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Abstract: Pulp and paper industry in the world have been
growing fast. As a result, there has been a massive re-
quest for pulp and paper rawmaterials. The rawmaterials
used in papermaking can be classified into three groups:
wood, non-wood, and recycledwastepaper. TheNon-wood
raw material is an important fiber resource in the regions
where forest resources are limited. The current usage of
non-wood plant fibers, as rice straws, corn stalks, cotton
stalks, and bagasse would play a chief role in increas-
ing papermaking raw materials. Using of non-wood plant
fibers in the paper industry associated with some prob-
lems, including collection, transportation, storage and
handling, washing, bleaching, papermaking, chemical re-
covery, supply of raw material and the properties of fin-
ished paper. Recently, a high-tech innovation in all the
fields of papermaking has made non-wood more reason-
able with wood as a raw material for papermaking. Al-
though till now, use of non-wood fibers for pulp and pa-
per manufacture was focused in countries with limited
wood supply, it is now showing a growing effort even in
countries with acceptable wood source due to environ-
mental concerns. Consequently, the future of non-wood
plant fibers as pulping and papermaking raw material
looks bright.

Keywords: agricultural residues; non-wood fibers; paper-
making; pulp and paper industry; raw material.
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Introduction

Paper plays an important role in the social, economic, and
environmental development of any country. Paper manu-
facturing is based generally on the use of renewable nat-
ural fibers. The best renewable natural materials for pa-
permaking are wood, non-wood, and recycled fibers (Ba-
jpai 2018). The growth in population and economic de-
velopment will definitely increase the request for vari-
ous forest products, resulting in increased competition
for raw materials in paper and pulp industries (Sutrad-
har et al. 2018). So, non-woody and recycled fibers give
a great chance to replace woody fibers (Saeed et al. 2017,
Nayak and Bhushan 2019). Production of the pulp and pa-
per from non-woodmaterials hasmany benefits compared
with wood, such as easy to pulp, good-quality bleached
pulp, and excellent sources for special types of paper (As-
sumpcao 1992, Atchison 1995, Franciele et al. 2019). There
are wide ranges of non-wood plant fibers which plays an
important role as fiber resources in regions that have insuf-
ficient forest resource such as China, India and Egypt and
play an increasingly important role in these regions (Wa
andAwar 2016). Therefore, theuses of non-wood resources
may assist in solve the fiber shortage that is expected
to arise in the future. Challenges of using agricultural-
residues are its huge and thus are not easy to handle. Dur-
ing storage it tends todeteriorate andget colored, thuspro-
viding lower pulp yields and lower brightness. Non-wood
raw materials are slow to drain, and consequently, wash-
ing is difficult and thepapermachine cannot be runat high
speeds, sodropping theproduction.Non-woodpapermills
are small scale and do not have enough capital to install
a recovery system. So, they release the effluents directly
into the environment. Even the mills that are big enough
to afford a recovery system have problems peculiar to non-
woods. The biggest problem is the presence of silica that
produces scale formation trouble in evaporators, recovery
boilers, causticizing equipment, and soda ovens. Another
challengewith non-wood plantmaterials is that their mor-
phology and chemical composition depend on harvesting
time, geographic location, and is affected by plant breed-
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ing and, hence, the pulp properties change with harvest-
ing season (Young 1997).

Overall theworld, the growing rate of paper consump-
tion is fast and the world production of pulp and paper is
around 400 million tons and is predictable to reach 600
million tons by 2020 (Jahan et al. 2016). Recently, owing
to the growth in the global request for fibrous raw materi-
als, the shortage of trees in many counties, and growing
sustainability consciousness, agricultural residues have
become one of the most important substitute resources
(Gharehkhani et al. 2017, Bhardwaj et al. 2019). The non-
wood fibers could be obtained from three sources: agricul-
tural by-product, industrial crops and naturally growing
plants (Fahmy et al. 2017). Agro-based fibers are residues
accumulated after the harvest of annual plants. About
8% of global paper and board manufacture is based on
farmed wastes, while 92% of world production depends
upon wood whether softwood or hardwood (Fahmy et al.
2017). Using of these residues now is not smart as they
are usually burnt in open land under poorly controlled
conditions, causing environmental suffering because of
the heavy smog generation (Kong et al. 2012). Agricultural
residues can be used as active alternative elements to for-
est resources in different counties (Jonoobi et al. 2015, Bar-
bash et al. 2016, Rudi et al. 2016). In the current review, a
short introduction to the recent use of non-wood fiber re-
sources for paper pulp manufacture in the world is given.
A literature review of the most common plants used as
fiber resource is given together with their individual char-
acteristics from the viewpoint of their use as industrial raw
materials. From the practical attitude, annual plants offer
a great range of fiber qualities that can be used in the de-
velopment of new paper qualities.

