capacity will be lower than the average cost.  For
paper machines, there is no additional labor expense for the last increments of production.
Energy costs are reduced by about 20% and there is some savings in maintenance costs.  Pulp
and chemical costs vary directly with the quantity of paper manufactured.57
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Deinked
Pulp Paper

Production Production
Company Tow n State in tpd in tpd 

Appleton Papers West Carrolton OH 180 350
Boise Cascade Vancouver WA 110 330
Boise Cascade Jackson AL 230 640
Cross Pointe Park Falls WI 100 375
Cross Pointe West Carrolton OH 200 300
Fraser Paper Ltd. Madaw aska ME 100 1,290
Georgia-Pacif ic Kalamazoo MI 110 400
International Paper Selma AL 400 2,055
International Paper Corinth NY 50 550
International Paper Lock Haven PA 220 650
International Paper (Strathmore) Merrill WI 60 100
James River Halsey --> Camas, Wauna OR 300 1,790
P.H. Glatfelter Neenah WI 370 400
Repap Refibre (Repap Kimberly) Appleton --> Kimberly WI 54 1,350
Riverside Appleton WI 70 120
Simpson West Linn OR 390 460
Union Camp Franklin VA 330 2,000
Westvaco Tyrone PA 100 200

Total deinked pulp/paper production 3,374 tpd 13,360
1,197,770 tpy 4,742,800

Total recovered paper consumption 4,686 tpd
1,663,569 tpy

Note:
Assumes 355 days per year operation
Assumes 72% fiber yield

Source: Paper Task Force Interview s, Paper Recycler, Pulp & Paper Week, Lockw ood-Post's Directory,
American Forest & Paper Association.

Table 12.  U.S. Printing and Writing Paper Mills w ith Integrated or Dedicated Deinking Capacity, 1995
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Recovered Paper
Price Scenarios

Virgin low proj. trnd. high
Paper composition, pulp & fillers: softwood 26.4% 26.4% 26.4% 26.4%

hardwood 61.6% 44.0% 44.0% 44.0%
filler 12.0% 12.0% 12.0% 12.0%
deinked 0.0% 17.6% 17.6% 17.6%
total 100% 100% 100% 100%

Manufacturing costs
Bleached softwood kraft pulp, variable cost 333 333 333 333
Bleached hardwood kraft pulp, variable cost 283 283 283 283
Deinked market pulp, air-dried* 0 528 609 837
Subtotal, pulp variable cost 262 305 320 360

Paper mill and on-machine average/incremental cost 141 115 115 115
Paper cost on roll 403 420 435 475
Paper cost in sheet (@9% broke loss) 439 458 474 517

Pulp & paper mill fixed costs (ovh., dep, int.) 237 237 237 237
Finishing 52 52 52 52
Delivery 48 48 48 48
T ota l cost 776 795 811 854

Difference, recycled-virgin, at incremental cost of paper prdn. $19 $34 $78
Difference, recycled-virgin, at average cost of paper prdn. $45 $60 $104

Assumptions:
Pulp ratio in virgin sheet:
softwood % 30%
hardwood % 70%
Deinked pulp substitution for bleached kraft pulp:
softwood 0%
hardwood 100%
*DMP purchased at prdn. cost, plus:
DMP profit margin 7%
DMP delivery cost 16

Incremental paper mill and on-machine cost based on 100% of chemicals, 80% of energy
0% of labor and 80% of other applied to average paper mill and on-machine costs.

Table 13. Estimated Cost of Using Air-Dried Deinked Market Pulp to Produce 20%
Recycled-Content UCFS, Avg.  U.S. Southern Mill, 20# cut-size, 83 brightness, $/ADST
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tons/day tons/year
Total paper production prior to adding deinked pulp 1,500 532,500
Total paper production after adding deinked pulp 1,545 548,475
Paper production with 20% recycled content 232 82,271
Total virgin paper production after adding DMP 1,313 466,204

May, 1995 list price for UCFS 20# reprographic paper, 83 bright $1,100 per ton
Price premium for recycled-content paper 8%
Increase in overall production due to adding DMP 3%

Total mill revenues from sales of paper: per day per year margin
100% virgin production at May, 1995 paper prices $1,650,000 $585,750,000 41.7%
After adding DMP at May, 1995 paper prices, no premium 1,699,500 603,322,500 39.6%
After adding DMP at May, 1995 paper prices, 10% premium 1,719,894 610,562,370 41.3%

Assumes operation at incremental cost of paper production for added DMP.

Table 13, continued.  Calculation of Mill Revenues and Operating Profit Margin Before and After
Adding DMP, at Current Prices for Finished Paper
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The mill modeled in Table 13 assumes that 3% of paper machine capacity is available at
a 1,500 tpd mill to run an extra increment of DMP.  Estimated incremental on-machine paper
manufacturing costs of $115 per ton are shown in the Table, which are $26 lower than average
costs.  If the use of DMP occurs at a mill in this configuration, there is an offsetting credit due to
the more efficient utilization of paper machine capacity.  For comparison, the estimated cost of
running DMP at average on-machine costs is also shown, which is repeated in Table 3.

The continuation of Table 13 is a simplified estimate of total revenues to the mill before
and after the addition of 3% DMP (which results in about 15% of the mill’s output being paper
with 20% recycled content, measured by fiber weight at 12% filler) under the high market prices
of May, 1995.  Due to the higher costs of using DMP, the mill would have to charge a 10% price
premium for recycled content paper to maintain the same operating profit margin as when
running 100% virgin paper.  If a mill was short by 3% of virgin pulp capacity, it could also buy
virgin market pulp to make up the difference.

This illustration shows the importance of a mill’s configuration and pulp and paper
balance in determining the costs of using DMP.  The same approach could apply to the estimates
developed for coated paper mills in Section C.  Due to higher labor costs at coated paper mills in
the northern U.S., the drop from average to incremental paper machine production costs would
be greater for coated paper mills.  However, the universe of integrated UCFS mills in the United
States is larger than that of coated paper mills, meaning that there are probably more UCFS mills
operating with slight imbalances in pulp and paper production that have developed over time.

2. Commodity UCFS mills installing integrated deinking facilities

The economical scale of a deinking plant is an output of about 300 tpd, compared to
1,000-1,400 tpd and higher for a virgin kraft pulp mill.  Large, integrated pulp and paper mills
that are expanding paper production by increasing running speeds on existing paper machines or
by adding large new paper machines to existing market pulp mills are therefore installing
deinking equipment as the most economical way to add 200-300 tpd of incremental pulp
capacity.

One recent example of this approach is Union Camp in Franklin, VA, which is increasing
the running speeds on four of its six paper machines and installing a 330 tpd output deinking
plant to meet its additional pulp needs.58  Although the cash manufacturing costs of producing
deinked pulp are higher than Union Camp’s virgin pulp production costs, the overall capital
costs of the new production capacity ($160 million, or $560,000 per daily ton) are substantially
lower than new virgin pulp and paper manufacturing costs, and are available in a smaller
increment of production.59  As of 1995, Union Camp was selling a fraction of the deinked pulp
its produces on the market.

International Paper in Selma, AL is installing a very large new paper machine with a
production capacity of 360,000 tons per year, and will use recycled pulp to make up the
difference between its current virgin pulp capacity and the fiber requirements of the new
machine.60  International Paper may also use some of the output of the deinking plant to supply
deinked pulp to other mills in its southern system or sell deinked market pulp.
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Recovered Paper
Virgin Price Scenarios

pre- mill post- mill expansion
expansion low proj. trnd. high

Paper composition, pulp & fillers: softwood 26.4% 26.4% 26.4% 26.4%
hardwood 61.6% 44.0% 44.0% 44.0%
filler 12.0% 12.0% 12.0% 12.0%
deinked 0.0% 17.6% 17.6% 17.6%
total 100% 100% 100% 100%

Manufacturing costs
Bleached softwood kraft pulp, variable cost 333 333 333 333
Bleached hardwood kraft pulp, variable cost 283 283 283 283
Deinked slush pulp 373 449 662
Subtotal, pulp variable cost 262 278 291 329

Paper mill and on-machine average/incremental cost 141 136 136 136
Paper cost on roll 403 414 428 465
Paper cost in sheet (@9% broke loss) 439 452 466 507

Pulp & paper mill fixed costs (ovh., dep, int.) 237 222 222 222
Finishing 52 52 52 52
Delivery 48 48 48 48
T ota l cost 776 774 789 829

Diffe rence , re cycled-virgin ($2) $12 $53

Assumptions:
Pulp content in virgin sheet: Deinked pulp substitution for bl. kraft pulp:
softwood 30% softwood 0%
hardwood 70% hardwood 100%

Total capital cost of paper machine expansion  is $80 million
Incremental paper mill and on-machine costs based on 25% of labor, 100% of all other factors
applied to average paper mill and on-machine costs.
Production, tons per day, pre-expansion: 1,500
Production, tons per day, post-expansion: 1,836

Table 14.  Estimated Cost of Using Integrated Deinked Pulp to Produce 20% Recycled-Content
UCFS, Avg. U.S. Southern Mill, 20# cut-size, 83 brightness, with 330 tpd Expansion of Paper
Production, $/ADST
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In the mill modeled in Table 14, a deinking plant is installed on-site, in concert with an
incremental expansion of paper manufacturing capacity.  The cost of increasing paper machine
capacity is assumed to be $80 million, for 330 additional tons of production per day.61  As seen
from the paper manufacturing capital cost line in Table 14, the effect of the expansion is to
reduce overall capital costs for paper manufacturing by $15 per ton.  The result is that installing
deinking at the recovered fiber projected trend price results in a $14 per ton increase in total per-
ton production costs.  The increased cost of using deinked pulp is offset by the more efficient
utilization of the model mill’s existing assets.

3. Commodity UCFS mills that are balanced in pulp and paper production
capacity, or are producing and drying excess virgin pulp

Because of the effects of renovations, incremental expansions and the addition of new
paper machines and pulping equipment at different periods of time (as economies of scale
increased from year to year), some mills produce virgin pulp far in excess of their paper
production requirements.  This pulp is dried and sold on the market.  If excess drying capacity is
already available, adding deinking capacity at these mills means that the deinked pulp can be
used in the paper sheet (or dried and sold) and the displaced virgin pulp can be dried and sold.
Boise Cascade in Jackson, AL is pursuing this strategy.  Engineering studies for deinking mills
in this configuration have also been completed for mills in this configuration such as Georgia-
Pacific in Port Hudson, LA and Ashdown, AR and Champion Intl. in  Courtland, AL.

The results in this situation would be very similar to the UCFS mill with integrated
deinking described above.  The only major difference is that the mill in this case has the option
to use deinked pulp to make paper or to sell it as DMP, depending on market conditions.  For
example, a mill originally making 1,300 tpd of  virgin pulp might use 700 tpd to make paper
(total paper output 795 tpd considering ash content) and sell 600 tpd on the market.  With a 300
tpd deinking system, the mill can swing 210 tpd of deinked pulp between paper production and
DMP (i.e., with all 210 tpd of deinked pulp used to make paper, the paper has a 30% recycled
content).  The remaining 90 tpd of deinked pulp is produced as air-dried DMP.  This
configuration offers more flexibility and risk/reward opportunities in the virgin and deinked
market pulp markets than a mill that makes UCFS only.

C. Specialty Uncoated Free Sheet

The small- to medium-sized paper mills that have historically manufactured paper with
recycled content have served the higher value-added segments of the printing and writing paper
market.  Because production costs and selling prices of these paper grades are much higher than
those of commodity grade papers, costs directly associated with deinking operations (e.g.,
recovered paper) play a proportionately smaller role in the overall cost structure of these mills.
Specialty paper also often are used in high-profile applications, like corporate annual reports,
where recycled content may be especially desired by the customer.  RISI estimates that
recovered fiber-based UCFS mills will have 19% lower total production costs than non-
integrated UCFS mills in 1995, although it is not clear how much of this difference is due to
deinking capability versus other factors.  As one example, Cross Pointe was able to remain
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profitable throughout the last recession and industry down-cycle, in part due to low recovered
paper prices during the period.62

The difference between deinked and virgin market pulp prices is especially important to
the non-integrated part of the paper industry.  At equivalent prices, these producers could
theoretically use either virgin or deinked pulp with roughly the same cost impact, assuming that
quality requirements, functional performance issues and customer preferences are also met.
Because they have a much higher ratio of variable costs to fixed costs than paper mills integrated
with virgin pulp mills, non-integrated producers more readily adjust their output in response to
changes in paper prices.  During poor economic periods in the printing and writing paper
industry, 18-19% of total production is non-integrated; in the good year of 1989 this number rose
to 27%.63

For a non-integrated producer, the choice between deinked and virgin market pulps
comes down to which costs more at a given point in time (and customer demand).  Accurately
projecting recovered paper prices, deinked market pulp prices and virgin market pulp prices in
combination over a long period of time is highly challenging.

