
White Paper 13 was originally printed on paper containing 45% wheat straw,
40% recycled pulp and 15% chalk

PAPER TASK FORCE

Duke University  **  Environmental Defense Fund
Johnson & Johnson  **  McDonald's

The Prudential Insurance Company of America  **  Time Inc.

TECHNICAL SUPPLEMENT – PART IIIA

NON-WOOD FIBER SOURCES

Non-Wood Plant Fibers as Alternative Fiber Sources for Papermaking
(White Paper 13)

July 1996



ii

1996 Environmental Defense Fund



iii

TABLE OF CONTENTS
I. INTRODUCTION......................................................................................................................................1

A. PERSPECTIVES ON USING NON-WOOD FIBERS IN PAPER .............................................................................1
B. SCOPE OF THE PAPER ...................................................................................................................................2
C. STRUCTURE OF THE PAPER...........................................................................................................................3

II. FINDINGS ................................................................................................................................................5

III. HISTORICAL PERSPECTIVE ............................................................................................................9

IV. FIBER ACQUISITION ........................................................................................................................10

A. FIBER TYPES AND YIELD POTENTIAL.........................................................................................................10
B. TECHNICAL ASPECTS .................................................................................................................................13

1. Wheat Straw..........................................................................................................................................13
2. Kenaf.....................................................................................................................................................14
3. Hemp.....................................................................................................................................................15
4. Summary ...............................................................................................................................................15

C. ENVIRONMENTAL ASPECTS .......................................................................................................................15
1. Agricultural Residues ...........................................................................................................................15
2. Annual Fiber Crops ..............................................................................................................................16
3. Summary of Environmental Findings ...................................................................................................27

D. ECONOMIC ASPECTS..................................................................................................................................28
1. Agricultural Residues ...........................................................................................................................29
2. Kenaf and Hemp ...................................................................................................................................30
3. Summary of Economic Findings ...........................................................................................................30

V. PULPING ................................................................................................................................................31

A. TECHNICAL ASPECTS.................................................................................................................................31
1. Fiber properties ....................................................................................................................................31
2. Pulping processes .................................................................................................................................36
3. Recyclability .........................................................................................................................................40

B. ENVIRONMENTAL ASPECTS .......................................................................................................................40
1. Mechanical Pulping..............................................................................................................................41
2. Chemical Pulping .................................................................................................................................41
3. Summary of Environmental Findings ...................................................................................................43

C. ECONOMIC ASPECTS ..................................................................................................................................44
1. Kenaf.....................................................................................................................................................44
2. Cereal Straw .........................................................................................................................................46
3. Non-wood Paper Projects.....................................................................................................................46
4. Summary of Economic Findings ...........................................................................................................47

VI. APPENDIX A: REVIEWERS AND INDIVIDUALS INTERVIEWED ..............................................48

VII. APPENDIX B: COMMERCIAL AND RESEARCH ACTIVITIES IN NON-WOOD
                                   PAPERMAKING .......................................................................................................50

VIII. APPENDIX C: CURRENT USER EXPERIENCES WITH PAPER MADE FROM
                                     NON-WOODS AND FUTURE POTENTIAL NON-WOOD PAPER
                                     APPLICATIONS......................................................................................................54

IX. APPENDIX D:  EXPLANATION OF KEY TERMS AND ABBREVIATIONS ..................................57

X. APPENDIX E:  LIST OF OTHER WHITE PAPERS ............................................................................65

XI. ENDNOTES...........................................................................................................................................67



iv

LIST OF TABLES AND FIGURES

Table 1 Overview of non-wood fibers used for papermaking

Table 2 Availability of specific non-wood fibers, worldwide and in the United States

Table 3 Fiber yields of various non-wood and wood fiber types

Table 4 Fiber and pulp yields of nonwood and wood fiber mechanical and reinforcing fibers

Table 5  Yield of pulps used in uncoated printing and writing paper

Table 6 1995 Wood and non-wood fiber costs in the United States

Table 7 Chemical characteristics of fibers used for papermaking

Table 8 Physical characteristics of fibers used for papermaking

Table 9 Comparison of energy requirements and pulp properties of kenaf and Southern pine in
mechanical pulping

Table 10 Comparison of energy consumption of softwood bleached kraft and kenaf soda
pulping processes

Table 11 Effluent flow and quality for kenaf bleached soda pulp and softwood bleached kraft
pulp

Table 12 Operating costs for kenaf and wood-based bleachedchemical pulp mills in the U.S.
South

Table 13 Potential nonwood paper applications

Figure 1 Burst strength/tear strength matrix of various non-wood and wood fiber types



1

I. INTRODUCTION

This white paper summarizes the results of the Paper Task Force's research and findings
on the potential of using certain fibers other than wood (abbreviated as non-woods) for
papermaking.  This paper is one element of an extensive research process in support of the Paper
Task Force's work to develop recommendations for purchasing "environmentally preferable
paper" (paper that reduces environmental impacts and meets business needs).

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 reflects the contribution 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.

The study of the potential of non-woods for papermaking is a vast topic: a large number
of fibers are potentially suitable for papermaking; many aspects (functional, technical,
environmental, economic, social, etc.) may be considered; and different constituencies approach
the topic from different points of reference.  The scope of this paper, described in more detail
below, does not include all of these issues.

Compared to wood-based papermaking, the information available on this topic is limited.
In the U.S., we only can draw conclusions from a small number of pilot stage projects and an
even smaller number of commercial operations.  In some cases, the Paper Task Force’s research
only raises, rather than answers, questions.  In spite of these limitations, we have performed a
thorough review of the available information from published articles, and interviews with
representatives from the paper industry, the farming industry, academia, and members of the
environmental community that focus on non-wood fibers.  The paper was reviewed by seven
experts in the field of non-wood papermaking. (See Appendix A)

A. Perspectives on Using Non-Wood Fibers in Paper

Interests and perspectives vary by constituency.  Some members of the environmental
community identify the use of non-wood fibers in paper as a way to preserve natural forests.
These constituencies strongly support the use of annual crops, such as kenaf and hemp.  Unlike
trees, these crops are grown and harvested on a yearly basis.  Some supporters claim that kenaf
and hemp produce more usable fiber per land area than trees, are naturally pest-resistant and can
be grown without use of large amounts of herbicides and fertilizers.  They further point out the
potential for non-woods to be pulped without sulfur and bleached without chlorine.1  Supporters
of bioregionalism consider non-woods as an opportunity for small-scale pulping close to areas of
fiber production, thus reducing transportation needs and aiding local communities.2

In contrast, the paper industry, as represented by the American Forest & Paper
Association, compares non-wood pulping with prevailing large-scale wood kraft pulping
operations.  From that perspective, the widespread utilization of non-woods constitutes a
fundamental change in the industry’s raw material supply and procurement infrastructures.3
Individual paper companies in areas of wood shortage, however, may explore non-wood fibers to
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expand their fiber supply.  Non-wood industry experts see the highest current potential in
agricultural residues, i.e. by-products of the production of food and other crops, because of their
immediate availability and relatively low cost.4

Farmers are interested in both annual crops and agricultural residues as additional
income sources.  Governments in the U.S. and Europe are interested in curtailing surplus grain
production by encouraging farmers to grow non-food crops on agricultural land.  Annual fiber
crops are considered attractive rotational crops.  Using agricultural residues would allow fiber
production without additional land use.

B. Scope of this Paper

Given the limited information available and the complexity of the topic, this paper
presents an overview of the technical, environmental and economic aspects of fiber acquisition
and pulp manufacturing using certain non-wood fiber sources in the United States.  Where
useful, information is drawn from other countries.  We examine in detail the opportunities for
two annual crops (kenaf and hemp) and one agricultural residue (wheat straw), based on the
following rationale.

The Agricultural Research Service of the U.S. Department of Agriculture (USDA)
conducted an extensive study of 500 plant fibers as alternatives to wood in pulp and
papermaking in the late 1950s and found kenaf to be the most promising annual fiber crop.5
Hemp as a fiber source for papermaking is of interest to many members of the environmental
community.  In Europe, hemp is being explored as an alternative fiber source for paper, while in
the United States, it has been illegal to grow hemp since 1937.6  Wheat straw is the second
highest-volume agricultural residue available for papermaking in the United States and one of
the most researched agricultural residues for that purpose.  In some parts of this paper,
information on rice and rye seed grass straw will be used to complement the findings on wheat
straw.  Rye seed grass straw has similar properties to wheat straw and is currently being explored
as a fiber source for corrugated packaging by Weyerhaeuser in the Willamette Valley of Oregon.
(See Appendix B.)  Rice straw is currently being investigated as a fiber source for newsprint.
Cotton and other non-wood fibers used for specialty papers are beyond the scope of this paper:
very different functional requirements and economics apply to these types of fibers.

The paper also narrows the scope of the study to mechanical pulps,7 reinforcing pulps
(long fiber chemical pulps), and uncoated printing and writing papers, three of the most widely
studied and likely uses of non-wood fibers.  Appendix C contains the limited information
available on the functional performance of papers made with non-wood fibers.  Alternative
pulping methods suitable for small-scale operations, such as mechanical, alcohol-based or agri-
pulping processes, also are addressed as far as information is available.

The technical challenges of making paper from non-wood fibers are similar to those that
have been encountered in making paper using recovered fibers.  Challenges in developing
pulping processes that yield a high-quality product and adjusting the papermaking process are
similar for the two fiber sources.  In some cases, deinked recovered fiber and bleached non-wood
fiber pulps may compete as substitutes for virgin wood fiber.  For example, pulp made from
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either agricultural residues or deinked recovered fiber can replace hardwood kraft pulp used in
printing and writing papers.  In other cases, non-wood pulps may complement the recovered
fiber pulp.  Researchers have produced high-quality groundwood paper that contains a mixture
of deinked recovered fiber and kenaf pulps.  Detailed functional, environmental and economic
comparisons of non-wood fiber and recovered fiber are beyond the scope of this paper.
However, Parts I and II of the Technical Supplement of the Paper Task Force's final report
contain additional information on the functional performance of recovered fiber pulps and
environmental and economic issues regarding their use in paper.

Several non-environmental issues concerning the use of non-wood fiber sources are
beyond the scope of this paper.

• Potential positive impacts of small-scale pulping operations on job creation and local
communities.

• The economic benefits to farmers and rural communities generated by growing new
crops.  We have assumed that the price of the fiber includes a satisfactory return to the
farmer. Pulp or paper producers must determine whether they can afford to use this fiber
source to make paper.  Kenaf and hemp fibers, for example, have many potential uses
other than paper – many of which are more profitable.

• The potential impact of a large-scale shift from use of wood to non-wood fibers for
papermaking on incentives for ownership of forestland by private landowners.  Pulp and
paper companies in the South obtain only about a quarter of their wood from their own
lands.  They purchase the rest from private landowners.  Widespread use of non-wood
fibers could reduce demand, and thus, prices paid for wood in this region; lower prices
might lead some owners to sell their forestland or convert it to other uses.

C. Structure of this Paper

We present our research in three sections:

• Section III gives a historical overview of papermaking from non-wood fibers.

• Section IV focuses on the technical, environmental and economic aspects of fiber
acquisition from non-wood sources.  Fiber acquisition includes all production steps from
growing to harvesting, transporting and storing the fibers.

• Section V explores technical, environmental and economic aspects of pulping processes
for non-wood fibers.

In each section, a general overview is followed by a discussion of the above-mentioned three
fiber types.  The paper illustrates that there are no general answers that apply to all non-wood
fibers; each fiber has to be considered individually.
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The appendices include a list of reviewers and interview partners (Appendix A), an
overview of commercial and research activities (Appendix B), a summary of current user
experiences and future potential non-wood paper applications (Appendix C) and definitions of
technical terms (Appendix D).
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II. FINDINGS

The research in this paper demonstrates that, in certain cases, using non-wood fibers in
paper can provide environmental and economic benefits.  Market conditions and the
supply/demand balance for pulp and wood chips have made it difficult for non-wood
entrepreneurs to obtain financing for economically viable projects.  The potential of non-wood
fibers as a fiber source for paper, however, is both site-specific and grade-specific.  As a result,
we have not attempted to draw general conclusions about the use of non-wood fibers in
papermaking, but present technical, environmental and economic comparisons of wood with
cereal straws (a group of agricultural residues) and kenaf and hemp (annual crops that are grown
for paper).

It should be noted that these findings only address fiber and paper produced in North
America.  They cannot be generalized to other countries because agronomic and manufacturing
practices differ around the world.  Purchasers considering buying imported paper made with
non-wood fiber should further evaluate the fiber acquisition and manufacturing practices of these
suppliers.

The findings provide an overall assessment and the advantages and disadvantages of the
four most likely uses of non-wood fibers in paper.  Two options, use of agricultural residues and
use of whole-stalk kenaf to make mechanical pulps1 have high potential from technical,
environmental and economic perspectives.  Two other options, use of pulps made from separated
kenaf or separated hemp fibers2 show much less promise.

Agricultural Residues: Cereal Straw

Overall Assessment:  High potential for papermaking
• Large quantities of this additional source of short fiber are currently available.
• Solutions exist for technical challenges in acquiring and pulping straw.

Advantages:
• Good source of short fiber.
• Readily available in large quantities.
• Beneficial use of waste material.
• Fiber acquisition and pulping costs are similar to those for wood.
• Chemical pulping processes do not require sulfur.

Disadvantages:
                                                
1 Typical mechanical pulping processes for whole-stalk kenaf first expose the stalk to steam and chemicals to

soften it.  The stalk then passes between two rotating disks that grind it into pulp.  These pulps contain lignin, a
glue-like substance that causes paper to yellow when it is exposed to sunlight.

2 Kenaf plants contain two different types of fiber, bast fibers, long strong fibers that account for about 35% of
the total weight of a kenaf stalk and core fibers, short, bulky fibers that account for the remaining 65%.  Pulps
made from "wholestalk kenaf" use the entire stalk without separating the fibers.
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• Requires a dedicated pulping process with a digester designed to pulp straw.
• High silica and hemicellulose content of straw makes black liquor difficult to recover.
• Must produce pulp at an integrated paper mill because the properties of the straw pulp

deteriorate if the pulp is dried before use.

Kenaf (Whole-stalk)

Overall Assessment:  High potential for papermaking
• High quality, high brightness mechanical pulpfor newsprint and uncoated “groundwood”

directory grades.
• Environmental and economic performance is competitive with wood for these uses.

Advantages:
• Pulp yield per acre for kenaf-based mechanical pulp is on average about 60% higher than

that for plantation Southern pine-based mechanical pulp.
• Total and purchased energy consumed to pulp whole-stalk kenaf is about 35% lower than

that consumed to pulp Southern pine.
• Fiber costs are competitive with softwood.
• Capital and operating costs to build and operate a mill that produces mechanical kenaf

pulp should be competitive with costs of a wood-based mill.

Disadvantages:
• On average, kenaf requires more fertilizer per acre than trees do; farmers may have to use

irrigation to achieve high yields.
• Opportunity to introduce kenaf as a rotational crop is limited to California and southern

states.
• Scale-up of fiber production to commercial scale (e.g., harvesting 40,000 acres of kenaf

rather than 4,000) may require changes in harvesting practices or genetic engineering of
the kenaf plant to facilitate earlier harvesting.

• Kenaf fields can be expected to provide less water quality protection; plant and animal
habitat and overall species diversity; and recreational value than do tree plantations.

Kenaf (Separated bast and core fibers)

Overall Assessment:  Low potential for papermaking
• Separating kenaf bast and core fibers gives papermakers the most flexibility to produce a

range of high quality papers.
• Environmental and economic performance indicate that separated kenaf fibers are more

appropriate for products other than paper.

Advantages:
• High opacity and bulk allow reduction of basis weight by about 10% to achieve similar

performance as wood-based paper.
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• Chemical pulping processes3 do not require sulfur.
• The total energy consumed to produce a ton of kenaf bleached soda pulp was about 34%

lower than the energy consumed to produce a ton of wood bleached kraft pulp.

Disadvantages:
• Pulp yield per acre for bast fiber as reinforcing pulp or combinations of bast and core for

printing and writing paper are the same or lower than the yield for the equivalent wood-
based products.

• Kenaf requires more fertilizer per acre than trees do; farmers may have to use irrigation
to achieve high yields.

• Kenaf fields can be expected to provide less water quality protection; plant and animal
habitat and overall species diversity; and recreational value than do tree plantations.

• Opportunity to introduce kenaf as a rotational crop is limited to California and southern
states.

• The additional cost to separate the kenaf fibers makes them uncompetitive with wood for
papermaking.

• Existing information about environmental performance of mills that produce kenaf
chemical pulp does not demonstrate improved environmental performance for these mills
as compared to wood-based kraft mills.
− The purchased energy consumed to produce the kenaf pulp is at least 50% higher than

the energy consumed to produce wood pulp.
− Effluent flow and quality (BOD, COD and TSS loading in final effluent) are similar for

both types of mills.

Hemp (Separated bast and core fibers)

Overall Assessment:  Low potential for papermaking
• Effective pulping processes are in early stages of development.
• Environmental and economic performance indicate that hemp fibers are more appropriate

for products other than paper.

Advantages:
• Hemp bast fibers can add significant tensile and tear strength to paper because of their

fiber length.
• Hemp could be grown throughout the United States because it is not a tropical plant;

however, under current law it is illegal to hemp in United States.

Disadvantages:
• Pulp yield per acre for bast fiber as reinforcing pulp is lower than the yield for the

equivalent wood-based products.

                                                
3 Chemical pulping processes use chemicals and heat to separate cellulose fibers from lignin.  Unlike mechanical

pulping processes that basically rip the fibers apart, chemical pulping processes dissolve away the lignin
leaving intact cellulose fibers.  Chemical pulps are also stronger and brighter than mechanical pulps.
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• Hemp requires more fertilizer per acre than trees do; farmers may have to use irrigation
to achieve high yields.

• Hemp fields can be expected to provide less water quality protection; plant and animal
habitat and overall species diversity; and recreational value than do tree plantations.

• Window to harvest hemp for fiber is very narrow.
− If harvested too early, plants may be immature and yield will be low.
− If harvested too late, fibers become too coarse to use in paper products.

• Whole-stalk and bast fiber costs are higher for hemp than for kenaf.
• Hemp bast fibers must be cut before pulping to facilitate processing (long fibers tend to

get caught in the digester).
• The lignin in hemp bast fiber is difficult to remove using chemical pulping processes.
• Mechanical pulping processes have not been commercialized – only laboratory-scale

testing has been conducted.
− Performance of hemp bast fiber mechanical pulps are similar to softwood bleached

chemithermomechanical pulps (BCTMP); performance of whole-stalk mechanical
pulps are similar to those from deinked office waste.

− Performance-to-cost ratio of hemp mechanical pulps is much lower than that of
softwood BCTMP or deinked pulp from office waste.
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III. HISTORICAL PERSPECTIVE

For most of its history, paper was made from non-wood fibers. Traditional fiber sources
for paper were old rags and other textile wastes.  Wood became the major fiber source for paper
in the mid 1800s.8  Hemp is probably one of the oldest plants cultivated for fiber; a work of the
Sung Dynasty (A.D. 500) contains a statement that the Emperor Shen Meng in 2800 B.C. first
taught the people of China to cultivate hemp for making cloth.9  The use of hemp fiber for paper
dates back more than 2,000 years.  The oldest surviving piece of hemp fiber paper in the world
was discovered by archeologists in a tomb near Sian in Shensi Province, China.  Scientists
believe it was produced between the years 140 and 87 B.C.10

Non-woods are a major fiber source in developing countries with limited access to forest
resources.  Worldwide, non-woods made up 16.5 million metric tons of the worldwide fiber
supply for paper production in 1991, corresponding to 10% of the virgin fiber supply and 6% of
the total fiber supply (including recovered fiber).  The main producing countries were China (12
million metric tons), India (1.8 million metric tons) and Latin America (0.7 million metric
tons).11  In the United States, the non-wood capacity currently is approximately 400,000 metric
tons, corresponding to less than one percent of the virgin fiber supply.12  Most mills in
developing countries use chemical pulping processes and are very small.  They produce less than
20,000 tons of pulp per year.13  Most of these mills do not employ chemical recovery or
wastewater treatment.  Chemical recovery systems reduce chemical costs and environmental
releases.  However, conventional recovery systems, such as the one used in the kraft process,
have high economies of scale and generally are too expensive to install at these small mills.
Lack of wastewater treatment makes the situation more severe.  Often, untreated effluent is
discharged into the local surface waters.14

In the U.S., paper was traditionally made from non-woods, mainly waste products from
the textile industry.  During World War II, there were 25 mills in the midwest producing
corrugating medium from wheat straw.15  The last straw pulp mill closed by the end of 1960.16

Non-wood fibers were no longer competitive for four reasons:

• development of the kraft recovery system as an efficient means for recovering spent
chemicals in wood pulping;

• increases in labor cost in a labor-intensive industry: straw harvesting, storage and pulping
technologies were less economic than similar wood-based processes;17

• westward shift of the agricultural production: straw as a fiber source moved further away
from the pulp and paper industry and its customers; and

• increases in fuel cost: paper mills’ access to bagasse, a waste product from sugar refining,
declined as sugar mills switched back to using it as a fuel source when prices for other
fuels increased.18
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Non-wood pulp production has survived in the U.S. because of the characteristics of
particular non-wood fibers for specialty papers.  The main fibers pulped are flax, cotton and
abaca.19  In contrast, on a worldwide scale, the major non-wood fibers used for the production of
commodity papers are straw, bagasse and bamboo.20  Because of its odor and taste, flax fiber
from oilseed flax crops is the primary raw material used for cigarette paper in the U.S.  By-
products of textile flax crops are imported to enhance the properties of cigarette paper and are
also used in currency paper.  Standard U.S. currency paper is 80% cotton and 20% flax.21  Abaca
is used for tea bags because of its combination of high tear strength, wet strength and porosity.
Other specialty grades made from non-woods include filtration bags, sausage casings, and
premium quality letterhead papers.

Currently, only a limited number of companies produce non-wood specialty pulps and
papers in the U.S.  Compared to wood kraft pulping operations, these mills are very small, with a
capacity range of 10,000 to 100,000 tons per year.  Modern kraft mills produce 300,000 to
500,000 tons per year.  The pulping operations typically use chemical processes without a
recovery system.22  Small-scale, old technology and the lack of a recovery system lead to
inefficient operation and high environmental compliance cost.  These mills survive because of
the price premiums they receive for specialty pulps and papers.23   (See Appendix B for a list of
specialty pulping and papermaking operations.)

Most work on using non-wood fibers for printing and writing papers and packaging is
currently being pursued on the laboratory or pilot plant level.  Appendix B provides a list of
these research activities by the USDA, various universities and research centers, and paper
companies.

IV. FIBER ACQUISITION

This section describes the different non-wood plants, their yield potentials and the
technical, environmental and economic aspects of the agronomic practice.  Fiber acquisition
includes all production steps: growing, harvesting, transporting, storing and preparing the fibers
for papermaking.

A. Fiber Types and Yield Potential

Table 1 segments non-wood fibers that can be used for papermaking into three broad
categories: agricultural residues, non-woody fiber crops and natural-growing plants.  The last
category will not be discussed in this paper because it does not constitute a major potential fiber
source in the United States.
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Table 1:  Overview of nonwood fibers used for papermaking

Fiber Type Example

1. Agricultural residues Cereal straws  
- wheat straw
- rice straw
- seed flax straw
Corn stalks
Sorghum stalks
Cotton stalks
Cotton linters
Bagasse (residue from sugar cane)
Rye seed grass straw

2. Nonwoody fiber crops*
2.1.  Bast (stem) fibers Crotalaria (sunn hemp)

Textile flax tow and byproducts
Jute
Kenaf (Hibiscus cannabinus)
Ramie
True hemp (Cannabis sativa)
Old rope or rags made from bast fibers

2.2. Leaf fibers Abaca (manila hemp)
Henequen
Maguey
Sisal

2.3. Seed hair fibers Cotton fiber
Cotton rags and textile waste

3. Natural-growing plants** Bamboo
Esparto grass
Elephant grass
Reeds
Sabai grass
Johnson grass
Papyrus

Note:
* Grown for their fibers for paper and/or other uses
** Wild or uncultivated plants

Source: Joseph Atchison and John McGovern, "History of Paper and the Importance of Nonwood Plant Fibers,"
Secondary Fibers and Nonwood Pulping, Volume 3: Pulp and Manufacture, Third Edition, (Atlanta: Joint
Textbook, Committee of the Paper Industry, 1987), p.3.

Table 2 provides estimates on the potential amount of fiber that is available for pulping
from agricultural residues and annual crops in the U.S. and on a worldwide basis.  The numbers
show that there is large potential for agricultural residues, but only small quantities of fiber from
annual crops are currently available.  For annual crops, the agronomic practice would first have
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to be developed (as in the case of hemp) or expanded (as in the case of kenaf) to represent a
significant potential fiber source.

Table 2.  Availability of specific nonwood fibers, worldwide and in the United States

Potential Availability for Pulping in Million BDMT*

Fiber Type United States Worldwide

Agricultural Wheat Straw 76.0 600.0
Residues Other Cereal Straws 12.4 290.0

 - Barley Straw 7.0 195.0
 - Oat Straw 5.0 55.0
 - Rye Straw 0.4 40.0
 - Rice Straw 3.0 360.0
Grass Seed Straw 1.1 3.0
Seed Flax Straw 0.5 2.0
Subtotal Straw 93.0 1,255.0

Corn Stalks 150.0 750.0
Sorghum Stalks 28.0 252.0
Cotton Fibers 8.6 89.0
 - Cotton Staple Fiber 3.5 18.3
 - Cotton Linters (First and Second Cut) 0.5 2.7
 - Cotton Stalks 4.6 68.0
Sugar Cane Bagasse 4.4 102.2
Subtotal Other Agricultural Residues 191.0 1,193.2
Subtotal Agricultural Residues 284.0 2,448.2

Nonwoody Stem Fibers 0.0 13.9
Crop Fibers  - Jute, Kenaf, Hemp, etc.

   (of which 3 Million BDMT are bast fibers)
Leaf Fibers 0.0 0.6
 - Sisal, Henequen, Maguey, Abaca
   (of which 0.08 Million BDMT are abaca)
Subtotal Nonwoody Crop Fibers 0.0 14.5

Natural- Reeds (Estimate) 0.0 30.0
Growing Bamboo (Estimate) 0.0 30.0
Plants Papyrus (Estimate) 0.0 5.0

Esparto Grass (Estimate) 0.0 0.5
Sabai Grass 0.0 0.2
Subtotal Natural-Growing Plants 0.0 65.7

Total All Nonwood Fibers 284.0 2,528.4
Note:
* Fibers available for delivery to pulp mills.  BDMT = Bone Dry Metric Ton.

Source:  Joseph Atchison, "Present Status and Future Prospects for Use of Nonwood Plant Fibers
for Paper Grade Pulps," Presentation at American Forest & Paper Association 1994 Pulp and
Fiber Fall Seminar, Tucson, Arizona, November 14-16, 1994, Table 2.

Both kenaf and hemp are made up of two fiber types with very different characteristics:
bast and core fibers.  Bast fibers are very long fibers on the outside of the stem and have
traditionally been used for cordage.  They make up about 20-45% of the total fiber weight.  Core
fibers are very short fibers found inside the stem.  For the discussion of potential paper
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applications and for yield comparisons, it is important to distinguish between bast fibers, core
fibers and the whole-stalk.

Kenaf (Hibiscus cannabinus), a member of the hibiscus family (related to cotton and
okra), is an annual tropical plant that traditionally has been used as a source of bast fibers in
India, China, and some other countries.  It was introduced to the U.S. in the 1940s as a substitute
for jute to produce cordage.24  In 1993, 4,375 acres of kenaf were harvested in the U.S., mainly
in California and in the southern states, such as Mississippi and Texas.25  With an average yield
of 5-6 tons of whole-stalk kenaf per acre,26 the harvest from the current acreage would
correspond to a potential of about 22,000-26,000 tons of fiber for papermaking (see Section
IV.C. for a discussion of fiber yields).  To date, the crop has mainly been used for products other
than paper such as oil-absorbent materials, animal bedding, poultry litter, and fiber mats.  Since
kenaf grows in tropical climates, mainly within 35 degrees north and south of the Equator,
additional expansion potential would exist mainly in the southern United States, an area also
well suited to plantation silviculture.

Hemp or true hemp (Cannabis sativa) is also a bast fiber plant.  It is not to be confused
with other crops that also include the term "hemp" such as abaca (Manila hemp) or crotalaria
(Sunn hemp).  In contrast to kenaf, hemp could be grown over much of the U.S. because it is not
a tropical plant.27  Hemp flourished from 1840 to 1860 when it was grown for sailcloth and
cordage for the U.S. Navy;  U.S. annual production of hemp peaked at 68,000 metric tons.28  As
noted above, it is currently illegal to grow hemp in the United States.

Table 4 shows that, based on fiber availability, wheat straw and corn stalks have the
highest current potential as fiber sources in the U.S.  This paper and most research on
agricultural residues for papermaking focus on wheat straw, partly because of its history as a
fiber source for paper.  If all of the wheat straw were available for paper production, this would
correspond to 84 million tons (76 million metric tons) of raw fiber or, with an assumed yield of
33%, to 28 million tons of pulp.29  Total wood pulp production in the U.S. in 1993 was 63
million tons.30

B. Technical Aspects

This section discusses whether there are any technical obstacles in the acquisition of non-
wood fibers, from growing to harvesting, transporting, storing and preparing non-wood fibers for
pulping.  Because a large-scale shift from wood to non-wood fibers for papermaking is unlikely
in the United States, the potential displacement of currently grown crops by crops used for
papermaking is not discussed in this paper.