Historical trend of pulp and paper
manufacturing
Using of Papyrus as non-wood plant fibers in papermak-
ing is back to 3000 BC in Egypt. Actual papermaking was
discovered in China, in AD 105, by making sheets using
fibers fromhemp rags andmulberry (Atchison andMcGov-
ern 1983, Atchison 1989, Gopal et al. 2019), during the next
numerous centuries, the art of papermaking grew far and
wide from Japan in the east, to Siam (now Thailand) in the
south, to Chinese Turkestan in the west. In Turkestan, in
751 AD, handmade paper was learned by the Arabs who
brought it westward over their trade routes. Papermak-
ing reached Samarkand, Baghdad (793 AD), Damascus,
Cairo (900 AD), and Fez (1100 AD). From there it spread

to Spain in 1151 AD then to France in 1348 AD and later
on to Germany in 1390 AD (Kaur et al. 2017, Jardine 2017).
In 1450, the discovery of printing by movable sort in Ger-
many caused an abundant reduction in the price of book
production. This created a demand for printing surfaces
that parchmentmight notmeet. During the next 150 years,
mills for making paper by hand were built in nearly every
country in Europe (Ramesh et al. 2017). From this date, the
resulting increase in demand could not be met only from
rags and old ropes. Therefore, the search for alternative
rawmaterials was intensified. Today, the foremost ratio of
non-wood to overall papermaking pulp capacities are in
the developingmarket economies of Asia, Africa and Latin
America. Further, total non-wood plant fibers pulping ca-
pacity worldwide is growing faster than the wood pulping
volume (Atchison 1998).

Reasons for using non-wood plant
fibers in pulp and paper industry

Shortage of wood fibers

There is a scarcity of wood resources despite the fact that
the world has enough forest soil to provide wood for the
earth’s peoples and thatwith good forestmanagement and
consumption enough wood could be produced to supply
all existing needs. This shortage is all the more serious be-
cause of rising demands for wood fibers for pulp and for
a growing wood chemical industry. So, virgin wood fibers
are very important to meet demand of the forest prod-
ucts industry. However, fiber materials within and across
particular regions will soften. The use of non-wood plant
fibers for pulp and papermaking in these regions are not a
problem of choice but a matter of requirement.

Surplus of non-woody raw materials

The abundance of non-woody rawmaterials in some coun-
tries is also responsible for its use in papermaking. Some-
times, the use in papermaking is considered the best way
to organize of non-wood fibers. In Europe and Americas,
the use of agricultural fibers in pulping has a further ben-
efit because it prevents the need for its removal, which cur-
rently increases agricultural costs and green fibers deteri-
oration through pollution, fires, and pests (Alcaide et al.
1993).
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Special papermaking properties of selected
non-wood fibers

Apart from the above reasons, some non-wood plant fibers
are in demand for papermaking owing to the special prop-
erties that make them superior than wood fibers for spe-
cialty papers. Bagasse pulps are now used in almost all
types of paper such as, bag, wrapping, printing, writing,
toilet tissue, toweling, glassine, corrugatingmedium, liner
board, bleached boards and coating base stocks (Atchison
1993). Cotton linters are used for high quality letterhead
paper, currency paper, dissolving pulp and other specialty
products (Ateş et al. 2015). Bagasse and straw are excellent
formation to papers and can replace hardwood chemical
pulps for printing and writing paper (Ateş et al. 2015, El-
Sakhawy et al. 2018). Pulps made from non-woody annual
plants (e. g., rice and wheat straw, bagasse, flax, or ke-
naf) are suitable as reinforcing fibers in pulps made from
wastepaper. Wheat straw has been presented to be proper
supply for writing and printing paper (Kaur et al. 2018).
Usually hemp bast fibers have been used as source for spe-
cialty papers like bible, cigarette, currency, insulating and
tissue paper (Bambach 2017).

Non-wood fibers for pulp and paper
industry

Normally, the main resources of fibers for pulp and pa-
per are got from trees or agricultural residues. These
sources involved plant materials collected directly from
the land (wood, straw, and stalks), plant fibers by-products
or residues from other industrial processes (wood chips
from sawmills, bagasse and cotton linter) and fiber iso-
lated from recycled paper or paperboard. Forest resources
have important value as resources of different wood for
pulp andpaper-based industries (Holik 2006).Woodfibers
are divided into two types which are softwood (such as
spruce, pine, fir, larch and hemlock) and hardwood (such
as eucalyptus and birch). Pulp and paper production con-
sumes about 13% fromwood resources, but huge majority
of fibers used for pulp andpaper production are fromwood
resources (up to 92% of fibers) (Jiménez et al. 2009, Reddy
et al. 2017). These wood materials are used in numerous
kinds of paper grades owing to its smooth surface area and
strong strength (Stanzl-Tschegg 2011). Today, many coun-
tries are looking for non-wood plants fiber resources as al-
ternative fibers in pulp and paper industries owing to the
increasing prices of wood resources and readily available
non-wood fiber resources in these countries (Naqvi et al.

2018). The United States is also searching for non-wood
fibers to be resources of pulp and paper-based as alterna-
tive fiber in this industry to substitute the virgin fiber re-
sources (Ai and Tschirner 2010). At the same time, Europe
has a shortage of short fiber hardwood pulp and is thus
an importer of this type of pulp (López et al. 2011). They
found out that several of the non-wood fibers have good
properties to replace these fibers. Hence, the usage of non-
wood fibers for pulp and paper manufacture is thus also
predictable to rise in Europe (López et al. 2011). Indeed,
China, India and Egypt are the lead countries that use of
non-wood fibers in pulp and paper production rather than
other countries in the world (Gonzalo et al. 2017). Table 1
gives a list of the top 25 countries using non-wood fibers.
These countries account for 99% of the total non-wood
fiber used in papermaking (FAO 2002).