Recycling expansions at mills that already have some deinking or pulp handling
equipment in place may be considerably less expensive than brand new systems.  In the last four
years, for example, P.H. Glatfelter (Neenah, WI) and Cross Pointe Paper (Miami, OH) have
upgraded deinking systems in mills that have been producing book, text and cover paper with
high recycled (primarily pre-consumer, at the 50-100% level) content for decades.  Boise
Cascade in Vancouver, WA and Westvaco in Tyrone, PA have also taken advantage of existing
equipment when installing new or expanded deinking systems.  Georgia-Pacific is in the process
of expanding its deinking mill in Kalamazoo, MI.64

Semi-integrated or non-integrated mills may also add deinking capacity to displace virgin
market pulp and thereby decouple themselves from the high variability of virgin pulp prices.
Examples of mills that are using this strategy include International Paper at Lock Haven, PA,
Cross Pointe at Park Falls, WI and James River at Halsey, OR (where one large deinking plant
supplies an adjacent tissue mill and two UCFS paper mills in the region).

D. Coated Paper

The general economics of producing coated publication papers with recycled content are
similar to those for commodity UCFS paper, with two major exceptions.  First, the coating
process is highly intolerant of contaminants, which can stick to coating blades and streak the
paper.  Second, the virgin fiber composition of theses grades, especially for lightweight coated
groundwood papers is different than UCFS.  This has major implications for the cost of adding
DMP made from sorted office paper.

1. Coated Freesheet, Integrated and Non-Integrated Northern Mills

Table 15 estimates the costs of using wet-lap DMP in the manufacture of No. 3 coated
freesheet paper with 10% recycled content (measured by fiber weight) at an integrated mill in the
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Recovered Paper
Price Scenarios

Virgin low proj. trend high
Paper composition:
softwood fiber 32.0% 28.8% 28.8% 28.8%
hardwood fiber 32.0% 28.8% 28.8% 28.8%
deinked fiber 6.4% 6.4% 6.4%
coating 33.0% 33.0% 33.0% 33.0%
filler 3.0% 3.0% 3.0% 3.0%
total 100.0% 100.0% 100.0% 100.0%

Pulp variable costs ($/ADST)
NBSK, manufactured 346 346 346 346
NBHK, manufactured 380 380 380 380
Deinked market pulp 533 625 908
Subtotal, pulp variable costs 232 243 249 267
Paper mill and on-machine cost 407 407 407 407
Paper cost on roll 639 650 656 674
Paper cost in sheet (@2.3% broke loss) 654 665 671 689
Pulp & paper mill fixed costs 237 237 237 237
Finishing 21 21 21 21
Delivery 54 54 54 54

Production penalty due to DMP (1.5%) 14 14 14

Total cost 966 990 997 1,015

Recycle d-Virgin $25 $31 $50

Note:
Fiber mix in virgin sheet: softwood 50%

hardwood 50%
DMP profit margin 10%
DMP delivery cost, $/ADST 15

Table 15.  Estimated Cost of Producing Virgin and 10% Recycled-Content No. 3
Coated Freesheet Paper,  U.S. Northern Integrated Mill, $/ADST
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northern U.S.  Wet-lap pulp is used due to the proximity of a number of existing wet-lap DMP
producers in the region.  The table uses the same approach as for commodity UCFS production
based on DMP.  In this case, the recycled content option is more expensive than the 100% virgin
option.

2. Lightweight Coated Groundwood, Integrated Northern Mills

Table 16 displays the cost of using deinked market pulp made from office paper in No. 5
lightweight coated groundwood (LWC) paper, 34# basis weight, for integrated and non-
integrated mills, with 10% recycled content by fiber weight.  The table uses the same approach
as Table 15, except that in this case, the deinked pulp is replacing, in part, thermomechanical
(TMP) pulp, which is much less expensive to produce than bleached kraft pulp.  Lightweight
coated paper producers must take this step in order to maintain both strength and opacity in their
highly engineered sheet.65  The result is a relatively higher cost penalty to using DMP at a lower
recycled content level than in uncoated freesheet.  The cost impact would be even greater if
deinked office paper were substituting for stone groundwood pulp.  The non-integrated mill
modeled on the right hand side of Table 16 assumes that semi-integrated producers make their
own TMP pulp, but purchase kraft pulp.  This seems consistent with mill configurations in the
northern Midwest and Maine.

3. Lightweight Coated Groundwood Paper Manufactured Using Integrated
Deinked Pulp From Newspapers and Magazines

The high cost of using DMP in LWC paper results in part from the fact that producers are
substituting pulp made from office paper into a sheet that is unlike office paper, in the sense that
it uses no hardwood pulp.  One possible way to avoid this problem entirely might be to deink old
newspapers (ONP) and magazines and catalogs (OMG) and use the fiber predominantly to
replace mechanical pulp in new LWC paper.

There is limited experience with this strategy in the United States, although ONP and
OMG are used in mills in Europe to make coated paper.  More than 20 newsprint mills are now
deinking ONP and OMG in the United States, an increase from nine in 1989.  The economics of
recovering groundwood fiber from ONP “has a clear cost advantage” over virgin groundwood
pulp production.66  This is in part due to the high use of electricity by mechanical pulp mills,
which either grind logs or refine wood chips, and are not able to burn residual lignin as a kraft
pulp mill does.  Capital costs for an ONP/OMG deinking system are as low as half of those for
an office paper deinking system,67 and inks used in newspapers and magazines are easier to
remove than polymer-based inks found in office papers.68  However, experience in the newsprint
industry does not prove that recovered fiber from ONP/OMG can be cleaned sufficiently for use
in coated papers.

Fraser Paper Ltd.’s mill in Madawaska, ME, is one U.S. mill with medium-term
experience in deinking ONP to make coated paper.  With a comparatively small capital
investment, this mill capitalized on existing recovered fiber processing equipment at a
paperboard mill across the river, in Canada.  The Fraser mill now has a three-stage washing
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Integrated Mill Non-Integrated Mill
Recovered Paper Virgin Pulp Recovered Paper
Price Scenarios Price Scenarios Price Scenarios

Virgin low proj. trend high low high low high
Paper composition:
softwood 32.0% 28.8% 28.8% 28.8% 32.0% 32.0% 28.8% 28.8%
TMP 32.0% 28.8% 28.8% 28.8% 32.0% 32.0% 28.8% 28.8%
deinked 6.4% 6.4% 6.4% 6.4% 6.4%
coating 33.0% 33.0% 33.0% 33.0% 33.0% 33.0% 33.0% 0.0%
filler 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 0.0%
total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 64.0%

Pulp variable costs ($/ADST)
NBSK, manufactured 346 346 346 346
NBSK, purchased 404 935 404 935
TMP, manufactured 235 235 235 235 235 235 235 235
Deinked market pulp 532 624 907 532 907
Subtotal, pulp variable costs 186 201 207 225 204 375 218 395
Paper mill and on-machine cost 296 296 296 296 296 296 296 296
Paper cost on roll 482 497 503 521 500 670 514 691
Paper cost in sheet (@2.3% broke loss) 493 508 514 533 512 686 525 707
Pulp & paper mill fixed costs 230 230 230 230 201 201 201 201
Finishing 21 21 21 21 21 21 21 21
Delivery 54 54 54 54 54 54 54 54

Production penalty due to DMP (1.5%) 11 11 11 11 14

Total cost 798 825 831 849 788 962 813 994

Recycled-Virgin $27 $33 $51

Note:
Fiber mix in virgin sheet: softwood 50% DMP profit margin 10%

TMP 50% DMP delivery cost, $/ADST 15

Source: PTF estimate based on data supplied by RISI.

Table 16.  Estimated Cost of Producing Virgin and 10% Recycled-Content Lightweight Coated Groundwood Paper (No. 5, 34#) Using Wet-Lap
Deinked Market Pulp, Northern Integrated and Non-Integrated Mills, $/ADST
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deinking system that provides 80 tons per day of pulp.  The deinked pulp is used in directory
papers, but also in lightweight coated papers.  The main issues that the mill has encountered are
a relatively low yield due to the openness of the washing system, difficulty in removing flexo
inks, and the build-up of inks on wood resin that accumulates in the system.69   Bowater Corp.
also can manufacture coated groundwood paper with recycled content at its mill in East
Millinocket, ME.  The deinking system at this mill is primarily used to provide recovered fiber
pulp to the mill’s newsprint machines, however.

VI. COMPARATIVE COSTS OF PRODUCING PAPERBOARD WITH RECYCLED
CONTENT

A. Containerboard Manufacturing in the U.S.

Corrugated containerboard -- linerboard and corrugating medium -- is one of the most
commodity-oriented products in the paper industry.  In 1993, for example, 69% of the linerboard
produced in the U.S. was made on machines with 300,000 tons per year of capacity or higher.70

The corrugated containerboard industry has a long tradition of recycling.  Producing
boxes inevitably generates scrap from trim, estimated at 8% of the total new supply of linerboard
and corrugating medium.71  These double lined kraft cuttings have long been recycled back into
new paperboard.72

As shown in Tables 17 and 18, the vast majority of capacity increases among the
linerboard and corrugating medium mills since 1990 have been achieved by adding recycling
capacity.  (The expansions listed in the table are in many cases based on announcements, which
may not be consistent with actual expansions.)  This trend actually began in the early 1980’s.
Practically no virgin capacity is expected to be added in the next few years. Recycled linerboard
category is projected to grow by 3.4% per year between 1992 and 1995; recycled corrugating
medium is projected to grow 5.5% per year in the same period.  Virgin kraft linerboard and
semichemical medium capacity increases in the same period are estimated at less than 1% per
year.73  Of the ten major linerboard expansions occurring between 1993 and 1997, all are based
on 100% recycled production.74

The mill conversions listed in Tables 17 and 18 are driving the growth of recycled
content in containerboard manufacturing.  The industry distinguishes between linerboard and
corrugating medium made of 100% virgin fiber, 100% recycled fiber and intermediate levels of
recycled content.75

B. Corrugated Containerboard Production Technology

In the last 20 years, most of the increases in production capacity for linerboard and
corrugating medium have come from increases in productivity at existing mills, rather than the
construction of new mills.  The technologies that enabled these capacity gains also have
important implications for recycled content and source reduction in corrugated boxes.
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Recycled Recycled
Capacity Capacity Capacity

Company City State (tons/year)Start-up (percent)(tons/year)

Boise Cascade, Inc. DeRidder LA 45,000 1994 NA
Gaylord Container Bogalusa LA 35,000 1994 100% 35,000
International Paper Co. Oswego NY 90,000 1994 R
Longview Fibre Co. Longview WA 75,000 1994 40% 30,000
McKinley Paper Co. (Amcor) Prewitt NM 132,000 1994 100% 132,000
Menominee Co. (Bell Pkg.) Menominee MI 40,000 1994 100% 40,000
Riverwood International Macon GA 250,000 1994 100% 250,000
Solvay, Inc. Camillus NY 100,000 1994 100% 100,000
Southern Container Corp. Camillus NY 100,000 1994 100% 100,000
Union Camp Corp. Savannah GA 180,000 1994 K
Virginia Fibre Corp. Riverville VA 118,000 1994 100% 118,000
Westfield Containerbd Inc. Westfield NY 250,000 1994 100% 250,000
Weyerhaeuser Valliant OK 100,000 1994 100% 100,000
Chesapeake Corp. West Point VA 70,000 1995 K
International Paper Co. Oswego NY 90,000 1995 100% 90,000
International Paper Co. Mansfield LA 430,000 1995 K/R  
Liberty Paper Becker MN 90,000 1995 100% 90,000
Liberty Paper Inc. Becker MN 85,000 1995 100% 85,000
Packaging Corp. of America Counce TN 120,000 1995 100% 120,000
Pratt Industries Conyers GA 240,000 1995 100% 240,000
Rand-Whitney Corp. Montville CT 174,000 1995 100% 174,000
Stone Container Corp. Jacksonville FL 1995 K 18,000
Stone Container Corp. Florence SC 1995 K 12,000
Weyerhaeuser Plymouth NC 260,000 1995 100% 260,000
Willamette Industries, Inc. Campti LA 1995 K/R 275,000
Cedar River Paper Co. Cedar Rapids IA 324,000 1996 100% 324,000
Corrugated Services, Inc. Forney TX 166,000 1996 100% 166,000
Liberty Paperboard Syracuse NY 150,000 1996 100% 150,000
MacMillan Bloedel, Inc. Henderson KY 140,000 1996 100% 140,000
Minas Basin Hantsport NY 45,000 1996 100% 45,000
Stone Container Corp. Port Wentworth GA 1996 K 82,000
Stone Container Corp. Hodge LA 1996 K
Stone Container Corp. Missoula MT 1996 K 43,000
Stone Container Corp. Snowflake AZ 165,000 1996 100% 165,000
Georgia-Pacific Corp. Big Island VA 215,000 1997 100% 215,000
Georgia-Pacific Corp. Toledo OR 115,000 1997 R
McKinley Paper (Amcor) Prewitt NM 35,000 1997 100% 35,000
Pratt Ind. New York NY 240,000 1997 100% 240,000
Corrugated Supplies Corp. Chicago IL 160,000 prop. 100% 160,000

K = kraft, R = recycled
Sources:  Pulp & Paper Project Report, Pulp & Paper Week, Paper Recycler,
American Forest & Paper Association, RISI, Paper Task Force Interviews

Table 17.  Major Capacity Expansions at U.S. Linerboard Mills, 1994-1997
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Recycled
Capacity Recycled Pulp

