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he inereasing demand for paper

creates pressure on the global
environment and opens the way for
competitive alternatives to the well es-
tablished wood fiber feedstocks. Kenaf
is a fiber which has been the subject of
much research, investigation, and com-
mercial analysis in recent years. Ear-
lier papers (1-8) describe the
agricultural production, storage, and
transportation of kenaf. These refer-
ences also describe the separation of
the bast (long-fiber) and woody core
(short-fiber) components and the
pulping and papermaking character-
istics of these two constituents. Suffi-
cient knowledge and experimental
data are therefore available to indi-
cate that the pulping of kenaf fiber is
feasible.

The present paper will deal with
the potential of the kenaf plant to im-
prove the global environment by pro-
viding an alternative to the use of trees.

This objective requires the establish-
ment of a kenaf-based pulp and paper
industry in both developing and devel-
oped countries. Such an industry would
have to be based on a proven and com-
petitive fiber production, handling, and
processing system. The paper will
show that, because of the favorable
impact on the economies of many de-
veloping and developed countries,
kenaf is the nonwood fiber plant most
appropriate for use in filling the gap in
anticipated fiber requirements.

Future demand for pulp and
paper products

To demonstrate the repercussion on
the global environment of kenaf as an
alternative fiber, it is necessary to ex-
amine probable future fiber demand
and to calculate the requirements to
fulfill these forecasts. Table I provides
information on pulp production data
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for 1989 and 1990 (4). The data is the
sum of the pulp produced for the inte-
grated paper manufacturing and mar-
ket pulp operations. Other information
forecasts annual expansion rates until
1995 of 3.90% per year for chemical
pulp and 6.10% per year for mechani-
cal pulp for world demand (5).

In order to simplify calculations,
assume that these rates of expansion
will pertain until the year 2010. Apply-
ing them to the pulp produced in 1990
will then provide an indication of fu-
ture pulp and fiber requirements as
shown in Table IL. It is then possible
to calculate the fiber requirement for
the period to 2010 by applying the
estimated average yields for a.d.
chemical pulping of 50% and of me-
chanical pulping of 90%. Table III pre-
sents this data.

The impact of recyeling is not con-
sidered in the data shown in Table I11,
however. When calculating the total
fiber required for the period, there-
fore, the amount of available recycled
secondary fiber must be considered.
A probable estimate is that approxi-
mately 70% of the world’s paper is
made out of virgin fiber. By 2010, it is
likely that this will be approximately
556%. Using a uniform, straight line
increase for recycled secondary fiber
until the year 2010 (6), Table IV shows
the estimated global virgin fiber and
land area requirements which will be
required to meet the forecast for fiber
quantities through 2010 as well as the
impact which reeycling has on the to-
tal long-term fiber requirement. The
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land area calculation in Table IV is 1. Pulp production for 1989 and 1990, million metric tons
based on an annual fiber yield of 1.36
kg/m?® o.d. which represents a highly Chemical Mechanical Other Total
productive forestry operation (6). In puip pulp pulp pulp
colder climates, this yield would de-
crease and the time required to grow
the fiber could be considerably ex-
tended. The age of harvestable forests
would increase well above 10 years.
Only in the unlikely seenario that
there is no expansion of demand be-
yond 1990 with no extra fiber or land
requirements would the current sup-

1989 120.83 35.31 7.47 163.61
1990 117.90 35.75 7.00 160.65

Il. Estimated future global pulp requirements, million metric tons

ly be sufficient to maintain produc- ,
{)i(?;l at existing levels. Using 1590(311;03 Chermical Mechanicl Total
pulp pulp pulp

base year for purposes of comparison,

Table V indicates the additional fiber 1995 142.76 48.07 190.82
and land necessary for the expansion 2000 172.85 64.63 237.48
of demand beyond 1990. In this table, 2005 209.29 86.90 296.19
1990 is the base year and other years | 2010 253.41 116.84 370.25

are the value from Table IV minus the
value for 1990.

HI. Estimated future global fiber requirements, million metric tons a.d.