Many countries, which lack forests, are obliged to uti-
lize agricultural residues as fibers for pulp and paperman-
ufacture (Nassar et al. 2014). However, in regions rich in
wood plants, there is a tendency to use agricultural mate-
rials in order to reduce deforestation. It is expected that the
ratio of utilization of agricultural wastes for pulp and pa-
permakingwill increasing. A percentage of at least 10% is
anticipated for the near future. The predictable global dis-
posal of themost common agricultural residues is given in
Table 2 (Fahmy et al. 2017).

The estimated planted areas of the most important
crops in Egypt are given in Table 3. The residues remaining
after harvesting the crops i. e. agricultural wastes can be
estimated as about 2–3.5 ton/Fadden (except sugarcane)
(Fahmy et al. 2017).

Characteristics of non-wood plant fibers

Generally, non-wood raw materials can be divided to two
broad categories:
– Common non-woods or hardwood alternates such as

straws, bagasse, bamboo, reeds and grasses, esparto,
kenaf, corn stalks, sorghum stalks etc.

– Specialty non-woods or softwood replacements such
as cotton linters; flax, hemp and kenaf, bamboo, etc.

Physical characteristics

Non-wood fibers have unlimited differences in their phys-
ical and chemical properties, and they all cover to vari-
able degrees a wide selection of fiber and cell kinds. Agro-
based fibers, such as rice and wheat straws, sugarcane
bagasse and corn stalks are more similar to hardwoods
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Table 1: Leading countries in non-wood papermaking pulp capacities.

Country Non-wood pulping Capacity
(1000 metric tons)

Pulping capacity (%) in
country from Non-wood

Global pulping capacity
(%) from Non-wood

1. China 17,672 84.2 70.7
2. India 2,001 61.3 8.0
3. Pakistan 491 100 1.96
4. Venezuela 260 65.0 1.1
5. Columbia 252 46.8 1.0
6. Mexico 230 24.1 0.92
7. Thailand 221 34.2 0.88
8. Turkey 191 27.4 0.76
9. Brazil 182 8.0 0.73
10. Greece 160 84.2 0.64
11. Italy 145 23.6 0.58
12. Argentina 141 12.8 0.56
13. Spain 141 7.2 0.56
14. Egypt 127 100 0.51
15. South Africa 113 7.0 0.45
16. Cuba 108 100 0.43
17. Iraq 101 100 0.40
18. Vietnam 100 40.0 0.40
19. Iran 90 25.0 0.36
20. Indonesia 86 1.4 0.34
21. Ecuador 77 100 0.31
22. Bangladesh 75 34.3 0.3
23. Romania 74 9.3 0.3
24. DPRKorea 50 47.2 0.2
25. Peru 50 100 0.2

Table 2: The estimated global availability of agricultural residues.

Raw Material Bone Dry Metric Tons (bdmt)

Cotton Linters 2,700,000
Cotton Staple 18,300,000
Cotton Stalks 68,000,000
Sugarcane Bagasse 102,000,000
Sorghum Stalks 252,000,000
Corn Stalks 750,000,000
Straws
Flax (oil seed) 2,000,000
Grass Seed 3,000,000
Oat 55,000,000
Barley 195,000,000
Rice 360,000,000
Wheat 600,000,000

as the “fiber” fraction is in the same order; but, they
are considerably extra varied and contain a large quan-
tity of very thin-walled cells, barrel-shaped parenchyma’s
cells, and vessel and fine epidermal cells in a wide range
of sizes (Casey 1980). Non-wood plant fibers have vari-
ous average dimensions as compared with dimensions of
wood fibers. Several of the non-wood fibers are like to the

Table 3: The estimated planted areas of the most important crops in
Egypt (Soliman et al. 2013).

Item Planted Area (Hectare)

Wheat 1141180
Cotton 242301
Rice 702913
Corn (maize) 564564
Corn (sorghum) 212532
Fruit tree 434893
Sugarcane 141034
Beans 120868

short fiber hardwoods, but others are so long that they
must be condensed to improve papermaking level. In gen-
eral, the length of the non-wood fiber is small, result-
ing in minor coarseness from these pulps. These fiber di-
mensions provide an idea of the possible effectiveness of
these pulps in pulp and papermaking. In fact, from the
practical and quality viewpoints, any type of paper can
be formed by using the appropriate combination of non-
wood fibers (eventually mixed with wood fibers). Fiber di-
mensions of different non-woods are provided in Table 4.
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Table 4: Summary of properties for non-wood plant fibers.