Expansion Pulp Capacity
Company City State (tons/yr) Year Prdn. (tons/yr)

Interstate Resources, Inc. Reading PA 71,000 1994 R
Simpson Paper Pomona CA 70,000 1994 100%
Solvay Paperboard Syracuse NY 115,000 1994 R
Bay State Paper Hyde Park MA 85,000 1995 100% 85,000
Bay State Paper Hyde Park MA 100,000 1995 100% 100,000
Cascades Niagara Falls NY 50,000 1995 100% 50,000
Cedar River Cedar Rapids IA 300,000 1995 100% 300,000
Corrugated Supplies Chicago IL 80,000 1995 100% 80,000
Weyerhaeuser North Bend OR 213,000 1995 100% 213,000
Willamette Oxnard CA 23,000 1995 100% 23,000
Lafayette Paper New Windsor NY 45,000 1996 100% 45,000
Sonoco Products Huntsville SC 23,000 1996 100% 23,000
Stone Container Snowflake AZ 300,000 1996 100% 300,000
Stone Container Corp. Ontonagon MI 1996 S 25,000
Stone Container Corp. Coshocton OH 1996 S 25,000
Temple-Inland Orange TX 36,000 1996 100% 36,000
Mead Stevenson AL 230,000 1997 100% 230,000

S = semichemical
Sources:  Pulp & Paper Project Report, Pulp & Paper Week, Paper Recycler,
American Forest & Paper Association, RISI, Paper Task Force Interviews

Table 18.  U.S. Expansions in Corrugating Medium Capacity, 1990 - 1995
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One major productivity factor has been the spread of the extended nip press.  During the
1980’s, extended nip presses have largely replaced traditional roll presses. The term “Extended
Nip Press” (ENP)76 is the trade name used by the Beloit Corp., a major equipment manufacturer
that developed the technology in a joint venture with Weyerhaeuser, which installed the first
ENP at its Springfield, OR mill in 1980.77  Presses are installed following the fourdrinier section
of the paper machine and prior to the dryer section; the purpose of the press section is to squeeze
water out of the newly formed fiber sheet before it is dried.

Traditional roll presses consist of two rolls through which the sheet passes with a typical
loading of 2,000 to 2,500 PLI (pounds per lineal inch).  The “nip” is the contact point between
the two rolls.  Due to geometry, the point where two cylinders are closest is very narrow.

By contrast, an ENP consists of a single press roll pushing against a pressurized belt that
hugs the roll across a wider section of the press roll cylinder (hence the term “extended nip”).
The sheet is passed through an extended nip press with higher loadings (up to 6,000 PLI or
more) and for a longer period of time.  More water can be thus removed from the sheet, which
means that it can be run through the dryer section more quickly, increasing the running speed of
the machine while requiring less energy to heat the dryers.  Compared to roll presses, ENPs
reduce peak pressure on the sheet and increase overall compression.

While extended nip presses were first installed to increase productivity, manufacturers
found that they also increase the strength of the paperboard, mainly by improving the bonding
between the fibers.  Other related quality improvements are the increased dryness of the sheet
and reduced sheet crushing in the press section.

The strength improvements that come from ENPs and other on-machine modifications
can support increased use of recycled content as well as source reduction.  Recovered fibers
differ in properties from virgin fibers.  Because they have been dried and pressed before, they are
harder and stiffer and do not bond as well as virgin fibers.  This impacts their strength
characteristics.  Using ENPs can compensate to some extent for losses in fiber strength.  ENPs
also have been used in high performance containerboard to reduce fiber usage while maintaining
strength levels.

Other factors contributing to increased productivity and mills’ ability to adapt to higher
levels of recycled content include new arrangements in the sequence of papermaking machinery,
such as the use of size presses in the drying section.78  Multi-ply linerboard, which is made with
different headbox and former configurations, can accept recycled fiber in the middle of a three-
ply sheet, for example.  Fiber fractionation, which diverts long and short fiber pulps into
different streams, can be used to distribute the shorter recycled fibers to the outer surface of the
top linerboard (the outside layer of the box), to improve printing characteristics.  Paper
manufacturers stress that it is often not one piece of equipment that makes the difference in
allowing a mill to use more recovered fiber, but a rearrangement of the whole production flow of
which adding an OCC recycling system is often one element.79
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C. The Costs of Recycling in Producing Linerboard and Corrugating Medium

Some of the driving factors behind the increase in recycled content in containerboard
manufacturing have been the flexibility and economics of adding incremental capacity and the
development of the mini-mill concept.

Mini-mills use 100% recovered fiber to produce linerboard and corrugating medium.
They are typically located near the fiber supply and their customers, in the northern and
midwestern urban manufacturing regions, instead of the southern forest regions.  Compared to
the virgin-based containerboard mills in the South of 1,000-3,000 tpd of production, these new
mills are being proposed in the 250-450 tpd range, and larger “maxi-mills” reach up to 1,000 tpd,
and can thus still be considered large industrial facilities.  The theory is that reduced
transportation and fiber costs offset the diseconomies of scale of the smaller mills.  Pre-
engineered buildings and lean management also provide cost advantages.  Also, costs of
environmental controls are lower for a recycled mill than for a virgin mill.80

The mini-mill concept brings new players to containerboard manufacturing allowing
independent box converters to integrate upstream into manufacturing.  For example, Southern
Container Corp., the largest nonintegrated, independent manufacturer of corrugated boxes in the
U.S., began operations at a 100% recycled greenfield mill in Syracuse, NY in August, 1994.  The
mill is manufacturing 115,000 tpy of 100% recycled high-performance linerboard, and was
constructed at a cost of $50 million.81

Corrugated Supplies, Inc., another independent box manufacturer, is proposing to build a
mini-mill with a capacity of 160,000 tpy of recycled containerboard outside of Chicago.  The
design is based on a closed-loop internal water recycling system pioneered for linerboard at
Green Bay Packaging in Green Bay, WI.  The design of the water system requires fresh water
only to replace that lost by evaporation off the paper machines, and to maintain the vacuum seals
on the mill’s pumps (this water does not come into contact with mill processes).82

The flexibility and the economics of adding incremental capacity are one major factor
promoting the construction of new mini-mills.  Incremental improvements in paper machine
productivity require more pulp to feed the machine.  How a mill obtains this new pulp will
depend on how the mill is configured, the quantity and marginal cost of virgin or recovered fiber
in the surrounding region, and the amount of additional fiber required over time.  In the majority
of cases, once integrated paperboard mills have reached the limits of their pulping system (which
are typically defined by the size of the recovery boiler), the most economical source of new pulp
is recovered fiber.83  This is in part because the economic scale for virgin fiber lines is 1,000 tpd
and higher, while the economic scale for recycling systems starts at 200-300 tpd.  Mini-mills are
also more flexible because the permitting process usually can be completed faster, giving them
time to market advantages.

With regard to the construction of greenfield mills, both the capital and operating costs of
new recycling capacity tend to be lower than those for new virgin capacity.  Table 19 shows cost
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100% 75% Virgin, 25% Recycled 100% Recycld., Large-Scale Mill 100% Recycled, "Mini-Mill"
Virgin Recovered Paper Recovered Paper Recovered Paper

Price Scenarios Price Scenarios Price Scenarios
low proj. trnd. high low proj. trnd. high low proj. trnd. high

Capacity in TPD 1,300 1,300 1,000 400

Investment
 - Total in $ million 585 520 225 80
 - Per Daily Ton in $ 1000 450 400 225 200

Production cost, $/ADST
 - Fiber, net of yield 97 20 111 240 20 111 240 20 111 240
 - Inbound freight 0 8 8 8 28 28 28 17 17 17
 - Chemicals 13 13 13 13 22 22 22 22 22 22
 - Energy 20 24 24 24 33 33 33 42 42 42
 - Labor 34 35 35 35 27 27 27 30 30 30
 - Outbound freight 30 30 30 30 25 25 25 15 15 15
 - Depreciation, interest 99 88 88 88 50 50 50 44 44 44
 - Other 63 65 65 65 58 58 58 58 58 58
T ota l 356 283 374 503 263 355 483 248 339 468

Re cycled -100% Virgin ($73) $18 $147 ($93) ($1) $127 ($108) ($16) $112

                  Recovered Paper Mix:        Recovered Paper Pricing:
Assumptions: low trend high
 - All mills are greenfield mills.
 - Mills operate at full capacity. ONP 0% 5% 10%
 - Wood cost is $55/BDST DLK 20% 15% 10%
 - Other category includes both direct (materials, solid waste) OCC 80% 65% 50%
   and indirect cost (taxes, insurance, other overhead). MXD 0% 15% 30%
 - DLK priced at OCC + $20 Total 100% 100% 100%
 - 90% yield in low RP price scenario, 85% in trend & high Mix cost 18 95 204

Table 19.  Estimated Costs of Producing Linerboard, 42#, U.S. Southern Mill, Eastern Delivery, for Three Mill Configurations, $/ADST

Source:  PTF estimate, based on David Null, "Economics of Mini-Mills vs. Large-Scale Kraft Linerboard Mills,"
Sixth International Containerboard Conference, New York, NY, September 16-18, 1994.
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comparisons for different recycled and virgin mill configurations based on work by Jacobs-
Sirrine Consultants.  Rust Engineering gives similar cost estimates for the recycled fiber mills.
Jacobs-Sirrine estimates the capital cost at $80 million and $225 million for a 400 tpd mini-mill
and a 1,000 tpd maxi-mill, respectively.  Rust Engineering’s estimate is $68 million and $227
million for mills of the same size.  Excluding OCC fiber cost, Jacobs-Sirrine calculates operating
cost at $217 and $229 per ton for 400 and 1,000 tpd mills.  Rust Engineering’s numbers are $211
and $248 per ton for the two mills.84 Although the costs given are for new capacity, they are also
very close to RISI’s estimates for existing capacity, perhaps because much of the current
linerboard capacity is recently renovated.

The main assumption in Table 19 is that as recovered paper prices climb, mills will seek
to substitute ONP and mixed paper for some level of OCC and DLK.  This is in fact now
occurring.85  Current high prices for OCC are also causing at least one company to take
downtime at some of its mills.  The projected trend and high price scenarios assume that the
recovered paper yield drops from 90% to 85%, due to an increase in contaminants.  At projected
trend prices for recovered paper, the 100% recycled linerboard mills have total production costs
that are lower than a 100% virgin mill or a 75% virgin linerboard mill.  The economics for the
“mini-mill” are the most favorable, in part because this mill reduces transportation costs for its
raw materials and finished product.

D. Paperboard for Folding Cartons

There are three grades of paperboard used in folding cartons:  solid bleached sulfate
(SBS) and coated unbleached kraft (CUK) and 100% recycled boxboard.  These types of
paperboard have different production technologies, strength levels and appearance, which are
discussed in White Paper 6B.  Like all of the other paper grades described in this White Paper,
the two virgin paperboard products are produced on fourdrinier paper machines.  The 100%
recycled boxboard is for the most part produced on modern multi-ply machines, which can use
lower grades of recovered paper as a raw material.  While generally being less strong than the
two virgin paperboard grades, in 1993 the 100% recycled product held 49% of the folding carton
market86 based on its lower cost, recycled content level and acceptable performance.

In considering the cost of producing boxboard for folding cartons with recycled content,
two issues arise.  The first is the cost of adding lower levels of recycled content to the two grades
of boxboard that are now predominantly virgin, and the second is the impact of rising recovered
fiber prices on the competitiveness of 100% recycled boxboard.

The economics of adding DMP to SBS will be similar to those for uncoated freesheet.
Because SBS generally has greater strength requirements, the potential to substitute a fraction of
DMP for softwood pulp is probably more limited.  Under the conventional approach of blending
DMP at the 10-20% level, the cost to produce SBS with recycled content will be higher than the
cost to produce virgin SBS.  Operationally, SBS producers also face a logistical issue of having
to manage the mill’s product mix for a period after using DMP to ensure that no residual DMP in
the system ends up in food-grade SBS.87
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It is theoretically possible to pulp and clean recovered fiber from OCC or office papers
and run it through the bleach plant of a conventional virgin kraft pulp mill.88  This approach is
being pursued by Domtar, in Cornwall, Ontario.  In this case, the bleaching process would
remove dirt particles and destroy potentially problematic compounds (for food-contact
packaging) such as fluorescent brightening agents.  Westvaco is producing an SBS product at its
Covington, VA mill with 10% to 30% postconsumer recycled content that meets FDA
requirements for direct contact with aqueous food products.  The Westvaco process is
confidential.  Westvaco states that performance specifications for its recycled-content bleached
paperboard are the same as for its 100% virgin products.89

There are only two producers of clay-coated CUK in the United States, which both can
produce board with 20-25% recycled content.  The cost results for these mills will be similar to
linerboard, although higher.  The proportional effect of changing recovered paper prices will not
be as great, because overall production costs for CUK are greater than linerboard.  Because it is
coated with clay, the requirements for smoothness and lack of contamination in the CUK top
liner are greater than for linerboard.  As shown in Table 3, production costs for CUK are
comparable to recycled paperboard.  Prices for CUK, however, 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.