1. Wheat Straw

Wheat is typically harvested by combines that pick up the crop and then thresh and
separate the grain from the straw in one step.  When the harvesting of the grain is the only goal,
the crop generally is cut high above the ground.  Using secondary mowing to harvest more straw
per area may increase the efficiency of straw harvesting.31  The high cost of harvesting and
transporting very low density straw was one of the reasons straw pulping was abandoned in the
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U.S.  According to some experts, modern technology for collecting, baling and handling of straw
now used in the Midwest solves this problem.  Large, dense, bales that can weigh up to 1,000-
1,200 pounds can now be made.32

Traditionally, straw was stored in Dutch barns.  When straw is baled more densely and
stored in large stacks, open-field storage can be used.  Depending on the location, the straw may
have to be protected with plastic covers.  Open-field storage is a more economical way to store
straw that is going to be used for paper production.33  Before pulping, straw has to be reduced in
length and cleaned to remove dust, grains and metal pieces.  Various methods are used to shorten
and clean the straw.  It can be cleaned wet or dry.34  A combination of dry cleaning followed by
wet cleaning just ahead of the digester appears to lead to the best removal of dirt and sand.35

2. Kenaf

Climatic and soil conditions determine the most suitable areas for growing kenaf.  In
descending order of acreage in 1993, kenaf was grown in Mississippi, Texas, California,
Louisiana, New Mexico, Georgia, Arkansas, Florida and Hawaii. On the one hand, kenaf grows
best in warm climates with predictable rainfalls and/or access to irrigation, and is therefore, best
suited for the most southern states of the United States.  On the other hand, many farmers take
advantage of naturally occurring frosts to stop the biological growth of kenaf.  Because of the
high probability of frosts, states such as Georgia or North Carolina should be well suited for
growing kenaf. 36  Defoliants can be used as an alternative to natural frost, but the latter method
is considered more effective and preferable from an environmental point of view.37  The kenaf is
then dried in the field.  Farmers that stop plant growth with natural frosts have to harvest the
kenaf in the winter months – one of the most difficult times to get harvesting machinery into the
fields.  As kenaf production moves to commercial scale, the timing of the harvest may make it
very difficult to handle such large volumes.  One solution being pursued is to develop a kenaf
variety with a fixed lifetime so that it dies before the first frost.38

Kenaf is generally considered pest-resistant, but can be affected by root-knot
nematodes.39  Soil conditions and thus the occurrence of nematodes vary by region.  Nematodes
are a major problem in Georgia, where soils are very sandy; nematicides have to be used in that
area.40  In southern Texas and the Mississippi Delta, nematodes are a minor problem that can be
addressed through rotational practices.41   Various researchers are trying to develop nematode-
tolerant kenaf varieties, i.e. kenaf plants that may not resist but can tolerate the infection with
nematodes.  The Agricultural Research Service of the U.S. Department of Agriculture will test
nematode-tolerant varieties on a commerical scale in the U.S. in 1996.42  Similar work at
Mississippi State University is in an earlier testing phase.43

Kenaf can be harvested with current farm equipment, such as sugar cane harvesters or
forage choppers,44 and can be stored in or near the fields.  The fibers have to be kept as dry as
possible.  Kenaf can be placed on pads and then covered with plastic sheets to protect it from
rain water.  According to the Mississippi Delta Fiber Cooperative, kenaf can be stored this way
for up to three years.45  The American Forest & Paper Association, does not consider this type of
storage to be practical at a large facility because of space limitations.46  Transportation is most
economical if kenaf is compacted in high density bales.47
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Experts disagree as to whether bast and core fibers should be pulped separately.  Some
experts indicate that the separate pulping of the bast and core fibers makes the best use of kenaf
for papermaking from a technical perspective because a mill can adjust the pulping process to
the different properties of the two fiber types.48  Various types of equipment have been
developed and are being used in commercial kenaf fiber separation operations.49  Other experts
favor the pulping of whole-stalk kenaf.50  This issue will be explored in more detail in Section
V.A and D (Technical Aspects and Economics of Pulping).

3. Hemp

While no hemp is grown in the U.S. today, extensive research on hemp as a potential
fiber source for paper is being conducted in the Netherlands and other parts of Europe.  Many of
the issues associated with its use in papermaking are similar to those of kenaf.  Unlike kenaf,
hemp could be grown in most areas of the United States.  Hemp requires a two-step fiber
separation process.  The biological fiber separation process is called retting.51  (See Appendix D
for a description of different retting processes.)  The timing of harvesting is critical for the fiber
quality and yield of hemp.  The stalks have to be removed within days and then dried and stored
for further processing.52  If the crop is harvested too early, the plants are immature and the yield
is low; if harvesting is delayed, the fibers become too coarse for use in paper or textiles.53  The
separation or decortication process can be done by hand, or by mechanically breaking the
stalks.54

4. Summary

Overall, there appear to be no major technical obstacles in agronomic practices to
produce non-wood fibers for pulping.  With the exception of the root nematode problem for
kenaf, equipment and methods are available to grow, harvest, transport, store and prepare the
above three types of fibers.  Also, some of the technology developed for other non-wood fibers
can be applied.  For instance, various technologies used with bagasse can be transferred to other
non-wood fibers.55

C. Environmental Aspects

Non-wood plants may provide an additional source of fiber to papermakers, and thus,
reduce the harvesting of trees from natural forests or the conversion of natural forests into tree
plantations.  This section compares the environmental aspects of using fiber from agricultural
residues and annual crops grown for paper as a substitute for wood fiber.

1. Agricultural Residues

Using agricultural residues to make paper helps solve a waste management problem for
farmers and provides an additional source of fiber for papermaking.  Chemical use throughout
the fiber acquisition process is also low.  Paper industry experts think that agricultural residues
will be more competitive than annual crops because no additional land is required and the
agronomic practice has already been developed.56
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Harvesting straw for pulping eliminates the burning of straw and the resulting air
pollution.  For example, the California legislature is considering alternatives to burning 1.3
million tons of rice straw in the Sacramento Valley because this practice adds to pollution in
Sacramento.57  In response, six California newspapers have indicated that they are willing to test
and use newsprint made of 60% rice straw and 40% old newsprint.58

Harvesting the straw can lead to a loss of nutrients in the soil.  Farmers must then balance
the cost of a smaller straw harvest with the application of fertilizer to compensate for the nutrient
loss.  More research is needed on the effects of taking away agricultural residues on soil fertility
(loss of nutrients) and soil structure (faster penetration of water and thus increased irrigation
requirements).  The impact of removing the agricultural residues depends on site-specific
conditions (soil texture, slope of the field, etc.) and the proportion removed.59 Most of the
organic biomass is in the root below the ground and in the 6 to 12 inches of the stubble above the
ground, so some experts believe that part of the straw can be removed without a major loss in
soil nutrients.60

Preservatives such as borax, boric acid, or chlorinated phenols may be used to protect the
straw in storage.61  These preservatives are unnecessary when straw is densified into large bales
into which rain cannot penetrate.  Covering the straw is another option.62

2. Annual Fiber Crops

Using annual crops as a fiber source raises a different set of environmental issues than
does using agricultural residues.  Growing annual fiber crops for paper may provide either an
additional source of fiber or replace that provided by trees.  This section focuses on regions
where land could be used to grow either annual fiber crops or trees.  To reduce pressure on
natural forests and other rare or declining natural communities, we need to obtain fiber from less
ecologically sensitive land.  The question we explore in this section is whether this land should
be used to grow annual crops, such as hemp and kenaf, or trees.

Supporters of annual crops for paper production claim two environmental benefits of
using non-wood fiber rather than wood fiber in paper.63  They claim that (1) annual crops grown
for papermaking generally produce significantly higher yields of fiber and pulp than do trees;
and (2) such crops require lower agricultural inputs such as fertilizers and pesticides.

The validity of these claims depends on several variables, including the type of non-wood
fiber and the type of paper being produced.  In assessing these claims, it is appropriate to
compare annual crops to wood plantations rather than to natural forests because landowners
essentially choose between planting annual fiber crops or planting trees to provide fiber for
paper.  It is also important to compare not only fiber yields, but also the yields of pulps made
from the various fibers.  The pulps being compared also must functionally equivalent, that is,
they can be used in the same papermaking application(s).
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a) Fiber Yields

Higher fiber and pulp yields per acre may require less land to be subjected to intensive
annual crop or forest management to meet a given level of demand.  Proponents of kenaf and
hemp claim that yields of these annual fiber crops are significantly higher than the yields of
trees, including Southern pine.  In its publicity for Trailblazer™, a 100% kenaf paper, Vision
Paper states that “USDA studies show that kenaf yields of 6 to 10 tons per acre per year are
generally 3 to 5 times greater than yields for Southern pine trees, which can take from 7 to 40
years to reach harvestable size.”64  Paul Stanford, president and founder of Tree-Free EcoPaper,
a company that is importing hemp products to the United States, states that "hemp produces four
times more paper per land area than trees and can annually produce eight times the amount of
paper fiber as wood."65

It is difficult to establish comparable fiber and pulp yields.  Yields depend on soil and
climatic conditions and are location-specific; the use of fertilizers, pesticides and irrigation
further influences yields.  Thus, the range of reported yields is relatively wide.  Available data on
yields for kenaf, hemp and plantation wood are discussed below and are summarized in Table 3.

(1) Kenaf

Whole-stalk kenaf fiber yields range from 2.5 to 10 bone-dry ton (BDT) per acre, with an
average of 6.4 BDT per acre.  Irrigation increased yields from 6 to 7.5 BDT per acre in Texas
and from 4.5 to 9.5 BDT per acre in Georgia during a particularly dry summer.66  The University
of Georgia achieved yields of 5 tons of fiber per acre on irrigated fields in a dry year and after
late planting.  The goal is to reach 8-10 tons per acre.67  The Mississippi Delta Fiber Cooperative
harvested 5 tons per acre in 1994.68  The USDA tested 5 different cultivars and achieved yields
ranging from 5.8-7.9 tons per acre.69

(2) Hemp

Fiber yields collected from various hemp plantations outside the U.S. include the
following: Ukraine - 3.6-4.5 tons per acre,70 Hemptech - 3-8 tons per acre,71 Dutch Agricultural
Research Institute - 4.5 tons per acre with future projection of 5.4-7.1 tons per acre.72  Wong
reports that typical yields of whole-stalk hemp range from 1.5-3 tons per acre.  Yields of 5.4-6.7
tons per acre have been achieved with intensive cultivation.73  These numbers and the additional
yield data in Table 5 suggest an average yield of 4.5 tons of whole-stalk hemp per acre.

(3) Wood

Fiber yields at wood plantations vary with the species, the length of the rotation and site
characteristics.  Typically pine plantations with a rotation of 22-25 years in the Southeast U.S.
can yield from 2 BDT of fiber per acre per year with low-intensity management practices to 6
BDT per acre per year with the most intensive management, with the average being 3-4 BDT per
acre.  Hardwood plantation yields are generally higher than softwood plantation yields.
Cottonwood plantations in Louisiana with rotations of 10-15 years have yields that range from
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4.2 to 6.5 BDT per acre.74  Annualized yields for cottonwood plantations in Oregon with a 6-
year rotation are 5.3-6.7 BDT per acre.75

Table 3.  Fiber yields of kenaf, hemp and plantation woods (bone-dry tons/acre)

Conversion factors
tons 1.10 metric tons
acre 0.40 hectares
tons/acre 0.45 metric tons per hectare
cubic meter 35.31 cubic feet
density of                          
southern pine [1] 60.30 tons/cubic foot
density of                          
hardwoods [2] 40.00 tons/cubic foot

Average [3] Range Potential Source Comments

Kenaf 3.5 2.5 - 4.5 Schroeter 1994 Yield without irrigation in Georgia (with nitrogen fertilize
4.5 3.6 - 8.9 17.9 Judt 1994
5.0 Woods 1994 Yield for kenaf in Mississippi in 1992
5.5 5.0 - 6.0 Atchison 1994 Yield based on commercial practice
6.0 USDA 1993 Yield without irrigation in Texas
6.0 2.5 - 12.0 Karlgren 1989 Yield in the U.S. South
6.6 4.4 - 8.8 Fisher 1994
6.7 Paavilainen 1994
6.9 5.8 - 7.9 Webber 1992 Yield for 5 varieties of kenaf
7.2 3.3 - 11.0 Atchison 1987
7.5 USDA 1993 Yield with irrigation in Texas
7.5 5.0 - 10.0 Kugler 1995
7.8 7.5 - 8.0 USDA 1970 Field-scale yields in northern Florida
9.5 9.0 - 10.0 Schroeter 1994 Yield with irrigation in Georgia (with nitrogen fertilizer)

20.0 USDA 1970 Experimental yield on small plots
Overall average 6.4

Hemp 6.7 Woods 1994
4.5 4.0 - 5.8 6.7 Paavilainen 1994
2.1 van der Werf 1995 Yields from modern Hungarian varieties
4.1 3.6 - 4.5 Krotov 1994 Ukraine
5.5 3.0 - 8.0 Hemptech 1994
4.5 de Meijer 1994 Yield reported by Dutch Agricultural Research Institute
3.5 Atchison 1994
2.3 1.5 - 3.0 Wong 1995 Typical yields 
5.8 5.4 - 6.3 Wong 1995 Yields with intensive cropping practices
6.3 van Roekel 1995 Yields of modern French and Hungarian varieties

Overall average 4.5
Pulp required (tons) 0.20 0.58

Land required (acres) 0.12 0.24
Total 0.36

Notes:
[1] We have adjusted the amount of fiber used in kenaf paper based on the assumption that

45-lb kenaf  paper has the same performance as 50-lb wood-based paper. Vision Paper, 
Trailblazer Kenaf Paper: "For People of Vision," 1994.

[2] We have adjusted the bast fiber yield from Table 5 to account for the 20% core 
present in bast fiber of 80% purity.

[3] Researchers at the Herty Foundation found that yields of kenaf bast fiber chemical pulps 
decreased as the purity of the bast fiber decreased.  Thus, the pulp yield for high purity 
(96+%) bast fibers is 57%, while the pulp yield for bast fiber of 80% purity is about 47%.  
Brijender Parsad, Sue Jakubsen, Michael Kocurek, "Georgia Kenaf Project," 
Proceedings of the 1995 TAPPI Pulping Conference (Atlanta: TAPPI Press, 1995) p. 331.

[4] Curt Karlgren, Andrew Kaldor, Hank Verwest, "Kenaf - A Fast-Growing Fibre 
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Notes:
[1] Source;  T.E. Avery and H.E. Burkhart, Forest Measurements, 4th Edition (New York: McGraw-Hill, 1994),

pp. 61-64.
[2] Source:  Wood Handbook, Agricultural Handbook No. 72.
[3] Reported averages are presented in bold type; others are the midpoints of the reported range.

Sources:
Arnold 1995 R.B. Arnold, "Investment in Fast-Growing Trees Offers Future Wood Procurement

Advantages," Pulp & Paper 69(4): 136 (1995).
Atchison 1994 Joseph Atchison, "Present Status and Future Prospects for Use of Non-wood Plant Fibers for

Paper Grade Pulps," paper presented at the American Forest & Paper Association's 1994 Pulp
and Fiber Fall Seminar, Tuscon, AZ, 14-16 November 1994.

Atchison 1987 Joseph Atchison, "Data on Non-Wood Plant Fibers," in M.J. Kocurek (ed), Secondary Fibers
and Non-Wood Pulping, Volume 3 of the Pulp & Paper Manufacture Series (Atlanta: Joint
Textbook Committee of the Paper Industry, 1987), p. 7.

de Meijer 1995 E.P.M. de Meijer, "Hemp Variations as Pulp Source Researched in the Netherlands", Pulp and
Paper, 67(7): 41 (1993).

Fisher 1994 Gordon Fisher, "Availability of Kenaf Fibers for the U.S. Paper Industry," TAPPI Proceedings
of the 1994 Pulping Conference (Atlanta: TAPPI Press, 1994), p. 91.

Halfley 1985 W.L. Hafley and M.A. Burford, "A Bivariate model for growth and yield prediction," Forest
Science 31:237-247 (1985).

Judt 1994 Manfred Judt, "Hemp: Papermakers should take it with a pinch of salt," Pulp & Paper
International, 38(11): 32.

Kaiser 1984 Chuck Kaiser, Farm Superintendent, James River Corporation, telephone interview, 14 June
1995.

Karlgren 1989 Curt Karlgren, Andrew Kaldor, and Hank Verwest, "Kenaf -- A Fast-Growing Fibre Source
for Papermaking," TAPPI Proceedings of the 1989 Pulping Conference (Atlanta: TAPPI Press,
1989), p. 147.

Krinard 1984 Roger M. Krinard and Robert L. Johnson, Cottonwood plantation through 20 years, USDA
Forest Service Southern Forestry Experimental Station RP-21 (1984).

Krotov 1994 V.S. Krotov, "Hemp or Wood: Potential Substitutes," Journal of the International Hemp
Association, June 1994, Amsterdam, Netherlands, p. 16.

Kugler 1995 Daniel Kugler, "It's Time to Reap the Benefits of Kenaf," Inner Voice, November/December
1995, p. 10.

Paavilainen 1994 Leena Paavilainen and Ronny Torgilsson, "Reed Canary Grass -- A New Nordic Paper-making
Fibre," TAPPI Proceedings of the 1994 Pulping Conference (Atlanta: TAPPI Press, 1994) p.
611.

Schroeter 1994 Martin Schroeter, "Use of Kenaf for Linerboard Quality Enhancement," TAPPI Proceedings of
the 1994 Pulping Conference (Atlanta: TAPPI Press, 1994) p. 98.

USDA 1970 United States Department of Agriculture, Agricultural Research Service, " Cultural and
Harvesting Methods for Kenaf ... An Annual Crop Source of Pulp in the Southeast,"
Production Research Report No. 113 (Washington, DC: USDA, 1970), p.2.

USDA 1993 Jonathan Harsh, "Kenaf Pulp and Fiber Commercialization Slow and Costly Despite Proven
Economic and Environmental Benefits," in New Industrial Uses, New Markets for U.S. Crops:
Status of Technology and Commercial Adoption (Washington, DC: USDA, Cooperative State
Research Service, August 1993), p. 10-11.

van der Werf 1995 Hayo van der Werf, Researcher, Institut National de Recherches Agronomiques, Station de
Recherches "Grandes Cultures," Laboratoire D'Agronomie, Colmar, France, letter to Annette
Mayer-Ilmanen, 19 September 1995.

van Roekel 1995 Gerrit van Roekel et. al., "Extrusion Pulping of True Hemp Bast Fibre," TAPPI Proceedings of
the 1995 Pulping Conference (Atlanta: TAPPI Press, 1995) p. 477.

Wong 1995 Alfred Wong and Chen Chiu, "Pulping and Bleaching of Hemp (Cannabis sativa)," TAPPI
Proceedings of the 1995 Pulping Conference (Atlanta: TAPPI Press, 1995) p. 473.

Woods 1994 Bill Woods, executive director, Mississippi Delta Fiber Cooperative, telephone interview, 9
November 1994.
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It should be noted that yield numbers shown in Table 3 are not completely comparable
because some fibers can only be grown in certain areas.  Yields cannot be "transferred from
place to place."  The data also demonstrate the considerable variation that exists in fiber yields of
various non-wood and wood fiber types from different sources.  However, among the cited
sources, the relative yields of the various pulp sources are fairly similar.  For instance, the ratio
of the yields of annual crops such as kenaf and hemp and fast-growing trees is similar in the
Paavilainen and Judt data.  The yield data indicate that, on average, annual fiber crops produce
higher yields than softwood plantations, but not hardwood plantations.

b) Pulp Yields

When comparing productivity of different fiber sources, the yield that matters to the
papermaker is the yield of usable pulp, not the fiber yield.  The pulp yield varies by the function
of the pulp in the paper and by the type of paper being produced.  Thus, we compare the yields
of pulps with comparable fiber properties from annual crops and trees, for three uses of fiber in
paper.

• Mechanical pulp used in uncoated “groundwood” and newsprint (whole-stalk kenaf vs.
Southern pine)

• Reinforcing pulps, long fiber chemical pulps mixed with short fiber pulps to provide
adequate paper strength (kenaf and hemp bast fibers vs. Southern pine)

• Uncoated printing and writing paper produced with kenaf or wood fibers

We discuss the fiber properties that provide the basis for these pairings of comparable fiber types
in Section V.B.

We compare pulp yields for the first two uses, mechanical and reinforcing pulps, in
Table 4.  These pulp yields demonstrate that, on average, the yield of whole-stalk kenaf
mechanical pulp is about 60% higher than that for mechanical pulp made from Southern pine.
While this yield difference is substantial, it is not as large as the 3 to 5-fold difference reported
by Vision Paper, cited earlier.
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Table 4. Fiber and pulp yields of kenaf, hemp and wood fiber mechanical and reinforcing fibers

Average Average
Fiber Yield Pulp Yield

Fiber Type tons/acre tons/acre Assumptions/Remarks Data sources

Mechanical pulp 

Kenaf whole stalk 6.40 5.50 Mechanical pulp (CTMP) yield of 86%. Sabwarhal
Southern pine 3.75 3.49 Mechanical pulp (TMP) yield of 93% Sabwarhal

Reinforcing pulp

Kenaf bast fiber 2.02 1.15 Bast fiber yield of 35% (various sources: 30-40%) Paavilainen, Atchison, Fisher, Schroeter, Werf
Separation yield of 90% [1]; chemical pulp yield of 57% Karlgren

Hemp bast fiber 1.19 0.77 Bast fiber yield of 30% (various sources: 20-40%) Atchison, Judt, Meijer, Werf
Separation yield of 90% [1]; chemical pulp yield of 65% Wong

Southern pine 3.75 1.65 Bleached kraft pulp yield of 44% Gullichsen

Notes:
[1] Experts familiar with kenaf separation equipment report that 10% of the fiber is lost during the separation process:  telephone interviews with Chuck Taylor,

Kenaf International; Bo Burress, Mississippi Delta Corporation, Marty Fuller, Mississippi State University

Sources:
 - Atchison: Joseph Atchison, "Present Status and Future Prospects for Use of Nonwood Plant Fibers for Paper Grade Pulps," Presentation at the American

Forest & Paper Association 1994 Pulp and Paper Fall Seminar, Tucson, AZ, Nov. 14-16, 1994, p. 37.
 - Fisher: Gordon Fisher, "Availability of Kenaf Fibers for the U.S. Paper Industry," TAPPI Proceedings of the 1994 Pulping Conference (Atlanta: TAPPI Press,

1994), p. 91.
 - Judt: Manfred Judt, "Hemp: Papermakers Should Take it with a Pinch of Salt," Pulp and Paper International, Oct. 1994, p. 32.
 - Karlgren: Curt Karlgren, Andrew Kaldor, and Hank Verwest, "Kenaf -- A Fast-Growing Fibre Source for Papermaking," TAPPI Proceedings of the 1989

Pulping Conference (Atlanta: TAPPI Press, 1989), p. 147.
 - Meijer: E.P.M. de Meijer, "Hemp Variations as Pulp Source Researched in the Netherlands," Pulp and Paper, 37(7): 42 (1993).
 - Paavilainen: Leena Paavilainen, Ronny Torgilsson, "Reed Canary Grass - A New Nordic Papermaking Fibre," TAPPI Proceedings of the 1994 Pulping

Conference, (Atlanta: TAPPI Press, 1994), p. 611.
 - Schroeter: Martin Schroeter, "Use of Kenaf for Linerboard Quality Enhancement," TAPPI Proceedings of the 1994 Pulping Conference (Atlanta: TAPPI

Press, 1994) p. 98.
 - Subwarhal: Harmohinder Sabharwal et al, "Bio-Refiner Mechanical Pulping of Bast Type Fibers," TAPPI Proceedings of the 1994 Pulping Conference

(Atlanta: TAPPI Press, 1994) p. 623.
 - van der Werf: Letter from Hayo van der Werf, Researcher, Institut National de Recherches Agronomiques, Station de Recherches "Grandes Cultures,"

Laboratoire D'Agronomie, Colmar, France, September 19, 1995.
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In the second example, we compare non-wood and wood-based long-fiber pulps that are
added as reinforcers to increase paper strength – to reduce breaks on the paper machine, for
example.  Specifically, we compare chemical pulps made from the bast fibers of kenaf and hemp
with softwood bleached kraft pulp.  On average, the kenaf plant contains 35% bast fiber on a dry
weight basis;76 bast fiber accounts for about 30% of hemp fiber in the most productive
varieties.77 For both hemp and kenaf, we assumed that the yield from the separation process is
about 90%.78  The yields from the pulping processes using kenaf and hemp bast fiber are 57%79

and 65%80 respectively.  Given the bast fiber content and the chemical pulp yields, kenaf and
hemp bast pulp yields of 1.1 and 0.8 tons per acre are 68% and 47%, respectively, of that of
bleached softwood kraft pulp, which is 1.7 tons per acre.  For this use of the fiber, then, the non-
wood pulp yield is less than that from wood.

Finally, we compared kenaf and wood as fiber sources for virgin uncoated printing and
writing paper.  When made from wood, such paper usually contains a blend of softwood and
hardwood pulps.  Because the yields of these two pulps per acre of forest differ substantially, we
translated the wood consumption into estimates of the forest area required to produce the pulp
for one ton of paper.  This acreage was then compared to the acreage required to produce the
equivalent amount of kenaf pulp.  To calculate the acreages, we used the average fiber yield data
and the conversion factors shown in Table 3 for both kenaf and wood.  We considered two cases
for kenaf:

• The furnish contains separated bast fibers of 80% purity (i.e. they contain about 20% core
fiber by weight)81

• The furnish contains a mixture of 65% bast fibers and 35% core fibers.  In this case, the
bast fibers are separated to high purity and the bast and core fibers are pulped separately.
35% core fiber content represents the most core that can be added to paper and still
maintain adequate performance on the paper machine.82

To compare the acreages of wood or kenaf needed to produce a ton of printing and
writing paper, we first estimated the yield of the appropriate fiber per acre of kenaf or wood
grown.

For the kenaf-based papers:
• In the first case, we adjusted the purified bast fiber yield shown in Table 4 upward to

account for the 20% core fiber present in the 80%-pure bast fiber.
• In the second case, the amount of purified bast fiber required to make the paper is the

limiting factor in determining the acreage of kenaf needed; this is because more than
enough core fiber to supply its 35% contribution to the final mix is produced along with
the bast fiber (about 1.4 tons of core fiber pulp is produced for every ton of bast fiber
pulp).

For the wood-based paper, uncoated freesheet paper made from wood pulp typically
contains a mixture of 25% softwood and 75% hardwood bleached kraft pulp.  We have assumed
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that all of the wood comes from plantations.  Fiber yields for plantations trees were taken
directly from Table 3.

Next, to determine the tons of pulp produced per acre of fiber harvested, we have
multiplied each of the fiber yields by the yields for their respective separation and pulping
processes.

Finally, we estimated the amount of each pulp type needed to produce a ton of paper.  We
assumed that the paper is produced with an alkaline process, so that the paper contains 78% pulp,
16% calcium carbonate filler and 6% water.83  Thus, to produce one ton of wood-based paper,
0.78 tons of pulp is required.  We have adjusted the amount of fiber used to produce a ton of
kenaf paper to reflect the fact that the basis weight of kenaf paper is about 10% lower than that
of wood-based paper.84  Hence, only 0.70 tons (0.78 tons x 90%) of kenaf pulp is needed to
produce an equivalent amount of wood-based paper.

Table 5 shows that the amount of land required to produce printing and writing paper
from wood is slightly lower than that required for kenaf.  While actual yields will vary with
climate and agronomic practice, these data clearly do not support the claim (cited earlier) that
kenaf pulp yields for use in producing printing and writing papers are 3 to 5 times that of wood.
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Table 5.  Yield of pulps used in uncoated printing and writing paper

Paper composition:
Fiber: 78%
Filler 16%
Moisture 6%

Kenaf: 100% bast fiber (80% purity)
Per ton of paper [1]

Yield
fiber yield (field dried ton/acre) [2] 2.81
separation yield 90%
pulp yield [3] 47%

Pulp produced (tons/acre) 1.19
Pulp required (tons) 0.70

Land required (acres) 0.59

Kenaf:  65% bast (96+% purity) / 35% core 
Per ton of paper [1]

Yield
fiber yield (field dried ton/acre) 2.25
separation yield 90%
pulp yield [4] 57%

Pulp produced (tons/acre) 1.15
Pulp required (tons) [5] 0.46

Land required (acres) 0.40

Wood:  25% softwood / 75% hardwood
Per ton of paper

Yield Softwood Hardwood
fiber yield (field dried ton/acre) 3.75 5.53
separation yield 100% 100%
pulp yield [6] 44% 44%

Pulp produced (tons/acre) 1.65 2.43
Pulp required (tons) 0.20 0.58

Land required (acres) 0.12 0.24
Total 0.36
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Notes:
[1] We have adjusted the amount of fiber used in kenaf paper based on the assumption that 45-lb kenaf  paper has

the same performance as 50-lb wood-based paper. Vision Paper, Trailblazer Kenaf Paper: "For People of
Vision," 1994.

[2] We have adjusted the bast fiber yield from Table 5 to account for the 20% core present in bast fiber of 80%
purity.

[3] Researchers at the Herty Foundation found that yields of kenaf bast fiber chemical pulps decreased as the purity
of the bast fiber decreased.  Thus, the pulp yield for high purity (96+%) bast fibers is 57%, while the pulp yield
for bast fiber of 80% purity is about 47%.  Brijender Parsad, Sue Jakubsen, Michael Kocurek, "Georgia Kenaf
Project," Proceedings of the 1995 TAPPI Pulping Conference (Atlanta: TAPPI Press, 1995) p. 331.

[4] Curt Karlgren, Andrew Kaldor, Hank Verwest, "Kenaf - A Fast-Growing Fibre Source for Papermaking,"
Proceedings of the 1989 TAPPI Pulping Conference (Atlanta: TAPPI Press, 1989) p. 142.

[5]  1.4 tons of core chemical pulp are produced with every ton of bast chemical pulp; thus, the bast fiber pulp
requirements alone determine the acreage needed.

[6] Johan Gullichsen, "Means to Reduce Effluent Pollution of Kraft Pulp Mills," Proceedings of the 1991 TAPPI
Pulping Conference (Atlanta: TAPPI Press, 1991) pp.185-190.

The sustainability of yields over time is also an important consideration.  This factor is
probably the most difficult to evaluate and requires further research, especially for annual crops
when they are grown in rotation with other agricultural crops.  Because of the limited experience
with both kenaf and wood plantations in the U.S., we did not find any information on the
sustainability of yields over long periods of time.  In one study, it was reported that hemp can be
grown continuously on the same field, but this practice would result in lower yields over time.85

c) Agricultural Inputs

In addition to land use, the actual agronomic practice, i.e. the use of fertilizers, pesticides,
irrigation, etc., contributes to the net environmental impact of using non-wood fiber rather than
wood fiber for paper production.  Proponents of annual fiber crops claim that these crops are
“naturally pest-resistant” and require little fertilizer.  As with yield, the comparison should be
made to wood plantations.  Limited information is available on agricultural inputs used to grow
annual fiber crops or wood plantations; we found several individual examples and discuss them
below.

(1) Kenaf

Except for the root-nematode problem, kenaf is very pest-resistant.  However, it is likely
that in most areas fertilizers, and in some areas nematicides, herbicides and irrigation will be
used.  In the USDA tests of 5 cultivars, nitrogen/phosphate/potassium fertilizer was applied at
rates of 150/64/124 pounds per acre.86  Similarly, the University of Georgia used 150 pounds of
nitrogen per acre.87  Tests in Mississippi showed that nitrogen application increases yields with
decreasing marginal return above an application rate of 34 pounds per acre.  Yields were
4.9/6.1/6.3 tons per acre with nitrogen application rates of 0/34/136 pounds per acre.88

The need for pesticide application is very location-specific.  In southern Texas,
nematodes could be controlled through crop rotation.89  The Mississippi Delta Fiber Cooperative
decided not to use nematicides because the cost of the application outweighed the potential yield
losses.90  The University of Georgia was faced with a major nematode problem and had to use
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nematicides.  The problem seems to be worse in the lighter and sandier soils of Georgia.91  In
certain areas such as the Mississippi Delta, weeds have to be controlled by herbicides in the
initial growing phase.92  In the Rio Grande Valley, Texas, it was found that early season weed
competition can reduce kenaf stand establishment and stalk yield by up to 58%.93

A study done in the San Joaquin Valley in Central California found that stem yield
increased with irrigation.94  Irrigation was also used for kenaf in Georgia and Southern Texas.
Farmers in other regions generally do not use irrigation.  Kenaf can be included in crop rotations.
When added to an existing crop rotation, kenaf can reduce pesticide requirements of other crops,
improve soil conditions and thus increase the overall sustainability of a crop rotation.