Categories Raw materials Chemical properties Physical properties
Cellulose,

w/w%
Hemicellulose,

w/w%
Lignin,
w/w%

Fiber length,
mm

Fiber diameter,
µm

Agricultural residue Banana stem (Goswami et al. 2008) 59.18 17.50 18.21 1.55 22.00
Rice straw (Enayati et al. 2009) 41.20 19.50 21.90 1.41 8.00
Bagasse (Salehi et al. 2014) 42.34 28.60 21.70 1.51 21.40
Wheat straw (El-Sakhawy et al. 1996) 38.20 36.30 15.30 0.74 23.02

Annual plant Bamboo (Wen et al. 2013) 43.00 39.00 31.00 2.70 14.00
Elephant grass (Madakadze et al. 2010) 45.60 – 17.70 0.75 15.14
Switch grass (Tajik et al. 2018) 41.20 – 23.89 0.76 13.89

Non-wood crops Kenafbast (Tajik et al. 2018) 55.50 17.70 12.50 2.90 28.16
Plant fruit (Mulyantara et al. 2017) 37.01 31.51 18.54 – –
Date palm rachis (Khiari et al. 2010) 45.00 29.80 27.20 0.89 22.30
Date palm leaves (Khiari et al. 2010) 30.30 – 31.20 – –

The minimum fiber length necessary to produce accept-
able paper strength properties is dependent on many fac-
tors, and fiber lengths are not exclusively related to paper
strength properties (Bousios and Worrell 2017). Different
fiber lengths are desirable for different properties in pa-
per. For example, longer fiber length iswanted for strength
properties in paper, but they tend to bunch together and as
a result do not provide good formation. Shorter fibers on
the other hand provide excellent formation.

Chemical characteristics

The chemical structure of both wood and non-wood mate-
rials consists of three main components mainly, cellulose,
hemicellulose, and lignin. Although the concentration of
these three components can vary from species to species,
the proportions are roughly 50% cellulose, 25% hemicel-
lulose and 25% lignin (Casey 1980). The chemical struc-
ture of non-wood plant fibers differs widely depending on
the kind of plant and the soil and growing conditions. Con-
cerning the chemical structure, it can observe that all non-
woods are categorized by a lower lignin content thanwood
and a higher pentosan or hemicellulose content. Stalk
fibers are like to hardwoods in chemical properties than
to softwoods. The foremost variance is in the higher ash
and silica ratio of these non-woods. Oilseed flax bast fiber
has alike chemical properties to hardwoods; however, it
has physical properties greater than softwoods. Cotton lin-
ter fibers are in a kind of their own with respect to chemi-
cal properties – they contain an alpha cellulose ratio twice
that of softwoods and only a fraction of the lignin. Physi-
cal and chemical characteristics of various non-woods are
provided in the Table 4.

Categories of non-wood fibers

Generally, non-wood plant fibers that are used in pulp and
paper industries may be commonly classified to three cat-
egories based on their availability. These are agricultural
residues, natural growing plants (annual plants) and non-
wood crops grown primarily for their fiber (Fernández-
Rodríguez et al. 2017). First, agricultural wastes are con-
sidered by low raw materials price, moderate quality
and the abundance of raw materials after harvesting sea-
son such as rice (Ardeh et al. 2004), wheat straw (Sun
et al. 2018), corn stalk (Flandez et al. 2010) and sugar-
cane bagasse (Hemmasi et al. 2011). The naturally grow-
ing plants which are the type consist of bamboo, reeds,
grass and papyrus (Kulshreshtha et al. 2013). Fiber from
bast fiber, Jute, ramie, leaf fibers, abaca, seed hair fiber,
cotton fiber, rags and linters and kenaf are the third cat-
egory of non-wood fiber that are the most important re-
sources in pulp and paper industry (Dhyani and Bhaskar
2018).

Agriculture residues

Agricultural residues are different in the morphological
and anatomical structure, as well as chemical composi-
tion. In the following, themost important agricultural ma-
terials are discussed.

Sugarcane bagasse

There are many agricultural fibers used in the pulp and
paper industry, sugarcane bagasse is the individual with
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most promise. Bagasse is handled simply and readily
available in sugar mills. Bagasse is the excess from the
manufacture of cane sugar crushed stalk after the sugar-
laden juice has been removed. The main problem in pulp-
ing of bagasse is the high pith ratio of stalks, which
is about 30% by weight of the stalk. The pulp is com-
monly similar to hardwood pulps (Casey 1980). Sugar-
cane is grown in most tropical and sub-tropical coun-
tries for its high sucrose content. Following the process-
ing of cane through a series of presses or diffusers to
remove sugar juice, the fibrous bagasse residue is usu-
ally burnt in sugar mill boilers. However, in many parts,
bagasse has greater economic value if it is pulped. In fact,
it satisfies requirements for a successful papermakingfiber
better than any other crop fiber. Bagasse has been nor-
mally used in South China as fibers for paper production
(Varshney et al. 2019). The chemical analysis of bagasse
varies from season to season and depends on classes.
The chemical analysis of partially depithed bagasse was:
α-cellulose 43.2%, Pentosans 21.2%, Lignin 18.2%, Ash
1.98% and methanol-benzene extractives 8.3%. Average
fiber length of sugar cane is 1.7mm (0.8–2.8mm), and av-
erage fiber width is 0.02mm (0.01–0.034mm). Fibers are
dense walled, of changing length and have mostly blunt
ends (Pfaffli and Sisko 1995). It can be used to prepare each
of printing and writing paper, Bristol board, tissue, glas-
sine and greaseproof paper, duplex and triplex paper, cor-
rugating medium, linerboard, wrapping and bag papers,
and newsprint if mixes with various proportions of wood
pulp (Bian et al. 2019).