Fiber requirements

. . Chemical Mechanical Total
Usmg other estuna.tes .(6—8), the total fiber fiber fiber
additional fiber which is known to be
available to cover expansion until 2010 1995 285.51 53.41 338.92
is approximately 65 million metric tons 2000 345.70 71.81 417.51
per year of o.d. fiber. Accordingly, the 2005 418.58 96.55 515.13
world will be running short of virgin 2010 506.82 129.82 636.64

fiber resources around the year 2000
as shown in Table V. After using the
caleulated excess capacity of 65 million

V. Estimated future global virgin fiber and land area requirements

metrie tons per year, an additional 92

million metric tons per year will still be
. Amount of Land area
required by 2010. Total of virgin fiber, million required,
The average age of forests to meet virgin fiber, % metric tons a.d. million hectares

these requirements would be 10-15

years unless a major relocation of for- 1990, base year 70.00 192.87 12.86
est resources were to occur to the 1995 66.25 224.53 14.97
warmer climate zones. Approximately 2000 62.50 260.94 17.40

10 million hectares of land per year sg?g gg'gg ‘ggg'?g ‘Zg‘:ﬁ
would have to be planted now due to ' ' ’

the long lead times required before
harvesting.

Table IV indicates that 12.86 mil- ¥ Estmated additional global virgin fiber and land area requirements based on 1990 usage

lion hectares of land will produce the

current fiber requirements. By 2010, : Amount of Land area
this will almost double to 23.04 million Total of virgin fiber, million required,
virgin fiber, % metric tons a.d. million hectares

hectares. Because forest plantations
require a large amount of capital for

long periods, it is unlikely that funds 1995 66.25 31.67 2.1
for long-term forestation projects 2000 62.50 68.08 4.54

g-tern 5 proj 2005 58.75 100.77 7.32
would be available in the current pe- 2010 55.00 157.29 10.49
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VI. Summary of kenat fiber production costs

United States

Australia Thailand India

References (13)

Yield, metric tons/hectare a.d. 13.36
Total cash costs?
for farming input
only, US$/hectare 328
Retum to land and
management,
harvesting, and
transport, US$/hectare 480

Total, US$/hectare 809
Cost to purchaser

delivered to

plant, US$/matric ton a.d. 61

Change in

kenaf fiber costs
using United States
as base, % 0.0
Transportation

distance, km 24

Cost of fiber

required to make

a.d. pulp® at

mill gate, US$/metric ton 121

*US$ = 1.32 AUD, 26 THB, 26 INR

®Two units of fiber assumed to produce one unit of pulp.

(13) (3, 15) (16)

16.06 10.13 10.13

374 97 123

453 394 317

828 491 439

52 48 43

14 20 28

24 50 45

103 97 87

riod of economic recession. Conse-
quently, the world will face a shortage
of fiber (9) and an increase in wood
chip costs. This could lead to more pres-
sure for the accelerated exploitation of
existing mature forest resources.

Thus anincreasing use of fast grow-
ing annual fibers would be the most
probable commercially, practically, and
environmentally acceptable alterna-
tive. There would be no long-term capi-
tal commitment in fiber production.
The areas under cultivation could be
inereased or reduced on an annual ba-
sis subject to demand. Subject to cli-
matic considerations, the annual fiber
production per square meter would be
higher, meaning that smaller areas of
land would be required when compared
with pulpwood production.

The analysis hasindicated then that
the forest resources required by the
year 2010 will need to be almost
doubled based on the present usage
rate. This cannot be achieved without
a major plantation program. Due to
thelead time required, it is already too
late to commence implementation us-
ing trees. Obviously, then, the intro-
duction of the large scale utilization of
annual, nonwood fibers such as kenaf
in particular will be necessary to avoid
amajor world shortage of fiber for the
pulp and paper industries. From an
environmental point of view, the main-
tenance and indeed the expansion of
global forests is an important objec-
tive which can only be achieved by
providing an alternative nonwood fi-
ber source.

Agricultural production of kenaf
and fiber processing

Itis quite clear that kenaf as an annual
crop capable of producing both long
and short fibers will be one of the key
fibers, provided it can be processed
into competitive products. Assoon asa
kenaf-based pulp industry is developed,
an increasing amount of the existing
forest resources will be saved from
harvesting.

Kenaf growing and related research
goes back many years in the United
States and in other parts of the world.
Most of the work in developed coun-
tries has been conducted by research
or government organizations on rela-
tively small plots of land. In this work,
the agronomy and agricultural man-
agement practices were well estab-
lished. Harvesting, handling, and
storage technologies essential for com-
mercial operations did not receive the
same attention, however.