(2) Hemp

Fertilizer application rates appear similar to those for kenaf.  In the United Kingdom
Hemp Project, nitrogen/phosphate/potash fertilizer were applied in a ratio of 107/100/160
pounds per acre.95  A Dutch researcher reports that a yield of 5.4 tons per acres could be
achieved with 107-124 pounds of nitrogen per acre.96  Hemp also grows best when there is ample
water.  One researcher notes:

Hemp requires a plentiful supply of moisture throughout its growing season,
particularly during the first 6 weeks.  Drought and high temperatures during the
later stages of growth will hasten maturity and tend to dwarf the growth....Hemp
is grown successfully in Turkey, Spain and Chile under irrigation.97

Hemp is susceptible to only a few pests, including some seed and soil-borne fungi and
root-knot nematodes.98  The nematodes can be managed through plant breeding.  Thus, hemp can
be grown without or with only minimal use of pesticides.  In the project in the United Kingdom,
no chemical pesticides were applied.99  According to another researcher, no pesticides at all are
used during the growing season in France – only the hemp seeds are treated with bird repellents
and fungicides.100  Used as a rotational crop, hemp can reduce pesticide requirements of other
crops grown in the same rotation because it is an effective weed suppressor and reduces some
major soil pathogens.  Because of its well developed rooting system, it also has a beneficial
effect on the soil structure.101

(3) Trees in Plantations

In low-intensity plantation management, no fertilizers and pesticides are used.  For high-
intensity management, one application of herbicides before planting, and two applications of
fertilizers of 300 lbs each of nitrogen and phosphate, at planting and at mid-rotation, would be
typical.  This level of fertilizer use corresponds to an annual application rate of 26 lbs per acre.102

Somewhere between these two extremes, Westvaco reports one or two applications of pesticides
and two applications of fertilizers (one time nitrogen and one time phosphate) for a combined
total of 200 lbs per acre in its 25-year-rotation pine plantations.  This corresponds to an annual
fertilizer application rate of 8 lbs per acre.103
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Even among wood plantations of the same species in the same geographic region, such as
among cottonwood plantations in the Pacific Northwest, there can be wide variation in
agronomic practice.  Boise Cascade started its first 6-year rotation plantation of cottonwood, a
fast-growing hardwood species, in 1991.  Irrigation throughout the rotation and fertilization
(estimated at about 50-100 lbs of fertilizer per acre over the course of  the rotation, or 8-17 tons
per acre per year), are needed.  Herbicides are applied in the first two years of the rotation.  In
the following years, weeds can be managed mechanically.  No information was yet available on
yields.104  James River Corporation’s 6-year rotation cottonwood plantations in Oregon, on the
other hand, require neither fertilizers nor irrigation because of beneficial climatic conditions and
high-quality soils.  As with the Boise Cascade plantations, herbicides are also applied in the first
two years; subsequently, weeds are removed mechanically.105

d) Other Considerations

As a final consideration, it is important to recognize that while fiber crops like kenaf
must be planted, tended and harvested every year, tree plantations are typically planted and
harvested only every 20-45 years.  Less frequent soil disturbance can reduce topsoil loss, runoff
and the rate of atmospheric loss of carbon in the form of carbon dioxide, a greenhouse gas.

Compared to annual crop plantations, tree plantations also offer:  a considerable degree
of water quality protection; plant and animal habitat for some species and greater overall species
diversity; and recreational value, although not to the extent of natural forests.

3. Summary of Environmental Findings

Agricultural residues

• Using agricultural residues as a fiber source for paper offers clear environmental
benefits.  Using these residues as a source of fiber represents a beneficial use for an
existing waste product.  Farmers avoid generating the air pollution that results from
burning the residues in the field.

Annual crops

Whether there are environmental benefits from using annual fiber crops to make paper depends
on several factors.

• In regions where tree plantations do not exist or are not economically viable,
growing annual crops for paper may provide an additional source of fiber.  Hemp
cultivation may increase the fiber supply and papermaking capacities of these regions
given its broad geographic range (although it is illegal to grow hemp in the United States
today.)

• In regions where landowners can plant trees or annual crops for fiber, planting trees
usually results in pulp yields in the same range as those of kenaf or hemp.  We did not
find evidence to support the markedly higher yields frequently attributed to annual crops.
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− Yields of whole-stalk kenaf mechanical pulps are about 60% higher than those of
mechanical pulps made from plantation-grown Southern pine.

− Yields of kenaf and hemp bast fiber chemical pulps are lower than that of
plantation-grown Southern pine bleached kraft pulp, with yields about 70% and
50%, respectively, of that for Southern pine.

− Land requirements to produce fiber for use in printing and writing paper are
somewhat higher for paper made from chemically-pulped kenaf bast fibers or
from a combination of bast and core fibers, than for the combination of softwood
and hardwood bleached kraft pulps typically used in wood-based paper.

• On average, pesticide and fertilizer use are lower for trees than for either kenaf or
hemp.

• Annual fiber crop fields can be expected to provide less water quality protection;
plant and animal habitat and overall species diversity; and recreational value than
do tree plantations.

D. Economic Aspects

In this section, we examine the costs to deliver a ton of fiber to the pulp mill gate.  In
order for non-wood fibers to be incorporated into paper, the fiber acquisition cost must be
competitive with that of the comparable wood fiber it would replace or must offer specific
properties that can command a premium.  Table 6 presents fourth-quarter 1995 prices for several
different types of fiber.  Comparisons of prices for specific non-wood fibers and wood are
discussed in more detail below.

Table 6.   1995 Wood and non-wood fiber costs in the United States

Fiber source Cost Source
(US$/bone-dry ton)

Softwood - U.S. South $77 [1]
Softwood - U.S. Northwest $115 [1]
Hardwood - U.S. South $45 [1]

Kenaf - whole stalk $50 - $60 [2]
Kenaf - bast fiber $150-$400 [3]

Hemp - whole stalk $200 [4]
Hemp - bast fibers $630 - $1500 [4,5]

Rice straw - U.S. $40 [6]
Wheat Straw - Western Canada $30 [7]
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Sources:
[1] "Wood chip prices cool down from feverish levels of 1995," Pulp & Paper Week, 18(3): 4 (January 15, 1996).
[2] Brijender Parsad, Sue Jakubsen, Michael Kocurek, "Georgia Kenaf Project," Proceedings of the 1995 TAPPI

Pulping Conference (Atlanta: TAPPI Press, 1995) p. 331.
[3] Charles Taylor, president, Kenaf International, telephone interview, March 11, 1995.
[4]] Manfred Judt, "Hemp: Papermakers should take it with a pinch of salt," Pulp & Paper International, 36(10): 35

(1994).
[5] “Reviving Hemp,” Environmental Health Perspectives, 103(10): 894 (1995).
[6] “Newsprint Made from Rice Straw?” Pulp & Paper Week, 18(13): 4 (March 25, 1996).
[7] "Pulp and Paper Production from Straw," Bi-weekly Bulletin (Winnipeg: Policy Branch of Agriculture and

Agri-food Canada, January 19, 1996), p.3.

1. Agricultural Residues

Increased use of paper as a means of communication has depended on the development of
efficient pulping processes that could make use of inexpensive raw materials, often derived from
wastes.  Traditionally, papermakers used cotton and linen rags to make paper.  In the
Northwestern United States, timber companies originally began making pulp and paper in order
to use waste from their sawmills.  Wheat straw and bagasse, the two most widely used non-wood
pulps worldwide,106 are residues of two major food crops, wheat and sugar cane.  Judt notes that
“by utilizing plant residue, after having made primary use of the plant, it seems to be possible to
obtain lower and more stable prices at the mill gate of pulp and paper mills.”107

Changes in farming practices (no tillage or minimum tillage) and environmental
legislation (banning of burning) are improving the economics of using agricultural residues, such
as rye seed grass from Oregon, rice straw from the Sacramento Valley, and flax fiber and wheat
straw in Western Canada.  The opportunities to use agricultural residues also vary by region.
Weyerhaeuser has explored the possibility of adding rye seed grass at its corrugated packaging
mill in Springfield, OR; most of the seed grass grown in the U.S. comes from Oregon and wood
costs have been high.108  In Oregon, flail chopping the straw to leave it on the land is more
expensive for the farmer than removing the straw and buying fertilizer to add back the lost soil
nutrients.109

In one example from Alberta, Canada, 500,000 metric tons of straw could be collected
within a radius of 40 miles.  This volume corresponds to the fiber supply of a pulp mill with an
annual capacity of 150,000 to 200,000 metric tons per year.  The estimated delivered cost of the
straw to the mill is 40 Canadian dollars per metric ton, compared to hardwood costs of 180 to
200 Canadian dollars in the same area.110  A pulp manufacturer has committed to purchase rice
straw from the Sacramento Valley for $40 per ton.111

The low density of straw fibers increases transportation costs relative to wood.
According to some experts, however, the use of the new harvesting and baling technology for
straw in combination with new pulping equipment (see Section V.C) should make straw
competitive to wood as a fiber source for paper.  For example, the harvesting systems used in the
U.S. Midwest produce high density round or rectangular bales, weighing 700 kg or more.112
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2. Kenaf and Hemp

Table 6 shows that the fiber costs for whole-stalk kenaf are lower than those for
Southern softwood; thus kenaf would be competitive for producing mechanical pulps (which can
use the whole-stalk) on a per-ton basis.  The cost of whole-stalk hemp, however, is significantly
higher than either wood or whole-stalk kenaf fiber.

Separating the bast and core fibers for both kenaf and hemp significantly increases the
fiber costs to the mill.  The cost to produce bast kenaf fiber at 80% purity adds about $40 per ton
to cost of whole-stalk kenaf.113  The separation costs double when 96%+ purity bast fibers are
required.114  Separation processes based on an emerging separation technology would reduce the
cost to separate high purity bast fibers by about 50%.115  The delivered cost of a ton of separated
kenaf fiber then would range from $85-$95 in this case.116  Current delivered costs for bast fibers
range from $150-$400 per ton.

The costs of hemp bast fiber are even higher.  Experts estimate that costs for bast hemp
fibers range from about $630 to $1500 per air-dried ton in the United States.117

Because the cost to separate kenaf and hemp fibers makes them uncompetitive with
wood,  other uses than paper for separated fibers have developed.  Various kenaf farmers, such
as Natural Fibers of Louisiana, Jeanerette, LA, and Kenaf International, McAllen, TX, grow and
separate kenaf for other uses, such as oil spill clean-up kits, potting medium and animal
bedding.118  Hemp also has many uses.  At an exhibition in the Vermont Capitol in 1996,
proponents of industrial hemp displayed hemp flour, soaps, textiles, machine lubricants, mortar
and fiberboard for building.119  Both hemp and kenaf bast fibers can be added to plastics to
stiffen them.120  The economic return from this use could be high because hemp and kenaf would
replace high-value synthetic fibers.

The Phoenix Pulp and Paper bleached kraft mill in Thailand presents a case study of the
challenges faced by farmers and mills that produce pulp from kenaf.  The initial economic
studies to build the mill conducted in the early 1980s indicated that farmers could supply a
70,000 metric ton-per-year bleached kraft mill that used whole-stalk kenaf as the fiber source.
Once the mill was running, however, management found that farmers were unwilling to grow
kenaf at the original prices because their return was lower than that for growing other food
crops.121  Currently, the Phoenix mill annually consumes 500,000 metric tons of eucalyptus,
400,000 metric tons of bamboo and 30,000 metric tons of kenaf to produce market pulps made
from these fibers.122

3. Summary of Economic Findings

• The cost to deliver agricultural residues, such as wheat, rice or rye seed grass straw,
to a pulp mill generally is competitive with wood on a per-ton basis.

• The delivered cost of whole-stalk kenaf fiber is competitive with Southern pine; the
cost of whole-stalk hemp is much higher.
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• The additional cost of separating bast and core kenaf and hemp fibers makes these
fibers uncompetitive with wood fiber for papermaking.  Many producers of kenaf fiber
currently sell the separated fibers for other uses.

V. PULPING

A. Technical Aspects

This section explores the technical feasibility of incorporating non-wood fibers into paper
products.  The following topics are discussed: fiber properties, available and suitable pulping
processes, and the recyclability of non-wood fibers.

1. Fiber properties

The chemical and physical properties of fibers determine their suitability for use in paper.
When the USDA evaluated alternative crops for paper in 1960, they considered performance in
three general areas:123

• Chemical composition including percentage of cellulose in the fiber and solubility in
sodium hydroxide.  Plants with high solubility in sodium hydroxide (>39%) do not yield
acceptable pulp.

• Dimensions and yield of fibrous consituents

• Physical and visual appearance of the plants which included estimates of the strength and
proportion of bast fibers and the texture of the woody portion in each plant.

Each of these areas is discussed below for wheat straw, kenaf and hemp.

a) Chemical composition

Table 7 shows the chemical composition of various non-wood and wood fibers.  The
cellulose content of kenaf, hemp and wheat straw is similar to that in trees.  Annual fiber crops
generally have lower lignin content and higher hemicellulose content than wood.  Cereal straws
have relatively high silica and potassium contents.  These differences in chemical composition
determine the best pulping processes and pose challenges to pulping non-wood fibers.

The lignin content of kenaf (15-19 %) and of wheat straw (16-21 %) is significantly
lower than that of softwoods (26-34%) and hardwoods (23-30%). The lignin content of kenaf
and hemp bast fibers also is lower than that of the core fibers.  For instance, for kenaf, the lignin
content of the core is 17% whereas that of the bast fibers is only 8%.124

A lower lignin content generally reduces the amount of energy required to pulp the fiber
using either mechanical or chemical processes.  A project of the University of Wisconsin at
Madison and the USDA Forest Products Laboratory has shown that the energy required in
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refiner mechanical pulping is lower for kenaf than for softwood.  This result is attributed to
differences in the cell structure and to the softer quality of non-woods compared to wood.  Non-
woods lack xylem, which gives trees their firmness and stability.  Researchers speculate that the
lack of these cells reduces the energy needed to take the fibers apart.125

Table 7.  Chemical characteristics of fibers used for papermaking

Chemical Composition (in %)

Cross and
Bevan Alpha

Fiber Types Cellulose Cellulose Lignin Pentosans Ash Silica

Nonwood Fibers:
Kenaf 47  - 57 31  - 39 15  - 19 22  - 23 2  - 5  -  
Kenaf (Bast) 57 42 8 16 6
Kenaf (Core) 51 34 17 19 3
Hemp (Bast) 65 na 4 8 na na
Hemp (Core) 35 na 21 18 na na
Wheat straw 49  - 54 29  - 35 16  - 21 26  - 32 5  - 9 3  - 7

Wood Fibers:
Coniferous wood (softwood) 53  - 63 40  - 45 26  - 34 7  - 14  <1  -  
Deciduous wood (hardwood) 54  - 61 38  - 49 23  - 30 19  - 26  <1  -  

Definitions of Terms in Table:
[1] Cross and Bevan cellulose refers to the total cellulose content included in the fiber material.
[2] Alpha cellulose refers to the cellulose that is actually available after pulping.  Alpha cellulose is the portion of

the cellulose which is insoluble when the fibers are treated with a cold 17.5 % solution of caustic soda.
[3] Lignin is the binding compound within the cell structure.
[4] Pentosans are polymerized five-carbon sugars and part of the hemicellulose.  Hemicelluloses are more easily

degraded and dissolved than cellulose, so their percentage is always less in the pulp than in the original fiber
raw material.

[5] Ash refers to the total mineral content in the fiber.
[6] Silica is one component of the mineral content of the fiber.  High silica content leads to problems in the

recovery of black liquor in chemical pulping.

Based on data from Hurter Consult Inc.

Sources:
Manfred Judt, "Nonwood Plant Fibres, Will There Be a Come-Back in Papermaking?," Industrial Crops and
Products, 2(2): 53 (1993).
Letter from Robert Hurter, President, Hurter Consult, Inc, May 31, 1995; Hayo van der Werf et al., "Quality of
hemp (Cannabis sativa L.) stems as a raw material for paper," Industrial Crops and Products, Elsevier Science
B.V.: Amsterdam, Netherlands, 3(2): 225 (1994).
Gerald Touzinsky, "Kenaf" in Secondary Fibers and Non-wood Pulping, Volume 3, Pulp and Paper Manufacture
Series, Joint Textbook Committee of the Paper Industry (ed.) (Atlanta: TAPPI Press, 1993), p. 108.
Judt, "Hemp: Papermakers Should Take It with a Pinch of Salt," Pulp & Paper International, 36(10): 32-35 (1994).

In addition to the amount of lignin, its chemical nature also matters.  The chemical
structure of the lignin in non-wood plants differs from that of the lignin found in wood; these
structural differences affect the ability of pulping chemicals to break down the lignin.126  Hemp,
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for example, has a low lignin content (4.3% for bast fiber and 20.8% for core fiber), however, its
lignin structure makes it difficult to pulp and bleach the bast fiber using a chemical pulping
process.127

The last column in Table 7 shows the high silica content of wheat straw and other cereal
straws.  High silica levels pose two problems: silica creates problems in the chemical recovery
system, and it affects the paper quality.  If the silica ends up in the paper, it makes the sheet more
abrasive and thus creates problems on converting equipment.  If the silica is removed from the
straw fibers during the pulping process, it appears in the black liquor in the form of sodium
silicate and/or other complex siliceous compounds.  A high silica content may lead to scaling in
the evaporator and recovery boiler tubes.128

b) Fiber Dimensions

Table 8 compares the fiber length and diameter of various non-wood and wood fibers.
Fiber length is one of the most important physical characteristics of fiber for papermaking.
Longer fiber length generally corresponds to higher pulp strength.  Fiber diameter influences
surface characteristics and paper formation.  Kenaf bast fibers are long, similar to high-quality
softwood fibers such as spruce in Eastern Canada.  Kenaf core fibers are very short; with a fiber
length of about 0.5-0.6 mm,129 they are considerably shorter than eucalyptus or aspen fibers.130

For hemp, the difference in length between bast and core fibers is even greater.  The
length of hemp core fibers is similar to that of kenaf core fibers; however, hemp bast fibers are
among the longest fibers in existence and have to be cut for use in papermaking. The variability
in length and width of hemp fibers is also large.  Wheat straw has short fibers, similar in length
to hardwoods.

Figure 1 presents burst strength vs. tear strength for unbleached chemical pulps made of
kenaf, hemp, wheat straw and various wood fibers used in packaging.131  Burst and tear strength
are important functional requirements for paper and are often used as relative measures of
performance.  For kenaf and hemp, the figure shows values for the pulps of bast and core fibers
separately.  Hemp bast fiber chemical pulps have the highest tear to burst ratios of the chemical
pulps evaluated; the strength of kenaf bast soda pulp appears similar to softwood kraft pulp.  The
strength of whole-stalk kenaf is similar to hardwood pulps.  Kenaf and hemp core pulps and rice
and wheat straw pulps appear to have the lowest strength characteristics – below that of
hardwood pulps and far below that of softwood pulps.

c) Physical characteristics

The composition of non-wood fibers also affects their pulping characteristics.  Wheat
straw, for example, contains several components, including the stalk, leaves, and chaff.  The
chaff has a high silica and a low cellulose content.  Removing it simplifies the pulping process,
reduces pulp chemical consumption and decreases the drainage rate of the pulp.132
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Table 8.  Physical characteristics of fibers used for papermaking

Fiber length in mm Fiber diameter in microns

Fiber Type Range Average Range Average

Nonwood Fibers:

Kenaf (bast) 1.4  - 5.0 2.6 14  - 23 21
Kenaf (core) 0.4  - 1.1 0.6 18  - 37 30
Hemp (bast)* 5.0  - 55.0 20.0 16  - 50 25
Hemp (core) na 0.55 na 25
Wheat straw na 1.5 na 15

Wood Fibers:

Temperate zone coniferous wood (softwood) 2.7  - 4.6 3.7 32  - 43 38
Temperate zone deciduous wood (hardwood) 0.7  - 1.6 1.2 20  - 30 25
Mixed tropical hardwoods 0.7  - 3.0 na na na
Eucalyptus (hardwood) 0.7  - 1.3 na na na
Aspen (hardwood) 0.8 - 0.9 na na na

Note:
* The variation in hemp bast fiber length is so large because hemp has two types of bast fibers: primary fibers with
an average length of 20mm and secondary fibers with an average length of 2mm (based on data from Van der
Werf).  In contrast, kenaf has only one type of bast fiber.  The distinction between primary and secondary bast
fibers matters for textile production, but not for papermaking.  Very long fibers, such as hemp bast fibers or flax
fibers, have to be cut for papermaking anyway.

Sources:  Danforth International Trade Associates, Inc., Customer Binder; Based on Joseph Atchison, Properties of
Fibrous Raw Materials and their Preparation for Pulping, Volume 1 (Atlanta:TAPPI Press, 1983), Chapter 17;
letter and phone interview with Hayo van der Werf, Researcher, Institut National de Recherches Agronomiques,
Station de Recherches "Grandes Cultures," Laboratoire D'Agronomie, Colmar, France, September 19 and October
10, 1995, respectively.  For Eucalyptus: Manfred Judt, “Hemp: Papermakers should take it with a pinch of salt,” p.
33; for aspen:  “Temcell High-Yield Pulp typical characteristics,” product sheet from Tembec Inc., Temiscaming,
Quebec, Canada.
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Figure 1. Burst strength/tear strength matrix of various nonwood and wood fiber types
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Hemp bast fibers have irregular shapes.  “Some parts of the fiber are ribbon-like, others
are cylindrical; the lumen width varies along the fiber length; the fiber surface is uneven; and the
fiber ends are sometimes rounded, sometimes forked.”133  This variability may explain why the
USDA researchers reported that hemp was of questionable quality for papermaking based on a
qualitative inspection of its physical appearance.134  Kenaf fiber had a more promising physical
appearance than did hemp, and received a higher rating as a result.135

2. Pulping  processes

In principle, the same pulping processes that are used for wood pulping (chemical and
mechanical) can be applied to non-woods.  As noted above, most non-wood fiber mills
worldwide currently use chemical processes (kraft, soda, sulfite).  The kraft process uses sodium
hydroxide and sodium sulfide.  The soda process uses caustic soda (sodium hydroxide) and soda
ash (sodium carbonate); some soda mills add anthraquinone (AQ).  The sulfite process uses
several bases: potassium hydroxide, calcium hydroxide, magnesium hydroxide, and ammonium
hydroxide.136  The kraft process is most commonly used for specialty pulps, including those
made from hemp and kenaf bast fibers.  It generally produces the highest-strength specialty
pulps.137

Most non-wood pulping operations worldwide that produce commodity papers from
straw use a soda process.  According to some experts, the kraft process offers no significant
improvement in pulp strength or other characteristics over the soda process for straw.  The soda
process uses no sulfur compounds and thus has a simpler recovery system and no odor problem.
As a result, it is preferred to the kraft process to produce straw pulps for commodity papers.138

Non-woods fibers are well suited for mechanical or chemi-mechanical pulping processes.
They have a relative advantage over wood chips in such pulping processes because less energy is
required to pulp non-woods. (See Section V.B. on environmental aspects of pulping.)

Although non-wood fibers can be pulped with the same processes used for wood, the
technology to do so has not been tested on a commercial scale in the United States, with the
exception of the above-mentioned kenaf pulping operation at P.H. Glatfelter’s mill in Ecusta,
North Carolina. Often, the experience has to be drawn from lab research or paper mills outside
the U.S.  Uncertainties are involved when pilot projects are scaled up to the full-size mill level.
In addition, specific technical issues remain to be solved for certain non-wood fibers:

• As already discussed, for agricultural residues, such as wheat and rice straw, the high
silica and potassium content poses technical problems in the recovery of pulping liquors
in chemical pulping operations.  This issue will be explored in more detail in the section
on wheat straw below.

• Generally, pulping equipment and processes have to be adjusted and/or specifically
designed for the different fiber types.
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− Fiber handling and storage systems have to modified to handle bales of non-wood
fiber rather than pulpwood and wood chips.

− Continuous digesters seem to be more appropriate for non-woods than the batch
digesters used to pulp wood chips in chemical processes.  Non-woods such as wheat
straw have a low density and are very bulky.  Continuous digesters reduce cooking
time and improve pulping productivity.139   However, for very long fibers, batch
digesters are used because the long fibers get entangled in continuous digesters.140

− Paper machines with a longer wire141are needed for pulps from short-fibered non-
woods that have low drainage rates, such as wheat straw.142

Some of these issues are explored below for wheat straw, kenaf, and hemp.

a) Wheat Straw

Wheat straw pulping processes have to control the viscosity and the levels of silica and
potassium in the black liquor sent to the recovery system.  Silica can precipitate out of the black
liquor and result in scaling of pipes in the evaporators and recovery boiler.  High potassium
levels in the black liquor affect the properties of the molten metal mixture in the base of the
recovery boiler and can lead to the plugging of pipes in the recovery boiler.  Straw’s high
hemicellulose content increases the viscosity of the black liquor and makes it difficult to fire at
high solids concentrations.143  Currently, no good solutions exist for these challenges to
recovery.  Various companies are working on a desilication process.  So far, the best process has
been developed by the Central Pulp and Research Institute (CPPRI) for a newsprint mill in India,
with assistance from the United Nations Industrial Development Organization (UNIDO).  The
process should eliminate 70-80% of the silica, but requires further testing in commercial
operations.144

The technical challenges posed by the high silica content can be overcome by combining
a wheat straw pulping line with a wood or even another non-wood pulping operation to dilute the
silica content of the black liquor.145  However, it must be recognized that changes in boiler
operating conditions and increased maintenance requirements are likely.146  Furthermore, the
combined recovery of black liquor from a non-wood and a wood pulping line might solve the
silica problem, but may not be sufficient to reduce potassium to levels required to recirculate
process water from the bleach plant to the chemical recovery system.147

Agri-pulping -- in which pulping chemicals are the same compounds that one intends to
apply as fertilizers in the fields  -- could provide a solution to the silica problem in the long run.
Instead of recovering the black liquor to regenerate the pulping chemicals, the black liquor
would be evaporated, blended with nitrogen and potassium, and used as fertilizer.

Arbokem Inc. in Vancouver, BC is developing an agri-pulping process.  Arbokem's
process uses potassium-based pulping chemicals in a small-scale pulping operation (20,000 tpy
of pulp based on agricultural waste collected within a 20-mile radius of the mill).  Arbokem
produces uncoated printing and writing paper with 80 brightness and coated paper with 84
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brightness from 45% TCF-bleached wheat straw pulp, 40% ECF-bleached old corrugated
containers and 15% calcium carbonate.  The company is working with Patagonia Inc., a sports
clothing manufacturer, to demonstrate the runability of the paper in a commercial printing
application.148

Some experts see major opportunities for agri-pulping in developed countries as a way of
using agricultural residues as a fiber source, and in developing countries as a way of reusing
pulping chemicals at less expense than traditional recovery.  In another example of agri-pulping,
the Neutral Ammonium Sulfite Pulping (NASP) process has been used in at least 20 mills in
China.  Agricultural residues are pulped with ammonium sulfite and spent liquors are used as
liquid fertilizers.149  More research on agri-pulping is needed; in particular, the benefit from the
use of the pulping chemicals as fertilizer has to be established.

Alcohol-based pulping is being considered for both wood and non-wood fibers.  The
ALCELLR process, an ethanol-based process developed by Repap Technologies, Inc., has been
tested for hardwoods and appears to be suitable for non-wood fibers.  Fibers are cooked with
ethanol and water under acidic conditions to extract the lignin, which can be sold as a by-product
to be used in wood panels, as a binder for resins, etc.  The ALCELLR process recovers the
organic chemicals and uses wood sugar as fuel.  Pulps produced by the ALCELLR process
respond well to oxygen delignification and are generally easier to bleach than kraft pulps.  For
instance, 90+ ISO brightness can be achieved easily with both ECF and TCF bleaching
sequences.

The process has been developed for hardwoods at a demonstration plant in Newcastle,
New Brunswick.  A commercial 150,000 tpy pulp mill is planned for Atholville, New
Brunswick.  The process appears suitable for non-wood fibers for two reasons.  First, the process
has lower capital cost than the kraft process and should be economical in small-scale operations.
Second, it may provide a solution to the silica problem.  In the organic recovery system used in
the ALCELLR process, the silica exits with the sugars. 150

For various reasons, wheat straw appears to be most appropriately used in combination
with other fibers.  Because of its short fibers, wheat straw makes weak paper that drains slowly.
However, in combination with long-fiber pulps, these shortcomings can be alleviated.  Wheat
straw is ideally used to increase the bulk of corrugating medium.  It can also provide enhancing
characteristics such as good formation and opacity.  Incorporating wheat straw into virgin or
recovered fiber corrugating medium, linerboard and boxboard has high potential.151

b) Kenaf

Kenaf is a suitable fiber source for chemical processes (e.g. kraft, alkaline sulfite, soda
and soda-AQ processes), semichemical processes (e.g. NSSC = neutral sulfite semichemical
pulping process) and modified mechanical processes (e.g. TMP = thermomechanical and CTMP
= chemithermomechanical pulping processes).  The selection of the pulping process depends,
among other things, on the type of paper and on the part of the fiber being used (whole-stalk,
bast fiber, core fiber).
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Some experts consider kenaf fibers less suitable for some mechanical pulps because they
are usually weaker than corresponding wood pulps.152 Soda and kraft pulping of whole-stalk
kenaf yields pulps with strength properties in between those of softwood and hardwood pulps.
Chemical pulps of kenaf bast fibers are stronger than softwood pulps, whereas chemical pulps
from kenaf core fibers have low tear strength, but high tensile and burst strength compared to
hardwood pulps.153

Some experts consider chemical pulping suitable only for kenaf bast fibers and suggests
CTMP processes for whole-stalk kenaf.154  For instance, for newsprint applications, whole-stalk
kenaf CTMP pulps could serve as the primary furnish (90-100%) with the remainder being long-
fiber pulp such as kenaf bast fiber pulp.  This option corresponds to the pilot trials done for
newsprint in the Kenaf Demonstration Project (see Appendix B).155  Whole-stalk kenaf CTMP
also can supplement pulp made from recovered newsprint in an existing mill.  As a third
alternative, a mill could use chemical pulping for the bast fibers and mechanical or
chemimechanical pulping for the core fibers, and then blend the pulps to optimize performance.