Corn stalks

Corn is the main crop in many countries, and as a con-
sequence, the stalks are considered a good fiber source
for low grades of paper. The use of corn stalk in the
pulp and paper making has been considered, recon-
sidered, and abandoned many times due to variations
in availability of fibers as raw materials. Corn stalks
are like to sugarcane in physical structures with an av-
erage fiber length of 1.5mm (0.5–2.9mm) and average
fiber width of 0.018mm (0.014–0.024mm). Characteristic
fibers are justly narrow, thick walled and have sharp or
pointy ends (Pfaffli and Sisko 1995). From time to time
the chemical structures of corn stalks changed in de-
pended on their species. The chemical analysis of an Egyp-
tian corn stalks sample is shown: Holocellulose 77%, α-
cellulose 53.6%, Hemicellulose 16.2%, Lignin 22.2% and
Ash 3%.

Cotton stalks

The whole stalk resulted after the removal of cotton fibers
from the plant might be used in the pulp and paper in-
dustry. A number of studies have also been done on cot-
ton as an alternative source of fibers for paper manufac-
ture (van Dam et al. 2018, Jiang et al. 2019). The good re-
sults of these studies have confirmed that the possibility
of using cotton stalk pulp in mixture with other pulps to
yield good quality paper. Cotton stalk fibers have an aver-
age fiber length of 0.6–0.8mm and an average fiber diam-
eter of 0.02–0.03mm (Pfaffli and Sisko 1995). Cotton stalks
are considered important agricultural residues in Egypt.
The chemical analysis of cotton stalks differs from season
to season and depends on species. The woody core con-
tains about 42% of alpha cellulose, 21% of lignin, 21% of
pentosans and 2%of ash. The bark contains less lignin but
more ash.

Wheat straw

Straw was the chief raw material for the pulp and paper
industry in Europe and North America until the wood pa-
permakingwas fully recognized. Currently, straw isused in
regions where wood is scarce (i. e. in Europe, Asia, Africa
and Central and South America). Wheat straw fibers have
an average length of 1.4mm (0.4–3.2mm) and a width of
0.015mm (0.08–0.034mm). The shape of straw fibers is
very narrow, thick-walled, and has a hull or sharp end
(Pfaffli and Sisko 1995). In combinations with different ra-
tios of wood fibers, it is used to make printing and writing
paper, glassine and greaseproof paper, duplex and triplex
paper, and corrugating medium paper (Bian et al. 2019).
Structurally straw is composed of vascular bundles, best
fibers, parenchyma cells (pith cells), and epidermis cells.
The ratio of these components is changed in different mor-
phological parts of straw. The leaves have more epidermis
cells than the stalk. Straw fibers, which are principally de-
rived from the bast cells in the internodes, are quite long
(about 1.5mm) slimwith sharply pointed ends. Each group
of these cells has different cell wall structure i. e. different
pore sizes and different surface area. The high ratio of non-
fibrous cells in straw decreases the strength of paper got
from it. Also, a significant ratio of these non-fibrous cells,
called fines, is lost during washing of straw pulp. This de-
creases the yield of the pulp; however, it enhances the pa-
per strength. Themorphological structure is different from
part to other inwheat straw. Straw fibers are highest in cel-
lulose content. Epidermis cells are highest in mineral and
silica content. The high ratio of ash is a drawback for paper
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properties. Therefore, it is recommended to remove this
part of leaves principally cutting from straw before pulp-
ing. The chemical structure of wheat straw changes from
season to season according to their species. The chemical
structure of one species of Egyptian wheat straw is as fol-
lows: α-cellulose 47.7%, Pentosans 17.1%, Lignin 18.2%,
Ash 8.34%, Silica 3.42%.

Rice straw

Rice straw is used for papermaking in the regions of south-
ern and eastern Asia (i. e. China, India, and Sri Lanka) and
in Egypt. However, rice straw has high silica content and it
is very costly to collect and store it. Although these disad-
vantages, it is a preferred fiber source in the wood short
regions, owing to its ready disposal. The physical struc-
ture of rice straw is similar to wheat straw but that the
percentage of leaves in rice straw is much greater than
in wheat straw and could amount to more than 35% of
the whole straw. Average fiber length of the rice straw
fiber is 1.4mm and average fiber width is 0.009mm (Pfaffli
and Sisko 1995). In mixes with different proportions, it is
used to make of printing and writing paper, glassine and
greaseproof paper, duplex and triplex paper, corrugating
medium, andwrapping paper (Bian et al. 2019). Therefore,
the amount of silica in rice straw is much higher than in
the case of wheat straw, and could be as high as 18% of
the whole straw. The chemical structure of rice straw dif-
fers from season to season and depends on classes. The
chemical study of an Egyptian rice straw sample is shown:
α-cellulose 41.8%, Pentosans 21.6%, Lignin 13.6%, Ash
18.4% and Silica 16.7%.

Natural growing plants

Bamboo

Generally, bamboo grows in warm tropical climates. Bam-
boos have rough natural distribution and seem obviously
in the natural vegetation of many parts of the world. Bam-
boo one of the fastest growing plants accessible for pulp.
The diameter of the stem is usually 5–15 cm (van Dam
et al. 2018). Fiber length of bamboo differs from species to
species. In some species it also varies from bottom to top
and, in some cases, it varies with inter nodal length. The
fiber length of bamboo is ranged from 2.7–4.0mm and its
average fiber diameter is 0.015mm (Pfaffli and Sisko 1995).
In various ratios, it is used to prepare printing and writing
paper, Bristol board, duplex and triplex paper, linerboard,

wrapping and bag paper, multiwall sack and newsprint
substitute.