Table 20 estimates the effect of changing recovered paper prices on the production costs
for 100% recycled paperboard used in folding cartons.  The table assumes that as recovered
paper prices rise, boxboard producers will shift to lower-priced mixed paper grades.  In order to
do so, they must install new screens and cleaning equipment.  As in the linerboard case, yield is
assumed to drop when more mixed paper is used.  The results of this table show that high
recovered paper prices will have a serious impact in increasing production costs.  According to
one source of publicly available data, in mid-1995, producers of 100% recycled folding cartons,
tubes, cores, gypsum paper and composite cans were able to raise prices sufficiently to
compensate for the recent increase in recovered paper prices.90  This generalization may not be
true for individual mills or companies.  A medium-term concern is that the price of recovered
paper will stay high or continue to rise due to demand in other grades, while demand for finished
folding cartons falls off.

VII. ECONOMIC CHARACTERISTICS OF THE PAPER INDUSTRY

In order to provide a context for the preceding analysis, this section briefly discusses the
general economic characteristics of the paper industry.

Paper demand is strongly correlated to general economic growth and fluctuates with the
business cycle.  Figure 8 illustrates the parallel growth in paper demand and GDP.  Note that in
the basis of percentage change, paper shipments fall further than overall economic activity
during periods of recession.  Selling paper is a commodity business.  Although manufacturers
strive to differentiate themselves by investing in equipment, training, sales and service efforts,
price is a key competitive factor.
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Recovered Paper
Price Scenarios

low trend high
Recovered Paper Mix: SWL 5% 5% 5%

ONP 65% 50% 30%
DLK 10% 5% 0%
OCC 20% 20% 25%
MXD 0% 20% 40%
Total 100% 100% 100%

Cost of mix 16 91 208

Manufacturing Costs, $/ADST:
Fiber, net of yield 17 101 231
Variable manufacturing costs 228 312 442
Delivery (freight) 32 32 32
Subtotal, Variable Costs 277 444 705

Overhead 36 36 36
Depreciation, interest expense 44 48 48
Subtotal, Fixed Costs 80 84 84

T ota l, cost pe r ton $357 $528 $789

Total mill production, 300 tpd
Cost of additional screening, cleaning equipment , $: 8 million
Yield in low RP price scenario: 95%
Yield in trend, high RP price scenarios: 90%

Source: PTF estimate based on Table 1, RISI, 1995.

Table 20.  Costs of Producing Recycled Paperboard for Folding Cartons, 20
Pt., Clay Coated, Northern Mill, $/ADST
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A. Capital Intensity and Overall Manufacturing Costs

The paper industry is the most capital intensive major manufacturing industry in the
United States.  For example, per dollar of output, it takes twice as much investment in real estate,
plant and equipment to produce paper as it does cars.  In 1987, the paper industry had the highest
capital expenditures relative to the value of shipments among all manufacturing industries.
Capital expenditures in the paper industry in 1991 were $9.0 billion, or 8% of net revenues.91

With an increased pace of technological development, the capital intensity of the paper
industry has grown over time.  Between 1970 and 1991, annual net revenues increased on
average by 8.3%, while annual capital expenditures increased on average by 9.3%.92  While
annual capital expenditures as a percentage of sales have varied from year to year, the trend, as
shown in Figure 9 shows an increase.

The shift in paper production to larger southern mills has displaced production from
smaller, older paper machines in other regions. From 1971 to 1990, for example, 156 printing
and writing paper machines with an average capacity of about 18,000 tons per year (tpy) each
were shut down.93 In 1975, 72.5% of printing and writing paper capacity was distributed among
machines of 75,000 tpy or less, and only 7.5% of total industry capacity was on machines over
125,000 tpy.  By 1993,  45% of the capacity for manufacturing printing and writing paper was on
machines producing more than over 125,000 tpy.94

Table 21 compares the distribution of machine sizes in the printing and writing sector to
the paper industry overall and to two other grades that use kraft pulp, linerboard and solid
bleached sulfate paperboard.  These two paperboard grades are produced with far fewer
variations than printing and writing paper.  As the table shows, a comparatively greater quantity
of printing and writing paper is still produced on intermediate and small capacity machines.  In
some higher-value printing and writing grades, smaller paper machines can provide “a
competitive advantage, because large-scale paper machines are less flexible in shifting
production to meet less predictable and fast-turnaround special order flows and high-priced,
limited-volume specialty paper production runs.”95 The long-term trend in the printing and
writing paper sector is one of large paper machines out-competing intermediate-scale machines
in commodity grades, forcing intermediate machines to shift to specialty grades, displacing small
machines.

In the ten years between January 1983 and January, 1993, 57% of the paper machine
capacity in the overall paper sector was either newly installed or significantly renovated.
Among paperboard producers, the total new or renovated capacity installed in the same period
was even higher, especially in the unbleached linerboard and solid bleached sulfate segments.96

This ongoing and heavy reinvestment in the industry has made the pulp and paper industry one
of the United States’ most competitive manufacturing industries.

The impact of increasing capital expenditures in the paper industry is shown in Figure
10, which shows market pricing and average total manufacturing costs for U.S. southern mills
making uncoated freesheet photocopy paper and 42 lb. linerboard. Manufacturing costs
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Figure 9.  Capital Intensity of U.S. Paper Industry
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Table 21.  Size of Machines by Principal Grade Produced (capacity in thousands of
short tons)

                                                                     Solid Bleached
           Total            Printing & Writing    Unbleached Kraft       Sulfate
         All Grades              Papers             Paperboard         Paperboard
Annual-------------------  ------------------  ------------------  -----------------
Machine      
Capacity Number  Share of  Number    Share of  Number    Share of  Number   Share of
(1,000     of    Total     of        Total     of        Total     of       Total
tons)   Machines Capacity  Machines  Capacity  Machines  Capacity  Machines Capacity

TOTAL    1,216      100%       400      100%        75      100%        26      100%

0-5        94        --         33       --         --       --         --       --
6-10      100         1         29        1         --       --         --       --
11-15      82         1         18        1         --       --         --       --
16-20      80         2         22        1         --       --         --       --
21-30     155         4         51        5         --       --         --       --
31-40     111         4         41        6          2       --         --       --
41-50     107         6         35        6         --       --          1        1
51-75     145        10         58       14         --       --          2        3
76-100     74         7         33       11          5        2          2        4
101-125    48         6         22       10          3        2          1        2
126-150    42         7         14        8          4        3          1        3
151-200    71        14         27       19         10        9         10       37
201-250    41        11          9        8          8        9          5       25
251-300    25         8          5        5         12       16          2       11
301-400    27        11          3        5         19       32          2       14
over 400   14         8         --       --         12       27         --       --

TOTAL    89,466               25,846              22,692               4,947
CAPACITY

All data based on machines in place January 1992; total capacity data for 1992

Source:  American Forest & Paper Association, Paper, Paperboard, Pulp Capacity; 1992-
1996, 34th Annual Survey, New York, 1993, pp. 8, 22.
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gradually declined or remained stable, in real terms, from the early 1970’s until 1994.  The
sharper decline in manufacturing costs for photocopy paper in the early 1970’s was due in large
part to the installation of more efficient systems for cutting rolls of paper into sheets.  As these
systems were installed, competition forced paper prices downward.  The increase in
manufacturing costs in the last two years is largely due to increased expenditures on fiber.  The
trend toward greater volatility in paper pricing is clearly illustrated in the figure, and is discussed
below.

Expenditures on pollution control equipment in the paper industry are substantial.  In
1993, the paper industry spent $761 million on capital equipment for environmental protection.
In the last two decades, environmental investments have increased faster than overall capital
expenditures.  For example, the sharp increase in the mid-1970’s was related to the adoption of
the Clean Water Act and Clean Air Act.

B. Labor and Raw Material Costs

As production of the commodity paper grades has moved to larger, southern mills,
manufacturing costs have fallen in real terms since the mid-1970’s.  At the same time, the ratio
of fixed (capital) costs to variable and semi-variable costs has risen for the average mill.

The overall push to replace more expensive variable cost factors with less expensive and
more predictable capital stock has also reduced labor costs substantially.  Throughout the U.S.
pulp and paper industry as a whole, consolidation of companies and a trend toward larger paper
machines eliminated 20,800 manufacturing jobs from 1980 to 1989, while overall production
increased 27%97

Between 1972 and 1987, the value of shipments of  primary pulp, paper and paperboard
mills (i.e., not including converting facilities) increased on average by 10.0% per year.  Average
capital expenditures rose by slightly more, 10.7% per year.  Labor costs and raw material costs
(wood pulp and chemicals) increased more slowly, by 7.6% and  9.6%, respectively.  For
primary pulp and paper mills, in 1987, material costs and labor costs were 51% and 15% of
revenues, respectively.98

1. Capacity-Building Cycles

Figures 11 and 12 show the capacity building cycles for wood pulp and paper and
paperboard products.  The cycles for the entire industry are related to the overall business cycle,
and to the level of profits in the previous up-cycles.  In other words, paper manufacturers tend to
build new capacity after accumulating cash reserves in profitable periods.  For major expansion
of virgin pulping facilities or the addition of new paper machines, the period of planning through
construction takes roughly five years.

Figures 11 and 12 also show the propensity of the industry to bring on new capacity in
the midst of recessions.  The very large size of modern pulp and paper mills and the cyclical
nature of capital spending means that new production capacity tends to arrive in waves.  For
example, coated paper producers in North America and Europe invested $10 billion in 26
machine between 1988 and 1993, increasing capacity by 40%.99  Because the market cannot
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absorb so much new paper at once, capacity utilization then falls.  Prior capacity expansions are
not the only factor that determine capacity utilization, but Figures 13 and 14 show the tendency
for the former to precede the latter for wood pulp and paper and paperboard overall.  The effect
is more pronounced for virgin wood pulp capacity.

2. Price Cycles

These factors combined -- capital intensity, general swings in the economy, capacity
building cycles, and the tendency to add capacity during recessions -- produce wide fluctuations
in the market price of paper.100  For example, four large virgin uncoated freesheet (UCFS)
machines with a total annual capacity of 1.1 million tpy, or 8.8% of total existing capacity, came
on line in 1990 and 1991.  This capacity was being planned in 1987-88 when uncoated free sheet
mill list prices were rising and operating rates hovered around 93% to 94%.  With the
introduction of so much new capacity from September 1990 to September 1991, operating rates
dropped to 88% and prices fell dramatically.101  Bond No. 4 reprographic paper (83 brightness,
20 lb. sheets) peaked at $920 per ton in the fourth quarter of 1990 and fell to a low of $667 per
ton in the fourth quarter of 1993.102  By February, 1995, prices had climbed back quickly.

Paper mills have declining marginal costs for some factors of production at high
operating rates.  For example, in the case of labor, it takes roughly as many people to run a
machine at 95% of capacity as it does at 85%.  At the higher operating rate, the same labor costs
are spread out over more tons of production.  Energy costs for pulp and paper dryers also decline
somewhat as production increases.  Combined with high capital costs, this creates an incentive
for paper mills to run their pulping systems and paper machines full-out.

As prices head downward at the beginning of a decline, mills behave differently
depending on their cost structures.  Large, low cost producers drop prices in order to maintain
market share and keep their machines running at full capacity.  If necessary, they will drop prices
all the way down to the level of their variable costs.  Even if losing money on the fixed-cost side,
they are still covering their variable costs with some revenue available for debt service on capital
equipment.  As prices get very low, the high-cost producers take machines out of production.
When market prices are lower than their variable costs, it does not make economic sense to
operate.  In the severe downturn of 1991-93, numerous high-cost market pulp mills and
newsprint machines took extended furloughs.  In this way, production is ultimately balanced
with demand, and the stage is set for a recovery in paper prices.

Upturns in paper pricing tend to lag the general economy, but if the previous down period
has been especially extreme and if a good deal of capacity has been furloughed, retired or
expansions deferred, the rebound in prices can be dramatic.  This effect is most pronounced for
virgin kraft market pulp.  Figures 15 and 16 show the overall price and capacity utilization
cycles for paper and paperboard.

C. The Global Perspective

Pulp and paper products are international commodities.  According to the American
Forest & Paper Association (AF&PA), the North American Free Trade Agreement and the
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Uruguay Round of the General Agreement of Trade Tariffs are expected to have positive impacts
on the long-term export potential of the U.S. paper industry.

In dollar terms, the U.S. remains a net importer of paper products.  In tonnage terms, the
U.S. became a net exporter in 1989.  This is because the major net export products are unfinished
commodities like recovered paper and virgin market pulp and the major net import product is
finished paper, which has a higher value.  Overall, exports have been growing faster than
imports.  Finished paper in the U.S. is still produced primarily for the domestic market.  Over the
longer term, international markets offer the U.S. industry a potential opportunity to grow output
beyond what the domestic market can absorb.