Another expert argues against separation, suggesting that mills should pulp whole-stalks
with a soda-AQ process.  In a project in the Northern Territory in Australia, this pulping method
was used to produce pulp for printing and writing paper. Using a chemical instead of a
mechanical pulping process produces pulp suitable for higher quality paper applications than
newsprint, such as photocopying paper.156

c) Hemp

Several experts consider the quality of the hemp core fibers inferior to kenaf core fibers
and not adequate for papermaking.157  Moreover, the bast fiber content for hemp is lower than
that of kenaf, at maximum 30%.158  Hemp bast fibers are difficult to delignify using a potassium
sulfite process, and achieving brightness above 78 GE using hydrogen peroxide as a bleaching
agent is difficult.159

Other research, however, suggests that both bast and core fibers can be used for
papermaking.  In addition, the core fiber can be used for other purposes, including as a filler in
papermaking (i.e., replacing calcium carbonate) and in non-paper uses.160

One research group tested four pulping processes on three different hemp fiber parts
(whole-stalk, bast and core):161

• Two chemical processes:
− a kraft process similar to the one used in specialty pulping (pulp yield of 45-50%)
− an alcohol-based pulping process similar to the kraft process, where chemicals are

diluted in ethanol instead of water in order to simplify the recovery (pulp yield of 45-
50%)

• Two mechanical processes:
− a process similar to CTMP (using disk refiners, pulp yield of 75-80%)
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− a chemi-mechanical process for bast fibers (using caustic soda for pulping and
peroxide for bleaching and an extruder, yield ranges from 79-85%)

The tests showed that the optimal approach from a technical, functional and economic
perspective was to separate the fibers and to use a mechanical pulping process for both the bast
and core fibers.  This provides pulps with high yield and adequate properties.  The bast fiber
pulp has properties similar to softwood BCTMP and can be used for commodity papers;162 the
core fiber pulp can be used as a filler in paper and  for other uses such as composite construction
board.  Another reasonable option was to pulp whole-stalk hemp mechanically and sell it as an
additive for the production of linerboard in combination with recovered fibers.  This pulp has
properties similar to deinked office waste or hardwood bleached kraft pulps.163  The above
pulping trials were done on bench-scale (50 kg per hour).  A pilot plant trial is planned for 1996.
Researchers expect that both the mechanical and the chemical pulping processes could easily be
scaled up.164

3. Recyclability

Another question raised about the technical feasibility of using non-wood fibers for
papermaking is their recyclability.  In general, non-wood fibers are as recyclable as wood fibers
and the same issues exist.  The strength of pulp made from recovered fibers determines its
usefulness.  Fiber length as well as fiber bonding ability determine pulp strength.  Recovered
fibers on average, are shorter than virgin fibers and lose strength with each reuse cycle.  For non-
wood fibers that are generally shorter than wood fibers (such as wheat straw), issues such as
slow drainage and low strength are a problem both in virgin production and recovered fiber
paper production.

On the other hand, non-wood fibers with greater fiber length (such as kenaf or hemp bast
fibers) can be used to compensate for loss in pulp strength from recycling.  Depending on the
strength of the non-wood fiber, more or less virgin pulp has to be added to the deinked pulp to
produce high quality recycled paper.

B. Environmental Aspects

Little information is available to compare the environmental releases associated with
non-wood and wood pulping.  Many existing non-wood pulping operations both in the
developing world (for commercial paper applications) and the developed world (for specialty
paper applications) are technologically outdated.  Because of their small scale, most of these
mills use chemical pulping processes without chemical recovery, a practice which is both
economically and environmentally inefficient.  In developing countries such as China, effluent
often is discharged untreated into surface waters.  In the developed world including the United
States, black liquor is either treated before discharge or transported to wood-based pulp mills for
recovery.

Based on their fiber properties, using non-wood fibers instead of wood chips may offer
opportunities to reduce the magnitude of environmental releases generated by pulping processes.
We focus on the environmental performance of mills that produce kenaf mechanical and
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chemical pulps as compared to the performance of mechanical and kraft mills that use wood
fiber.  The availabe environmental data for these pulping processes, while limited, allows us to
present broad comparisons of energy use and effluent quantity and quality.

1. Mechanical Pulping

Mechanical processes generally have lower environmental releases than chemical
processes, and the environmental performance of mechanical pulping processes would improve
if the energy consumption could be reduced.  A project of the University of Wisconsin at
Madison and the USDA Forest Products Laboratory has shown that the energy required in
refiner mechanical pulping is lower for kenaf than for softwood (see Table 9).  The refining
energy requirements for kenaf bast fiber could be reduced further by treating the kenaf with
white-rot fungi.165

Table 9.  Comparison of energy requirements and pulp properties of kenaf and Southern Pine in mechanical pulping

Refiner C.E. Bauer 36' Refiner 12' Sprout Waldron Single-Disc Refiner

Southern Fungus Treated 
Fiber Type Whole Kenaf Pine* Kenaf Bast** Kenaf Bast

Pulping Process TMP CTMP TMP RMP RMP

Freeness, ml CSF 117 60 85 218 202
Yield, % 91 86 95 96 93
Power, kWh/ADT 1,888 1,611 2,472 1,080 *** 780 ***
Burst Index, K.PA 0.9 1.7 1.5 2.0 3.3
Breaking Length, Km 2.8 3.9 3.4 3.4 5.4
Tear Index, m.Nm2/g 6.3 8.0 9.7 6.0 9.4
Opacity, % 98 93 92 99 98
Brightness, % 47 66 54 28 30

Notes:
* Energy requirements for debarking and chipping not included.
** Energy requirements to separate kenaf whole-stalk into bast and core fibers not included.
*** kWh/ODT
TMP Thermomechanical Pulping
CTMP Chemithermomechanical Pulping
RMP Refiner Mechanical Pulping
Source: Harmohinder Sabharwal et al, "Bio-Refiner Mechanical Pulping of Bast Type Fibers," TAPPI Proceedings
of the 1994 Pulping Conference (Atlanta: TAPPI Press, 1994), p. 636.

2. Chemical Pulping

The ability to produce satisfactory chemical pulp using non-woods offer the potential to
build pulp mills that are using sulfur- and chlorine-free pulping processes.166  Kenaf’s lower
lignin content allows the use of the soda process.  Kenaf bast fibers can be bleached to 89 ISO
brightness with a combination of oxygen, ozone and hydrogen peroxide bleaching agents.167
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a) Energy Use

Table 10 presents a 1991 estimate of the energy required to produce a ton of kenaf pulp
using a soda-AQ pulping process and an ECF bleaching process.  It compares the total and
purchased energy requirements for this mill with a softwood bleached kraft mill using a similar
bleaching process.  The amount of lignin left in unbleached bast and core kenaf pulp is projected
to be similar to that of unbleached hardwood kraft pulp.

Table 10.  Comparison of energy consumption of softwood bleached kraft and kenaf soda pulping processes

Millions of BTUs per oven-dried ton of pulp

Softwood (ECF ble aching) [1 Ke naf [2]
DIRECT ENERGY
     Process energy 22.3 - 24.2 15.2
     Bleaching chemical energy 10.2 - 10.2 5.7
TOTAL 32.5 - 34.4 20.9

SELF-GENERATED ENERGY
     Black liquor 23.8 - 19.0 1.4
     Wood waste 4.6 - 2.3
TOTAL 28.4 - 21.3 1.4

PURCHASED ENERGY 4.1 - 13.0 19.5

Notes:
[1]  The ECF process used here is D(EO)DD.  The discussion of bleached kraft pulping processes
      in White Paper 10A provides additional detail and references.
[2]  We have assumed that the kappa number of the unbleached kenaf pulp is 16.  
      Sandwell Inc., Kenaf Assessment Study, draft report prepared for the Tallahatchie County Board 
      Charleston, Mississippi, April 19, 1991, p. 18. The typical kappa number
     for unbleached softwood kraft pulp is 32.

The total energy consumed to produce a ton on bleached kenaf pulp shown in Table 10 is about
37% lower than the total energy consumed to produce a ton of softwood bleached kraft pulp.
The purchased energy requirement, however, is above the upper range for softwood bleached
kraft pulp.  The lower lignin content of the kenaf fiber results in less organic waste from the
pulping process, and hence reduces the amount of energy that the mill generates on-site through
burning of such waste.

b) Effluent Quantity and Quality

The Phoenix mill in Thailand and the study discussed above present some information
about effluent flow and quality for kenaf chemical pulping processes.168  These data are
compared with similar parameters for a softwood bleached kraft pulp mill in Table 11.  For more
information about the environmental performance of different pulping processes please see Part
V of the Paper Task Force report’s Technical Supplement.
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Table 11.  Effluent flow and quality for kenaf bleached soda pulp and softwood bleached 

Kenaf Softwood
Bleached chemical pulps  Kraft [1] Soda [2] Kraft [3]
Effluent flow (gallons per air-dried ton of 36,000 20,000 18,700

Effluent Quality (kg/air-dried metric ton of
     Biochemical oxygen demand 1.5 - 2.3 5.8 0.3 - 6.7
     Chemical oxygen demand (COD) 18.0 - 22.5 14.4 - 72.8
     Total suspended solids  (TSS) 3.0 - 4.5 0.2 - 9.8

Notes:
All three mills have secondary treatment.
[1] The Phoenix mill produces market pulp from wholestalk kenaf. Reported treatment efficiencies are 97% for

BOD and TSS and 87% for COD.  V. P. Leekha and S.K. Thapar, "Experiences in Kenaf Pulping in Thailand,"
TAPPI Proceedings of the 1983 Pulping Conference (Atlanta: TAPPI Press, 1983) pp. 288-293.

[2] Sandwell Inc, Kenaf Assessment Study, draft report prepared for the Tallahatchie Board of Supervisors,
Charleston, Mississippi, April 19, 1991, p. 16.

[3] Effluent quantity:  See White Paper 10A.
Effluent quality:  U.S. EPA, Development Document for Proposed Effluent Limitations Guidelines and
Standards for the Pulp, Paper and Paperboard Point Source Category. Washington: U.S. EPA Office of
Water, EPA-821-R-93-019, pp. 6-48 - 49, 10-42.

These data suggest that the effluent quantity for a kenaf soda mill is similar to that of a wood-
based bleached kraft mill.  The effluent quality is also similar.  The loadings of biochemical
oxygen demand (BOD), chemical oxygen demand (COD) and total suspended solids (TSS) in
the final effluent from the Phoenix mill are within the range of those for existing wood-based
bleached kraft mills.  The low COD loading in the final effluent of the Phoenix mill may result
from good spill prevention practices, an efficient treatment system, or from the fact that the
organic waste from a kenaf pulp mill is more degradable than that from wood-based mills.

3. Summary of Environmental Findings

• The total energy consumed to produce a ton of kenaf mechanical pulp is about 35%
lower than the total energy consumed to produce a ton of softwood mechanical pulp.

• The total energy consumed to produce a ton of kenaf soda pulp using an ECF
bleaching process is about 37% lower than the total energy consumed to produce a
ton of softwood bleached kraft pulp using an ECF bleaching process.  However, the
purchased energy consumed by the kenaf soda mill is about 50% higher than the
highest purchased energy consumed by a wood-based kraft mill.

• Effluent flow and quality are similar for the kenaf and the wood-based chemical
pulps.
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C. Economic Aspects

Pulping non-wood fibers raises various economic issues and uncertainties.  Investments
in a new pulping line, whether based on non-wood or wood fibers, entail the same economic
considerations, such as supply and demand factors and the cost and availability of capital.
Building capacity to produce pulp and paper from non-wood fibers may face additional
economic hurdles.  Even at similar fiber procurement and pulping costs, there can be greater risk
in using non-wood fibers because of the uncertainty of the fiber supply, new technologies
required for handling and pulping, fire risk in storage etc.169

The economies of scale in papermaking operations as well as those in pulping operations
need to be considered.  The availability and the economics of the paper machine affect the
manufacturing cost of paper.  Large modern paper machines produce higher quality paper more
consistently and at a lower cost per ton than do older, smaller machines.  Experience in one
California project with newsprint made from rice straw and recovered newsprint demonstrates
the economic challenges faced by anyone trying to produce a unique paper product.  While
customers have been identified, neither a paper machine on which to produce the paper, nor
financing for the project, have yet been found.170

For fiber plants that have bast and core fiber components, the economics will also depend
on how the fibers are being used.  From a technological point of view, fiber separation may make
more sense than using whole-stalk kenaf.  From the viewpoint of the paper application, fiber
separation is not necessary.  For instance, high quality newsprint can be produced from whole-
stalk kenaf.  From an economic point of view, it is questionable whether the fiber separation
makes sense for papermaking.  Separating the fibers results in a small quantity of very high
quality bast fibers and in a large quantity of very low quality core fibers.171  The bast fibers are
of such good quality that they are best used for specialty paper applications where high price
premiums can be achieved.  Pulp prices for specialty pulps range from $2,000-4,000 per metric
ton, whereas softwood pulps are usually below $1,000 per ton even in tight markets.172  The
issue is even more pronounced with hemp because it has a lower bast fiber content and the core
fibers are considered to be of worse quality for paper production than kenaf.

This paper explores only a few aspects particular to kenaf and cereal straw.  We did not
find published information on the economics of producing hemp pulp.  It should be noted that
the development of new pulping processes may change these economics.

1. Kenaf

a) Chemical Pulping

The capital cost per daily ton of production for non-wood paper mills are similar to those
for wood-based mills.173  One estimate of $750,000 per daily ton of capacity to build a 300 ton
per day kenaf bleached soda mill174 is about 25% higher than the $600,000 to $650,000 per daily
ton of capacity to build a modern wood-based mill producing bleached kraft pulp in North
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America.175  A more realistic capital cost estimate of $625,000 per daily ton of capacity are
competitive with wood-based kraft mills.176

The operating costs to produce a ton of bleached kenaf bast or core pulp generally are
higher than those to produce a ton of softwood or hardwood pulp.  Table 12 compares the fiber,
chemical and energy input and labor costs for kenaf and wood-based pulp.  The kenaf pulp is
bleached to 85 ISO brightness with an ECF bleaching process.  The operating costs given for
hardwood and softwood bleached kraft mills in the U.S. South represent the average costs for the
region.

The operating costs for producing softwood bleached kraft pulp are about 12% lower
than those for the kenaf bast pulp.  The higher tear and tensile strength of the kenaf pulp may
offset the additional cost to the papermaker.  The operating costs to produce a ton of hardwood
bleached kraft pulp, however, are about 34% lower than the costs to produce a ton of pulp from
kenaf core fibers.  Given the properties of bleached pulp made from kenaf core fibers, the mill
may have more difficulty recovering its costs for this pulp.

Table 12.  Operating costs for kenaf and wood-based bleached chemical pulp 
               mills in the U.S. South

1995 US$/ADMT  [1] Hardwood Ke naf core  Softwood Ke naf bast

Fiber [2] $118 $162 $149 $116
Energy, Chemicals and $130 $193 $139 $181
Labor [3] $37 $90 $40 $90
Ope rating costs $285 $446 $328 $387

Notes:
[1] Inflation for production equipment from 1991 to 1994 was assumed to be 4%.
[2] The wholestalk kenaf fiber costs $55 per field dried ton; bleached pulp yields are 57% and 41% for kenaf bast

and core fibers, respectively.
[3] Energy and labor costs for the kenaf pulp mill include the cost to separate the kenaf.

Sources:
Wood: Resource Information Systems, Inc. Pulp & Paper Review (Bedford, MA: RISI, July 1995),p. 302 .
Kenaf: Sandwell Inc., Kenaf Assessment Study, draft report prepared for the Tallahatchie County Board of

Supervisors, Charleston, Mississippi, April 19, 1991, p. 24.

b) Mechanical pulping

Mechanical pulping processes have different economies of scale than do kraft pulp mills.
The size of the refiners determines the minimum economic scale; as a result, efficient
mechanical pulp mills have capacities of 300-500 metric tons per day, less than half the capacity
of an efficient kraft mill.  The capital cost per ton of daily capacity is also lower, about $275,000.
177  Fiber and energy costs account for most of the operating costs of a mechanical pulp mill;
thus, reduced energy consumption to produce a ton of pulp reduces operating costs.
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With the exception of mills that produce bleached chemithermomechanical market pulp
(BCTMP), mechanical pulp mills in North America are integrated with paper machines.  These
mills avoid the additional energy consumption required to dry the pulp for shipping and have
more control over the consistency of the paper furnish.  Thus, to compete, mills producing non-
wood mechanical pulps are likely to need a paper machine on site.  A mill using whole-stalk
kenaf also would need to modify the raw material handling system to process bales of fiber
instead of wood chips.  No additional major equipment modifications would be required.
Processing hemp would require different pulping equipment.

2. Cereal Straw

With regard to straw pulping, the use of different equipment in harvesting/baling and
pulping can change the economics dramatically.  For instance, the use of high-yield horizontal
tube digesters with screw feeders reduces cooking times substantially (10-12 minutes compared
to 2-4 hours with batch digesters) and any desired yield, depending on the paper product in
which the straw pulp is used, can be achieved:  45% for bleached grades, 65-70% for
semichemical pulp for corrugated board, in excess of 80% for chemi-mechanical pulp which can
be used for corrugating medium or as a replacement for chemi-mechanical wood pulp for other
grades.  These pulp yields are based on clean straw inputs.178  However, very short cooking
times might not remove adequate lignin and thus not produce adequate pulp quality for some of
the above mentioned grades.179

The low density of cereal straws and resulting transportation inefficiencies can limit
pulping capacity.  One expert estimates a maximum capacity of about 110,000 tpy for
agricultural residues other than bagasse.180  Another expert estimates that in a number of areas in
Texas, the amount of wheat straw and sorghum stalks needed for a 110,000-183,000 tpy pulp
mill in combination with recovered paper would be available within a reasonable hauling
distance from the mill.181  The proposed capacity of the earlier mentioned wheat straw mill in
East Anglia, United Kingdom, was 250,000-300,000 tpy.  Ultimately, the project was dropped
because of high fiber transportation costs.

3. Non-wood Paper Projects

As discussed in Section I, non-woods slowly disappeared as a fiber source for commodity
paper applications in the U.S. for economic reasons.182  A number of attempts to use non-woods
on a commercial scale for papermaking face difficulties or have failed because of unfavorable
economics or market conditions for the farmer and/or the paper companies (see Appendix B):

• Kenaf Demonstration Project:  The technical trials for a newsprint mill in the Lower Rio
Grande Valley in southern Texas based on whole-stalk kenaf CTMP pulp showed that the
project was technically feasible and produced high quality newsprint.  However, the
project team has been unable to raise investment funds to date.183

• Mississippi Delta Project:  The farmers of the Mississippi Delta Fiber Cooperative,
Charleston, MS, sell kenaf bast fiber to KP Products, a kenaf paper company.  The fiber is
pulped at P.H. Glatfelter’s mill in Ecusta, North Carolina.  Because the cost of the kenaf
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bast fiber delivered to the mill is three times higher than that of Southern pine and given
the small scale of the operations, the paper must be sold at a premium.184

• Kenaf pulp mill in Tallahatchie County, Charleston, MS:  Also in conjunction with the
Mississippi Delta Fiber Cooperative, a 100,000 tpy kenaf chemical pulp mill was
proposed in the Mississippi Delta.  Based on the projected low internal rate of profit of
4.6% (after tax, excluding financing cost), the project has not been pursued.185

• Wheat straw mill in East Anglia, United Kingdom:  The economics of a proposed
250,000-300,000 tpy wheat straw mill based on a soda pulping process and 4-stage ODED
bleaching were found to be unfavorable because transportation costs of the fiber were too
high.  The internal rate of return was calculated to be only 2%.186

4. Summary of Economic Findings

Kenaf

• Capital costs to build a state-of-the art kenaf soda pulp mill are expected to be
similar to those to build a modern wood-based bleached kraft pulp mill.  At 300 tons
per day, the minimum economic scale of a kenaf soda mill with chemical recovery and
secondary treatment is smaller than that of a wood-based bleached kraft mill.

• Operating costs to produce kenaf bast and core bleached soda pulp are projected to
be about 15% and 50% higher than those to produce bleached softwood and
hardwood bleached kraft pulp, respectively.  These higher costs result in large part
from the additional energy and labor costs required to separate the bast and core fibers.

• Capital costs to build a mechanical pulp mill that uses whole-stalk kenaf are
expected to be similar to those of a wood-based mill.  It should be possible to convert
an existing pulp mill at modest cost, by modifying the raw material handling system.

• The lower energy consumption of a kenaf mechanical pulping process should reduce
operating costs relative to a wood mechanical pulp process.

Cereal Straw

• New continuous digester designs should make the costs to produce chemical pulp
from cereal straw competitive with wood pulp.

• The capacity of a straw pulping process is limited by the amount of straw that can be
economically transported to the mill.
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• Wayne Nay, Strategic Project Manager, Weyerhaeuser Company
• Frank Riccio, Jr., President, Danforth International Trade Associates, Inc.
• Gertjan van Roekel, Jr., Researcher, Agrotechnical Research Institute (Dienst

Landbouwkundig Onderzoek, Instituut voor Agrotechnologisch Onderzoek), Netherlands
• Harmohinder Sabharwal, Research Associate, Department of Forestry, University of

Wisconsin
• Martin Schroeter, Assistant Director, Research and Development, Herty Foundation

Research and Development Center
• Atossa Soltani, Rainforest Action Network
• Chuck Weirman, Fiber Farm Manager, Timberland Resources, Boise Cascade Corp.
• Frank Werber, National Program Leader, Agricultural Research Service, United States

Department of Agriculture
• Bill Woods, Executive Director, Mississippi Delta Fiber Cooperative
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VII. APPENDIX B

Commercial and Research Activities in Non-wood Papermaking

1. Commercial Efforts to Use Non-wood Fibers for Papermaking

The following are examples of commercial kenaf operations that plant the crop and have
fiber separation facilities.  The kenaf is being used for papermaking as well as for other uses:187

• Kenaf International, McAllen, TX:
− sells bast fibers and produces potting medium, dry formed composites and wafer

board
− part of the Kenaf Demonstration Project (see below)

• Mississippi Delta Fiber Cooperative, Charleston, MS:
− separation facility uses aspects of cotton gin technology
− sells kenaf bast fibers for paper production to KP Products (see below), also produces

oil-absorbent pillows, potting medium, animal bedding, kenaf fiber mats impregnated
with grass seed for "roll and grow" lawns, poultry litter, stable bedding and packing
material

• Natural Fibers of Louisiana, Inc., Jeanerette, LA:
− developed a fiber separation process and was the first company to commercialize it
− holds U.S. and international patents to produce oil-absorbent products from kenaf core

fiber
− produces animal bedding and packing material from kenaf core fiber

Obviously, there are no commercial attempts to grow and pulp hemp in the U.S.
Hemcore Ltd. is an example of a commercial project in the United Kingdom.  The company was
founded in March 1993.  Hemcore is owned by Harlow Agricultural Merchants, a trading
company, and Robert Lukies, who owns a farming and seed processing business.  Hemp will be
grown by 20 farmers as a fiber source for paper, mainly specialty papers, as well as core fiber for
animal bedding.188

Two examples of commercial efforts in straw pulping are:

• Rye seed grass straw pulping at Weyerhaeuser Company, Springfield, OR, mill: 189

− The project started in 1992 and was supported by the USDA.  The current goal is to
produce paper in Weyerhaeuser facilities by 1997.  The initial capacity will be limited
to a few hundred tpd and will be increased depending on the success of the project.

− Rye seed grass straw is the largest single seed grass crop in the U.S. and is mainly
grown in the Willamette Valley in Oregon.  In the past, about 1,000,000 tons of rye
seed grass straw residue were burned annually in that area.  Open field burning
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following seed harvest was the standard management practice to remove the residues
for seed bed preparation and to control plant diseases.  Because of air pollution
concerns, legislation has been passed to prohibit open field burning.

− Using the straw for pulping appears to be the most economic solution to the disposal
problem for the farmer.  Alternatively, the straw could be flail-chopped and tilled back
into the soil.  This process is very labor and capital intensive and difficult in the soil
conditions of that area.  The cost estimate is $63 per acre.  Removing the straw for
pulping, including the application of fertilizer to compensate for the loss in soil
nutrients, costs $45 per acre.

− Weyerhaeuser plans to use the straw pulp as bulk material for its linerboard
production.  Currently, the linerboard includes 40-45% recovered fiber.  The goal is to
add initially 7-10% of seed grass pulp and to increase the content up to 15-20%.

− The company is testing rye seed grass straw with different pulping processes in
several of its worldwide facilities and working on various other technical problems in
straw procurement, such as dirt removal and storage, and in pulping, such as the silica
problem.

• Wheat straw pulping by Arbokem, Inc., Vancouver, Canada:
− Arbokem developed an agri-pulping process that uses potassium-based chemicals for

pulping.  The black liquor is to be used as fertilizer.
− The company operates a 3,000 metric tpy pulp mill in Vulcan, Alberta. 190

− The company has produced uncoated printing and writing paper with 80 brightness
and coated paper with 84 brightness from 45% TCF-bleached wheat straw pulp, 40%
ECF-bleached old corrugated containers and 15% calcium carbonate.

Companies selling non-wood papers include:

• Vision Paper, a subsidiary of KP Products, Inc., Albuquerque, NM:
− KP Products sells high-grade printing and writing paper made from kenaf bast fibers

of 80-85% purity.  The paper is acid-free, chlorine-free, and has 72 brightness and 94-
98% opacity.

− The fiber is purchased from the Mississippi Delta Fiber Cooperative and pulped by
P.H. Glatfelter (see Section IV.C.).

• Tree Free EcoPaper, Portland, OR: 191

− Tree Free EcoPaper sells printing and writing paper, including copier paper, notebook
filler paper, stationary, pads and high quality letterhead, made from hemp, straw,
agricultural residues and other non-wood fibers.  This company works with mills in
North America, Asia and Western Europe.  These 100% non-wood fiber papers are
acid-free and chlorine-free.

− The company is importing non-wood fiber pulp for paper production in the U.S. and is
planning a North American non-wood fiber pulping facility.
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• Tradition Bond :192

− Talking Leaves recently started selling high quality printing and writing paper made
from 80% non-wood fibers (flax bast fiber, hemp whole-stalk, esparto and cotton) and
20% recovered paper (postconsumer material).  The paper is designed to compete with
high-quality writing papers made from 100% cotton.

2. Research Projects in Non-wood Papermaking

The following are a few examples of research and development efforts to use non-wood fibers
for pulping and papermaking:

• Kenaf Demonstration Project:193

− The project was a common effort of the USDA, Kenaf International, Canadian
International Paper and Combustion Engineering's Sprout-Bauer Division in the mid-
1980s.

− The goal of the project was to prove the commercial viability of using whole-stalk
kenaf for the production of newsprint.  Had it been successful, it was anticipated that
the private sector would build a full-scale newsprint plant in the Lower Rio Grande
Valley in southern Texas.  Whole-stalk kenaf would have provided 90% or more of
the furnish.  Kenaf would have been grown in large dryland and irrigated plantations
in the area.  A chemi-thermomechanical pulping process was to be used.

− The task force completed successfully phase I and II of the project.  Phase I included a
series of trials to establish state-of-the-art technologies for harvesting (machinery and
methods adapted from other crops, mainly forage, cotton and sugarcane systems were
used), fiber handling, and pulping.  Pulping trials were done at CE Sprout-Bauer's
Pilot Test Facility in Springfield, OH.  The pulp was found to be of exceptional
quality compared to comparable wood-based furnishes.  High-speed paper machine
trials were done by the Beloit Corporation at their Rockton Research Center in
Rockton, IL. Phase I also included successful commercial pressroom runs of 50 tons
of kenaf newsprint at several major newspaper publishers.

− Phase II included the design, construction and field testing of a commercial harvesting
system that addressed all steps from plant and row spacing to delivering 10-14 inch
long kenaf stalk pieces to a paper mill.  The final design was a modified soldier-style
sugar cane harvester.

− Phase III would have included two parallel processes.  First, the USDA restarted the
agricultural research process, including plant breeding and genetics, and agronomy.
Second, the task force was looking for investors from the private sector to plan and
construct a newsprint mill.  However, because of the market conditions, the task force
was unable to raise the required investments for a full-scale or smaller scale newsprint
mill.  Attempts to obtain financing for this project are currently underway.194

• Mississippi Delta Project:
− The project was a cooperative effort between  the Tennessee Valley Authority,

Mississippi State University and the Mississippi Delta Fiber Cooperative.
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− The feasibility of a kenaf chemical pulp mill with a capacity of 100,000 tpy was
explored.  The project was dropped because of economics.

• Hemp was included in a study of 500 plants by the USDA Agricultural Research Service
as alternative fiber sources to wood in pulping and papermaking.195  We are not aware of
any other research done since then on the potential of hemp as a fiber source in the U.S.
A study done by the Dutch Agricultural Research Institute that explored various pulping
processes for the three different hemp fiber parts (whole-stalk, bast and core) is described
in Section V.A.



54

VIII. APPENDIX C

Current User Experiences with Paper Made from Non-woods
and Future Potential Non-wood Paper Applications

Various organizations in the environmental community currently use paper made from
kenaf.  A few examples follow:

• The Earth Island Journal, a California environmental magazine, had good experience
with the print quality of bleached kenaf paper that was used to print its spring 1993
issue.196

• the Earth Island Institute has continued to print its journal on this paper.
• A petition by Greenpeace regarding U.S. forest preservation was printed on kenaf paper.
• The National Audubon Society uses kenaf paper for its in-house needs.197    
• Heartwood, a group in the Midwest that is dedicated to the protection of the heartland

hardwood forest, published the first volume of its journal Bloodroot on kenaf paper in the
fall of 1995.

Vision Paper reports that several major printing companies including R.R. Donnelly and
Lithographix have successfully used its 100% kenaf paper for a range of projects.  A number of
businesses have also used kenaf paper:

• Kinko’s in Berkeley, CA, a photocopying shop, found the paper to run well on high-speed
copiers.

• Patagonia, a sport clothing manufacturer, liked the natural off-white color which is lower
in contrast and considered "easier on the eye."  However, the paper proved to be rougher
than wood-based paper and thus not as effective on automatic document feeders and fax
machines.198

• Harper Collins West published “Let the Mountains Talk, Let the Rivers Run,” on kenaf
paper.  This book, written by David Brower, the founder of Friends of the Earth and an
important force in the Sierra Club, was the first commercial scale book printed on
kenaf.199

• Esprit printed a complex four-color in-house magazine using a heat-set web printing
process.200

• Other corporations that have used kenaf paper include:201

− Warner Brothers Communications
− Sony Pictures
− JC Penney Corporation
− REI’s Mountain Safety Division

To better evaluate the potential of non-wood fibers from a functional point of view, more
paper users need to experiment with non-wood papers and more creativity in finding uses for
non-wood fibers is needed.  Instead of merely considering non-woods as a complete replacement
option for trees in certain paper applications, non-woods could play many different roles in
papermaking, such as:



55

• Sole fiber source: For instance, as shown by the Kenaf Demonstration Project, whole-
stalk kenaf can be used as the primary fiber furnish (85-95%) for newsprint (see Appendix
B).  The pulp was found to be of exceptionally high quality and could be produced with
less energy and at lower production cost than typical pine thermomechanical newsprint.202

KP Products Incorporated sells high-grade printing and writing paper from 100% kenaf
bast fibers produced by P.H. Glatfelter's specialty pulping division.