Esparto

Esparto grass grows rough in North Africa and in the
Mediterranean grassland areas of southern Spain. The
grass generally grayish green in colorwhich occurs as long
rolled up leaves that may range lengths of 1m. It is coarse
and strong and grows in bunches or clumps about 3m
in diameter. Where growth is prolific, the clumps tend to
merge into one great mass to cover many square miles.
Aboutmore than 12 years is necessary to form esparto from
seed to a form fit for harvesting (Jiang et al. 2019). Esparto
grass grown-up in Algeria and parts of southern Spain be-
came an important source of raw material for fine papers.
The source of fiber is from the leaf of the plant. Leaves roll
into tubes in hot weather as they ripen, showing a rapidly
solid look. They are pulled out in clumps and compressed
into bales for shipping. Unlike the stems, the leaves are
nodes free and are comparatively easy to pulp, which is
usually pulped with the soda method (Ramdhonee and
Jeetah 2017). The ratios of esparto fibers are about 0.01mm
in diameter and a little above onemm long. They have very
small canal or lumen and are therefore very spongy. Being
fine and short they harvest a bulky, smooth, attractive pa-
per that is unexcelled as the chief part for fine printing and
lithographic paper (Nabais et al. 2013).

Reeds

The most commonly used reed is a tall perennial grass,
which grows generally in marshes. Reeds grow abun-
dantly in swamplands, river bottoms lands and delta areas
of Russia, Romania, Egypt, northern China, North Korea
and Spain. Depending on conditions, such as soil charac-
teristics, hydrologic condition, amount of nutrients, and
pH, the diameter will vary from 9 to 22mm and the height
from 2.5 to 5 meters (Yang et al. 2018). The plant is ma-
ture by the end of September the beginning of October,
but it is necessary to allow an additional 4–6 weeks to
complete the food accumulation in the root stock, which
will ensure the following year’s reproduction. In April, the
young stalks contain as much as 80% moisture. By July,
this moisture content is down to 60–65% and as low as
26–27% in December. The decrease in moisture content
helps control the degradation of reed in storage and de-
creases the fee of transport (Yang et al. 2018). The leaf
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cover is poor in cellulose and may contain up to 10% sil-
ica, and is subsequently unwanted at harvest. The range of
stalk fiber length is from 0.35 to 3.35mm with an average
of 1.8mm and the fiber width differs from 0.006–0.022mm
with an average of 0.014mm (Yang et al. 2018). In merg-
ers of various parts, it is used to prepare each of printing
and writing paper, duplex and triplex paper, corrugating
medium, linerboard and wrapping paper.

Sabai grass

It is a tufted grass having stems 60–90 cm in height and
long leaves which are present mostly at the base. Sabai
grass is an important fiber source for paper industry in In-
dia, and has also been used in Pakistan and Nepal. The
species was a staple fibrous raw material and is described
by its durability, strength, and rigidity (Sánchez 2009).
Quality of the pulp is like to that of esparto and is there-
fore used for fine book and printing paper. Up to 1952,
sabai grass characterized by 22% of the total fibrousmate-
rial pulped in India (Sánchez 2009). Fiber length averaged
from 0.5mm to 4.9mm. Widths are about 0.01–0.016mm.
Fibers are relatively thick walled with thin lumen, and the
endsare sharpandnever branched (Pfaffli andSisko 1995).

Papyrus

The papyrus plant is perennial, non-woody sedge growing
in great profusion in the Upper Nile River and elsewhere
in Africa, the Middle East, and southern Europe. The tri-
angular, smooth-sided (no nodes), leafless stem is 3–5 cm
in diameter at its base and reaches a height of 2–5m. The
stalk is consisting of a cortex or husk surrounding a pith
segment. The pith part itself is structured from fiber packs
surrounded in thin walled cells (parenchyma). Vessels,
sclerenchyma, and epidermal cells are also present. The
cortex comprises a dense part of fiber bundles. Papyrus
plants have an annual growth rate of 45 ton/ha, dryweight
(Sánchez 2009). The pith piece occupies 80–90% of pa-
pyrus stems volumetrically and 30–80% by dry weight.
Inflorescence accounts for about 20% of the total plant,
less roots. Fibers in the pith section amount to 10% of the
total fiber weight. Thus, the quantity of fibers in the stem
may differ in range 20–75%. Papyrus plants fibers display
an abundant range in length and diameter depending on
species, origin and location in stem. Papyrus fibers have
an average fiber length of 1.8mm and an average fiber
width of 0.012mm (Sánchez 2009).

Non-wood crops

Some plants have seeds covered with fibers. These fibers
are also suitable for papermaking. What follows is a dis-
cussion of some types of fibers used for papermaking.