Foreign competitors are viewed as a concern in at least two respects.  Producers in
tropical regions like Brazil and Indonesia benefit from hot climates and short tree-growing
cycles, and are building state-of-the-art mills.  These low-cost producers are competing in
lucrative markets like Asia and Europe, and in some domestic markets.  In Canada and
Scandinavian countries, the forest products industries dominate national economies to a much
greater extent than in the U.S.  In the eyes of U.S. companies, this leads to a propensity toward
greater government intervention to support producers, through devaluation of currency and
subsidies, for example.103

While there is comparatively little new capacity being added in the United States, a large
number of projects were announced overseas in the latter part of 1995.  According to one
estimate, worldwide capacity growth for the major paper grades between 1995 and 1998 will
average 3.8% per year, compared to 3.4% per year from 1982 to 1995.  By contrast, the 1995-
1998 estimate for U.S. capacity growth is 1.9%, compared to 2.4% for the last 13 years.  There
are 278 projects that have been announced or are under construction worldwide,  which will add
approximately 35 million metric tons to global capacity from 1995 to 1999, a 17% increase.
Nearly 75% of this capacity is being added outside the United States.104

The increase in paper recycling in the United States also has global implications.  On a
worldwide scale, the greatest potential for increases in recycling to affect the supply of fiber is in
the United States.  In 1994, approximately 20% of all paper produced worldwide was discarded
into municipal solid waste in the United States.105  An increase in the collection of paper for
recycling in the United States from 40% to 50% would equate to a 3.3% increase in fiber supply
worldwide.106

As shown in Figure 17, recovered paper has in fact been playing a growing role in the
worldwide fiber supply picture relative to virgin papergrade pulp.  From 1985 to 1995,
worldwide paper and paperboard production grew by an estimated 90 million tons, recovered
paper consumption grew by 55 million tons, and virgin wood pulp production grew by 27
million tons.107  In parts of the world that do not have major forest reserves, such as regions
within Asia and Europe, individual paper fibers are recycled more than once.  In these situations,
one ton of recycled fiber used multiple times is actually substituting for several tons of wood
pulp.
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APPENDIX A.  PAPER TASK FORCE WHITE PAPERS

Paper Performance

Functionality Requirements for Uncoated Business Papers and Effects of Incorporating
Postconsumer Recycled Content  (White Paper 1)

Functionality Requirements for Coated and Uncoated Publication Papers and Effects of
Incorporating Postconsumer Recycled Content (White Paper 8)

Functionality Issues for Corrugated Packaging Associated with Recycled Content, Source
Reduction and Recyclability  (White Paper 6A)

Functionality Issues for Folding Cartons Associated with Recycled Content, Source Reduction
and Recyclability (White Paper 6B)

Recycling and Used Paper Management

Economics of Recycling as an Alternative to Traditional Means of Solid Waste Management
(White Paper 2)

Lifecycle Environmental Comparison - Virgin Paper and Recycled Paper-Based Systems (White
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APPENDIX B.  ISRI DOMESTIC PAPER STOCK GRADE DEFINITIONS

The following grades expound on the information provided in section I, Definitions for specific
grades of recovered paper and other materials.  The term “prohibitive materials” refers to
specific items that cannot be included in recovered paper above a stated quantity, which is
usually very low.

(1) Mixed Paper
Consists of a mixture of various qualities of paper not limited as to type of packaging or fiber
content.

Prohibitive materials may not exceed 2%.
Total Outthrows may not exceed 10%.

(2)  Super Mixed Paper
Consists of baled clean, sorted mixture of various qualities of papers containing less than 10% of
groundwood stock, coated or uncoated.

Prohibitive materials may not exceed ½ of 1%.
Total Outthrows may not exceed 3%.

(6)  News
Consists of baled newspapers containing less than 5% of other papers.

Prohibitive materials may not exceed ½ of 1%.
Total Outthrows may not exceed 2%.

(7) Special News
Consists of baled sorted, fresh dry newspapers, not sunburned, free from paper other than news,
containing not more than the normal percentage of rotogravure and colored sections.

Prohibitive materials: None permitted.
Total Outthrows may not exceed 2%.

(8)  Special News De-ink Quality
Consists of baled sorted, fresh dry newspapers, not sunburned, free from magazines, white blank,
pressroom overissues, and paper other than news, containing not more than the normal
percentage of rotogravure and colored sections.  This packing must be free from tare.

Prohibitive materials: None permitted.
Total Outthrows may not exceed ¼ of 1%.

(9)  Over-issue News
Consists of unused, overrun regular newspapers printed on newsprint, baled and securely tied in
bundles, containing not more than the normal percentage of rotogravure and colored sections.

Prohibitive materials: None permitted.
Total Outthrows: None permitted.

(10)  Magazines
Dry, baled coated magazines, catalogs, and similar printed materials.  May contain a small
percentage of uncoated news-type papers.
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Prohibitive materials: 1%
Total Outthrows may not exceed 3%.

(11)  Corrugated Containers
Consists of baled corrugated containers having liners of either test liner, jute, or kraft.

Prohibitive materials may not exceed 1%.
Total Outthrows may not exceed 5%.

(12)  Double Sorted Corrugated
Dry, baled double sorted corrugated containers, generated from supermarkets and/or industrial or
commercial facilities, having liners of test liner, jute or kraft.  Material has been specially sorted
to be free of chip, off-shore corrugated, plastic, and ax.

Prohibitive materials: ½ of 1%.
Total Outthrows may not exceed 2%.

(13)  New Double-Lined Kraft Corrugated Cuttings
Consists of baled corrugated cuttings having liners of either kraft, jute, or test liner.  Non-soluble
adhesives, butt rolls, slabbed or hogged medium, and treated medium or liners are not acceptable
to this grade.

Prohibitive materials: None permitted.
Total Outthrows may not exceed 2%.

(37)  Sorted Office Paper
Dry, baled papers, as typically generated by offices, containing primarily white and colored
groundwood free paper, free of unbleached fiber.  May include a small percentage of
groundwood computer printout and facsimile paper.

Prohibitive materials: 2%.
Total Outthrows may not exceed 5%.

(38)  Sorted Colored Ledger
Consists of printed or unprinted sheets, shavings, and cuttings of colored or white sulfite or
sulfate ledger, bond, writing, and other papers which have a similar fiber and filler content.  This
grade must be free of other papers which have a similar fiber and filler content.  This grade must
be free of treated, coated, padded or heavily printed stock.

Prohibitive materials: ½ of 1%.
Total Outthrows may not exceed 2%.

(39)  Manifold Colored Ledger
Sheets and trim of new (unused by consumer) printed or unprinted colored or white sulfite or
sulfate paper used in the manufacturing of manifold forms, continuous forms, data forms, and
other printed pieces such as sales literature and catalogs.  All stock must be uncoated and free of
laser and office paper waste.  A percentage of carbonless paper is allowable.

Prohibitive materials: ½ of 1%.
Total Outthrows may not exceed 2%.

(40)  Sorted White Ledger
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Consists of printed or unprinted sheets, shavings, guillotined books, quire waste, and cuttings of
white sulfite or sulfate ledger, bond, writing paper, and all other papers which have a similar
fiber and filler content.  This grade must be free of treated, coated, padded, or heavily printed
stock.

Prohibitive materials: ½ of 1%.
Total Outthrows may not exceed 2%.

(41)  Manifold White Ledger
Sheets and trim of new (unused by consumer) printed or unprinted  white sulfite or sulfate paper
used in the manufacturing of manifold forms, continuous forms, data forms, and other printed
pieces such as sales literature and catalogs.  All stock must be uncoated and free of  laser and
office paper waste.  A percentage of carbonless paper is allowable.

Prohibitive materials: ½ of 1%.
Total Outthrows may not exceed 2%.

(42)  Computer Printout
Consists of white sulfite or sulfate papers in forms manufactured for use in data processing
machines.  This grade may contain colored stripes and/or impact or non-impact (e.g. laser)
computer printing, and may contain not more than 5% of groundwood in the packing.  all stock
must be untreated and uncoated.

Prohibitive materials: None permitted.
Total Outthrows may not exceed 2%.
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bbyy  mmeemmbbeerrss  ooff  tthhee  PPaappeerr  TTaasskk  FFoorrccee..

3333  FFoorr  eexxaammppllee,,  AAnnddoovveerr  IInntteerrnnaattiioonnaall  AAssssoocciiaatteess,,  SSuuppppllyy,,  DDeemmaanndd  aanndd  FFuuttuurree  PPrriicceess  ffoorr  OOffffiiccee  WWaassttee
PPaappeerr  aanndd  DDeeiinnkkeedd  MMaarrkkeett  PPuullpp  ffoorr  tthhee  PPrrooppoosseedd  NNoorrtthhaammppttoonn  MMiillll,,  iinn  PPrreelliimmiinnaarryy  LLiimmiitteedd  OOffffeerriinngg
MMeemmoorraanndduumm,,  PPeennnnssyyllvvaanniiaa  EEccoonnoommiicc  DDeevveellooppmmeenntt  FFiinnaanncciinngg  AAuutthhoorriittyy,,  RReeccyycclliinngg  RReevveennuuee  BBoonnddss
((PPoonnddeerroossaa  FFiibbrreess  PPrroojjeecctt)),,  DDoonnaallddssoonn,,  LLuuffkkiinn  &&  JJeennrreettttee  SSeeccuurriittiieess  CCoorrpp..,,  JJaannuuaarryy  1188,,  11999955..

CCRRRRSS  SSiirrrriinnee  SSttrraatteeggiicc  CCoonnssuullttaannttss,,  IInncc..,,  WWaasstteeppaappeerr  FFuurrnniisshh  &&  DDeeiinnkkeedd  MMaarrkkeett  PPuullpp  RReeppoorrtt,,  iinn  LLiimmiitteedd
OOffffeerriinngg  MMeemmoorraanndduumm,,  MMaarryyllaanndd  EEnneerrggyy  FFiinnaanncciinngg  AAddmmiinniissttrraattiioonn,,  LLiimmiitteedd  OObblliiggaattiioonn  SSoolliidd  WWaassttee
DDiissppoossaall  FFaacciilliittyy,,  RReeccyycclliinngg  RReevveennuuee  BBoonnddss  ((HHaaggeerrssttoowwnn  FFiibbeerr  LLiimmiitteedd  PPaarrttnneerrsshhiipp  PPrroojjeecctt)),,  LLeehhmmaann
BBrrootthheerrss,,  SSeepptteemmbbeerr  2233,,  11999944,,  AAppppeennddiixx  CC..

3344  PPrroovviiddeedd  ttoo  tthhee  PPaappeerr  TTaasskk  FFoorrccee  bbyy  MMaarryy  CCeessaarr,,  sseenniioorr  ccoonnssuullttaanntt,,  JJaaaakkkkoo  PPooyyrryy  CCoonnssuullttiinngg,,  IInncc..,,
NNoovveemmbbeerr,,  11999955..

3355  JJoohhnn  CChhrryyssiikkooppoouulloouuss,,  ““UUnnccooaatteedd  FFrreeee  SShheeeett  PPaappeerr  MMaarrkkeettss,,””  GGoollddmmaann  SSaacchhss  IInnvveessttmmeenntt  RReesseeaarrcchh,,
JJuunnee  1166,,  11999933..

3366  WWaalltteerr  RReeww,,  BBllaannddiinn  PPaappeerr  CCoo..,,  GGrraanndd  RRaappiiddss,,  MMNN,,  PPeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  MMaayy  2222,,  11999955..

3377  GGaarryy  NNaaddeeaauu,,  WWeeyyeerrhhaaeeuusseerr,,  PPeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  AApprriill  1166,,  11999955;;  KKaattiiee  CCuuttlleerr,,  JJaammeess  RRiivveerr,,
PPeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  AApprriill  2266,,  11999955;;  FFrraannkk  MMuurrrraayy,,  GGeeoorrggiiaa--PPaacciiffiicc,,  IInntteerrvviieeww,,  AApprriill  33,,  11999955..
JJaammeess  RRiivveerr’’ss  HHaallsseeyy//CCaammaass  ssyysstteemm  ddooeess  hhaavvee  mmeeddiiuumm--tteerrmm  eexxppeerriieennccee  wwiitthh  ddeeiinnkkeedd  ffiibbeerr  iinn  rreellaattiivveellyy
llaarrggee  ssccaallee  pprroodduuccttiioonn..

3388  AArrtthhuurr  VVeevveerrkkaa,,  ““EEccoonnoommiiccss  FFaavvoorr  IInnccrreeaasseedd  UUssee  ooff  RReeccyycclleedd  FFiibbeerr  iinn  MMoosstt  FFuurrnniisshheess,,””  PPuullpp  &&
PPaappeerr,,  SSeepptteemmbbeerr,,  11999900,,  pp..  9966..

3399  MMiicchhaaeell  MMccCCooooll,,  ““PPrreessssuurriizzeedd  DDeeiinnkkiinngg  MMoodduullee,,””    BBeellooiitt  CCoorrppoorraattiioonn  tteecchhnniiccaall  ppaappeerr,,  11998888..    UU..SS..  aanndd
CCaannaaddaa  nnuummbbeerrss  ffrroomm  11998899  LLoocckkwwoooodd--PPoosstt’’ss  DDiirreeccttoorryy  lliissttiinnggss..