• Pulp enhancer: Long-fibered non-woods can be used to enhance short-fibered pulps, such
as recycled pulps.  With each reuse cycle, recovered fibers become shorter and produce a
lower-strength furnish.  Tear-improving reinforcement fibers such as kenaf, hemp or flax
bast fibers could be used in the future to compensate for this loss in strength.  These fibers
could be pulped without sulfur and bleached without chlorine.  Paper with higher recycled
content levels and similar strength characteristics compared to virgin paper could be
produced in this way.203  USDA research found that 25% kenaf bast pulp blended with
75% recycled newspapers yielded newsprint with acceptable properties.  Other successful
experiments included the production of bond, surface-sized, and coated papers.204  Even
short-fibered non-wood pulps can be considered as enhancers.  Incorporating wheat straw
pulp may improve formation and opacity in fine printing and writing papers.205  A project
of the University of Georgia and the Herty Foundation demonstrated that kenaf core pulp
can be used as the top layer of linerboard to improve surface properties.206

• Bulk material: Short-fibered non-woods such as straw pulps can be used as bulk additives
in virgin or recovered fibers.  For instance, unbleached wheat straw can be used as a filler
in virgin or recycled linerboard or corrugating medium.  Tests show that a 80/20 blend of
softwood kraft and wheat straw pulp has a similar bursting strength as 100% unbleached
kraft pulp.207  According to one expert, a non-wood industry consultant, up to 60-65 % of
straw pulp can be used for linerboard and grocery bags if mixed with long-fiber kraft pulp
and selected recovered fiber pulps.208  In the 1940s, wheat straw was a major fiber source
for corrugating medium.209 Weyerhaeuser Company is planning to use 7-10% (later to be
increased to 15-20%) of rye seed grass straw as a filler in its linerboard production in
Oregon (see Appendix B).210

• Mix with other non-woods: Finally, various long- and short-fibered non-woods can be
mixed for optimal characteristics.  For instance, papermakers may not use wheat straw
pulps as sole fiber source for commodity printing and writing papers.  Blended with other
long-fibered non-woods, however, wheat straw pulp can have acceptable tear and tensile
properties compared to hardwood/softwood pulp blends.  For instance, one researcher sees
potential for a 75-85% wheat straw/15-25% seed flax fiber mix to produce printing and
writing paper such as 20-lb photocopy paper.211

Table 13 shows examples of other potential paper applications for various non-wood
fibers based on functional considerations.  The listings are not based on current actual uses, nor
do they account for economic considerations.
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Table 13.   Potential nonwood paper applications
Furnish

Percent of
Fiber Type Paper Application Fiber Furnish Suggested Remaining Furnish

Main Types Kenaf (bast) Woodfree printing and writing 20-100 Woodpulp, bagasse, straw, reeds, or bamboo
Analyzed Mechanical printing and writing 20-50 20-40% woodpulp, balance mechanical pulp

Newsprint 20-30 Mechanical pulp from wood, bagasse or kenaf core
Multisack 50-100 Kraft pulp, bagasse or straw
Linerboard 50-100 Kraft pulp, bagasse, straw or recovered paper
Cigarette paper and other lightweight specialty paper 50-100 Woodpulp, flax, hemp or abaca
Tissue 60-90 Woodpulp, bagasse or straw
Bleached paperboard 50-100 Woodpulp, bagasse or straw

Kenaf (whole) Newsprint - chemi-mechanical 80-90 Woodpulp
Woodfree printing and writing - chemical 20-80 Woodpulp
Mechanical printing and writing - chemi-mechanical 20-50 Woodpulp
Corrugating medium 50-100 Recovered paper
Linerboard 40-50 Kraft pulp and recovered paper
Multi-wall sack 20-40 Kraft pulp
Tissue 50-60 Woodpulp
Bleached paperboard 40-50 Woodpulp

Hemp (bast) Cigarette paper 50-100 Woodpulp, bagasse, straw or kenaf bast fiber
Lightweight printing and writing 20-80 Woodpulp, flax, cotton pulp
Currency and security 60-80 Flax, cotton or woodpulp

Straw (wheat, Woodfree printing and writing 20-100 Woodpulp
other cereal, Mechanical printing and writing 20-50 20-40% woodpulp, balance groundwood
and rice) Glassine and greaseproof 30-90 Sulfite pulp

Corrugating medium 50-90 Recovered paper
Strawboard 80-100 Recovered paper
"B" quality wrapping 50-60 Recovered paper and/or woodpulp

Definition of Terms for Table:
[1] Nonwood plant fibers in furnish are chemical or semichemical pulps, unless specified otherwise.
[2] "Kraft" and "sulfite" mean softwood kraft and softwood sulfite - bleached, semibleached or unbleached according to the type of

paper.
[3] "Woodpulp" means softwood sulfite, softwood kraft, or a mixture of the two, or (if the non-wood plant fiber is very strong or

present in small proportion) a mixture of hardwood kraft with softwood kraft and/or softwood sulfite.
[4] “Woodfree" denotes a paper containing no mechanical pulp in its furnish.

Source: Joseph Atchison, Data on Non-Wood Plant Fibers, in: Secondary Fibers and Non-Wood Pulping, Table 13, p. 18ff.
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IX. APPENDIX D. EXPLANATION OF KEY TERMS AND ABBREVIATIONS

Note:  Terms listed and defined below are in boldface.  Terms which may be of particular
interest to the reader in a given context, but are not listed below, are in italics.

Adsorbable organic halogens (AOX):  Measure of
the total amount of halogens (chlorine, bromine and
iodine) bound to dissolved or suspended organic
matter in a wastewater sample.  For pulp, paper and
paperboard wastewaters, essentially all of the organic
substances measured as AOX are chlorinated
compounds that result from the bleaching of pulps
with chlorine and chlorinated compounds such as
chlorine dioxide and hypochlorite. AOX provides
information about the quantity of chlorinated organic
compounds in wastewater, and thus contains a broad
mix of compounds that have different chemical
properties.  The actual composition of AOX in pulp
mill effluent varies from mill to mill, depending on
the wood species used and the process parameters.

“Although AOX concentrations can be used to
determine the removal of chlorinated organics to
assess loading reductions, they do not provide
information on the potential toxicity of the effluent,
and therefore, are not appropriate to evaluate the
potential impacts on the environment.  Although no
statistical relationship has been established between
the level of AOX and specific chlorinated organic
compounds, AOX analysis can be an inexpensive
method for obtaining the ‘bulk’ measure of the total
mass of chlorinated organic compounds.” (U.S. EPA,
Regulatory Impact Assessment of Proposed Effluent
Guidelines and NESHAP for the Pulp, Paper and
Paperboard Industry, (Washington: Office of Water,
EPA-821-R93-020, November 1993), pp. 7-25 - 7-
26)

AF&PA:  The American Forest & Paper
Association.

Agricultural residues, fibers that are by-products of
the production of food and other crops that can be
used for papermaking.  (See Table 3 for examples)

Agri-pulping, chemical pulping process in which,
due to the pulping chemicals used, the black liquor
resulting from the pulping operation may be used as
fertilizer or for other agricultural purposes.

Air-dried metric tons (ADMT): Pulp with 10%
water content by weight.  One ADMT is equivalent
to 0.9 oven-dried metric ton of pulp (ODMT).

Air-dried tons of final product
(ADTFP/ADMTFP):  Tons or metric tons of final
product made at a mill.

Alcohol-based pulping, chemical pulping process in
which the pulping chemicals are diluted in alcohol
instead of water in order to simplify the chemical
recovery.

Alkaline papermaking:  Process of producing
papers under neutral or alkaline conditions.  The
major force behind the conversion from acid to
alkaline papermaking is the greater strength of the
alkaline sheet, which permits higher levels of clay
and calcium carbonate filler.  Additionally,
maintenance costs for alkaline papermaking are less
because such systems are less prone to corrosion, and
are more easily closed than acid systems.

Alum:  Also called aluminum sulfate.  (1) Chemical
release agent, used when pure fiber furnish is run at
low basis weight to prevent sticking to the paper
machine presses.  (2) Papermaking chemical
commonly used for precipitating rosin sizing onto
pulp fibers to impart water-resistant properties to the
paper.

American Forest & Paper Association:  The trade
association for the U.S. pulp, paper and forest
products industry.

Anaerobic:  Biochemical process or condition
occurring in the absence of oxygen.

Anthraquinone:  Chemical added to the digester
that increases the amount of lignin removed from
kraft pulp while maintaining its strength.

Ash:  Inorganic matter present in the paper sheet,
such as clay or titanium dioxide.

Base stock:  Paper that will be further processed, as
in coating or laminating.

Basis weight:  The weight of a ream (500 sheets) or
other standardized measure of a paper.  Calculations
are based on different sheet sizes, because paper
mills produce the larger-size sheets and then ship
them to converters, who cut the sheets to standard
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letter or legal sizes.  A proposed international
standard unit for basis weight is called grammage,
which is grams per square meter; this international
standard unit is not widely used in the U.S.

Bast fiber, component of bast fiber plant between the
outside bark of the plant and the inner stem.  Bast
fibers are very long and thus strong fibers.  The fiber
can be used for cordage or to give strength to pulps.
(See bast fiber plant)

Bast fiber plant, vegetable fiber plants can be
classified as long- and multi-celled, or as short- and
single-celled.  Within the long fiber category, hard
and soft fibers can be distinguished.  Bast fiber plants
can be classified as long and soft fiber plants.  The
fibers are obtained from the stems of the plant.  The
plant is composed of an outer bark, bast fibers and
core fibers.  Kenaf, hemp, flax and jute are examples
of bast fiber plants.

Beating:  The mechanical treatment given
papermaking materials to prepare them for forming
on the paper machine into paper or board of precise
characteristics.

Biochemical oxygen demand (BOD):  Amount of
oxygen required by aerobic (oxygen-requiring)
organisms to carry out normal oxidative metabolism
or the amount required by oxidation of metabolic by-
product from anaerobic organisms in water
containing organic matter.  Thus, BOD measures the
amount of dissolved organic material that is degraded
naturally once it enters a mill’s receiving waters.  For
regulatory purposes, BOD  is most often measured
over a five-day period in the United States.  The
BOD in a test bottle can consume oxygen well in
excess of 100 days, and the five-day test may capture
only 50-75% of the total  BOD.

Black liquor:  Spent, lignin-rich cooking liquor
generated in the kraft pulping process.

Bleached chemi-thermomechanical pulp:  A
stronger and brighter variation of chemi-
thermomechanical pulp (TMP), a pulp that reduces
energy consumption for certain paper grades by
combining thermal pretreatment with chemical
methods.

Bleaching:  Chemical treatment of pulp fibers for the
purpose of: (1) increasing pulp brightness, (2)
improving cleanliness by disintegrating contaminating
particles such as bark, and (3) improving brightness
stability by reducing the tendency of bleached pulp to

turn yellow.  Bleaching removes residual lignin
chemicals..

Bonding strength:  Cohesiveness of fibers within a
paper.  Paper with good bonding strength will not
pick during the printing process.

Book paper:  Also called text paper.  Any type of
paper suitable for printing, exclusive of newsprint
and boards.

Brightness:  Light-reflecting property of paper or
pulp.  Brightness measurements compare paper and
pulp with a reference standard (measured on a scale
of 1 to 100 where 100 represents the reflectance of
magnesium oxide).  Bleached kraft pulps range in
brightness from the low 80s to over 90.  Unbleached
mechanical pulps range from 55 to 62.

Bulk:  Thickness of a sheet of paper in relation to its
weight.

Bursting strength:  Measurement of the strength of
a piece of paper to withhold pressure.

Business papers:  Office papers such as
reprographic paper, letterhead, and envelopes
designed to run in copiers and laser and ink-jet
printers.  May include some offset grades such as
offset business forms and envelopes.

Caliper:  Sheet thickness measured under specified
conditions, usually expressed in thousandths of an
inch (points or mils).

Capacity:  The amount of pulp, paper or paperboard
that a  paper machine or mill is capable of producing
over an extended  period of time with the full use of
its equipment, adequate raw materials and labor and
full demand for its products.  Capacity is often
slightly higher than actual production.

Carbon black:  Finely processed forms of carbon
derived from the incomplete combustion of natural
gas or petroleum; used principally in ink and rubber.

Carbon dioxide (CO2):  Greenhouse gas associated
with global climate change that results from the
complete combustion of biomass and fossil fuels.

Cellulose:  Polymer of sugar units that forms
transparent, hollow and flexible tubes.  It is the most
abundant natural polymer produced by plants.
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Chemi-thermomechanical pulp (CTMP):
Variation of thermomechanical pulp (TMP)
produced by pulping that reduces energy
consumption for certain paper grades by combining
thermal pretreatment with chemical methods.  A
stronger and brighter version of CTMP is bleached
chemi-thermomechanical pulp (BCTMP).

Chemical oxygen demand (COD):  Amount of
oxidizable compounds (composed of carbon and
hydrogen) present in the water.  Since an effluent-
treatment system removes most of the organic
material that would be degraded naturally in the
receiving waters, the COD of the final effluent
provides information about the quantity of more
persistent substances discharged into the receiving
water.

Chemical pulp:  Pulp produced from wood that has
been cooked with various chemicals; used to produce
many grades of printing papers and some paperboard
grades, such as SBS.

Clarifier:  Process water storage tank in which
suspended solids are allowed to settle.

Clay:  Natural, fine-grained material used as filler
and as coating pigments in paper manufacture.

Clean Air Act:  Federal statute that gives the U.S.
Environmental Protection Agency the authority to
regulate emissions of air pollutants from all sources
in the United States.  The purpose of the statute is to
protect and enhance the quality of the nation’s air
resources.  42 U.S.C. &&7401 to 7642.

Clean Water Act:  Federal statute that gives the U.S.
Environmental Protection Agency the authority to
regulate discharges of pollutants from all sources into
the waters of the United States.  The purpose of the
statute is to restore and maintain the chemical,
physical and biological integrity of the nation’s
waters.  33 U.S.C. && 1251 to 1387.

Coated freesheet:  Coated papers containing 10%
or less of mechanical pulp (mostly stone
groundwood and/or refiner) in their furnish.

Coated groundwood:  Coated papers containing
more than 10% mechanical pulp (mostly stone
groundwood and/or refiner).  Coated groundwood
papers also contain softwood bleached kraft pulp to
minimize breaks in the printing press.

Coated paper:  Paper or paperboard that has been
coated to improve printability and appearance.
Paper may be coated on one or both sides.

Coating:  (1) Act of applying a coating to the surface
of paper or paperboard.  (2) Material used as a
coating; clay is the most commonly used coating.

Color:  Used to describe colored wastewater
discharge from chemical pulping, pulp bleaching or
colored-paper manufacture.  The wastewater is
colored by the lignin and lignin derivatives present in
spent cooking liquors.

Commodity grade:  Mass-produced paper grades,
typically made at large pulp and paper mills.
Includes grade with more than 1.5 million tons per
year of total production in the United States, such as
linerboard, newsprint, and the major uncoated
freesheet grades (e.g., 20 lb. cut-size, 50 lb. offset).

Consistency:  The percentage of  cellulose fibers in a
pulp slurry.

Containerboard: Single-ply and multi-ply
combinations of linerboard and corrugating
medium used to make boxes and other shipping
containers.

Cook:  To treat wood with chemicals, under pressure
and/or extreme heat, to produce pulp for making
paper and paperboard.

Cooking liquor:  Chemical solution used to pulp
wood.

Core fiber, fiber in the stem of bast fiber plants.
Core fibers are very short fibers and thus produce a
weak paper furnish.  Some core fibers are good
absorbents.  They can also be used for papermaking.
(See bast fiber plant)

Corrugating medium:  Paperboard (made from
chemical, semi-chemical and/or recycled pulps) that
is passed through a fluting machine and used as the
middle layer of corrugated boxes.

Decortication, mechanical process used to separate
fibers in bast plant fibers. (See fiber separation)

Deinked Market Pulp (DMP):  Pulp made from
recovered paper by mills that receive high-grade
recovered papers  and remove the ink and
contaminants.  DMP is produced in sheets as wet-lap
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pulp (about 50% moisture) or air-dried form and is
sold to paper producers who blend it with virgin pulp
for use on existing paper machines.

Deinking:  Separation and removal prior to paper
formation of ink and other contaminants from
wastepaper slurry by screening, washing, flotation,
chemical treatment and bleaching.

Delignification:  The process of removing lignin
from wood or non-wood fibers.

Digester:  Pressurized vessel in which wood chips
are cooked to separate fibers from each other and to
remove contaminants.  Because of the generally
lower density of non-wood fibers, continuous
digesters seem to be more appropriate for non-woods
than batch digesters.  In continuous digesters, new
fibers and chemicals are continuously fed through a
series of tubes, often horizontally.  For wood chips,
typically vertical digesters are used.  In batch
digesters, wood fibers and chemicals are placed into
the cooking equipment in batches.

Dioxins:  A group of persistent, toxic substances,
including furans, that are produced in trace amounts
when unbleached pulp is exposed to elemental
chlorine.  Term used to describe the families of
chemicals known as chlorinated dibenzo-p-dioxins
and dibenzo-p-furans.  These families consist of 75
different chlorinated dibenzo-p-dioxins and 135
different chlorinated dibenzo-p-furans.  These
molecules can have from one to eight chlorine atoms
attached to a planar carbon skeleton.  2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-
tetrachlorodibenzofuran (TCDF) are two of the most
toxic members of this family of compounds.  If
dioxins are detected in the releases from bleaching
processes that expose unbleached pulp to elemental
chlorine, the dioxins are most likely to be TCDD and
TCDF.

Effluent:  Wastewater that has been discharged
either to a sewer or to a stream or other body of
water.

Elemental chlorine:  Chlorine gas (Cl2).

Elemental chlorine-free (ECF):  Bleaching
processes that substitute chlorine dioxide for
elemental chlorine and sodium hypochlorite in the
bleaching process.

Fiber furnish:  The pulps used to make paper or
board.

Fiber separation, to use the bast and core fibers in
bast fiber plants separately, two processes of fiber
separation are required.  First, microorganisms soften
the bonds between the bast and the core fibers.  This
can be facilitated by human intervention ("biological"
fiber separation).  Second, the fibers have to be taken
apart physically, which is mainly done by beating the
fibers ("mechanical" fiber separation).  The
mechanical fiber separation is generically called
decortication.  For hemp, the first process is called
retting and the second process decortication.  For
kenaf, the first process typically occurs by itself after
the plant has been cut and left in the fields, the
second process is referred to as decortication or
simply as fiber separation.

Filler:  (1) Substances, such as clay, precipitated
calcium carbonate, and other white pigments, added
to pulp to improve a paper's printability.  (2) Inner
layers of multi-ply paperboards.

Filtrate:  Water that is either pressed or washed out
of the pulp during the pulping and bleaching; once
the water has been discharged to a sewer it becomes
effluent.

Fine papers: Printing and writing paper grades.

Fourdrinier machine:  Paper machine comprised of
a rapidly moving horizontal screen fitted with a
headbox to meter the pulp onto the wire.

Freesheet: Paper that contains less than 10%
groundwood pulp.

Freeness:  Also called drainage.  Ability of pulp and
water mixture to release or retain water.

Functionality:  Ability of a paper product to meet
the user’s performance requirements, such as
running in office equipment, on an offset printing
press, packaging consumer and industrial items,
presenting a product or communication with a
customer, and meeting the needs of the ultimate user.

Furans:  See dioxins.

Furnish:  Also called stock.  Various pulps, dyes
and additives blended together in the stock
preparation area of a paper mill, and fed to the wet
end of a paper machine to make paper or paperboard.
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Groundwood pulp:  Mechanical pulp produced by
grinding pulpwood against a revolving grindstone, in
the presence of water.

Hardwood:   Technically, a dicotyledonous tree.
Hardwoods typically have broad leaves and are often
deciduous (they lose their leaves during winter); e.g.,
maple, oak, aspen, cherry and ash.

Headbox:  Box at the head of a fourdrinier
machine that regulates the flow of pulp to the
machine wire.

Integrated:  A mill that has facilities for producing
both pulp and paper at the same site.

Kraft mill:  Mill that produces kraft pulp.

Kraft pulp:  Also called sulfate pulp.  Chemical
pulp made using an alkaline cooking process with
sulfur compounds.  This pulp can be bleached or
unbleached and is noted for its strength.

lbs/in:  Pounds-force per square inch.  A measure of
bursting strength.

Leaf fiber plant, vegetable fiber plant with long
fibers that mainly grow in the tropics.  The fibers are
obtained from the leaves and mainly used in cordage.
Abaca and sisal are leaf fiber plants. (See bast fiber
plant for vegetable fiber classification)

Lightweight paper:  Paper manufactured in weights
below the minimum basis weight considered
standard for that grade.  High-brightness, high-
opacity paper used by publishers of magazines,
directories, Bibles, hymnals, reference books and
catalogs.

Lignin:   Complex organic material that binds
together fibers in trees and woody plants.

Linerboard:  Paperboard made from unbleached
kraft pulp, recycled fibers, or a combination of the
two, used to line or face corrugated board (on both
sides) to form corrugated boxes and other shipping
containers.

Market pulp: Pulp sold on the open market; virgin
market pulp is air-dried and wrapped; deinked
market pulp can be sold in air-dried or wet-lapped
(partially dry) form.

Mechanical pulp:  Pulp produced by shredding
pulpwood logs and chips using mechanical energy
via grindstones (groundwood pulp) or refiners
(thermomechanical pulp).

Moisture content:  Percentage of moisture, by
weight, found in a sheet of paper or paperboard, e.g.,
generally ranging from 5% to 8% in copy paper.

Office Paper:  Wastepaper generated by offices,
including stationery and computer paper.

Opacity: Also called show-through.  Degree to
which one is unable to see through the sheet;
measured by the amount of light that transmits
through a sheet. Opacity is a function of the type and
amount of fiber, basis weight, sheet compaction,
void volume and the inclusion of various fillers in
the paper.  Paper can have a maximum opacity of
100%, in which no light is transmitted at all.  For
duplexing and double-sided printing, opacity is an
important characteristic.

Oven-dried ton/metric ton of pulp
(ODTP/ODMTP):  The moisture content of oven-
dried pulp is zero.  Air-dried pulps have about a 10%
moisture content

Ozone (O3):  Powerful oxidizing agent used in
bleaching processes to remove lignin and colored
substances from pulp.  Ozone is formed by passing
electricity through a stream of oxygen gas.  Low-
level atmospheric ozone  is a pollutant in smog that
results from the reaction of nitrogen oxides and
volatile organic compounds with sunlight.

Paper machine:  Machine on which pulp is made
into paper; a sheet is , dried and wound on rolls. (See
cylinder machine and fourdrinier machine.)

Paper:  Medium formed primarily from  cellulose
fibers in a water suspension, bound together with
additives and formed on a wire machine.  General
term designating one of the two broad classifications
of paper; the other is paperboard.

Paperboard:  Comparatively thick, strong paper
used to make such products as packaging, corrugated
boxes, folding cartons and set-up boxes.

Persistence:  Ability of a substance  to remain active
over a period of time.
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Point:  One thousandth of an inch equals one point;
used to denote the caliper measurement of paper and
paperboard.

Postconsumer fiber:  Finished paper products that
have been sold in commerce and have served their
original purpose.  As contained in the Resource
Conservation and Recovery Act (RCRA),
postconsumer material is "paper, paperboard and
fibrous wastes from retail stores, office buildings,
homes and so forth after they have passed through
their end-usage as a consumer item, including used
corrugated boxes, old newspapers, old magazines,
mixed waste paper, tabulating cards and used
cordage; and all paper, paperboard and fibrous
wastes that enter and are collected  from municipal
solid waste".

Printing and writing papers:  Broad category
defined by the American Forest & Paper Association
to include coated and uncoated freesheet and coated
and uncoated groundwood grades; it excludes
newsprint.

psi:  Pounds pressure per square inch.

Publication papers:  Paper grades used in
magazines, books, catalogs, direct mail, annual
reports, brochures, advertising pieces and other
publication and commercial printing products.

Pulp:  Cellulose fiber material, produced by
chemical or mechanical means, from which paper
and paperboard are manufactured.  Sources of
cellulose fiber include wood, cotton, straw, jute,
bagasse, bamboo, hemp and reeds.

Purchased energy consumption: Amount of
purchased electricity and fossil fuels that mills use to
run the equipment and to generate process steam.
Cogeneration and more efficient combustion of
lignin and other wood waste decreases the purchased
energy consumption of the mill.

Recovered paper :  Paper collected for the purposes
of recycling.

Recycled-content paper:  Paper that contains come
recycled fibers.

Refiner mechanical pulp (RMP):  Mechanical
pulp made using a single-disk or double-disk refiner.

Retting, biological process used to separate fibers in
hemp and other bast fiber plants.  Various methods

can be distinguished.  Dew retting is the most widely
used method because it can be mechanized and is
cheaper than water retting.  However, it also
produces the coarsest fibers.  The hemp is spread in
the fields in uniform layers.  Soil microorganisms
separate the bast fibers from the stem.  The process
takes about four to six weeks and the stalks have to
be turned to improve the fiber quality.  It is the most
common method used in Russia.  Water retting is
mainly used in Italy, Spain, Hungary and to some
extent in Russia.  The hemp is put into water-filled
ditches or ponds with an average depth of two
meters. (See fiber separation)

Root nematode,  soil borne worms which feed on
the roots of some plants, such as  kenaf and hemp.

Runability:  Paper properties that affect the ability of
the paper to run in office equipment and printing
presses.

Secondary treatment:  Wastewater treatment
systems that use microorganisms to convert the
dissolved organic waste in the effluent into a more
harmless form. Although primarily designed to
remove BOD, secondary treatment also reduces the
loading of COD and AOX.

Seed hair fiber plant, vegetable fiber plant with
soft fibers.  Cotton is the main seed hair fiber plant
that is being used commercially.  (See bast fiber plant
for vegetable fiber classification)

Semi-chemical:  Pulp made by a combination of
mechanical and chemical processes; typically used to
make corrugating medium.

Sheet:  Term applied to a single sheet, a paper grade
or a description of the paper; i.e., coated, uncoated,
or offset.

Silica, dioxide of silicon (SiO2) that is not water
soluble.  The high silica content in grass plants such
as straw leads to problems in chemical pulping (See
Section V.B.)

Slurry:  Watery suspension of fibers or pigment used
in papermaking or coating, respectively.

Smoothness:  May be measured by the degree of
resistance that the paper provides to air moving
across its surface.  Smoothness influences print
quality, ink holdout and transport of paper through
machine.  The degree of smoothness of an uncoated
grade of paper is determined by fiber species, fiber
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length and finishing processes such as surface sizing
and calendering.

Softwood:   Coniferous usually evergreen tree that
has needles or scale-like leaves; e.g., pine, Douglas
fir and spruce.

Stone groundwood pulping (SGW):  Process of
pressing logs against a grindstone while a stream of
water wets the stone and removes the pulp.  This
process has the highest yield 93 - 96% of all pulping
processes, but it also produces the weakest pulp.

Strength:  Generally three types of strength are
measured: folding, tensile and tear.  Strength is
important so paper can run through machines without
tearing and can withstand folding without cracking.
A paper's strength is determined by interfiber
bonding during sheet formation, fiber strength, the
type of fibers and filler in the sheet, basis weight of
the sheet and the degree of refining.

Sulfate pulp:  See kraft pulp.

Sulfite pulping:  Pulp produced with sulfur dioxide
and calcium, magnesium, ammonium or sodium
bases.  The pulp can be produced at different pH
levels.  The higher the pH, the stronger the pulp
produced.  At pH = 14, the strength of sulfite pulp
equals that of kraft pulp.

Tear strength:  Indicator of the fiber length and the
uniformity in refining and formation of a paper
sheet.  Tear strength is especially important to
printers and lithographers.  It is determined by a test
that measures the average force in grams required to
tear a single sheet of paper once the tear has been
started.

Tensile strength:  Defined as the maximum force
required to break a paper strip of a given width under
prescribed laboratory conditions; measured as the
force (pounds per inch) per unit width of a sample
that is tested to the point of rupture.

Text paper:  General term applied to various grades
of printing papers that are made specifically for
books.

Thermomechanical pulp (TMP):  Pulp produced
from wood chips that have been exposed under
pressure to superheated steam.  The heat softens the
lignin, which allows fiber separation with less
damage than in purely mechanical pulping.  TMP
processes use a refiner that consists of one or two

rotating serrated disks to separate the fiber in wood
chips.  TMP processes reduce the energy requirement
of the refining process and increase the strength of
the pulp.  Typical pulp yields range from 90% to
95%.

Total energy consumption:  Energy, including
electricity and all forms of fuels,  consumed to
produce a ton of pulp or paper.

Total reduced sulfur compounds (TRS):  Mix of
organic compounds that cause the odor associated
with kraft pulp mills.  These compounds include
hydrogen sulfide, dimethyl sulfide, dimethyl
disulfide and methyl mercaptan.

Total suspended solids (TSS):  Amount of solids in
the effluent.  They can eventually settle on the
bottom of a mill's receiving water and affect the
habitat of bottom-living organisms.  Well-operated
treatment systems remove most of these solids.
Concern remains, however, because heavy metals,
dioxins and other unchlorinated compounds can be
adsorbed onto the remaining suspended solids.

Toxic equivalence (TEQ):  The EPA uses toxic
equivalence factors (TEFs) to estimate the relative
toxicity of different members of the dioxin and
furan families, because they produce similar toxic
effects, but at different doses.  E.g., TCDD is the
most toxic member of the dioxin and furan family
and is assigned a toxic equivalence factor of 1.0,
while the less toxic TCDF is assigned a toxic
equivalence factor of 0.10.  Using these factors, the
sum of the toxicity of one gram of TCDD and one
gram of TCDF would be equal to 1.1 grams TEQ of
TCDD.

Unbleached:  Paper or paperboard made from
unbleached pulp.

Uncoated freesheet:  Bleached uncoated printing
and writing papers containing not more than 10%
groundwood or other mechanical pulp.

Uncoated:  Paper or board that has not been coated.
Uncoated paper grades are made in a variety of
finishes.

Uncoated groundwood papers:  Papers containing
more than 10% mechanical pulp (stone
groundwood, refiner or thermomechanical) in their
furnish, excluding newsprint.



64

Volatile organic compounds (VOCs):  Broad class
of organic gases, such as vapors from solvents and
gasoline that react with nitrogen oxides in the
atmosphere to form low-level atmospheric ozone .