Cotton linters

Firstly, cotton fibers come from the seed shell of cotton
plants. Even cotton fibers are too lengthy and too costly for
conventional papermaking. They are therefore only used
in specialty papers.Most of the cottonfibersproducedgoes
to the textile industry. The average fiber length of cotton
fibers is 25mm and the average fiber diameter is 0.02mm
(Liu et al. 2019). Inmixes of different proportions, it is used
to make high grade bond ledger book and writing paper.
Secondly, cotton linters are those fibers that stay on the
husk after the long fibers of cotton have been removed for
textile use. Cotton seeds oil mills needs to remove the cot-
ton linters from the seeds. This is accomplished by cutting
them from the seedswith circular sawsprotruding through
a grid. The linters can be removedwith one ormore passes
through the saws by controlling the depth the saw pro-
trudes the grid and the dwell timewithin the cutting cham-
ber. If they are removed in one operation, they produce a
grade called mill run, which is a mixture of long and short
fibers. If more than one pass is used, then the longer fibers
are removed in the first pass and are known as first cuts.
The second cut eliminates the shorter fibers known as the
second cuts. These are used in the paper industry both
for conversion to cellulose derivatives and for rag content
fine paper (Liu et al. 2019). The fiber length of cotton lin-
ters averaged from 6.0 to 7.0mm for first cut linters, 2.0mm
for second cut linters, and 3.5–5.0mm for mill run linters.
Usually, the ratio of cellulose content is 90% and the rest
is resins, and mineral. It was found that, the fiber length
of linters is as long as fiber length of softwoods or even
longer. Linter as a raw material is better than softwood
due to its higher cellulose ratio. Cellulose with its rich hy-
drophilic hydroxyl groups is the highest strength maker of
paper. The adjacent fibers in the paper web become held
composed by hydrogen bonds formed between hydroxyl
groups set on the surface of nearby fibers. However, to
achieve this phenomenon, the fibers must be flexible and
must be able to swell in water. The water uptake depends
on the structure of the cell wall of the fiber. The cell wall is
a complexmade of changed layers and components. These
are fine strand like microscopic components called fibrils,
which in turn are prepared of microfibrils. These elements
are arranged in different patterns in the secondary cell
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wall. Also, the microstructure of the cell wall, the ratio of
cell wall thickness to cell lumen plays a role in papermak-
ing. A narrow lumen reduces flexibility of the fibers and
decreases their conformation during paper sheet making
on the sheet maker. This decreases hydrogen bonding and
later paper strength. The degree of polymerization (DP) of
glucose units in cellulose is good property. High DP gives
paper strength. Cellulose of cotton linters has a very high
DP. So, it used as a fiber sources for pulp and paper indus-
try. Therefore, amongst the agricultural residues, cotton
linters are famousfibers for papermanufacture. Cotton lin-
ters – compared to woods and non-woods are fixed fibers.
Consequently, they can be easily converted to pulp. Cotton
linters signify an expensive agricultural waste. It has long
fibers and is preparedmainly of cellulose characterized by
high DP. It is used only for production of specialty paper,
where permanence and strength are required. These are
security paper, document paper, filter paper etc.

Cotton rags

Cotton rags are among the finest fibers accessible for pa-
permaking. These are the old cotton textiles that are not
proper for their future use. Owing to the mechanical ac-
tion that these fibers undergo while in use as a cloth, they
do not need a lot of purifying later to papermaking. The
fiber lengths of the fiber are comparable to that of the cot-
ton fibers.

Jute

Jute fibers are characterized by high cellulose content
and relatively long. Chemical and morphological prop-
erties, therefore, favor for use in pulp and papermaking
(Akhtaruzzaman and Shafi 1995). Jute is primarily grown
in Bangladesh, India, China and Thailand and the plant
grows to a height of 2.5–3.5 meters. The surface bark cov-
ers about 40% of the stem by weight and is mostly used
for low value-added products such as rope, cordage and
gunnysacks. The innerwood core accounts for the residual
60% of the stem (Sabharwal 1995). Commercial jute con-
sists of fiber bundles of 1.8 to 3meters in length. Separated
fibers are 2–5mm in length and collected in a parallel style
with ends overlapping to produce continuous filaments
containing 10–30 fibers per cross-section. As in woody tis-
sues, separable fibers are seized together by lignin hold-
ing middle lamellae (Singh et al. 2018). The average both
of fiber length and diameter of jute fibers are 2.5mm and
0.02mm, respectively (Pfaffli and Sisko 1995). In unions of

various proportions, it can be used to prepare printing and
writing paper, and tag, wrapping and bag paper.

Ramie

Ramie, also knownasChinagrass, is home-grown toChina
and neighboring countries. It is a permanent plant grow-
ing to a height of 1.5–2.5m. It is commercially grown in
a temperate climate in many countries including China,
Japan, Russia, Egypt, Libya, and North and South Amer-
ica. Ramie fibers composed of pure cellulose, and are
significant length and width. They are the strongest and
strongest of the plant fibers. Waste and short fibers are
used for making of paper, and average fiber length is
120mm and the average fiber width is 0.05mm (Pfaffli and
Sisko 1995).

Sunn hemp

Sunn hemp is one of plant growing annually, mainly in In-
dia and Pakistan, and cultivates to about 2–3m of height.
Fibers are separated from the inside bark by retting, and
are stronger when wet. Due to this advantage, the fibers
aremainly appropriate formaking fishingwebs and ropes,
and this is where most of the fiber supply goes. Old fishing
webs are consequently one of the main sources of fibers
for papermaking (Pfaffli and Sisko 1995). The average fiber
length of sunn hemp is 8mm and its average fiber width is
0.03mm.