4400  DDoonn  MMccBBrriiddee,,  ““DDeeiinnkkiinngg  SSyysstteemmss  OOffffeerr  ‘‘PPaayy  NNooww//PPaayy  LLaatteerr’’  CChhooiicceess,,  PPuullpp  &&  PPaappeerr,,  AApprriill,,  11999944..
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PPaauull  HHeelllleerr  aanndd  AAll  GGrriiffffiinn,,  ““SSuucccceessssffuull  SSttaarrtt--UUpp  ooff  aa  NNeeww  DDeeiinnkkiinngg  PPllaanntt  ttoo  RReeccyyccllee  OOffffiiccee  WWaassttee  IInnttoo
MMaarrkkeett  PPuullpp,,””  11999944  RReeccyycclliinngg  SSyymmppoossiiuumm,,  TTAAPPPPII  PPrroocceeeeddiinnggss,,  pppp..  117711--117799..

4411  NNeeiill  CCllaarrkkee,,  PPoonnddeerroossaa  FFiibbrreess  ooff  AAmmeerriiccaa,,  IInncc..    PPeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  SSeepptteemmbbeerr  2244,,  11999933..

4422  FFoorr  eexxaammppllee,,  CCaaiitthhnneessss  KKiinngg  iinn  PPeejjppssccoott,,  MMEE  aanndd  MMiiddllaanndd,,  MMII  ((wwhhiicchh  wweerree  ttoo  mmaakkee  ggrroouunnddwwoooodd  ppuullpp
ffoorr  mmaaggaazziinneess));;  DDeeNNoovvoo  CCoorrpp..  iinn  RRaaddffoorrdd,,  VVAA  ((aa  pprrooppoosseedd  mmiillll  aatt  aa  ffoorrmmeerr  AArrmmyy  bbaassee  tthhaatt  aappppaarreennttllyy
rreeqquuiirreess  aann  AAcctt  ooff  CCoonnggrreessss  ttoo  ggoo  ffoorrwwaarrdd));;  SSoollaarr  IInntteerrnnaattiioonnaall  TTrraaddiinngg  CCoo..,,  iinn  MMoorrrriissvviillllee,,  PPAA  ((tthhee
ppaarreenntt  ccoommppaannyy  wweenntt  bbaannkkrruupptt));;  CCiittyy  PPuullpp  IInncc..  iinn  MMiillwwaauukkeeee,,  WWII;;  NNoorrtthh  AAmmeerriiccaann  RReeccyycclliinngg  SSyysstteemmss
((tthhrreeee  ssiitteess  uunnddeerr  ccoonnssiiddeerraattiioonn  iinn  NNYY  aanndd  NNJJ));;  RReessoouurrccee  CCoonnsseerrvvaattiioonn  SSyysstteemmss,,  IInncc..,,  iinn  MMaayywwoooodd,,  IILL;;
MMiinnnneessoottaa  PPuullpp  &&  PPaappeerr  iinn  DDuulluutthh,,  MMNN;;  aanndd  GGrreeeenn  BBeeaarr  IInncc..,,  iinn  CCllaarrkk  CCoouunnttyy,,  WWAA..    PPaappeerr  RReeccyycclleerr,,
MMaarrcchh,,  SSeepptt..,,  11999944..

4433  ““DDeeiinnkkeedd  mmaarrkkeett  ppuullpp  pprriicceess  ccoonnffuusseedd;;  ssoommee  ccuutt  ddiissccoouunntt,,  ootthheerrss  rraaiissee  lliisstt,,””    PPaappeerr  RReeccyycclleerr,,  SSeepptt..
11999944,,  pppp..  11--88..

44 Paper Task Force meetings with James River Corp., and Boise Cascade, September 27, 28, 1994.

4455  EE..gg..,,  JJaammeess  RRiivveerr,,  HHaallsseeyy,,  OORR..    UUnniioonn  CCaammpp’’ss  FFrraannkklliinn,,  VVAA  ddeeiinnkkiinngg  ppllaanntt  rraann  aahheeaadd  ooff  iittss  ssttaarrtt--uupp
ccuurrvvee..

4466  ““FFeeddeerraall  PPaappeerr  BBooaarrdd,,  SSttoonnee,,  lleeaappffrroogg  WWeeyyccoo  ppuullpp  iinnccrreeaassee  wwiitthh  $$110000//ttoonn  wwoorrllddwwiiddee  hhiikkee,,””    PPuullpp  &&
PPaappeerr  WWeeeekk,,  MMaarrcchh  66,,  11999955,,  pp..  11..

4477  SSmmiitthh  BBaarrnneeyy’’ss  GGeeoorrggee  AAddlleerr,,  qquuootteedd  iinn  PPuullpp  &&  PPaappeerr  WWeeeekk,,  ““MMaarrkkeett  ppuullpp  pprriicceess  kkiicckk  iinn  aatt  nneeww  lleevveellss
aass  pprroodduucceerrss  ttrryy  ttoo  mmeeeett  ddeemmaanndd,,””  OOccttoobbeerr  33,,  11999944,,  pp..  33..

4488  JJaammeess  RRiivveerr’’ss  330000  ttppdd  ppllaanntt  iinn  HHaallsseeyy,,  OORR  uullttiimmaatteellyy  ccoosstt  $$7755  mmiilllliioonn  iinn  11999911  (($$225500,,000000  ppeerr  ddaaiillyy
ttoonn)),,  JJaammeess  RRiivveerr  CCoorrpp..  pprreesseennttaattiioonn  ttoo  EEDDFF  aanndd  JJoohhnnssoonn  &&  JJoohhnnssoonn,,  SSeepptt..,,  2288,,  11999944;;  UUnniioonn  CCaammpp’’ss  333300
ttppdd  ffaacciilliittyy  iinn  FFrraannkklliinn,,  VVAA  wwiillll  ccoosstt  $$110088  mmiilllliioonn  (($$332277,,000000  ppeerr  ddaaiillyy  ttoonn))  PPaappeerr  RReeccyycclleerr,,  MMaarrcchh,,  11999933;;
BBlluuee  WWaatteerr  FFiibbeerr’’ss  223300  ttppdd  mmiillll  iinn  PPoorrtt  HHuurroonn,,  MMII  ssttaarrttiinngg  uupp  iinn  SSeepptt..,,  11999955  wwiillll  ccoosstt  $$110000  mmiilllliioonn
(($$443355,,000000  ppeerr  ddaaiillyy  ttoonn))  PPuullpp  &&  PPaappeerr  PPrroojjeecctt  RReeppoorrtt,,  AApprriill  2266,,  11999944..  CCoossttss  ppeerr  ddaaiillyy  ttoonn  ffoorr  DDMMPP  mmiillllss
uunnddeerr  ccoonnssttrruuccttiioonn  iinncclluuddiinngg  PPoonnddeerroossaa,,  NNoorrtthhaammppttoonn,,  PPAA,,  AAmmeerriiccaann  PPoowweerr,,  SSaannffoorrdd,,  WWVV  aanndd
HHaaggeerrssttoowwnn  FFiirrsstt  FFiibbeerr,,  HHaaggeerrssttoowwnn  MMDD  aarree  $$443366,,000000,,  $$441188,,000000  aanndd  $$446611,,000000  rreessppeeccttiivveellyy..    AAnnddoovveerr
IInntteerrnnaattiioonnaall  AAssssoocciiaatteess,,  SSuuppppllyy,,  DDeemmaanndd  aanndd  FFuuttuurree  PPrriicceess  ffoorr  OOffffiiccee  WWaassttee  PPaappeerr  aanndd  DDeeiinnkkeedd  MMaarrkkeett
PPuullpp  ffoorr  tthhee  PPrrooppoosseedd  NNoorrtthhaammppttoonn  MMiillll,,  iinn  PPrreelliimmiinnaarryy  LLiimmiitteedd  OOffffeerriinngg  MMeemmoorraanndduumm,,  PPeennnnssyyllvvaanniiaa
EEccoonnoommiicc  DDeevveellooppmmeenntt  FFiinnaanncciinngg  AAuutthhoorriittyy,,  RReeccyycclliinngg  RReevveennuuee  BBoonnddss  ((PPoonnddeerroossaa  FFiibbrreess  PPrroojjeecctt)),,
DDoonnaallddssoonn,,  LLuuffkkiinn  &&  JJeennrreettttee  SSeeccuurriittiieess  CCoorrpp..,,  JJaannuuaarryy  1188,,  11999955..

4499  RRIISSII  uusseess  aa  ggeenneerriicc  eessttiimmaattee  ooff  $$550000,,000000  ppeerr  ddaaiillyy  ttoonn  ffoorr  vviirrggiinn  ppuullpp  mmiillll  uuppggrraaddeess  aanndd  $$666633,,000000  ffoorr
ggrreeeennffiieelldd  ccaappaacciittyy,,  lleetttteerr  ffrroomm  DDaavviidd  PPiinneeaauulltt,,  MMaayy  33,,  11999955..    TThhee  GGrreeaatt  NNoorrtthheerrnn  NNeekkoooossaa  11,,003300  ttppdd
ggrreeeennffiieelldd  mmaarrkkeett  ppuullpp  mmiillll  NNeeww  AAuugguussttaa,,  MMII  ccoosstt  $$556600  mmiilllliioonn  aanndd  ssttaarrtteedd  uupp  iinn  11998844  (($$554444,,000000  ppeerr
ddaaiillyy  ttoonn));;  PPaarrssoonn  &&  WWhhiitttteemmoorree  IInncc..’’ss  11,,440000  ttppdd  bblleeaacchheedd  ssooffttwwoooodd  kkrraafftt  mmaarrkkeett  ppuullpp  mmiillll  iinn  CCllaaiibboorrnnee,,
AALL  ccoommppeetteedd  iinn  11999911  ccoosstt  $$770000  mmiilllliioonn,,  aabboouutt  $$550088,,000000  ppeerr  ddaaiillyy  ttoonn..    11999922  NNoorrtthh  AAmmeerriiccaann  PPuullpp  &&
PPaappeerr  FFaaccttbbooookk,,  pppp..  4400--4411..    CCoonnffiirrmmeedd  bbyy  aaccqquuiissiittiioonnss  aafftteerr  11998888  aanndd  AArraaccrruuzz  CCeelllluulloossee’’ss  nneeww  ssttaattee  ooff
tthhee  aarrtt  mmiillll  iinn  BBrraazziill  ((tthhee  hhiigghh  eenndd  ooff  tthhee  rraannggee));;  TToomm  CClleepphhaannee,,  ““FFoorreesstt  PPrroodduuccttss  &&  PPaappeerr””,,  MMoorrggaann
SSttaannlleeyy  UU..  SS..  IInnvveessttmmeenntt  RReesseeaarrcchh,,  DDeecc..  3311,,  11999922  aanndd  JJoohhnn  CChhrryyssiikkooppoouullooss,,  ““TThhee  MMaarrkkeett  PPuullpp  BBuussiinneessss
ffrroomm  aann  IInnvveessttoorr’’ss  PPooiinntt  ooff  VViieeww,,””  GGoollddmmaann  SSaacchhss  IInnvveessttmmeenntt  RReesseeaarrcchh,,  AAuugg..  2244,,  11999933..    TThheessee  ccoossttss  aarree
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aallssoo  ccoonnssiisstteenntt  wwiitthh  nneeww  bblleeaacchheedd  kkrraafftt  ppuullpp  mmiillllss  bbeeiinngg  bbuuiilltt  iinn  IInnddoonneessiiaa,,  PPuullpp  &&  PPaappeerr  WWeeeekk,,  OOccttoobbeerr
1100,,  11999944..

5500  RReessoouurrccee  IInnffoorrmmaattiioonn  SSyysstteemmss,,  IInncc..,,  PPuullpp  aanndd  PPaappeerr  RReevviieeww,,  BBeeddffoorrdd::  MMAA,,  RRIISSII,,  AApprriill,,  11999955,,  pp..  7722--
7766..

5511  EE..gg..,,  SSttoorraa  iinn  DDeennmmaarrkk..

5522  JJaann  HHoouussttoonn,,  PPrroojjeecctt  TTeeaamm  LLeeaaddeerr,,  WWeeyyeerrhhaaeeuusseerr,,  PPeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  MMaayy  88,,  11999955..

5533  JJeeffff  CClluunniiee,,  eett  aall..,,  ““KKeeyy  FFeeaassiibbiilliittyy  FFaaccttoorrss  iinn  NNoonn--RReeccoouurrssee  FFiinnaanncciinnggss  ooff  RReeccyycclleedd  PPaappeerr  MMiillll
PPrroojjeeccttss,,””  ppaappeerr  pprreesseenntteedd  aatt  WWaasstteeppaappeerr  VVII  ccoonnffeerreennccee,,  CChhiiccaaggoo,,  IILL,,  MMaayy  1111,,  11999955..

5544  GGaarryy  NNaaddeeaauu,,  MMaannaaggeerr  ooff  SSttrraatteeggiicc  PPllaannnniinngg,,  WWeeyyeerrhhaaeeuusseerr,,  PPeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  MMaarrcchh  66,,  11999955;;
FFrraannkk  MMuurrrraayy,,  GGeeoorrggiiaa--PPaacciiffiicc,,  IInntteerrvviieeww,,  AApprriill  33,,  11999955

5555  PPaappeerr  TTaasskk  FFoorrccee  ccaallccuullaattiioonnss  bbaasseedd  oonn  11999900  LLoocckkwwoooodd--PPoosstt’’ss  DDiirreeccttoorryy  lliissttiinnggss,,  iinntteerrvviieewwss  aanndd  mmiillll
vviissiittss..