Whole-stalk, refers in this paper to the use of the
whole stem, i.e. of bast and core fibers in bast fiber
plants, for pulping and papermaking.

Xylem, woody tissue of plant that gives firmness and
conducts water and dissolved substances chiefly
upward through roots, stems, leaves and flower
stalks.
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X. APPENDIX E

List of Other 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
Paper 3)

Economics of Manufacturing Virgin and Recycled-Content Paper (White Paper 9)

Forest Management

Environmental Issues Associated with Forest Management(White Paper 4)

Economic Considerations in Forest Management (White Paper 11)

Pulp and Paper Manufacturing

Environmental Comparison of Bleached Kraft Pulp Manufacturing Technologies (White Paper
5)

Economics of Kraft Pulping and Bleaching (White Paper 7)
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Environmental Comparison - Manufacturing Technologies for Virgin and Recycled-Content
Printing and Writing Paper (White Paper 10A)

Environmental Comparison - Manufacturing Technologies for Virgin and Recycled Corrugated
Boxes  (White Paper 10B)

Environmental Comparison - Manufacturing Technologies for Virgin and Recycled Coated
Paperboard for Folding Cartons (White Paper 10C)

Comparison of Kraft, Sulfite and BCTMP Pulp and Paper Manufacturing Technologies  (White
Paper 12)

Non-wood Plant Fibers as Alternative Fiber Sources for Papermaking (White Paper 13)
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vvaann  RRooeekkeell,,  JJrr..,,  ""HHeemmpp  PPuullpp  aanndd  PPaappeerr  PPrroodduuccttiioonn,,””  pp..  1122ffff..    OOnnee  ssuurrvveeyy  oonn  ppoolllluuttaanntt  llooaaddss  ffrroomm  ppaappeerr  mmiillllss  iinn
IInnddiiaa  ccoommppaarreess  1155--3300  ttppdd  mmiillllss  uussiinngg  aaggrriiccuullttuurraall  rreessiidduueess  wwiitthhoouutt  cchheemmiiccaall  rreeccoovveerryy  aanndd  110000--220000  ttppdd  mmiillllss
uussiinngg  wwoooodd  wwiitthh  ccoonnvveennttiioonnaall  cchheemmiiccaall  rreeccoovveerryy..    TThhee  llooaaddss  ooff  ssuussppeennddeedd  ssoolliiddss,,  bbiioollooggiiccaall  ooxxyyggeenn  ddeemmaanndd
aanndd  cchheemmiiccaall  ooxxyyggeenn  ddeemmaanndd  aarree  aabboouutt  ssiixx  ttiimmeess  hhiigghheerr,,  aanndd  ccoolloorr  iiss  aabboouutt  1100  ttiimmeess  ddaarrkkeerr  aatt  tthhee  nnoonn--wwoooodd--
bbaasseedd  mmiillllss  tthhaann  aatt  tthhee  wwoooodd--bbaasseedd  mmiillllss  wwiitthh  rreeccoovveerryy  ssyysstteemm..    NN..SS..  SSaaddaawwaarrttee,,  ““BBeetttteerr  TTeecchhnnoollooggyy  NNeeeeddeedd  ttoo
CClleeaann  UUpp  NNoonn--wwoooodd  FFiibbeerr,,””  pp..  8844ffff..

1155 JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd  FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee
PPuullppss"",,  PPrreesseennttaattiioonn  aatt  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn  11999944  PPuullpp  aanndd  FFiibbeerr  FFaallll  SSeemmiinnaarr,,  TTuuccssoonn
AArriizzoonnaa,,  NNoovveemmbbeerr  1144--1166,,  11999944..

1166 DD..KK..  MMiissrraa,,  ""CCeerreeaall  SSttrraaww,,””  SSeeccoonnddaarryy  FFiibbeerrss  aanndd  NNoonn--wwoooodd  PPuullppiinngg,,  pp..  8822..

1177 JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd  FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee
PPuullppss..””

1188 MMaarrttiinn  MMaaccLLeeoodd,,  ""NNoonn--wwoooodd  FFiibbeerr::  NNuummbbeerr  22,,  aanndd  TTrryyiinngg  HHaarrddeerr"",,  IInntteerrvviieeww  wwiitthh  JJoosseepphh  AAttcchhiissoonn,,  JJoosseepphh  EE..
AAttcchhiissoonn  CCoonnssuullttaannttss,,  IInncc..,,  TTAAPPPPII  JJoouurrnnaall,,  7711((88))::  5500ffff  ((11998888));;  JJoosseepphh  AAttcchhiissoonn,,  ""AAlltteerrnnaattiivveess  ttoo  WWoooodd  FFiibbeerrss
--  RReeaall  oorr  IImmaaggiinnaarryy"",,  PPrreesseennttaattiioonn  aatt  tthhee  IInnssttiittuuttee  ooff  PPaappeerr  SScciieennccee  aanndd  TTeecchhnnoollooggyy,,  AAttllaannttaa,,  GGAA,,  OOccttoobbeerr  66--1188,,
11999911..

1199 JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd  FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee
PPuullppss..””

2200 JJoosseepphh  AAttcchhiissoonn,,  ""AAlltteerrnnaattiivveess  ttoo  WWoooodd  FFiibbeerrss  --  RReeaall  oorr  IImmaaggiinnaarryy..””

2211 UU..SS..  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  IInndduussttrriiaall  UUsseess  ooff  AAggrriiccuullttuurraall  MMaatteerriiaallss  --  SSiittuuaattiioonn  aanndd  OOuuttllooookk  RReeppoorrtt,,
CCoommmmooddiittiieess  EEccoonnoommiiccss  DDiivviissiioonn,,  EEccoonnoommiicc  RReesseeaarrcchh  SSeerrvviiccee,,  UUSSDDAA,,  JJuunnee  11999933,,  pp..  2222ffff..

2222 SSooddaa  oorr  kkrraafftt  nnoonn--wwoooodd  mmiillllss  iinn  tthhee  UUnniitteedd  SSttaatteess  tthhaatt  ddoo  nnoott  hhaavvee  rreeccoovveerryy  ssyysstteemmss  sseenndd  tthheeiirr  bbllaacckk  lliiqquuoorr  ttoo
mmiillllss  tthhaatt  hhaavvee  eexxcceessss  rreeccoovveerryy  bbooiilleerr  ccaappaacciittyy..    TThheessee  mmiillllss  pprroocceessss  tthhee  bbllaacckk  lliiqquuoorr  aanndd  rreettuurrnn  ggrreeeenn  oorr  wwhhiittee
lliiqquuoorr  ttoo  tthhee  nnoonn--wwoooodd  mmiillll..    IInn  tthhee  ffuuttuurree,,  wwoooodd--bbaasseedd  kkrraafftt  mmiillll  mmaayy  nnoott  hhaavvee  tthhee  rreeccoovveerryy  bbooiilleerr  ccaappaacciittyy
aavvaaiillaabbllee  ttoo  pprroocceessss  tthhiiss  bbllaacckk  lliiqquuoorr..

2233 GGeerrrriitt  vvaann  RRooeekkeell,,  JJrr..,,  ""HHeemmpp  PPuullpp  aanndd  PPaappeerr  PPrroodduuccttiioonn””,,  pp..  1122ffff;;  mmeeeettiinngg  wwiitthh  FFrraannkk  RRiicccciioo,,  JJrr..,,  OOccttoobbeerr  2266,,
11999944..

2244 GGoorrddoonn  FFiisshheerr,,  ""AAvvaaiillaabbiilliittyy  ooff  KKeennaaff  FFiibbeerrss  ffoorr  tthhee  UU..SS..  PPaappeerr  IInndduussttrryy,,""  TTAAPPPPII  PPrroocceeeeddiinnggss  ooff  tthhee  11999944
PPuullppiinngg  CCoonnffeerreennccee  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11999944)),,  pp..  9911ffff..    ((PPrroocc..  11999944  PPuullppiinngg  CCoonnffeerreennccee,,  hheerreeaafftteerr))

2255 MMaarrttiinn  SScchhrrooeetteerr,,  ""UUssee  ooff  KKeennaaff  ffoorr  LLiinneerrbbooaarrdd  QQuuaalliittyy  EEnnhhaanncceemmeenntt,,""  PPrroocc..  11999944  PPuullppiinngg  CCoonnffeerreennccee
PPrroocceeeeddiinnggss,,  pp..  9955..    TThhee  ffoolllloowwiinngg  aaccrreeaaggeess  wweerree  ggiivveenn::  MMiissssiissssiippppii  22,,000000,,  TTeexxaass  11,,220000,,  CCaalliiffoorrnniiaa  556600,,
LLoouuiissiiaannaa  226600,,  NNeeww  MMeexxiiccoo  220055,,  GGeeoorrggiiaa  113300,,  aanndd  AArrkkaannssaass,,  FFlloorriiddaa  aanndd  HHaawwaaiiii  ttooggeetthheerr  2200..

2266 JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd  FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee
PPuullppss..””

2277 JJeeaann  RRaawwssoonn,,  ""GGrroowwiinngg  MMaarriihhuuaannaa  ((HHeemmpp))  ffoorr  FFiibbeerr::  PPrrooss  aanndd  CCoonnss,,""  CCoonnggrreessssiioonnaall  RReesseeaarrcchh  SSeerrvviiccee  RReeppoorrtt
ffoorr  CCoonnggrreessss,,  JJuunnee  1177,,  11999922,,  pp..  11..
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2288 JJaammeess  DDeemmppsseeyy,,  ““HHeemmpp..””  pp..  5522..

2299 TThhee  aassssuummeedd  ppuullpp  yyiieelldd  ooff  3333%%  iiss  bbaasseedd  oonn  rraaww  ssttrraaww..    TThhee  ppuullpp  yyiieelldd  ttaakkeess  iinnttoo  aaccccoouunntt  lloosssseess  iinn  ssttoorraaggee,,
cclleeaanniinngg  aanndd  pprreeppaarraattiioonn  ooff  tthhee  ssttrraaww  ffoorr  ppuullppiinngg..    JJoosseepphh  AAttcchhiissoonn,,  ""DDaattaa  oonn  NNoonn--WWoooodd  PPllaanntt  FFiibbeerrss,,""  iinn
SSeeccoonnddaarryy  FFiibbeerrss  aanndd  NNoonn--WWoooodd  PPuullppiinngg,,  TTaabbllee  77,,  pp..  77  aanndd  lleetttteerr  ffrroomm  JJoosseepphh  AAttcchhiissoonn,,  SSeepptteemmbbeerr  1155,,  11999955..

3300 AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  PPaappeerr,,  PPaappeerrbbooaarrdd  aanndd  WWoooodd  PPuullpp,,  11999944  SSttaattiissttiiccss  --  DDaattaa  TThhrroouugghh
11999933,,  WWaasshhiinnggttoonn,,  DDCC,,  11999944,,  pp..  5544..

3311 JJaayy  JJeeyyaassiinnggaamm,,  ""AAppppllyyiinngg  CCoorrrreecctt  RRaaww  MMaatteerriiaall  PPrreeppaarraattiioonn  MMeetthhooddss  ffoorr  SSttrraaww  PPuullppiinngg"",,  TTAAPPPPII  PPrroocceeeeddiinnggss
ooff  tthhee  11999922  PPuullppiinngg  CCoonnffeerreennccee  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11999922)),,  pp..  441199ffff..

3322 IIbbiidd..;;  JJoosseepphh  AAttcchhiissoonn,,  ""AAlltteerrnnaattiivveess  ttoo  WWoooodd  FFiibbeerrss  --  RReeaall  oorr  IImmaaggiinnaarryy..””

3333 JJaayy  JJeeyyaassiinnggaamm,,  ""AAppppllyyiinngg  CCoorrrreecctt  RRaaww  MMaatteerriiaall  PPrreeppaarraattiioonn  MMeetthhooddss  ffoorr  SSttrraaww  PPuullppiinngg””;;    DD..KK..  MMiissrraa,,
""CCeerreeaall  SSttrraaww,,””  pp..  8822ffff..

3344 JJaayy  JJeeyyaassiinnggaamm,,  ""AAppppllyyiinngg  CCoorrrreecctt  RRaaww  MMaatteerriiaall  PPrreeppaarraattiioonn  MMeetthhooddss  ffoorr  SSttrraaww  PPuullppiinngg,,"";;  tteelleepphhoonnee
iinntteerrvviieeww  wwiitthh  JJoohhnn  MMccCClloosskkeeyy,,  PPEEAADDCCOO  ((PPrroocceessss  EEvvaalluuaattiioonn  aanndd  DDeevveellooppmmeenntt  CCoorrppoorraattiioonn)),,  NNoovveemmbbeerr  3300,,
11999944..

3355 LLeetttteerr  ffrroomm  RRoobbeerrtt  HHuurrtteerr,,  SSeepptteemmbbeerr  2255,,  11999955..

3366 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  MMaarrttiinn  SScchhrrooeetteerr,,  AAssssiissttaanntt  DDiirreeccttoorr,,  RReesseeaarrcchh  aanndd  DDeevveellooppmmeenntt,,  HHeerrttyy  FFoouunnddaattiioonn
RReesseeaarrcchh  aanndd  DDeevveellooppmmeenntt  CCeenntteerr,,  OOccttoobbeerr  55,,  11999944..

3377 LLeetttteerr  ffrroomm  DDaanniieell,,  UUnniitt  CCoooorrddiinnaattoorr  PPrroodduuccttss  aanndd  PPrroocceesssseess,,  CCooooppeerraattiivvee  SSttaattee  RReesseeaarrcchh,,  EEdduuccaattiioonn  aanndd
EExxtteennssiioonn  SSeerrvviiccee,,  UUnniitteedd  SSttaatteess  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  OOccttoobbeerr  22,,  11999955..

3388 TTeelleepphhoonnee  iinntteerrvviieeww,,  DDaavviidd  KKiisssseell,,  UUnniivveerrssiittyy  ooff  GGeeoorrggiiaa,,  MMaarrcchh  77,,  11999966..

3399 GGeerraalldd  TToouuzziinnsskkyy,,  ""KKeennaaff"",,  SSeeccoonnddaarryy  FFiibbeerrss  aanndd  NNoonn--wwoooodd  PPuullppiinngg,,  pp..  110066ff..

4400 BBiillll  GGiivvaann,,  UUnniivveerrssiittyy  ooff  GGeeoorrggiiaa,,  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurraall  EEccoonnoommiiccss,,  NNoovveemmbbeerr  1100,,  11999944..

4411 AAnnddrreeww  KKaallddoorr,,  ““KKeennaaff  --  AA  FFuuttuurree  FFiibbeerr  ffoorr  tthhee  NNoorrtthhwweesstt,,””  PPrreesseennttaattiioonn  aatt  tthhee  11999944  TTAAPPPPII  PPaacciiffiicc  SSeeccttiioonn
SSeemmiinnaarr,,  SSeepptteemmbbeerr  1155--1166,,  11999944;;  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  DDaanniieell  KKuugglleerr,,  UUnniitteedd  SSttaatteess  DDeeppaarrttmmeenntt  ooff
AAggrriiccuullttuurree,,  NNoovveemmbbeerr  3300,,  11999944  aanndd  BBiillll  WWooooddss,,  EExxeeccuuttiivvee  DDiirreeccttoorr,,  MMiissssiissssiippppii  DDeellttaa  FFiibbeerr  CCooooppeerraattiivvee,,
NNoovveemmbbeerr  99,,  11999944..

4422 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  CChhaarrlleess  CCooookk,,  RReesseeaarrcchh  GGeenneettiicciisstt,,  AAggrriiccuullttuurraall  RReesseeaarrcchh  SSeerrvviiccee,,  CCoonnsseerrvvaattiioonn  &&
PPrroodduuccttiioonn  SSyysstteemmss  UUnniitt,,  UUnniitteedd  SSttaatteess  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  DDeecceemmbbeerr  1188,,  11999955..

4433 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  BBrriiaann  BBaallddwwiinn,,  AAssssiissttaanntt  PPrrooffeessssoorr,,  DDeeppaarrttmmeenntt  ooff  PPllaanntt  &&  SSooiill  SScciieenncceess,,
MMiissssiissssiippppii  SSttaattee  UUnniivveerrssiittyy,,  DDeecceemmbbeerr  1188,,  11999955..

4444 GGeerraalldd  TToouuzziinnsskkyy,,  ""KKeennaaff,,””  pp..  110066ff..    AAggrroo--FFiibbeerrss  IInncc..  ffoouunndd  tthhaatt  tthhee  ffoorraaggee  cchhooppppeerr  iiss  tthhee  mmoosstt  eeffffeeccttiivvee  wwaayy
ooff  hhaarrvveessttiinngg  kkeennaaff  aafftteerr  tteessttiinngg  vvaarriioouuss  ttyyppeess  ooff  eeqquuiippmmeenntt  ssuucchh  aass  hhaayy  sswwaatthheerr  aanndd  aa  mmooddiiffiieedd  ssuuggaarr  ccaannee
hhaarrvveesstteerr..    CCoommppaarree  GGoorrddoonn  FFiisshheerr,,  ""KKeennaaff  HHaarrvveessttiinngg,,  PPrroocceessssiinngg  &&  PPrroodduuccttss,,””  PPrroocceeeeddiinnggss  ooff  tthhee  11999944
IInntteerrnnaattiioonnaall  KKeennaaff  CCoonnffeerreennccee,,  NNeeww  OOrrlleeaannss,,  LLAA,,  11999944..

4455 GGoorrddoonn  FFiisshheerr,,  ""KKeennaaff  HHaarrvveessttiinngg,,  PPrroocceessssiinngg  &&  PPrroodduuccttss””;;  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  BBiillll  WWooooddss,,  MMiissssiissssiippppii
DDeellttaa  FFiibbeerr  CCooooppeerraattiivvee,,  NNoovveemmbbeerr  99,,  11999944..



70

4466 LLeetttteerr  ffrroomm  RRiicchhaarrdd  SSttoorraatt,,  VViiccee  PPrreessiiddeenntt,,  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  SSeepptteemmbbeerr  2288,,  11999955..

4477 GGeerraalldd  TToouuzziinnsskkyy,,  ""KKeennaaff,,””  pp..  110066ff..

4488 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  MMaarrttiinn  SScchhrrooeetteerr,,  HHeerrttyy  FFoouunnddaattiioonn  RReesseeaarrcchh  aanndd  DDeevveellooppmmeenntt  CCeenntteerr,,  OOccttoobbeerr  55,,
11999944..

4499 EExxaammpplleess  ooff  ffiibbeerr  sseeppaarraattiioonn  pprroocceesssseess  ffoorr  kkeennaaff  iinncclluuddee::  IInntteerrwwaannee  WWoorrlldd  CCoorrppoorraattiioonn  TTiillbbyy  CCaannee  SSeeppaarraattiioonn
PPrroocceessss,,  ffiirrsstt  ddeevveellooppeedd  ffoorr  ssuuggaarr  ccaannee,,  AAnnkkaall  PPttyy  LLttdd..  ooff  AAuussttrraalliiaa  aanndd  AAggrroo--FFiibbeerrss,,  IInncc..,,  SSaann  JJooaaqquuiimm  VVaalllleeyy..
((SSeeee  GGoorrddoonn  FFiisshheerr,,  ""KKeennaaff  HHaarrvveessttiinngg,,  PPrroocceessssiinngg  &&  PPrroodduuccttss"";;  CCuurrtt  KKaarrllggrreenn,,  AAnnddrreeww  KKaallddoorr  aanndd  HHaannkk
VVeerrwweesstt,,  ““KKeennaaff  --  AA  FFaasstt--GGrroowwiinngg  FFiibbrree  SSoouurrccee  ffoorr  PPaappeerrmmaakkiinngg,,””  TTAAPPPPII  PPrroocceeeeddiinnggss  ooff  tthhee  11998899  PPuullppiinngg
CCoonnffeerreennccee  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11998899)),,  pppp..  114411--115544;;  JJoosseepphh  AAttcchhiissoonn,,  ““BBaaggaassssee,,””  SSeeccoonnddaarryy  FFiibbeerrss  aanndd
NNoonn--wwoooodd  PPuullppiinngg,,  pp..  6644ff..  aanndd  lleetttteerr  ffrroomm  JJoosseepphh  AAttcchhiissoonn,,  SSeepptteemmbbeerr  1155,,  11999955..

5500 TThheessee  eexxppeerrttss  ggeenneerraallllyy  ssuuppppoorrtt  tthhee  uussee  ooff  wwhhoolleessttaallkk  kkeennaaff  iinn  nneewwsspprriinntt..

5511 UU..SS..  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  IInndduussttrriiaall  UUsseess  ooff  AAggrriiccuullttuurraall  MMaatteerriiaallss  --  SSiittuuaattiioonn  aanndd  OOuuttllooookk  RReeppoorrtt,,  pp..
2222ffff;;  JJaammeess  DDeemmppsseeyy,,  ““HHeemmpp,,””  pp..  7700ffff..

5522 MMaannffrreedd  JJuuddtt,,  ""HHeemmpp::  PPaappeerrmmaakkeerrss  SShhoouulldd  TTaakkee  IItt  wwiitthh  aa  PPiinncchh  ooff  SSaalltt,,""  PPuullpp  &&  PPaappeerr  IInntteerrnnaattiioonnaall,,  3366((1100))::
3322--3355  ((11999944))..

5533 JJaammeess  DDeemmppsseeyy,,  ““HHeemmpp,,””  pp..  5588..

5544 IIbbiidd..,,  pp..  7788ffff..

5555 JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd  FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee
PPuullppss””;;  JJoosseepphh  AAttcchhiissoonn,,  ""AAlltteerrnnaattiivveess  ttoo  WWoooodd  FFiibbeerrss  --  RReeaall  oorr  IImmaaggiinnaarryy..””

5566 MMeeeettiinngg  wwiitthh  FFrraannkk  RRiicccciioo,,  JJrr..,,  DDaannffoorrtthh  IInntteerrnnaattiioonnaall  TTrraaddee  AAssssoocciiaatteess,,  OOccttoobbeerr  2266,,  11999944;;  tteelleepphhoonnee  iinntteerrvviieeww
wwiitthh  AAllffrreedd  WWoonngg,,  AArrbbookkeemm  IInncc..,,  DDeecceemmbbeerr  11,,  11999944;;  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  WWaayynnee  NNaayy,,  SSttrraatteeggiicc  PPrroojjeecctt
MMaannaaggeerr,,  WWeeyyeerrhhaaeeuusseerr  CCoommppaannyy,,  DDeecceemmbbeerr  1133,,  11999944..

5577 ““NNeewwsspprriinntt  MMaaddee  ffrroomm  RRiiccee  SSttrraaww??””  PPuullpp  &&  PPaappeerr  WWeeeekk,,  1188((1133))::  44  ((MMaarrcchh  2255,,  11999966))..

5588 AAllffrreedd  WWoonngg,,  pprreessiiddeenntt  ooff  AArrbbookkeemm,,  IInncc..,,  aann  aaggrrii--ppuullppiinngg  ccoommppaannyy,,  iiss  lleeaaddiinngg  tthhiiss  eeffffoorrtt..

5599 MMaarrkk  SSttuummbboorrgg  eett  aall..,,  ““EExxppoorrtt  IIssssuueess  aanndd  AAlltteerrnnaattee  UUsseess  ffoorr  CCeerreeaall  CCrroopp  RReessiidduueess,,””  PPrreesseennttaattiioonn  aatt  tthhee  11999944
AAIICC  SSyymmppoossiiuumm  oonn  SSuussttaaiinnaabbllee  CCrrooppppiinngg,,  JJuullyy  1133--1144,,  11999944,,  RReeggiinnaa,,  SSaasskkaattcchheewwaann..

6600 LLeetttteerr  ffrroomm  AAllffrreedd  WWoonngg,,  AArrbbookkeemm,,  IInncc..,,  SSeepptteemmbbeerr  1166,,  11999955..

6611 DD..KK..  MMiissrraa,,  ""CCeerreeaall  SSttrraaww,,""  pp..  8833..

6622 LLeetttteerr  ffrroomm  JJoosseepphh  AAttcchhiissoonn,,  SSeepptteemmbbeerr  1155,,  11999955..

6633 DDaavviidd  BBrroowweerr,,  aa  wweellll  kknnoowwnn  eennvviirroonnmmeennttaalliisstt,,  ssuummmmaarriizzeess  tthheessee  aarrgguummeennttss  iinn  aa  rreecceenntt  aarrttiiccllee  aabboouutt  kkeennaaff..

TThhee  ffoorreesstt  ppllaannttaattiioonnss  tthhaatt  ccoovveerr  aanncciieenntt  ffoorreesstt  ssooiillss  aarree  nnoott  tthhee  aannsswweerr..    TThheessee  ppllaannttaattiioonnss  ttiiee  uupp  uusseeffuull  llaanndd,,
aanndd  aafftteerr  oonnllyy  aa  ffeeww  rroouunnddss,,  lleeaavvee  tthhee  ssooiill  ddeecciimmaatteedd..    WWee  ccaannnnoott  pprreetteenndd  tthhaatt  wwee  wwiillll  ttuurrnn  tthheessee  aarreeaass  bbaacckk  iinnttoo
ffoorreessttss..    KKeennaaff  ooffffeerrss  uuss  aa  vviiaabbllee  aalltteerrnnaattiivvee..    KKeennaaff,,  uunnlliikkee  ttrreeee  ppllaannttaattiioonnss,,  ccaann  bbee  iinntteeggrraatteedd  aass  aa  rroottaattiioonn  ccrroopp..
PPllaannttaattiioonnss  ttiiee  uupp  llaanndd  ffoorr  ssiixx  ttoo  1177  yyeeaarrss,,  wwhhiillee  aa  kkeennaaff  ccrroopp  rreeaacchheess  aa  hhaarrvveessttaabbllee  hheeiigghhtt  ooff  1122  ttoo  1188  ffeeeett  iinn
oonnllyy  115500  ddaayyss  aanndd  yyiieellddss  ffiivvee  ttoo  1100  ttoonnss  ooff  ffiibbeerr  ppeerr  aaccrree  aannnnuuaallllyy  ((aass  ooppppoosseedd  ttoo  ttwwoo  ttoo  tthhrreeee  ffoorr  ssoouutthheerrnn
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ppiinnee))..  DDaavviidd  BBrroowweerr,,  ““KKeennaaff::  AA  TTrreeee--FFrreeee  AAlltteerrnnaattiivvee,,””  IInnnneerr  VVooiiccee::  aa  bbiimmoonntthhllyy  ppuubblliiccaattiioonn  ooff  tthhee
AAssssoocciiaattiioonn  ooff  FFoorreesstt  SSeerrvviiccee  EEmmppllooyyeeeess  ffoorr  EEnnvviirroonnmmeennttaall  EEtthhiiccss,,  77((66))::  44  ((11999955))..

6644 IInn  iittss  ppuubblliicciittyy  ffoorr  TTrraaiillbbllaazzeerr,,  aa  110000%%  ttrreeee--ffrreeee  kkeennaaff  ppaappeerr,,  VViissiioonn  PPaappeerr  ssttaatteess  tthhaatt,,  ““UUSSDDAA  ssttuuddiieess  sshhooww  tthhaatt
kkeennaaff  yyiieellddss  ooff  66  ttoo  1100  ttoonnss  ppeerr  yyeeaarr  aarree  ggeenneerraallllyy  33  ttoo  55  ttiimmeess  ggrreeaatteerr  tthhaann  yyiieellddss  ffoorr  SSoouutthheerrnn  ppiinnee  ttrreeeess,,  wwhhiicchh
ccaann  ttaakkee  ffrroomm  77  ttoo  4400  yyeeaarrss  ttoo  rreeaacchh  hhaarrvveessttaabbllee  ssiizzee..””    TTrraaiillbbllaazzeerr  KKeennaaff  PPaappeerr,,  VViissiioonn  PPaappeerr,,  11999944..

6655 GGaarryy  PPoorrtteerr,,  ""IIss  TTrreeee--FFrreeee  EEccooPPaappeerr  iinn  YYoouurr  FFiirrmm''ss  FFuuttuurree??""  pp..  22..

6666 MMaarrttiinn  SScchhrrooeetteerr,,  ""UUssee  ooff  KKeennaaff  ffoorr  LLiinneerrbbooaarrdd  QQuuaalliittyy  EEnnhhaanncceemmeenntt,,""  pp..  9988..

6677 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  DDaavviidd  KKiisssseell,,  PPrrooffeessssoorr,,  UUnniivveerrssiittyy  ooff  GGeeoorrggiiaa,,  NNoovveemmbbeerr  88,,  11999944  aanndd  BBiillll  GGiivvaann,,
UUnniivveerrssiittyy  ooff  GGeeoorrggiiaa,,  NNoovveemmbbeerr  1100,,  11999944..

6688 BBiillll  WWooooddss,,  eexxeeccuuttiivvee  ddiirreeccttoorr,,  MMiissssiissssiippppii  DDeellttaa  FFiibbeerr  CCooooppeerraattiivvee,,  tteelleepphhoonnee  iinntteerrvviieeww,,  99  NNoovveemmbbeerr  11999944..

6699 CChhaarrlleess  WWeebbbbeerr  IIIIII,,  ""VVaarriieettaall  DDiiffffeerreenncceess  iinn  KKeennaaff  YYiieelldd  CCoommppoonneennttss"",,  TTAAPPPPII  JJoouurrnnaall,,  7755((88))::  115533ffff  ((11999922))..

7700 VV..SS..  KKrroottoovv,,  ""HHeemmpp  oorr  WWoooodd::  PPootteennttiiaall  SSuubbssttiittuutteess,,""  JJoouurrnnaall  ooff  tthhee  IInntteerrnnaattiioonnaall  HHeemmpp  AAssssoocciiaattiioonn,,  JJuunnee
11999944,,  AAmmsstteerrddaamm,,  NNeetthheerrllaannddss,,  pp..  1166..

7711 HHeemmpptteecchh,,  IInndduussttrriiaall  HHeemmpp  --  PPrraaccttiiccaall  PPrroodduuccttss  --  PPaappeerr  ttoo  FFaabbrriicc  ttoo  CCoossmmeettiiccss,,  BBooookklleett  bbyy  HHeemmpptteecchh,,  OOjjaaii,,
CCAA,,  11999955,,  pp..  1188..

7722 EE..PP..MM..  ddee  MMeeiijjeerr,,  ""HHeemmpp  VVaarriiaattiioonnss  aass  PPuullpp  SSoouurrccee  RReesseeaarrcchheedd  iinn  tthhee  NNeetthheerrllaannddss"",,  PPuullpp  aanndd  PPaappeerr,,  6677((77))::
4411ffff  ((11999933));;  HHaayyoo  vvaann  ddeerr  WWeerrff,,  ""PPaappeerr  ffrroomm  DDuuttcchh  HHeemmpp??,,""  JJoouurrnnaall  ooff  tthhee  IInntteerrnnaattiioonnaall  HHeemmpp  AAssssoocciiaattiioonn,,
JJuunnee  11999944,,  AAmmsstteerrddaamm,,  NNeetthheerrllaannddss,,  pp..  1188ff..;;  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  GGeerrrriitt  vvaann  RRooeekkeell,,  JJrr..,,  NNoovveemmbbeerr  3300,,
11999944..