The ecombination of the necessary
engineering technology with the al-
ready developed agricultural skills was
the next stage of development. This
has taken place mainly during the last
5-0 years.

For kenaf to he considered a com-
petitive fiber, the agricultural produc-
tion and the introduction of new
technologies essential for the separa-
tion of the long- and short-fiber com-
ponents must be proven in a
continuously operating, commercial
production unit. The first step in such
a goal would be the establishment of
agricultural operations. With financial
assistance from the Tennessee Valley
Authority (TVA), a feasibility study
was conducted to evaluate the poten-
tial of a fiber separation facility. The
study resulted in a commitment to build
such a plant with completion some-
time in 1992 in Mississippi. At present,
this is the only commercial kenaf fiber
processing facility of its kind operat-
ing in the world. The purpose of this
installation is to demonstrate that the
use of kenaf can be a suitable substi-
tute for the conventional wood chip
and woodyard operations in a pulp mill.
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Not only did the study result in a
commitment to build the plant, it also
led to the formation of a farmers’ co-
operative as a source for assuring a
competitive and continuous supply of
kenaf fiber at all times. The 35 mem-
bers participating in the initial forma-
tion of the cooperative planted
approximately 815 hectares of land
with kenaf seed in May and June 1991.
This cooperative will be the sole pro-
vider of raw material to the fiber sepa-
ration facility.

Pulping of the kenaf fiber

Data available from commercial and
laboratory scale pulping of kenaf sup-
ports the conclusion that the pulping
of the kenaf fiber should not present a
barrier to the implementation of a com-
mercial scale pulp mill operation in
developed or developing countries (Z,
2, 10~12). Laboratory trials have been
conducted in Australia, Japan, and
Canada on the chemical pulping of the
separated long- and short-fiber com-
ponents. The pulping of the whole stalk
plant was developed on a commercial
scale in a continuous chemical pulping
operation in Thailand. In North
America, mill scale trials were con-
ducted on the chemical-thermome-
chanical pulping of the whole stalk
kenaf. Extensive pulping experience
with other nonwood fibers further in-
dicates the technical feasibility of
pulping kenaf fiber on a commercial
scale .

Kenaf fiber growing costs

The cost of agricultural production for
the kenaf fiber must be examined in
developed and developing countries.
The following is a comparison between
kenaf production costs in the United
States, Australia, India, and Thailand.
In the analysis, there will be no at-
tempt to compare the cost of wood
chip and woodyard operations with the
cost of processed kenaf fiber to a pulp
mill. Rather the information provided
will compare the kenaf fiber produc-
tion costs in different countries deliv-
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ered to the site of the pulp mill or
processing plant. :

Kenaf fiber is stored by farmers
after being harvested and compacted
in the field. Delivery of the fiber is
coordinated with the requirements of
the mill and the cost of storage is in-
cluded in delivery costs in this paper.
In developed countries, the harvested
kenaf crop is delivered to the process-
ing plant in square bales or large mod-
ules and the condition of the fiber is
a.d. to approximately 10% moisture
content. In developing countries, the
whole stem kenaf is tied together into
bundles and transported to the mill in
a.d. condition. The kenaf fiber may be
processed by the pulp and paper in-
dustries as whole stem or separated
into the long- and short-fiber compo-
nents.

Table VI shows data for kenaf fi-
ber production costs for Australia, In-
dia, and Thailand compared to the
values for the United States. The yields
and input costs shown in this table for
growing kenaf offer farmers commer-
cially acceptable returns compared to
alternate crops. The difference be-
tween the highest and the lowest de-
livered fiber cost is just under 30%.
This range is quite small when consid-
ering the differences in the developed
and developing countries between the
technologies and methods used for
production, processing, and distribu-
tion.

Kenaf as an alternate crop

In many developing countries, there
are significant amounts of agricultural
residue being processed as fiber for
the pulp industry: bagasse, rice straw,
straw, ete. The fluctuations of supply,
quality, and price—as well as the loca-
tion of the producing areas—limit the
large scale use of these fibers as long-
term alternatives for the pulping of
forest products.