5566  BBaasseedd  oonn  TTaabbllee  1122;;  JJaammeess  RRiivveerr’’ss  CCaammaass,,  WWAA  ppaappeerr  mmiillll  ccaallccuullaatteedd  aass  sseemmii--iinntteeggrraatteedd  ttoo  HHaallsseeyy,,  OORR
ddeeiinnkkiinngg  ppllaanntt..

5577  DDaattaa  ssuupppplliieedd  bbyy  WWeeyyeerrhhaaeeuusseerr,,  FFiinnee  PPaappeerr  DDiivviissiioonn,,  JJuunnee,,  11999955..

5588  DDaavviidd  BBrreeeedd,,  UUnniioonn  CCaammpp  CCoorrpp..,,  pprreesseennttaattiioonn  ttoo  PPaappeerr  TTaasskk  FFoorrccee  ggrroouupp,,  FFrraannkklliinn,,  VVAA,,  AApprriill  1144,,
11999944..

5599  PPuullpp  &&  PPaappeerr  PPrroojjeecctt  RReeppoorrtt  MMiillll--BByy--MMiillll  LLiissttiinnggss,,  JJaannuuaarryy  11999955  UUppddaattee,,  pp..  1122..

6600  ““IIPP  bbuuiillddss  336600,,000000--ttppyy  uunnccooaatteedd  ffrreeee--sshheeeett  mmaacchhiinnee  aatt  SSeellmmaa,,  AAllaa..,,  aafftteerr  llaabboorr  aaggrreeeemmeenntt””,,  PPuullpp  aanndd
PPaappeerr  WWeeeekk,,  AAuugg..  99,,  11999933,,  pp..  11..

6611  TThhee  ccoosstt  ooff  tthhee  330000  ttppdd  mmaacchhiinnee  uuppggrraaddee  aatt  UUnniioonn  CCaammpp’’ss  FFrraannkklliinn,,  VVAA  mmiillll  iiss  $$7700  mmiilllliioonn..  PPuullpp  &&
PPaappeerr  PPrroojjeecctt  RReeppoorrtt  MMiillll--BByy--MMiillll  LLiissttiinnggss,,  JJaannuuaarryy  11999955  UUppddaattee,,  pp..  1122..

6622    ““NNoorraannddaa  bbuuyyss  CCrroossss  PPooiinnttee  ffoorr  $$220000  mmiilllliioonn;;  ootthheerr  PPeennttaaiirr  ppaappeerr  ooppeerraattiioonnss  ssttiillll  oonn  bblloocckk,,””  PPuullpp  &&
PPaappeerr  WWeeeekk,,  FFeebbrruuaarryy  2299,,  11999955,,  pp..  11..

6633  11999922  NNoorrtthh  AAmmeerriiccaann  PPuullpp  &&  PPaappeerr  FFaaccttbbooookk,,  SSaann  FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann  PPuubblliiccaattiioonnss..,,  11999911,,  pp..
330033..

6644  ““NNeewwss  iinn  BBrriieeff,,””  PPuullpp  &&  PPaappeerr  WWeeeekk,,  MMaayy  1155,,  11999955,,  pp..  88..

6655  CCoonnssoolliiddaatteedd  PPaappeerrss,,  pprreesseennttaattiioonn  ttoo  PPaappeerr  TTaasskk  FFoorrccee  GGrroouupp,,  MMaarrcchh,,  11999944..

6666  FFrreedd  IIaannnnaazzzzii,,  ““TThhee  EEccoonnoommiiccss  AArree  RRiigghhtt  ffoorr  UU..SS..  MMiillllss  ttoo  RReeccyyccllee  OOlldd  NNeewwssppaappeerrss,,””  PPuullpp  &&  PPaappeerr,,
11999911..
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6677  DDoonn  MMccBBrriiddee,,  ““770000  OOddttppdd  RReeccyycclleedd  NNeewwsspprriinntt  FFaacciilliittyy  PPrroovveess  aa  WWiinn--WWiinn  PPrrooppoossiittiioonn,,””  PPaappeerr  AAggee
RReeccyycclliinngg  AAnnnnuuaall,,  11999900,,  pp..  5511..

6688  DDoonn  MMccBBrriiddee,,  ““SSeeppaarraattee  PPuullppiinngg  ooff  MMaaggaazziinneess,,  OONNPP  YYiieellddss  CCoosstt,,  CCoonnssiisstteennccyy  BBeenneeffiittss,,””  PPuullpp  &&
PPaappeerr,,  SSeepptteemmbbeerr,,  11999900..

6699  PPaauull  VVaanniieerr,,  mmaannaaggeerr  ooff  pprroodduucctt  ddeevveellooppmmeenntt,,  FFrraasseerr  PPaappeerr  CCoo..,,  MMaaddaawwaasskkaa,,  MMEE,,  PPeerrssoonnaall
ccoommmmuunniiccaattiioonn,,  JJuunnee  88,,  11999955..

7700  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  PPaappeerr,,  PPaappeerrbbooaarrdd,,  PPuullpp  CCaappaacciittyy  aanndd  FFiibbeerr  CCoonnssuummppttiioonn,,
11999933--11999977,,  3355tthh  AAnnnnuuaall  SSuurrvveeyy,,  WWaasshhiinnggttoonn,,  DDCC::  AAFF&&PPAA,,  11999944,,  pp..  2222..

7711    FFrraannkklliinn  AAssssoocciiaatteess  LLttdd..,,  EEvvaalluuaattiioonn  ooff  PPrrooppoosseedd  NNeeww  RReeccyycclleedd  PPaappeerr  SSttaannddaarrddss  aanndd  DDeeffiinniittiioonnss,,
NNoovveemmbbeerr  2255,,  11999911,,  WWaasshhiinnggttoonn,,  DDCC::  RReeccyycclliinngg  AAddvviissoorryy  CCoouunncciill,,  TTaabbllee  AA--11..

7722  11999944  NNoorrtthh  AAmmeerriiccaann  PPuullpp  &&  PPaappeerr  FFaaccttbbooookk,,  SSaann  FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann,,  IInncc..,,  11999933,,  pp..  226611..

7733  11999944  NNoorrtthh  AAmmeerriiccaann  PPuullpp  &&  PPaappeerr  FFaaccttbbooookk,,  SSaann  FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann  IInncc..,,  11999933,,  pppp..  224411,,  226633..

7744  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  PPaappeerr,,  PPaappeerrbbooaarrdd,,  PPuullpp  CCaappaacciittyy  aanndd  FFiibbeerr  CCoonnssuummppttiioonn,,
11999933--11999977,,  3355tthh  AAnnnnuuaall  SSuurrvveeyy,,  WWaasshhiinnggttoonn,,  DDCC::  AAFF&&PPAA,,  11999944,,  pp..  2277..

7755  AAccccoorrddiinngg  ttoo  tthhee  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  rreeccyycclleedd  ccoonnttaaiinneerrbbooaarrdd  wwaass  ttrraaddiittiioonnaallllyy
ddeeffiinneedd  aass  ccoonnttaaiinneerrbbooaarrdd  mmaaddee  ffrroomm  2200%%  rreeccoovveerreedd  ffiibbeerr  oorr  mmoorree  aanndd  kkrraafftt  lliinneerrbbooaarrdd  wwaass  mmaaddee  ffrroomm
lleessss  tthhaann  2200%%  rreeccoovveerreedd  ffiibbeerr..    TThhee  ddeeffiinniittiioonnss  aarree  nnooww  nnoott  aass  ddiissttiinncctt..  FFoorr  eexxaammppllee,,  ttooddaayy  lliinneerrbbooaarrdd  ccaann
ccoonnttaaiinn  uupp  ttoo  3300  ttoo  4400%%  rreeccyycclleedd  ffiibbeerr  aanndd  ssttiillll  bbee  ccaalllleedd  ““kkrraafftt..””    FFoorr  tthhiiss  rreeaassoonn,,  tthhee  ddaattaa  ffoouunndd
ddiissttiinngguuiisshh  oonnllyy  bbeettwweeeenn  110000%%  rreeccyycclleedd  ccoonnttaaiinneerrbbooaarrdd  aanndd  ccoonnttaaiinneerrbbooaarrdd  tthhaatt  iiss  eeiitthheerr  mmaaddee  ffrroomm
110000%%  vviirrggiinn  ffiibbeerr  oorr  ccoonnttaaiinnss  ssoommee  rreeccyycclleedd  ccoonntteenntt..

7766  OOtthheerr  mmaannuuffaaccttuurreerrss  hhaavvee  ddeevveellooppeedd  pprreesssseess  bbaasseedd  oonn  tthhee  ssaammee  pprriinncciippllee  aanndd  wwiitthh  ssiimmiillaarr  eeffffeeccttss..
TThheessee  pprreesssseess  aarree  aallssoo  rreeffeerrrreedd  ttoo  aass  sshhooee  pprreesssseess  oorr  lloonngg  nniipp  pprreesssseess..

7777  TThhee  tteerrmm  ““eexxtteennddeedd  nniipp  pprreessss””  iiss  uusseedd  hheerree  iinn  aaccccoorrddaannccee  wwiitthh  iinndduussttrryy  ccuussttoommss..    TThhee  mmoorree  ggeenneerriicc
tteerrmm  iiss  sshhooee  pprreessss  aanndd  iitt  iiss  aallssoo  rreeffeerrrreedd  ttoo  aass  hhiigghh--iimmppuullssee  oorr  wwiiddee--nniipp  pprreessss..

7788  PPeerrssoonnaall  ccoommmmuunniiccaattiioonn  wwiitthh  DDaavviidd  BBrraannddtt,,  pprroodduucctt  lliinnee  mmaannaaggeerr,,  PPrreessss  SSeeccttiioonn  aatt  BBeellooiitt  CCoorrppoorraattiioonn..

7799  SSeeee  ffoorr  eexxaammppllee,,  JJiimm  YYoouunngg,,  ““MMaaccMMiillllaann  BBllooeeddeell  PPiinnee  HHiillll  EExxppaannssiioonn  iiss  QQuuaalliittyy  DDrriivveenn,,””    PPuullpp  &&
PPaappeerr,,  MMaayy  11999911,,  pppp..  8855--8877..

8800  DDaavviidd  NNuullll,,  ““EEccoonnoommiiccss  ooff  MMiinnii--MMiillllss  vvss..  LLaarrggee--SSccaallee  KKrraafftt  LLiinneerrbbooaarrdd  MMiillllss””,,  pprreesseennttaattiioonn  aatt  tthhee
SSiixxtthh  IInntteerrnnaattiioonnaall  CCoonnttaaiinneerrbbooaarrdd  CCoonnffeerreennccee,,  BBoossttoonn,,  SSeepptteemmbbeerr  1155--1166,,  11999944;;  lleetttteerr  ffrroomm  GGrreegggg
SSuutthheerrllaanndd,,  RR..WW..  BBeecckk,,  OOccttoobbeerr  1177,,  11999944..

8811  ““NNeeww  OOCCCC  rreeccyycclliinngg  vveennttuurreess  sseett  ttoo  bbee  llaauunncchheedd  aaccrroossss  tthhee  UU..SS..,,””    PPaappeerr  RReeccyycclleerr,,  JJuunnee  11999944,,  pp..77..

8822  ““NNeeww  OOCCCC  rreeccyycclliinngg  vveennttuurreess  sseett  ttoo  bbee  llaauunncchheedd  aaccrroossss  tthhee  UU..SS..,,””    PPaappeerr  RReeccyycclleerr,,  JJuunnee  11999944,,  pp..77..
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8833  BBaasseedd  oonn  PPeerrssoonnaall  ccoommmmuunniiccaattiioonnss  wwiitthh  DDaavviidd  BBrraannddtt,,  PPrroodduucctt  LLiinnee  MMaannaaggeerr  iinn  PPrreessss  SSeeccttiioonn,,  BBeellooiitt
CCoorrppoorraattiioonn,,  NNaannccyy  AArreenndd,,  DDiirreeccttoorr  ooff  MMaarrkkeettiinngg  aanndd  CCoommmmuunniiccaattiioonn,,  WWeeyyeerrhhaaeeuusseerr  CCoonnttaaiinneerrbbooaarrdd
PPaacckkaaggiinngg  DDiivviissiioonn  aanndd  JJeeffffrreeyy  WWaallcchh,,  GGeenneerraall  MMaannaaggeerr  BBaayy  MMiillll  DDiivviissiioonn,,  GGrreeeenn  BBaayy  PPaacckkaaggiinngg,,  IInncc..

8844  DDaavviidd  NNuullll,,  ““EEccoonnoommiiccss  ooff  MMiinnii--MMiillllss  vvss..  LLaarrggee--SSccaallee  KKrraafftt  LLiinneerrbbooaarrdd  MMiillllss””,,  pprreesseennttaattiioonn  aatt  tthhee
SSiixxtthh  IInntteerrnnaattiioonnaall  CCoonnttaaiinneerrbbooaarrdd  CCoonnffeerreennccee,,  BBoossttoonn,,  SSeepptteemmbbeerr  1155--1166,,  11999944,,  aanndd  JJoohhnn
CChhrryyssiikkooppoouullooss,,  ““TThhee  CCoonnttaaiinneerrbbooaarrdd  MMaarrkkeettss  ffrroomm  aann  IInnvveessttoorr’’ss  PPooiinntt  ooff  VViieeww””,,  GGoollddmmaann  SSaacchhss
IInnvveessttmmeenntt  RReesseeaarrcchh,,  NNeeww  YYoorrkk,,  SSeepptteemmbbeerr  2244,,  11999933,,  pp..4488..