7733 AAllffrreedd  WWoonngg  aanndd  CChheenn  CChhiiuu,,  ““PPuullppiinngg  aanndd  BBlleeaacchhiinngg  ooff  HHeemmpp,,””  TTAAPPPPII  PPrroocceeeeddiinnggss  ooff  tthhee  11999955  PPuullppiinngg
CCoonnffeerreennccee  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11999955)),,  pp..  447722..  ((PPrroocc..  11999955  PPuullppiinngg  CCoonnffeerreennccee,,  hheerreeaafftteerr))

7744 RRooggeerr  MM..  KKrriinnaarrdd  aanndd  RRoobbeerrtt  LL..  JJoohhnnssoonn,,  CCoottttoonnwwoooodd  ppllaannttaattiioonn  tthhrroouugghh  2200  yyeeaarrss,,  UUSSDDAA  FFoorreesstt  SSeerrvviiccee
SSoouutthheerrnn  FFoorreessttrryy  EExxppeerriimmeennttaall  SSttaattiioonn  RRPP--2211  ((11998844));;  RRooggeerr  MM..  KKrriinnaarrdd  aanndd  RRoobbeerrtt  LL..  JJoohhnnssoonn,,  ““1155  YYeeaarrss  ooff
CCoottttoonnwwoooodd  PPllaannttaattiioonn  GGrroowwtthh,,””  SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  44((44))::  118800--118855  ((11998800));;    WWoooodd
HHaannddbbooookk,,  AAggrriiccuullttuurraall  HHaannddbbooookk  NNoo..  7722..

7755 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  CChhuucckk  KKaaiisseerr,,  FFaarrmm  SSuuppeerriinntteennddeenntt,,  JJaammeess  RRiivveerr  CCoorrppoorraattiioonn,,  JJuunnee  1144,,  11999955..

7766 GGoorrddoonn  FFiisshheerr,,  ""AAvvaaiillaabbiilliittyy  ooff  KKeennaaff  FFiibbeerrss  ffoorr  tthhee  UU..SS..  PPaappeerr  IInndduussttrryy,,""  pp..  9911..

7777 vvaann  ddeerr  WWeerrff::  LLeetttteerr  ffrroomm  HHaayyoo  vvaann  ddeerr  WWeerrff,,  RReesseeaarrcchheerr,,  IInnssttiittuutt  NNaattiioonnaall  ddee  RReecchheerrcchheess  AAggrroonnoommiiqquueess,,
SSttaattiioonn  ddee  RReecchheerrcchheess  ""GGrraannddeess  CCuullttuurreess,,""  LLaabboorraattooiirree  DD''AAggrroonnoommiiee,,  CCoollmmaarr,,  FFrraannccee,,  SSeepptteemmbbeerr  1199,,  11999955..

7788 SSeevveerraall  eexxppeerrttss  rreeppoorrtteedd  sseeppaarraattiioonn  yyiieellddss  ooff  9900%%  ffoorr  kkeennaaff..    TTeelleepphhoonnee  iinntteerrvviieewwss  wwiitthh::  BBoo  BBuurrrreessss,,  mmaannaaggeerr,,
MMiissssiissssiippppii  DDeellttaa  FFiibbeerr  CCooooppeerraattiivvee,,  FFeebbrruuaarryy  2222,,  11999966;;  MMaarrttyy  FFuulllleerr,,  pprrooffeessssoorr,,  AAggrriiccuullttuurraall  EEccoonnoommiiccss
DDeeppaarrttmmeenntt,,  MMiissssiissssiippppii  SSttaattee  UUnniivveerrssiittyy,,  MMaarrcchh  1111,,  11999966..    WWoonngg  rreeppoorrtteedd  2200--2255%%  yyiieelldd  ooff  bbaasstt  ffiibbeerr  ffrroomm  tthhee
hheemmpp  ssttaallkk  aanndd  DDeemmppsseeyy  rreeppoorrtteedd  aann  1188%%  yyiieelldd..    AAllffrreedd  WWoonngg  aanndd  CChheenn  CChhiiuu,,  ““PPuullppiinngg  aanndd  BBlleeaacchhiinngg  ooff
HHeemmpp  ((CCaannnnaabbiiss  ssaattiivvaa)),,””  TTAAPPPPII  PPrroocceeeeddiinnggss  ooff  tthhee  11999955  PPuullppiinngg  CCoonnffeerreennccee  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11999955)),,
pp..  447722  ((PPrroocc..  11999955  PPuullppiinngg  CCoonnffeerreennccee,,  hheerreeaafftteerr));;  JJaammeess  MM..  DDeemmppsseeyy,,  ""HHeemmpp,,""  pp..  8822..    GGiivveenn  tthhaatt  tthhee  hheemmpp
ssttaallkk  ccoonnttaaiinnss  2200--4400%%  bbaasstt  ffiibbeerr  bbyy  wweeiigghhtt,,  aa  9900%%  yyiieelldd  ffrroomm  sseeppaarraattiioonn  aapppprrooxxiimmaatteess  tthhee  rreeppoorrtteedd  bbaasstt  ffiibbeerr
yyiieellddss  aabboovvee..
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7799 CCuurrtt  KKaarrllggrreenn,,  AAnnddrreeww  KKaallddoorr  aanndd  HHaannkk  VVeerrwweesstt,,  ““KKeennaaff  --  AA  FFaasstt--GGrroowwiinngg  FFiibbrree  SSoouurrccee  ffoorr  PPaappeerrmmaakkiinngg,,””  pp..
114422..

8800 AAllffrreedd  WWoonngg  aanndd  CChheenn  CChhiiuu,,  ““PPuullppiinngg  aanndd  BBlleeaacchhiinngg  ooff  HHeemmpp  ((CCaannnnaabbiiss  ssaattiivvaa)),,””  pp..  447733..

8811 SSeeppaarraattiinngg  tthhee  kkeennaaff  ttoo  hhiigghheerr  ppuurriittyy  aaddddss  aaddddiittiioonnaall  ccoossttss  aanndd  ddooeess  nnoott  pprroovviiddee  aaddddiittiioonnaall  bbeenneeffiitt  wwiitthh  ccuurrrreenntt
ppuullpp  pprroodduuccttiioonn  mmeetthhooddss..    TToomm  RRyymmsszzaa,,  pprreessiiddeenntt  VViissiioonn  PPaappeerr,,  tteecchhnniiccaall  mmeeeettiinngg,,  NNeeww  YYoorrkk,,  NNYY,,  DDeecceemmbbeerr
1155,,  11999955..

8822 SSaannddwweellll  IInncc..,,  KKeennaaff  AAsssseessssmmeenntt  SSttuuddyy,,  pprreeppaarreedd  ffoorr  tthhee  TTaallllaahhaattcchhiiee  CCoouunnttyy  BBooaarrdd  ooff  SSuuppeerrvviissoorrss,,  CChhaarrlleessttoonn,,
MMSS,,  1199  AApprriill  11999911,,  pp..  99..

8833 RR..  TT..  CCaammppbbeellll,,  MMaannaaggeerr,,  TTeecchhnnoollooggyy  SSuuppppoorrtt,,  IInntteerrnnaattiioonnaall  PPaappeerr,,  ppeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  FFeebbrruuaarryy  2244,,
11999955..

8844 VViissiioonn  PPaappeerr,,  TTrraaiillbbllaazzeerr  KKeennaaff  PPaappeerr::  ""FFoorr  PPeeooppllee  ooff  VViissiioonn,,""  11999944..

8855 LLeetttteerr  ffrroomm  HHaayyoo  vvaann  ddeerr  WWeerrff,,  IInnssttiittuutt  NNaattiioonnaall  ddee  RReecchheerrcchheess  AAggrroonnoommiiqquueess,,  SSttaattiioonn  ddee  RReecchheerrcchheess
““GGrraannddeess  CCuullttuurreess””,,  LLaabboorraattooiirree  DD’’AAggrroonnoommiiee,,  FFrraannccee,,  SSeepptteemmbbeerr  2222,,  11999955..

8866 IIbbiidd..

8877 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  DDaavviidd  KKiisssseell,,  UUnniivveerrssiittyy  ooff  GGeeoorrggiiaa,,  NNoovveemmbbeerr  88,,  11999944..

8888 CCaarrll  HHoovveerrmmaallee,,  ""EEffffeecctt  ooff  tthhee  TTiillllaaggee  MMeetthhoodd,,  CCoovveerr  CCrroopp  aanndd  NNiittrrooggeenn  RRaattee  oonn  YYiieelldd  ooff  KKeennaaff,,""
PPrroocceeeeddiinnggss  ooff  11999944  IInntteerrnnaattiioonnaall  KKeennaaff  CCoonnffeerreennccee,,  NNeeww  OOrrlleeaannss,,  LLoouuiissiiaannaa,,  11999944..

8899 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  DDaanniieell  KKuugglleerr,,  UUnniitteedd  SSttaatteess  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  NNoovveemmbbeerr  3300,,  11999944..

9900 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  BBiillll  WWooooddss,,  MMiissssiissssiippppii  DDeellttaa  FFiibbeerr  CCooooppeerraattiivvee,,  NNoovveemmbbeerr  99,,  11999944..

9911 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  BBiillll  GGiivvaann,,  UUnniivveerrssiittyy  ooff  GGeeoorrggiiaa,,  NNoovveemmbbeerr  1100,,  11999944..

9922 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  DDaanniieell  KKuugglleerr,,  UUnniitteedd  SSttaatteess  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  NNoovveemmbbeerr  3300,,  11999944..

9933 JJaammeess  SSmmaarrtt  aanndd  CChhaarrlleess  CCooookk,,  ""KKeennaaff  RReessppoonnssee  ttoo  HHeerrbbiicciiddeess  iinn  tthhee  RRiioo  GGrraannddee  VVaalllleeyy,,""  PPrroocceeeeddiinnggss  ooff
11999933  IInntteerrnnaattiioonnaall  KKeennaaff  CCoonnffeerreennccee,,  FFrreessnnoo,,  CCaalliiffoorrnniiaa,,  MMaarrcchh  33--55,,  11999933,,  pp..  116622ffff..

9944 MMaahheennddrraa  SS..  BBhhaannggoooo  eett  aall,,  ""EEffffeecctt  ooff  SSooiill  SSaalliinniittyy  aanndd  IIrrrriiggaattiioonn  LLeevveellss  oonn  KKeennaaff  PPrroodduuccttiioonn  iinn  tthhee  SSaann
JJooaaqquuiinn  VVaalllleeyy,,  CCaalliiffoorrnniiaa,,""  PPrroocceeeeddiinnggss  ooff  11999933  IInntteerrnnaattiioonnaall  KKeennaaff  CCoonnffeerreennccee,,  FFrreessnnoo,,  CCaalliiffoorrnniiaa,,  MMaarrcchh  33--
55,,  11999933,,  pp..  7766ffff..

9955 IIaann  LLooww,,  ""TThhee  UUKK  HHeemmpp  PPrroojjeecctt  iinn  11999933,,""  JJoouurrnnaall  ooff  tthhee  IInntteerrnnaattiioonnaall  HHeemmpp  AAssssoocciiaattiioonn,,  JJuunnee  11999944,,
AAmmsstteerrddaamm,,  NNeetthheerrllaannddss,,  pp..  1155..

9966 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  HHaayyoo  vvaann  ddeerr  WWeerrff,,  RReesseeaarrcchheerr,,  AAggrrootteecchhnniiccaall  RReesseeaarrcchh  IInnssttiittuuttee,,  NNeetthheerrllaannddss,,
JJaannuuaarryy  66,,  11999955..

9977 JJaammeess  DDeemmppsseeyy,,  ““HHeemmpp,,””  pp..  5533..

9988 IIbbiidd,,,,  pp..  6699ff..;;  EE..PP..MM..  ddee  MMeeiijjeerr,,  ""HHeemmpp  VVaarriiaattiioonnss  aass  PPuullpp  SSoouurrccee  RReesseeaarrcchheedd  iinn  tthhee  NNeetthheerrllaannddss"",,  PPuullpp  aanndd
PPaappeerr,,  6677((77))::  4411ffff  ((11999933))..

9999 IIaann  LLooww,,  ""TThhee  UUKK  HHeemmpp  PPrroojjeecctt  iinn  11999933,,””  pp..  1155..
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110000 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  HHaayyoo  vvaann  ddeerr  WWeerrff,,  AAggrrootteecchhnniiccaall  RReesseeaarrcchh  IInnssttiittuuttee,,  JJaannuuaarryy  66,,  11999955..

110011  LLeetttteerr  ffrroomm  HHaayyoo  vvaann  ddeerr  WWeerrff,,  IInnssttiittuutt  NNaattiioonnaall  ddee  RReecchheerrcchheess  AAggrroonnoommiiqquueess,,  SSeepptteemmbbeerr  2222,,  11999955..

110022 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  BBoobb  KKeelllliissoonn,,  PPrrooffeessssoorr,,  NNoorrtthh  CCaarroolliinnaa  SSttaattee  UUnniivveerrssiittyy,,  DDeeppaarrttmmeenntt  ooff  FFoorreessttrryy,,
JJuunnee  1144,,  11999955..

110033 EEdd  MMuucckkeennffuussss,,  TTiimmbbeerrllaannddss  DDiivviissiioonn,,  WWeessttvvaaccoo  CCoorrppoorraattiioonn,,  pprreesseennttaattiioonn  ttoo  PPaappeerr  TTaasskk  FFoorrccee  dduurriinngg
tteecchhnniiccaall  vviissiitt,,  JJuunnee  99,,  11999944,,  FFoorreesstt  RReesseeaarrcchh  LLaabb,,  SSuummmmeerrvviillllee,,  SSCC..

110044 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  CChhuucckk  WWeeiirrmmaann,,  FFiibbeerr  FFaarrmm  MMaannaaggeerr,,  TTiimmbbeerrllaanndd  RReessoouurrcceess,,  BBooiissee  CCaassccaaddee  CCoorrpp..,,
JJuunnee  2222,,  11999955..

110055 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  CChhuucckk  KKaaiisseerr,,  FFaarrmm  SSuuppeerriinntteennddeenntt,,  JJaammeess  RRiivveerr  CCoorrppoorraattiioonn,,  JJuunnee  1144,,  11999955..

110066  AAttcchhiissoonn,,  ““TTwweennttyy--FFiivvee  YYeeaarrss  ooff  GGlloobbaall  PPrrooggrreessss  iinn  NNoonn--wwoooodd  PPllaanntt  FFiibbeerr  PPuullppiinngg  ----  HHiissttoorriiccaall  HHiigghhlliigghhttss,,
PPrreesseenntt  SSttaattuuss,,  aanndd  FFuuttuurree  PPrroossppeeccttss,,””  PPrroocc..  11999955  PPuullppiinngg  CCoonnffeerreennccee  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11999955)),,  pp..  9977..

110077 MMaannffrreedd  JJuuddtt,,  ““NNoonn--wwoooodd  ppllaanntt  ffiibbrreess,,  wwiillll  tthheerree  bbee  aa  ccoommee--bbaacckk  iinn  ppaappeerr--mmaakkiinngg??””  IInndduussttrriiaall  CCrrooppss  aanndd
PPrroodduuccttss,,  SSpprriinngg  11999933,,  pp..  5577..

110088 WWeeyyeerrhhaaeeuusseerr  hhaass  ppuutt  iittss  ppiilloott  ppllaanntt  wwoorrkk  oonn  rryyee  sseeeedd  ggrraassss  oonn  hhoolldd  ffoorr  tthhee  nneeaarr  ffuuttuurree  bbeeccaauussee  wwoooodd  cchhiipp
pprriicceess  hhaavvee  ddrrooppppeedd  ssuubbssttaannttiiaallllyy  ssiinnccee  11999944..    LLoowweerr  wwoooodd  pprriicceess  aanndd  aa  wweeaakkeerr  ppaappeerr  mmaarrkkeett  hhaavvee  sslloowweedd  tthhee
pprrooggrreessss  iinn  tthhiiss  pprroojjeecctt..    DDiicckk  EErriicckkssoonn,,  vviiccee  pprreessiiddeenntt,,  MMaannuuffaaccttuurriinngg  aanndd  TTeecchhnnoollooggyy,,  WWeeyyeerrhhaaeeuusseerr  CCoo,,
ppeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  MMaarrcchh  2288,,  11999966..

110099 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  WWaayynnee  NNaayy,,  SSttrraatteeggiicc  PPrroojjeecctt  MMaannaaggeerr,,  WWeeyyeerrhhaaeeuusseerr  CCoommppaannyy,,  DDeecceemmbbeerr  1133,,
11999944..

111100 LLeetttteerr  ffrroomm  RRoobbeerrtt  HHuurrtteerr,,  SSeepptteemmbbeerr  2255,,  11999955..

111111 ““NNeewwsspprriinntt  MMaaddee  ffrroomm  RRiiccee  SSttrraaww??””  PPuullpp  &&  PPaappeerr  WWeeeekk,,  1188((1133))::  44  ((MMaarrcchh  2255,,  11999966))..

111122 JJoosseepphh  AAttcchhiissoonn,,  ""AAlltteerrnnaattiivveess  ttoo  WWoooodd  FFiibbeerrss  --  RReeaall  oorr  IImmaaggiinnaarryy"";;  JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd
FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee  PPuullppss""..

111133 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  BBoo  BBuurrrreessss,,  MMiissssiissssiippppii  DDeellttaa  FFiibbeerr  CCooooppeerraattiivvee,,  FFeebbrruuaarryy  2222,,  11999966..

111144 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  CChhaarrlleess  TTaayylloorr,,  pprreessiiddeenntt,,  KKeennaaff  IInntteerrnnaattiioonnaall,,  MMaarrcchh  1111,,  11999966..

111155 AAnnddrreeww  KKaallddoorr,,    ““KKeennaaff--  AA  FFuuttuurree  FFiibbeerr  ffoorr  tthhee  NNoorrtthhwweesstt??””;;  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  MMaarrttyy  FFuulllleerr,,
MMiissssiissssiippppii  SSttaattee  UUnniivveerrssiittyy,,  MMaarrcchh  1111,,  11999966..

111166 TThhiiss  ccoosstt  aassssuummeess  tthhaatt  tthhee  ffiibbeerr  pprroodduucceerr  ccaann  sseellll  tthhee  bbaasstt  aanndd  ccoorree  ffiibbeerrss  ffoorr  tthhee  ssaammee  pprriiccee..    AAbboouutt  33..33  ttoonnss  ooff
wwhhoollee--ssttaallkk  kkeennaaff  pprroodduuccee  aapppprrooxxiimmaatteellyy  22  ttoonnss  ooff  ccoorree  ffiibbeerr  aanndd  11  ttoonn  ooff  bbaasstt  ffiibbeerr..    TThhee  ccoosstt  ttoo  ddeelliivveerr  aa  ttoonn
ooff  kkeennaaff  ttoo  tthhee  sseeppaarraattiioonn  ppllaanntt  rraannggeess  ffrroomm  $$5500--6600  aanndd  tthhee  ccoosstt  ttoo  sseeppaarraattee  aa  ttoonn  ooff  kkeennaaff  iiss  aabboouutt  $$3300  ppeerr  ttoonn..
IIff  tthhee  bbaasstt  ffiibbeerr  hhaass  ttoo  aabbssoorrbb  aallll  ooff  tthhee  ccoosstt,,  tthhee  ccoosstt  ttoo  pprroodduuccee  sseeppaarraatteedd  bbaasstt  ffiibbeerr  rraannggeess  ffrroomm  $$225555--$$228855  ppeerr
ttoonn..

111177 MMaannffrreedd  JJuuddtt,,  ""HHeemmpp::  PPaappeerrmmaakkeerrss  SShhoouulldd  TTaakkee  IItt  wwiitthh  aa  PPiinncchh  ooff  SSaalltt,,""  pp..  3322ff;;    ““RReevviivviinngg  HHeemmpp,,””
EEnnvviirroonnmmeennttaall  HHeeaalltthh  PPeerrssppeeccttiivveess,,  110033((1100))::  889944  ((11999955))..
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111188 UU..SS..  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  IInndduussttrriiaall  UUsseess  ooff  AAggrriiccuullttuurraall  MMaatteerriiaallss  --  SSiittuuaattiioonn  aanndd  OOuuttllooookk  RReeppoorrtt,,  pp..
2222ffff..

111199 ““AAlltteerrnnaattiivvee  ccrrooppss::  TThhee  wwaavviinngg  ffiieellddss  ooff  hheemmpp,,””  TThhee  EEccoonnoommiisstt,,  FFeebbrruuaarryy  1177,,  11999966,,  pp..  2288..

112200 RR..MM..  RRoowweellll  eett..aall..,,  ““KKeennaaff  FFiibbeerrss  --  PPootteennttiiaallllyy  OOuuttssttaannddiinngg  RReeiinnffoorrcciinngg  FFiilllleerrss  iinn  TThheerrmmooppllaassttiiccss,,””
PPrroocceeeeddiinnggss  ooff  tthhee  11999944  KKeennaaff  CCoonnffeerreennccee,,  NNeeww  OOrrlleeaannss,,  LLAA..;;  ““RReevviivviinngg  HHeemmpp,,””  pp..  889944..

112211 SS..KK..  MMiittttaall  aanndd  SSuubbhhaasshh  MMaahheesshhwwaarrii,,  ““PPrroossppeeccttss  ooff  UUssee  ooff  KKeennaaff  iinn  PPuullpp  aanndd  PPaappeerrmmaakkiinngg,,””    PPrroocc..  11999955
PPuullppiinngg  CCoonnffeerreennccee,,  pp..  333399..

112222 DDaavviidd  GGuueesstt,,  ““PPhhooeenniixx  rriisseess  ffrroomm  tthhee  aasshheess,,””  PPuullpp  &&  PPaappeerr  IInntteerrnnaattiioonnaall,,  3388((11))::  3399  ((11999966))..

112233 HH..  JJ..  NNiieesscchhllaagg,,  GG..  HH..  NNeellssoonn,,  II..  AA..  WWoollffff  aanndd  RR..  EE..  PPeerrdduuee,,  JJrr..,,  ““AA  SSeeaarrcchh  ffoorr  NNeeww  FFiibbeerr  CCrrooppss,,””  TTaappppii,,
4433((33))::  119933--220011  ((11996600))..

112244 GGeerraalldd  TToouuzziinnsskkyy,,  ""KKeennaaff,,""  pp..  110088..

112255 HHaarrmmoohhiinnddeerr  SSaarrwwaarrbbaall  eett..  aall,,  ""BBiioommeecchhaanniiccaall  PPuullppiinngg  ooff  KKeennaaff,,""  TTAAPPPPII  JJoouurrnnaall,,  7777((1122))::  110088  ((11999944))..

112266 PPuunnyyaa  CChhaauuddhhuurrii,,  ""SSppeecciiaall  CCooookkiinngg  PPrroocceessss  iiss  NNeeeeddeedd,,""  PPuullpp  &&  PPaappeerr  IInntteerrnnaattiioonnaall,,  3355((88))::  4477  ((11999933))..

112277 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  AAllffrreedd  WWoonngg,,  AArrbbookkeemm,,  IInncc..,,  OOccttoobbeerr  1100,,  11999955;;  AAllffrreedd  WWoonngg  aanndd  CChheenn  CChhiiuu,,
““PPuullppiinngg  aanndd  BBlleeaacchhiinngg  ooff  HHeemmpp  ((CCaannnnaabbiiss  SSaattiivvaa)),,””  pp..  447733

112288 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  WWaayynnee  EEuuddyy,,  RReesseeaarrcchh  LLaabb,,  IInntteerrnnaattiioonnaall  PPaappeerr,,  NNoovveemmbbeerr  1166,,  11999944;;  DD..KK..  MMiissrraa,,
““CCeerreeaall  SSttrraaww,,””  pp..  8822ffff..

112299 HH..  JJ..  NNiieesscchhllaagg,,  GG..  HH..  NNeellssoonn,,  II..  AA..  WWoollffff  aanndd  RR..  EE..  PPeerrdduuee,,  JJrr..,,  ““AA  SSeeaarrcchh  ffoorr  NNeeww  FFiibbeerr  CCrrooppss,,””  pp..  119977..

113300   FFoorr  EEuuccaallyyppttuuss::  MMaannffrreedd  JJuuddtt,,  ““HHeemmpp::  PPaappeerrmmaakkeerrss  sshhoouulldd  ttaakkee  iitt  wwiitthh  aa  ppiinncchh  ooff  ssaalltt,,””  pp..  3333;;  ffoorr  aassppeenn::
““TTeemmcceellll  HHiigghh--YYiieelldd  PPuullpp  ttyyppiiccaall  cchhaarraacctteerriissttiiccss,,””  pprroodduucctt  sshheeeett  ffrroomm  TTeemmbbeecc  IInncc..,,  TTeemmiissccaammiinngg,,  QQuueebbeecc,,
CCaannaaddaa..

113311 MMaannffrreedd  JJuuddtt,,  ““NNoonn--wwoooodd  ppllaanntt  ffiibbrreess,,  wwiillll  tthheerree  bbee  aa  ccoommee--bbaacckk  iinn  ppaappeerr--mmaakkiinngg??””    pp..  5555..

113322 SSllooww  ddrraaiinnaaggee  rraatteess  aarree  aa  kkeeyy  iissssuuee  ffoorr  sshhoorrtt  nnoonn--wwoooodd  ffiibbeerrss..    TThhee  ddrraaiinnaaggee  rraattee  mmeeaassuurreess  tthhee  ssppeeeedd  aatt  wwhhiicchh
wwaatteerr  ccaann  bbee  rreemmoovveedd  ffrroomm  tthhee  ppuullpp  oonn  tthhee  ppaappeerr  mmaacchhiinnee..    LLooww  ddrraaiinnaaggee  rraatteess  rreedduuccee  tthhee  ssppeeeedd  ooff  tthhee  ppaappeerr
mmaacchhiinnee  aanndd  tthhuuss  aaffffeecctt  pprroodduuccttiivviittyy..    SShhoorrtt  ffiibbeerr  ppuullppss  aallssoo  ccaann  pplluugg  tthhee  mmeesshh  oonn  tthhee  ppaappeerrmmaacchhiinnee  wwiirreess,,  aanndd
tthhuuss  rreessuulltt  iinn  mmaacchhiinnee  ddoowwnnttiimmee  wwhhiillee  ooppeerraattoorrss  cclleeaann  tthhee  wwiirree..

113333 MMaannffrreedd  JJuuddtt,,  ""HHeemmpp::  PPaappeerrmmaakkeerrss  SShhoouulldd  TTaakkee  IItt  wwiitthh  aa  PPiinncchh  ooff  SSaalltt,,""  pp..  3333..

113344 HH..  JJ..  NNiieesscchhllaagg,,  GG..  HH..  NNeellssoonn,,  II..  AA..  WWoollffff  aanndd  RR..  EE..  PPeerrdduuee,,  JJrr..,,  ““AA  SSeeaarrcchh  ffoorr  NNeeww  FFiibbeerr  CCrrooppss,,””  pp..  119999..

113355 IIbbiidd..

113366 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  rreepprreesseennttaattiivvee  ffrroomm  KKiimmbbeerrlleeyy  CCllaarrkk  CCoorrpp..,,  DDeecceemmbbeerr  11,,  11999944,,  aanndd  lleetttteerr  ffrroomm  FFrraannkk
RRiicccciioo,,  JJrr..,,  DDaannffoorrtthh  IInntteerrnnaattiioonnaall  TTrraaddee  AAssssoocciiaatteess,,  IInncc..,,  OOccttoobbeerr  2277,,  11999944;;  lleetttteerr  ffrroomm  RRoobbeerrtt  HHuurrtteerr,,
SSeepptteemmbbeerr  2255,,  11999955..

113377 MMeeeettiinngg  wwiitthh  FFrraannkk  RRiicccciioo,,  JJrr..,,  DDaannffoorrtthh  IInntteerrnnaattiioonnaall  TTrraaddee  AAssssoocciiaatteess,,  IInncc..,,  OOccttoobbeerr  2266,,  11999944..    LLeetttteerr  ffrroomm
FFrraannkk  RRiicccciioo,,  JJrr..,,  OOccttoobbeerr  2277,,  11999944..
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113388 IIbbiidd..;;  TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  aanndd  lleetttteerr  ffrroomm  JJoosseepphh  AAttcchhiissoonn,,  NNoovveemmbbeerr  1100,,  11999944..    TThhee  ddeecciissiioonn  bbeettwweeeenn
tthhee  ssooddaa  aanndd  kkrraafftt  pprroocceessss,,  eessppeecciiaallllyy  iinn  ddeevveellooppiinngg  ccoouunnttrriieess,,  iiss  mmaaddee  bbaasseedd  oonn  tthhee  aavvaaiillaabbiilliittyy  aanndd  ccoosstt  ooff  tthhee
ppuullppiinngg  cchheemmiiccaallss..    IInn  ssoommee  ssppeecciiffiicc  ssiittuuaattiioonnss,,  tthhee  kkrraafftt  pprroocceessss  mmiigghhtt  bbee  uusseedd..    AAttcchhiissoonn  qquuootteedd,,  ffoorr  iinnssttaannccee,,
oonnee  bbaaggaassssee  mmiillll  iinn  EEggyypptt  wwiitthh  aacccceessss  ttoo  iinneexxppeennssiivvee  ssaalltt  ccaakkee  ((ssooddiiuumm  ssuullffaattee))  tthhaatt  uusseess  tthhee  kkrraafftt  pprroocceessss..

113399 PPuunnyyaa  CChhaauuddhhuurrii,,  ""SSppeecciiaall  CCooookkiinngg  PPrroocceessss  iiss  NNeeeeddeedd..””

114400 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  JJoosseepphh  AAttcchhiissoonn,,  NNoovveemmbbeerr  1100,,  11999944..

114411 IInnccrreeaassiinngg  tthhee  lleennggtthh  ooff  tthhee  wwiirree,,  tthhee  mmeesshh  ssccrreeeenn  tthhaatt  ffiirrsstt  rreecceeiivveess  tthhee  ddiilluuttee  ppuullpp  ssoolluuttiioonn,,  aalllloowwss  mmoorree  wwaatteerr
ttoo  ddrraaiinn  ffrroomm  tthhee  ppaappeerr  bbeeffoorree  iitt  eenntteerrss  tthhee  pprreessss  sseeccttiioonn..    WWiitthhoouutt  tthhiiss  aaddddiittiioonnaall  ddrraaiinnaaggee,,  tthhee  ppaappeerr  wwiillll  bbee  ttoooo
wweeaakk  ttoo  mmoovvee  ttoo  tthhee  pprreessss  sseeccttiioonn  aanndd  wwiillll  bbrreeaakk..

114422 NN..SS..  SSaaddaawwaarrttee,,  ““BBeetttteerr  TTeecchhnnoollooggyy  NNeeeeddeedd  ttoo  CClleeaann  UUpp  NNoonn--wwoooodd  FFiibbeerr..””