The utilization of high-yielding
kenaf varieties can compete in cost,
quality (2), and availability on a large
scale, as shown in Table VI, provided
suitable climatic conditions exist and

large enough land areas are available.
Kenaf is both an alternative and a
complementary crop for soybeans and
cotton in the southern United States.
In Australia, it canreplace wheat, rice,
and—to a certain extent—sugar cane,
depending on the location of produc-
ing areas. In Thailand, it is a very
attractive alternative to cassava and
plantation eucalyptus. There is like-
wise an advantage in India where the
jute industry is suffering from the
problems of overproduction and a
shrinking demand with the concomi-
tant downward trend of prices.

There is no shortage of land for
kenaf production in India, Thailand,
and in most of the countries in Asia.
These areas rely heavily on the impor-
tation of long-fiber pulps for which
they have to find foreign currency.
Land is available in southern and cen-
tral Europe (13) where the countries
are seeking alternative industrial crops
to the heavily subsidized, conventional
agricultural products.

Very large areas are available for
kenaf production in the southern
United States and Australia with op-
portunities in South America and to a
lesser extent in Africa.

Due to its potentially favorable im-
pact on the economies of many devel-
oping and developed countries, kenaf
is the nonwood fiber plant which is
most likely to be used to fill the antici-
pated gap in fiber requirements. Fur-
thermore, it is correct to assume that,
once a large-scale fiber production
business has been operating for a pe-
riod of time, the productivity of the
operation will increase quite signifi-
cantly. The historical evidence sup-
porting this statement (14) was
collected over a period of 60 years for
crops like soybeans, cotton, and rice.
The data indicates a yield increase in
the order of 200% over this period for
each of these crops.

Apart from the normal learning ex-
perience which is required, the im-
provement, in productivity is due to
the development of new technologies
and cultivars, all of which have oc-
curred during this period.



In a competitive economy, such im-
provements will lead to a decrease in
price in the long term. These improve-
ments of productivity and related re-
duction in fiber costs are more likely
to take place in the open economies of
the developed countries. Therefore the
cost of kenaf production as illustrated
in Table VI should be improving in
favor of the developed countries over
the long term unless the developing
countries elect to use similar or com-
parable capital intensive technologies
in the future.

A commonly held view today among
the pulp industry experts of developed
countries is that the production of
nonwood fibers is not viable or com-
petitive in their economic environment.
The same industries, on the other
hand, are prepared to accept a heavy
long-term reliance on wood fibers due
to a perceived lack of alternatives in
the face of increasing shortages and
an anticipated higher price structure
(9). Based on the information above,
however, it may be concluded that
nonwood fibers and kenaf in particu-
lar will have an important role to play
in the future to meet the fiber require-
ments of both developing and devel-
oped countries.

Environmental considerations

From an environmental point of view,
the public has demonstrated an ea-
gerness to buy products having a fa-
vorable environmental impact. Recent
demand and ready acceptance of
nonbleached paper products in mar-
kets traditionally placing a premium
on brightness demonstrates this. The
labeling of recycled paper products
attracts a sufficient marketing advan-
tage with a segment of the public to
Jjustify the extra cost, promotion, and
effort required.

Itis therefore reasonable to assume
that it would be possible to develop a
competitive range of paper products
based on kenaf and that these prod-
ucts would appeal to a large segment
of the population in all countries.
Worldwide the purchasing public is

becoming increasingly conscious and
environmentally aware of the need to
preserve forests. Therefore it is very
likely that kenaf will soon be recog-
nized as an alternative fiber source to
the increasing utilization of forest re-
sources.

Conclusion

If there is no increase in the demand
for paper and paper products after
1990, no additional fiber sources or
growing lands will be necessary since
the current fiber supply is sufficient to
maintain production at existing levels.
As shown in Table IV, however, the
12.86 million hectares of land needed
to produce the current fiber require-
ments in 1990 will almost double to
23.04 million hectares in 2010. It should
be possible to develop a competitive
range of paper products based on
kenaf. These produets should appeal
to a large segment of the population of
all countries where there is a desire to
preserve forests for environmental
reasons.

The harvests from the plantings of
the farmers’ cooperative on 815 heet-
ares in Mississippi—which will be used
in the newly built commercial kenaf
production, fiber separation, and pro-
cessing plant—will be the first step in
the world effort to utilize kenaf in the
pulp and paper industries.
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