8855  PPaappeerr  TTaasskk  FFoorrccee,,  PPaanneell  NNoo..  66,,  CChhaarrlloottttee,,  NNCC,,  OOccttoobbeerr,,  11999944..

8866  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  PPaappeerr,,  PPaappeerrbbooaarrdd  aanndd  WWoooodd  PPuullpp,,  11999944  SSttaattiissttiiccss,,
WWaasshhiinnggttoonn,,  DDCC::  AAFF&&PPAA,,  11999944..

8877  JJoohhnn  DDaayyttoonn,,  DDiirreeccttoorr  ooff  TTeecchhnnoollooggyy,,  TTeemmppllee--IInnllaanndd  FFoorreesstt  PPrroodduuccttss  CCoorrpp..,,  PPeerrssoonnaall  ccoommmmuunniiccaattiioonn,,
MMaarrcchh  1133,,  11999955..

8888  HH..MM..  BBiissnneerr,,  RR..  CCaammppbbeellll  aanndd  WW..TT..  MMccKKeeaann,,  ““BBlleeaacchheedd  KKrraafftt  PPuullpp  ffrroomm  OOCCCC,,””  RReeccyycclleedd  PPaappeerr
TTeecchhnnoollooggyy,,  AAttllaannttaa,,  GGAA::  TTAAPPPPII  PPrreessss,,  11999944,,  pppp..  4488--5566..

8899  LLeeoo  MMuullccaahheeyy,,  BBlleeaacchheedd  BBooaarrdd  DDiivviissiioonn,,  WWeessttvvaaccoo,,  CCoovviinnggttoonn,,  VVAA,,  PPeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  MMaarrcchh
1133,,  11999955..

9900  CChhaarrlleess  SSppeenncceerr  aanndd  MMaatttt  BBeerrlleerr,,  ““PPaappeerr  aanndd  PPaacckkaaggiinngg;;  SSuurrppaassssiinngg  tthhee  CCoosstt  CCuurrvvee  iinn  11999955,,””  MMoorrggaann
SSttaannlleeyy  UU..SS..  IInnvveessttmmeenntt  RReesseeaarrcchh,,  FFeebbrruuaarryy  2244,,  11999955,,  pp..  11..

9911  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  PPaappeerr,,  PPaappeerrbbooaarrdd  &&  WWoooodd  PPuullpp,,  11999944  SSttaattiissttiiccss  --  DDaattaa
TThhrroouugghh  11999933,,  WWaasshhiinnggttoonn,,  DDCC::  AAFF&&PPAA,,  11999944,,  pp..  6622  aanndd  6666..

9922  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  PPaappeerr,,  PPaappeerrbbooaarrdd  &&  WWoooodd  PPuullpp,,  11999944  SSttaattiissttiiccss  --  DDaattaa
TThhrroouugghh  11999933,,  WWaasshhiinnggttoonn,,  DDCC::  AAFF&&PPAA,,  11999944,,  pp..  6622  aanndd  6666..

9933  AAmmeerriiccaann  PPaappeerr  IInnssttiittuuttee,,  PPaappeerr,,  PPaappeerrbbooaarrdd,,  PPuullpp  CCaappaacciittyy  aanndd  FFiibbeerr  CCoonnssuummppttiioonn  11999911--11999955,,  3333rrdd
AAnnnnuuaall  SSuurrvveeyy,,  NNeeww  YYoorrkk::  AAPPII,,  11999922,,  pppp..  88  --  99..

9944  11999922  NNoorrtthh  AAmmeerriiccaann  PPuullpp  aanndd  PPaappeerr  FFaaccttbbooookk,,  SSaann  FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann  IInncc..,,  11999911,,  pp..  118866..

9955  JJ..  CChhrryyssiikkooppoouullooss  aanndd  TT..  DDoosstteerr,,  FFoorreesstt  PPrroodduuccttss--PPaappeerr  CCoommppaannyy  HHaannddbbooookk,,  GGoollddmmaann  SSaacchhss
IInnvveessttmmeenntt  RReesseeaarrcchh,,  JJaannuuaarryy  66,,  11999933,,  pp..  1177..

9966  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  PPaappeerr,,  PPaappeerrbbooaarrdd,,  PPuullpp  CCaappaacciittyy  aanndd  FFiibbeerr  CCoonnssuummppttiioonn,,
11999933--11999977,,  3355tthh  AAnnnnuuaall  SSuurrvveeyy,,  WWaasshhiinnggttoonn,,  DDCC::  AAFF&&PPAA,,  11999944,,  pp..  2233..

9977  IInn  11998800  tthheerree  wweerree  220033,,000000  wwoorrkkeerrss  iinn  ppuullpp  aanndd  ppaappeerr  mmiillllss  aanndd  6655,,000000  wwoorrkkeerrss  iinn  ppaappeerrbbooaarrdd  mmiillllss..
SSttaattiissttiiccaall  AAbbssttrraacctt  ooff  tthhee  UUnniitteedd  SSttaatteess,,  11998899,,  TTaabbllee  665577..    IInn  11998899  tthheerree  wweerree  119944,,330000  wwoorrkkeerrss  iinn  ppuullpp
aanndd  ppaappeerr  mmiillllss  aanndd  5522,,990000  wwoorrkkeerrss  iinn  ppaappeerrbbooaarrdd  mmiillllss..    11999922  NNoorrtthh  AAmmeerriiccaann  PPuullpp  &&  PPaappeerr  FFaaccttbbooookk,,
SSaann  FFrraanncciissccoo::  MMiilllleerr--FFrreeeemmaann  PPuubblliiccaattiioonnss,,  11999911,,  pp..  5566  ffrroomm  UU..SS..  BBuurreeaauu  ooff  LLaabboorr  SSttaattiissttiiccss))..
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9988  NNoottee  tthhaatt  nnuummbbeerrss  eexxcclluuddee  ccoonnvveerrttiinngg  ooppeerraattiioonnss..    BBaasseedd  oonn  UU..SS..  DDeeppaarrttmmeenntt  ooff  CCoommmmeerrccee,,  BBuurreeaauu  ooff
tthhee  CCeennssuuss,,  11998877  CCeennssuuss  ooff  MMaannuuffaaccttuurreess,,  IInndduussttrryy  SSeerriieess,,  PPuullpp,,  PPaappeerr  &&  BBooaarrdd  MMiillllss,,  WWaasshhiinnggttoonn,,  DDCC,,
11998888,,  pp..  2266AA--55;;    AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  PPaappeerr,,  PPaappeerrbbooaarrdd  &&  WWoooodd  PPuullpp,,  11999944  ,,
SSttaattiissttiiccss,,  WWaasshhiinnggttoonn,,  DDCC::  AAFF&&PPAA,,  11999944,,  pp..  6622..

9999  AAlleexx  TTaayylloorr,,  ““WWhhyy  aann  iinndduussttrryy  tthhaatt  wwaass  uupp  aa  ttrreeee  iiss  oonn  aa  bbiigg  rroollll,,””  FFoorrttuunnee,,  AApprriill  1177,,  11999955,,  pp..  114400..

110000  WWhhiillee  llaarrggee  iinntteeggrraatteedd  ppuullpp  aanndd  ppaappeerr  mmiillllss  ccaann  pprroodduuccee  llaarrggee  qquuaannttiittiieess  ooff  ppaappeerr  aatt  vveerryy  llooww  ccoossttss,,
tthheeyy  ““ssoommeettiimmeess  hhaavvee  nneeggaattiivvee  mmaarrkkeett  ccoonnsseeqquueenncceess  iiff  ttoooo  mmuucchh  ccaappaacciittyy  ccoommeess  oonn--lliinnee,,  aass  iinn  tthhee  11999900--
9911  ppeerriioodd,,  wwhhiicchh  aallssoo  ccooiinncciiddeedd  wwiitthh  tthhee  eeccoonnoommiicc  rreecceessssiioonn..””  11999922  NNoorrtthh  AAmmeerriiccaann  PPuullpp  aanndd  PPaappeerr
FFaaccttbbooookk,,  SSaann  FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann  IInncc..,,  11999911,,  pp..  118866..

110011  JJoohhnn  CChhrryyssiikkooppoouullooss,,  UUnnccooaatteedd  FFrreeee  SShheeeett  PPaappeerr  MMaarrkkeettss,,  GGoollddmmaann  SSaacchhss  IInnvveessttmmeenntt  RReesseeaarrcchh,,
JJuunnee  1166,,  11999933,,  pp..  22..

110022  MMaarrkk  DDiivveerriioo  aanndd  PPeerrii  WWiinnkkllee  SSoollddaattii,,  ““PPaappeerr  aanndd  FFoorreesstt  PPrroodduuccttss  IInndduussttrryy,,””    UUBBSS  SSeeccuurriittiieess  EEqquuiittyy
RReesseeaarrcchh,,  OOccttoobbeerr  1133,,  11999944,,  pp..  1188..

110033AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  AAggeennddaa  22002200  --    AA  TTeecchhnnoollooggyy  VViissiioonn  aanndd  RReesseeaarrcchh  AAggeennddaa  ffoorr
AAmmeerriiccaa’’ss  FFoorreesstt,,  WWoooodd  aanndd  PPaappeerr  IInndduussttrryy,,  WWaasshhiinnggttoonn,,  DDCC::  AAFF&&PPAA,,  NNoovveemmbbeerr  11999944,,  pp..  1100..

110044  CC..AA..  DDiilllloonn,,  ““PPaappeerr  aanndd  FFoorreesstt  PPrroodduuccttss  ----  DDoowwnnccyyccllee  RRiisskk  SSeeeenn  oonn  OOvveerrsseeaass  CCaappaacciittyy  GGrroowwtthh,,””
SSaalloommoonn  BBrrootthheerrss,,  IInncc..,,  UUnniitteedd  SSttaatteess  EEqquuiittyy  RReesseeaarrcchh,,  NNoovveemmbbeerr  1177,,  11999955,,  pp..  22..

110055  IInn  11999944,,  aappppaarreenntt  wwoorrlldd  ccoonnssuummppttiioonn  ooff  ppaappeerr  wwaass  226699..5599  mmiilllliioonn  ttoonnss;;  aappppaarreenntt  UU..SS..  ccoonnssuummppttiioonn
wwaass  8888..7799  mmiilllliioonn  ttoonnss,,  oorr  3322..99%%  ----  aallmmoosstt  oonnee--tthhiirrdd..    RReessoouurrccee  IInnffoorrmmaattiioonn  SSyysstteemmss,,  IInncc..,,  PPuullpp  &&  PPaappeerr
RReevviieeww,,  AApprriill  11999955,,  pp..  222211..    TThhee  rreeccoovveerryy  rraattee  iinn  tthhee  UUnniitteedd  SSttaatteess  iinn  11999944  aass  ddeeffiinneedd  bbyy  tthhee  AAFF&&PPAA  wwaass
4400%%,,  mmeeaanniinngg  tthhaatt  6600%%  ooff  aallll  ppaappeerr  wwaass  nnoott  rreeccoovveerreedd..    6600%%  ooff  3322..99%%  iiss  1199..77%%..

110066  TThhiiss  lleevveell  ooff  iinnccrreeaassee  iiss  ccoonnssiisstteenntt  wwiitthh  tthhee  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn''ss  ggooaall  ooff  5500%%  ppaappeerr
rreeccoovveerryy  iinn  tthhee  yyeeaarr  22000000,,  ccoommppaarreedd  ttoo  4400%%  rreeccoovveerryy  iinn  11999944..    BBootthh  ooff  tthheessee  ffiigguurreess  iinncclluuddee  pprreeccoonnssuummeerr
ppaappeerr  ssccrraapp;;  tthhee  ppootteennttiiaall  ffoorr  ppoossttccoonnssuummeerr  rreeccoovveerryy  iiss  hhiigghheerr  oonn  aa  ppeerrcceennttaaggee  bbaassiiss  ((rreellaattiivveellyy  mmoorree  iiss
ssttiillll  bbeeiinngg  ddiissppoosseedd))..

110077  NNoonn--ffiibbeerr  mmaatteerriiaallss  mmaaddee  uupp  tthhee  ddiiffffeerreennccee  bbeettwweeeenn  vviirrggiinn  aanndd  rreeccyycclleedd  ffiibbeerr  uussee  aanndd  ttoottaall  ppaappeerr
pprroodduuccttiioonn..    CCoonnssuummppttiioonn  ooff  rreeccoovveerreedd  ppaappeerr  ddooeess  nnoott  eeqquuaattee  ttoo  rreeccyycclleedd  ccoonntteenntt  dduuee  ttoo  lloosssseess  ooff  ssoommee
ffiibbeerr  iinn  pprroocceessssiinngg..