114433 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  WWaayynnee  EEuuddyy,,  RReesseeaarrcchh  LLaabb,,  IInntteerrnnaattiioonnaall  PPaappeerr,,  NNoovveemmbbeerr  1166,,  11999944;;  DD..KK..  MMiissrraa,,
““CCeerreeaall  SSttrraaww,,””  pp..  8822ffff..

114444 MMaannffrreedd  JJuuddtt,,  ""AAssiiaa  LLeeaaddss  WWaayy  iinn  AAggrriiccuullttuurraall  FFiibbeerrss"",,  PPuullpp  &&  PPaappeerr  IInntteerrnnaattiioonnaall,,  3355((1111))::  7722ffff  ((11999933))..
VVaarriioouuss  eexxppeerrttss  ddoouubbtt  wwhheetthheerr  tthhee  pprroocceessss  hhaass  bbeeeenn  pprroovveenn  iinn  ccoonnttiinnuuoouuss  ccoommmmeerrcciiaall  ooppeerraattiioonnss..    ((SSeeee
tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  JJoosseepphh  AAttcchhiissoonn,,  MMaayy  1155,,  11999955  aanndd  lleetttteerr  ffrroomm  RRoobbeerrtt  HHuurrtteerr,,  SSeepptteemmbbeerr  2255,,  11999955..))

114455 JJoosseepphh  AAttcchhiissoonn,,  ""AAlltteerrnnaattiivveess  ttoo  WWoooodd  FFiibbeerrss  --  RReeaall  oorr  IImmaaggiinnaarryy..””

114466 LLeetttteerr  ffrroomm  RRiicchhaarrdd  SSttoorraatt,,  VViiccee  PPrreessiiddeenntt,,  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  SSeepptteemmbbeerr  2299,,  11999955..

114477 LLeetttteerr  aanndd  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  AAllffrreedd  WWoonngg,,  AArrbbookkeemm,,  IInncc..,,  SSeepptteemmbbeerr  1166  aanndd  OOccttoobbeerr  1100,,  11999955,,
rreessppeeccttiivveellyy..

114488 AAllffrreedd  WWoonngg,,  ""NNeeww  DDiirreeccttiioonn  iinn  IInndduussttrryy  DDeevveellooppmmeenntt  aanndd  EEnnvviirroonnmmeennttaall  PPrrootteeccttiioonn  ffoorr  NNoonn--wwoooodd  PPuullpp
MMiillllss  iinn  DDeevveellooppiinngg  CCoouunnttrriieess,,""  SSeeccoonndd  IInntteerrnnaattiioonnaall  NNoonn--wwoooodd  FFiibbeerr  PPuullppiinngg  aanndd  PPaappeerrmmaakkiinngg  CCoonnffeerreennccee
PPrroocceeeeddiinnggss,,  AApprriill  66--99,,  11999922,,  SShhaanngghhaaii,,  PPeeooppllee''ss  RReeppuubblliicc  ooff  CChhiinnaa;;  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  aanndd  lleetttteerrss  ffrroomm
AAllffrreedd  WWoonngg,,  AArrbbookkeemm,,  IInncc..,,  DDeecceemmbbeerr  11,,  11999944  aanndd  SSeepptteemmbbeerr  1166,,  11999955..

114499 LLiiuu  MMiinngg--gguuaanngg  eett  aall..,,  ““NNeeuuttrraall  AAmmmmoonniiuumm  SSuullffiittee  PPuullppiinngg  ooff  WWhheeaatt  SSttrraawwss  aanndd  tthhee  UUttiilliizzaattiioonn  ooff  iittss  BBllaacckk
LLiiqquuoorr,,””  CCoonnffeerreennccee  PPrroocceeeeddiinnggss,,  11998888  IInntteerrnnaattiioonnaall  NNoonn--wwoooodd  FFiibbeerr  PPuullppiinngg  aanndd  PPaappeerrmmaakkiinngg  CCoonnffeerreennccee,,
JJuullyy  1111--1144,,  11998888,,  BBeeiijjiinngg,,  CChhiinnaa,,  aannddtteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  AAllffrreedd  WWoonngg,,  AArrbbookkeemm,,  IInncc..,,  OOccttoobbeerr  1100,,  11999955..

115500 UU..PP..  SSiinngghh  eett..  aall,,  ""TTCCFF  BBlleeaacchhiinngg  ooff  PPuullppss  ffrroomm  tthhee  AALLCCEELLLL
RR  PPrroocceessss,,""  PPrroocceeeeddiinnggss  ooff  tthhee  11999955  IInntteerrnnaattiioonnaall

NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee  ((SSaann  FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann,,  IInncc,,  MMaarrcchh  11999955));;  KKeennddaallll  PPyyee,,  ""PPuullppiinngg
ooff  NNoonn--wwoooodd  FFiibbeerrss  bbyy  tthhee  AALLCCEELLLLRR  PPrroocceessss,,""  TTAAPPPPII  PPrroocceeeeddiinnggss  ooff  tthhee  11999944  PPuullppiinngg  CCoonnffeerreennccee  ((AAttllaannttaa::
TTAAPPPPII  PPrreessss,,  11999944)),,  pp..  331133..

115511 DD..KK..  MMiissrraa,,  ““CCeerreeaall  SSttrraaww,,””    pp..  8822ffff..

115522 GGeerraalldd  TToouuzziinnsskkyy,,  ""KKeennaaff,,""  pp..  110066ff;;  CCaarrll  KKaarrllggrreenn,,  eett..  aall..,,  ""KKeennaaff  --  AA  FFaasstt--GGrroowwiinngg  FFiibbrree  SSoouurrccee  ffoorr
PPaappeerrmmaakkiinngg,,””  pp..  114411ffff;;  lleetttteerr  ffrroomm  AAllffrreedd  WWoonngg,,  AArrbbookkeemm,,  IInncc..,,  SSeepptteemmbbeerr  1166,,  11999955..

115533 CCuurrtt  KKaarrllggrreenn,,  AAnnddrreeww  KKaallddoorr  aanndd  HHaannkk  VVeerrwweesstt,,  ““KKeennaaff  --  AA  FFaasstt--GGrroowwiinngg  FFiibbrree  SSoouurrccee  ffoorr  PPaappeerrmmaakkiinngg,,””  pp..
114422..    HHaarrmmoohhiinnddeerr  SS..  SSaabbhhaarrwwaall  eett  aall,,  ""BBiioommeecchhaanniiccaall  PPuullppiinngg  ooff  KKeennaaff"",,  TTAAPPPPII  JJoouurrnnaall,,  7777((1122))::  110055ffff
((11999944))..
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115544 JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd  FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee
PPuullppss..””

115555 JJoosseepphh  AAttcchhiissoonn,,  ""AAlltteerrnnaattiivveess  ttoo  WWoooodd  FFiibbeerrss  --  RReeaall  oorr  IImmaaggiinnaarryy..””

115566  LLeetttteerr  ffrroomm  aanndd  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  AAllffrreedd  WWoonngg  ,,  AArrbbookkeemm,,  IInncc..,,  SSeepptteemmbbeerr  1166  aanndd  OOccttoobbeerr1100,,  11999955,,
rreessppeeccttiivveellyy..

115577 JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd  FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee
PPuullppss””;;  MMaannffrreedd  JJuuddtt,,  ""HHeemmpp::  PPaappeerrmmaakkeerrss  SShhoouulldd  TTaakkee  IItt  wwiitthh  aa  PPiinncchh  ooff  SSaalltt..""

115588 AAttcchhiissoonn::  2200%%,,  JJuuddtt::  2233--2288%%,,  DDuuttcchh  AAggrriiccuullttuurraall  RReessaarrcchh  IInnssttiittuuttee::  1122%%  iinn  wwiilldd  ccuullttiivvaarrss  --  2288%%  iinn  mmooddeerrnn
ccuullttiivvaarrss,,  aanndd  vvaann  ddeerr  WWeerrff::  3300--4400%%..

115599 AAllffrreedd  WWoonngg  aanndd  CChheenn  CChhiiuu,,  ““PPuullppiinngg  aanndd  BBlleeaacchhiinngg  ooff  HHeemmpp,,””  pp..  447733..

116600 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  GGeerrttjjaann  vvaann  RRooeekkeell,,  JJrr..,,  RReesseeaarrcchheerr,,  AAggrrootteecchhnniiccaall  RReesseeaarrcchh  IInnssttiittuuttee,,  NNeetthheerrllaannddss,,
NNoovveemmbbeerr  3300,,  11999944..    AAllffrreedd  WWoonngg  rreeppoorrttss  ooff  aannootthheerr  mmiillll  iinn  CCrrooaattiiaa  tthhaatt  uusseess  wwhhoollee--ssttaallkk  hheemmpp  aanndd  hheemmpp  bbaasstt
ffiibbeerr  ffoorr  ssppeecciiffiicc  tteecchhnniiccaall  ppaappeerrss..    ((LLeetttteerr  ffrroomm  AAllffrreedd  WWoonngg,,  SSeepptteemmbbeerr  1166,,  11999955))

116611 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  GGeerrrriitt  vvaann  RRooeekkeell,,  NNoovveemmbbeerr  3300,,  11999944;;  FFrraannss  ZZoommeerrss,,  RRiicchhaarrdd  GGoosssseelliinnkk,,  BBôôkkee
TTjjeeeerrssddmmaa,,  ""OOrrggaannoossoollvv  PPuullppiinngg  aanndd  tthhee  TTeesstt  PPaappeerr  CChhaarraacctteerriizzaattiioonn  ooff  FFiibbeerr  HHeemmpp,,""  TTAAPPPPII  PPrroocceeeeddiinnggss  ooff
tthhee  11999933  PPuullppiinngg  CCoonnffeerreennccee  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11999933)),,  pp..  448800;;  GGeerrrriitt  vvaann  RRooeekkeell  eett..  aall..,,  ""EExxttrruussiioonn
PPuullppiinngg  ooff  TTrruuee  HHeemmpp  BBaasstt  FFiibbrree,,""  PPrroocc..11999955  PPuullppiinngg  CCoonnffeerreennccee,,  pp..  447777..

116622 GGeerrrriitt  vvaann  RRooeekkeell  eett..  aall..,,  ""EExxttrruussiioonn  PPuullppiinngg  ooff  TTrruuee  HHeemmpp  BBaasstt  FFiibbrree,,""  pp..  447777..

116633 MMaannffrreedd  JJuuddtt,,  ""HHeemmpp::  PPaappeerrmmaakkeerrss  SShhoouulldd  TTaakkee  IItt  wwiitthh  aa  PPiinncchh  ooff  SSaalltt,,""  pp..3355..

116644 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  GGeerrrriitt  vvaann  RRooeekkeell,,  JJrr..,,  AAggrrootteecchhnniiccaall  RReesseeaarrcchh  IInnssttiittuuttee,,  NNoovveemmbbeerr  3300,,  11999944;;  HHaayyoo
vvaann  ddeerr  WWeerrff,,  ""PPaappeerr  ffrroomm  DDuuttcchh  HHeemmpp??""  pp..  1188ff..

116655 HHaarrmmoohhiinnddeerr  SSaabbhhaarrwwaall  eett  aall,,  ""BBiioo--RReeffiinneerr  MMeecchhaanniiccaall  PPuullppiinngg  ooff  BBaasstt  TTyyppee  FFiibbeerrss,,""  PPrroocc..  11999944  PPuullppiinngg
CCoonnffeerreennccee,,  pp..  662233ffff;;  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  HHaarrmmoohhiinnddeerr  SSaabbhhaarrwwaall,,  RReesseeaarrcchh  AAssssoocciiaattee,,  DDeeppaarrttmmeenntt  ooff
FFoorreessttrryy,,  UUnniivveerrssiittyy  ooff  WWiissccoonnssiinn,,  MMaayy  3311,,  11999955..

116666 MMaannffrreedd  JJuuddtt,,  ""NNoonn--wwoooodd  PPllaanntt  FFiibbrreess,,  WWiillll  TThheerree  BBee  aa  CCoommee--bbaacckk  iinn  PPaappeerrmmaakkiinngg??,,""  pp..5511--5577..

116677 BBrriijjeennddeerr  PPaarrssaadd,,  SSuuee  JJaakkuubbsseenn,,  MMiicchhaaeell  KKooccuurreekk,,  ““GGeeoorrggiiaa  KKeennaaff  PPrroojjeecctt,,””  PPrroocc..  11999955  PPuullppiinngg  CCoonnffeerreennccee,,
pp..  332299..

116688 VV..  PP..  LLeeeekkhhaa  aanndd  SS..KK..  TThhaappaarr,,  ""EExxppeerriieenncceess  iinn  KKeennaaff  PPuullppiinngg  iinn  TThhaaiillaanndd,,""  TTAAPPPPII  PPrroocceeeeddiinnggss  ooff  tthhee  11998833
PPuullppiinngg  CCoonnffeerreennccee  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11998833))  pp..  228888--229933;;  SSaannddwweellll  IInncc,,  KKeennaaff  AAsssseessssmmeenntt  SSttuuddyy,,  ddrraafftt
rreeppoorrtt  pprreeppaarreedd  ffoorr  tthhee  TTaallllaahhaattcchhiiee  CCoouunnttyy  BBooaarrdd  ooff  SSuuppeerrvviissoorrss,,  CChhaarrlleessttoonn,,  MMiissssiissssiippppii,,  AApprriill  1199,,  11999911,,  pp..
1166..

116699 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  WWaayynnee  EEuuddyy,,  IInntteerrnnaattiioonnaall  PPaappeerr  CCoommppaannyy,,  NNoovveemmbbeerr  1166,,  11999944..

117700 PPuullpp  &&  PPaappeerr  WWeeeekk,,  1188((1133))::  44  ((MMaarrcchh  2255,,  11999966))..

117711 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  RRoobbeerrtt  HHuurrtteerr,,    DDeecceemmbbeerr  11,,  11999944;;  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  WWaayynnee  EEuuddyy,,
IInntteerrnnaattiioonnaall  PPaappeerr  CCoommppaannyy,,  NNoovveemmbbeerr  1166,,  11999944;;  tteelleepphhoonnee  iinntteerrvviieeww  wwiitthh  JJoosseepphh  KKuurrddiinn,,  pprreevviioouussllyy  wwiitthh
GGEE  SSpprroouutt--BBaauueerr,,  NNoovveemmbbeerr  1166,,  11999944..
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117722 NNoo  ppuubblliisshheedd  mmaarrkkeett  ppuullpp  pprriiccee  ddaattaa  wweerree  aavvaaiillaabbllee  ffoorr  ssppeecciiaallttyy  ppuullppss  bbeeccaauussee  ooff  tthhee  ssmmaallll  mmaarrkkeett  ssiizzee..    HHuurrtteerr
eessttiimmaatteedd  tthhee  pprriiccee  ffoorr  ffllaaxx,,  hheemmpp  aanndd  ssiissaall  aatt  $$22,,660000--22,,770000  ppeerr  mmeettrriicc  ttoonn  aanndd  ffoorr  aabbaaccaa  aatt  $$33,,000000--44,,000000  ppeerr
ttoonn..  ((TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  RRoobbeerrtt  HHuurrtteerr,,  HHuurrtteerrCCoonnssuulltt,,  IInncc..,,  DDeecceemmbbeerr  11,,  11999944))    OOtthheerr  iinndduussttrryy  eexxppeerrttss
ggaavvee  ssiimmiillaarr  eessttiimmaatteess..    BBlleeaacchheedd  ssooffttwwoooodd  kkrraafftt  ppuullpp  iinn  tthhee  ssoouutthheerrnn  UU..SS..  wweerree  $$779955  iinn  22nndd  QQttrr  ooff  11999955,,  $$447755
iinn  22nndd  QQttrr  ooff  11999944..  ((PPrriiccee  WWaattcchh  ffoorr  MMaarrkkeett  PPuullpp,,  PPuullpp  aanndd  PPaappeerr  WWeeeekk,,  MMaayy  1155,,  11999955,,  pp..  66..))

117733 MMaarrttiinn  MMaaccLLeeoodd,,  ““NNoonn--wwoooodd  FFiibbeerr::  NNuummbbeerr  22,,  aanndd  TTrryyiinngg  HHaarrddeerr,,””  pp..  5500ffff..

117744 SSaannddwweellll  IInncc..,,  KKeennaaff  AAsssseessssmmeenntt  SSttuuddyy,,  pp..  2266..

117755 IInn  11999922,,  aann  AAmmeerriiccaann  PPaappeerrmmaakkeerr  rreeppoorrtt  ssttaatteedd  tthhaatt  iitt  ccoossttss  $$663300,,000000  ttoo  $$665500,,000000  ppeerr  ddaaiillyy  ttoonn  ooff  ccaappaacciittyy  ttoo
bbuuiilldd  aa  mmiillll  pprroodduucciinngg  bblleeaacchheedd  kkrraafftt  ppuullpp..    American Papermaker (March, 1992).    EEssttiimmaatteess  mmaaddee  bbyy  tthhee
iinnvveessttmmeenntt  ffiirrmm  MMoorrggaann  SSttaannlleeyy  ppuutt  rreeppllaacceemmeenntt  ccoossttss  aatt  $$11..115522  bbiilllliioonn  ffoorr  tthhee  ppuullpp  mmiillllss  tthhaatt  WWeeyyeerrhhaauusseerr
ppuurrcchhaasseedd  ffrroomm  PPrroocctteerr  &&  GGaammbbllee  iinn  NNoovveemmbbeerr  11999922;;  tthheessee  ffiigguurreess  ttrraannssllaattee  iinnttoo  aa  ccaappiittaall  ccoosstt  ooff  $$660000,,000000  ppeerr
ddaaiillyy  ttoonn  ffoorr  bblleeaacchheedd  kkrraafftt  ppuullpp  ccaappaacciittyy..  MMoorrggaann  SSttaannlleeyy  hhaass  aallssoo  eessttiimmaatteedd  tthhee  ccoosstt  ooff  aaddddiittiioonnaall  ccaappaacciittyy  ffoorr
vviirrggiinn  bblleeaacchheedd  mmaarrkkeett  ppuullpp  ttoo  bbee  $$555500,,000000  ppeerr  ddaaiillyy  ttoonn,,  bbaasseedd  oonn  mmaajjoorr  ppaappeerr  aaccqquuiissiittiioonnss  tthhaatt  hhaavvee  ttaakkeenn
ppllaaccee  ssiinnccee  SSeepptteemmbbeerr,,  11998888;;  iittss  eessttiimmaattee  ffoorr  tthhee  ppeerriioodd  pprriioorr  ttoo  SSeepptteemmbbeerr,,  11998888  wwaass  $$550000,,000000  ppeerr  ddaaiillyy  ttoonn..
"Summary of 37 Major Paper Acquisitions," Morgan Stanley Equity Research Report, 1992.  Based on a
production level of 1920 tons of pulp per day, 350 days per year.

117766 AAllll  eennggiinneeeerriinngg  eessttiimmaatteess  iinnccoorrppoorraattee  2200%%  ooff  ppllaannnniinngg,,  eeqquuiippmmeenntt  aanndd  llaabboorr  ccoossttss  ffoorr  ccoonnttiinnggeenncciieess;;  tthhuuss  tthhee
aaccttuuaall  ccoonnssttrruuccttiioonn  ccoossttss  aarree  uussuuaallllyy  lloowweerr..

117777 SSeeee  pp..  4488--4499  ooff  WWhhiittee  PPaappeerr  1122,,  AA  CCoommppaarriissoonn  ooff  bblleeaacchheedd  kkrraafftt,,  ssuullffiittee  aanndd  bblleeaacchheedd  cchheemmiitthheerrmmoommeecchhaanniiccaall
ppuullppss..

117788 JJoosseepphh  AAttcchhiissoonn,,  ""AAlltteerrnnaattiivveess  ttoo  WWoooodd  FFiibbeerrss  --  RReeaall  oorr  IImmaaggiinnaarryy,,””;;  JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd
FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee  PPuullppss;;””  lleetttteerr  ffrroomm  JJoosseepphh  AAttcchhiissoonn,,
SSeepptteemmbbeerr  1155,,  11999955..

117799  LLeetttteerr  ffrroomm  AAllffrreedd  WWoonngg,,  AArrbbookkeemm,,  IInncc..,,  DDeecceemmbbeerr  1122,,  11999955..

118800 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  RRoobbeerrtt  HHuurrtteerr,,  PPrreessiiddeenntt,,  HHuurrtteerrCCoonnssuulltt,,  IInncc..,,  NNoovveemmbbeerr  2299,,  11999944..

118811 JJoosseepphh  AAttcchhiissoonn,,  ""GGrraaiinn  SSoorrgghhuumm  aanndd  WWhheeaatt  SSttrraaww  aass  AAlltteerrnnaattiivveess  ttoo  WWoooodd  FFiibbeerrss  ffoorr  PPrroodduuccttiioonn  ooff
CCoorrrruuggaattiinngg  MMeeddiiuumm  iinn  TTeexxaass,,  PPrreesseennttaattiioonn  iinn  HHeerreeffoorrdd  aanndd  LLuubbbboocckk,,  TTeexxaass,,  DDeecceemmbbeerr  1188  aanndd  1199,,  11999911..

118822 IInn  ccoonnttrraasstt,,  uussiinngg  nnoonn--wwooooddss  mmaakkeess  eeccoonnoommiicc  sseennssee  iinn  ccoouunnttrriieess  wwiitthh  lliimmiitteedd  ffoorreesstt  rreessoouurrcceess..    IInn  CChhiinnaa,,  ffoorr
iinnssttaannccee,,  tthhee  SSiicchhuuaann  ppuullpp  aanndd  ppaappeerr  jjoouurrnnaall  SSiicchhuuaann  ZZaaoozzhhii  rreeppoorrtteedd  iinn  11999933  tthhaatt  ppuullpp  mmaaddee  ffrroomm  kkeennaaff  ccoossttss
oonnee--tthhiirrdd  aass  mmuucchh  ttoo  pprroodduuccee  aass  iimmppoorrtteedd  wwoooodd  ppuullpp..    WWoonngg  nnootteess  tthhaatt  CChhiinnaa  ppuuttss  hhiigghh  iimmppoorrtt  ttaarriiffffss  ((3300--4400%%))
oonn  wwoooodd..    ((EEdd  AAyyrreess,,  ““PPaappeerr  WWiitthhoouutt  TTrreeeess,,””  iinn::  RRaaiinnffoorreesstt  AAccttiioonn  NNeettwwoorrkk,,  CCuutt  WWaassttee,,  NNoott  TTrreeeess,,  SSaann
FFrraanncciissccoo,,  CCAA,,  11999955;;  lleetttteerr  ffrroomm  AAllffrreedd  WWoonngg,,  SSeepptteemmbbeerr  1166,,  11999955..))

118833 DDaanniieell  KKuugglleerr,,  KKeennaaff  NNeewwsspprriinntt::  RReeaalliizziinngg  CCoommmmeerrcciiaalliizzaattiioonn  ooff  aa  NNeeww  CCrroopp  AAfftteerr  FFoouurr  DDeeccaaddeess  ooff  RReesseeaarrcchh
aanndd  DDeevveellooppmmeenntt,,  AA  RReeppoorrtt  oonn  tthhee  KKeennaaff  DDeemmoonnssttrraattiioonn  PPrroojjeecctt,,  JJuunnee  11998888;;  TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  FFrraannkk
WWeerrbbeerr,,  NNaattiioonnaall  PPrrooggrraamm  LLeeaaddeerr,,  AAggrriiccuullttuurraall  RReesseeaarrcchh  SSeerrvviiccee,,  UUnniitteedd  SSttaatteess  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,
NNoovveemmbbeerr  77,,  11999944..

118844 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  BBiillll  WWooooddss,,  MMiissssiissssiippppii  DDeellttaa  FFiibbeerr  CCooooppeerraattiivvee,,  NNoovveemmbbeerr  99,,  11999944..

118855 SSaannddwweellll  IInncc..,,  KKeennaaff  AAsssseessssmmeenntt  SSttuuddyy..
..
118866  TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  AAllffrreedd  WWoonngg,,  AArrbbookkeemm,,  IInncc..,,  DDeecceemmbbeerr  11,,  11999944..
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118877 UU..SS..  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  IInndduussttrriiaall  UUsseess  ooff  AAggrriiccuullttuurraall  MMaatteerriiaallss  --  SSiittuuaattiioonn  aanndd  OOuuttllooookk  RReeppoorrtt,,  pp..
2222ffff;;  MMaarriiaallyyccee  PPeeddeerrsseenn,,  ""TTrreeee  FFrreeee  bbyy  22000033??,,""  EE  MMaaggaazziinnee,,  NNoovveemmbbeerr//DDeecceemmbbeerr  11999933,,  pp..  2222ffff;;  lleetttteerr  ffrroomm
DDaanniieell  KKuugglleerr,,  UUnniitteedd  SSttaatteess  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  OOccttoobbeerr  22,,  11999955..

118888 IIaann  LLooww,,  ““TThhee  UUKK  HHeemmpp  PPrroojjeecctt  iinn  11999933,,””  pp..  1155;;  ““LLeeggaall  HHeemmpp  CCrroopp  iinn  UU..KK..,,””  PPuullpp  aanndd  PPaappeerr,,  6677((99))::  2277
((11999933))..

118899 TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  WWaayynnee  NNaayy,,  WWeeyyeerrhhaaeeuusseerr  CCoommppaannyy,,  DDeecceemmbbeerr  1133,,  11999944;;    WWaayynnee  NNaayy,,  ""OOrreeggoonn
RRyyeeggrraassss  SSttrraaww  ffoorr  CCoonnttaaiinneerrbbooaarrdd,,""  PPrreesseennttaattiioonn  aatt  tthhee  PPaacciiffiicc  SSeeccttiioonn  TTAAPPPPII  CCoonnffeerreennccee,,  SSeepptteemmbbeerr  1166,,
11999944;;  WWiilllliiaamm  YYoouunngg  eett  aall,,  ""AAnnnnuuaall  RRyyeeggrraassss  SSeeeedd  PPrroodduuccttiioonn  iinn  tthhee  SSoouutthheerrnn  WWiillllaammeettttee  VVaalllleeyy::  IImmpplliiccaattiioonnss
ffoorr  AAvvaaiillaabbiilliittyy  ooff  SSttrraaww,,""  RReeppoorrtt  bbyy  tthhee  DDeeppaarrttmmeenntt  ooff  CCrroopp  aanndd  SSooiill  SScciieennccee,,  OOrreeggoonn  SSttaattee  UUnniivveerrssiittyy,,
CCoorrvvaalllliiss,,  OORR,,  AAuugguusstt  11999944;;  AAnnoonnyymm..,,  ""WWeeyyccoo  ttoo  PPuullpp  SSttrraaww,,  OOCCCC,,""  PPuullpp  aanndd  PPaappeerr,,  OOccttoobbeerr  11999933,,  pp..  2233;;
JJoosseepphh  AAttcchhiissoonn,,  ""PPrreesseenntt  SSttaattuuss  aanndd  FFuuttuurree  PPrroossppeeccttss  ffoorr  UUssee  ooff  NNoonn--wwoooodd  PPllaanntt  FFiibbeerrss  ffoorr  PPaappeerr  GGrraaddee
PPuullppss..””

119900 PPeenneellooppee  WWhhiittnneeyy  aanndd  KKaatthheerriinnee  HHyyddee,,  ““SSttrraaww  iinnttoo  GGoolldd::  IInntteerrvviieeww  wwiitthh  AAggrriippuullpp  PPiioonneeeerr  AAllffrreedd  WWoonngg,,””  iinn::
RRaaiinnffoorreesstt  AAccttiioonn  NNeettwwoorrkk,,  CCuutt  WWaassttee,,  NNoott  TTrreeeess,,  SSaann  FFrraanncciissccoo,,  CCAA,,  11999955..

119911 LLeetttteerr  ffrroomm  PPaauull  SSttaannffoorrdd,,  ffoouunnddeerr  aanndd  pprreessiiddeenntt,,  TTrreeee  FFrreeee  EEccooPPaappeerr,,  OOccttoobbeerr  22,,  11999955..

119922 CCaarroollyynn  MMoorraann,,  ““FFoorr  PPaappeerr,,  NNoott  ffoorr  LLaannddffiillllss  ----  AAggrriiccuullttuurraall  WWaassttee,,””  BBllooooddrroooott::    TThhee  VVooiiccee  ooff  HHeeaarrttwwoooodd,,  FFaallll
11999955,,  pp..  1166..    DDaannffoorrtthh  IInntteerrnnaattiioonnaall  TTrraaddee  AAssssoocciiaatteess  iinn  PPooiinntt  PPlleeaassaanntt,,  NNJJ  ddeessiiggnneedd  tthhiiss  ppaappeerr..    TTeelleepphhoonnee
iinntteerrvviieeww  wwiitthh  FFrraannkk  RRiicccciioo,,  JJrr..,,  DDaannffoorrtthh  IInntteerrnnaattiioonnaall  TTrraaddee  AAssssoocciiaatteess,,  IInncc..,,  MMaayy  3311,,  11999955..

119933 DDaanniieell  KKuugglleerr,,  KKeennaaff  NNeewwsspprriinntt::  RReeaalliizziinngg  CCoommmmeerrcciiaalliizzaattiioonn  ooff  aa  NNeeww  CCrroopp  AAfftteerr  FFoouurr  DDeeccaaddeess  ooff  RReesseeaarrcchh
aanndd  DDeevveellooppmmeenntt,,  AA  RReeppoorrtt  oonn  tthhee  KKeennaaff  DDeemmoonnssttrraattiioonn  PPrroojjeecctt;;  TTeelleepphhoonnee  iinntteerrvviieeww  wwiitthh  FFrraannkk  WWeerrbbeerr,,
NNaattiioonnaall  PPrrooggrraamm,,  UUnniitteedd  SSttaatteess  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  NNoovveemmbbeerr  77,,  11999944;;  JJoonnaatthhaann  HHaarrsscchh,,  ""KKeennaaff  PPuullpp
aanndd  FFiibbeerr  CCoommmmeerrcciiaalliizzaattiioonn  SSllooww  aanndd  CCoossttllyy  DDeessppiittee  PPrroovveenn  EEccoonnoommiicc  aanndd  EEnnvviirroonnmmeennttaall  BBeenneeffiittss"",,  NNeeww
IInndduussttrriiaall  UUsseess,,  NNeeww  MMaarrkkeettss  ffoorr  UU..SS..  CCrrooppss::    SSttaattuuss  ooff  TTeecchhnnoollooggyy  aanndd  CCoommmmeerrcciiaall  AAccttiioonn,,  ppeeppaarreedd  ffoorr  UU..SS..
DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  CCooooppeerraattiivvee  SSttaattee  RReesseeaarrcchh  SSeerrvviiccee,,  OOffffiiccee  ooff  AAggrriiccuullttuurraall  MMaatteerriiaallss,,  AAuugguusstt  11999933,,
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