Kenaf

The kenaf plant is a tropical crop origin in Africa. It is from
plant annually with a single, straight, unbranched stalk
composed of fibrous bark and an interior woody core. Ke-
naf stalks cultivate to 5–6m in length and 25–30mm in di-
ameter above age of 5–6 months, to be harvested. Raw ke-
naf fiber got from the outer bark is actually a package of
fibers. The outer bark, is around 40% of the stalk by bulk
and the middle woody core is about 60%. Kenaf has been
used on a partial scale as a substitute for wood in themak-
ing of pulp and paper in Thailand and China. It contains
about 65.7% cellulose, 21.6% lignin and pectins (Keshk
et al. 2006, Pari et al. 2015). Kenaf cookedwith kraft, soda,
or neutral sulfite is greater to profitable hardwood pulps
and excluding for tear, is as good as softwood kraft pulps
andgreater than softwood sulfite pulps (Keshk et al. 2006).
The bast Fibers are range 3–4mm long while the core is
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0.6mm long (Pfaffli and Sisko 1995), their average diame-
ters are 0.02mm and 0.03mm respectively. In mergers of
various percentages, it is used to make printing and writ-
ing paper, newsprint, linerboard, tissue, bleached paper-
board, cigarette paper and other lightweight specialty pa-
pers.

Textile wastes

Textile wastes other than cotton rags are also a main
source of papermaking fibers. Textiles similar linen is es-
pecially significant in paper manufacture. Such as cotton
rags, these fibers have also experienced mechanical treat-
ment and are thus ready for papermaking.

Problems with using of non-wood
plant fibers

The use of non-wood as fiber sources in pulp and paper
industry has certain characteristic disadvantages. Popular
of these problems are technological, and require research
in this area to be more competitive with wood fibers. The
following part reviews some of the difficulties challenged
by mills using non-wood plant fibers as raw material and
some of the solutions that have been offered to do non-
woods more attractive as papermaking raw material.

Recently, a high-tech innovation in all the fields of pa-
permaking, (as raw materials processing, paper machine,
nanotechnology) has made non-wood more reasonable
with wood as a raw material for papermaking (Figueiredo
2016).

Availability

Agricultural-residues are locally available either for free or
at a very lowcost. Themainprice in such cases is due to the
collecting and transporting of these fibers. Agricultural-
residues are huge and thus are not easy to handle. There
is a need to improve efficient bailers to reduce the mate-
rialmass for effectivehandling transport and storage.Most
of these raw materials are collected manually and as such
the labor costs constitute a big ratio of the total raw mate-
rial costs. Therefore, in countries with extremely low labor
taxes, pulp manufacture with these raw materials can be
highly promising comparative to wood pulping (Gominho
et al. 2018). Most sugar mills use bagasse as fuel. So, when

considering bagasse, an important factor is the cost of re-
placement fossil fuel for the sugarmills (Naqvi et al. 2018).
In some countries where main fuel costs for bagasse are
very inexpensive, production costs for non-wood-based
paper are lower than in wood-based mills (Gominho et al.
2018). There have been studies on setting up joint sugar
and paper mill complexes. This would not only cut the
transport costs of bagasse but also favorably affect the
power requirements of the paper mills (Pode 2016).

Storage and handling

Since most non-wood fibers are annual, they have sea-
sonal availability and a moderately short harvesting time.
Mills need to procure material during harvest and store it
for the rest of the operating year. Most of the raw material
is bulky and thus requires large storage spaces. Therefore,
expense is incurred in protecting this raw material from
deterioration during storage. A number of actions such as
covered storage and chemical treatment of raw material
before and during storage are also required to ensure that
the raw material does not deteriorate. Due to its storage
difficulties, much research has been done on the storage
and handling of bagasse. Most of this research, though,
can be used to other raw materials as well. Bagasse de-
teriorates during storage owing to activities of undesir-
able microorganisms (Abou-Yousef et al. 2005). Consider-
able quantities of bagasse are reducedunsuitable for pulp-
ing owing to biodegradation. Residual sugar, heterogene-
ity of tissues, and ecological conditions help the growth
of microorganisms in bagasse piles. The type of damage
done to bagasse can be divided into two categories: chem-
ical degradation and discoloration. Chemical degradation
is the consequence of biochemical reactions. This process
affects yield and characteristics of pulp (Pode 2016). Prod-
uct quality requires excellent preservation of the bagasse,
so fewer chemicals are required in pulping and bleaching
operations (Basta et al. 2011, Gominho et al. 2018). Devel-
opment of effective depithing has been a major improve-
ment to the bagasse pulping industry. Humid depithing
at the sugar mill, taking out as much pith as possible, re-
duces any fuel value loss.A secondarywet depithing stage,
just prior to charging to the digester, removes additional
pith and any dust or dirt. Two stages depithing of bagasse
has been the pattern for quite some years now (Abdel-
Mohdy et al. 2009, Abdelmageed et al. 2019). Two stages
depithing has also been successfully accepted for straw. In
this case dry dusting is followedbewet cleaning (Gominho
et al. 2018). Studies in storage of straw have specified that
straw moisture content should be saved between 10–12%.
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At higher humidity content straw is subject tomicrobiolog-
ical degradation and decay. Another problem is the risk of
slow combustion developing in the stack creating a poten-
tial fire hazard (Abdel-Mohdy et al. 2009).

Pulping

In general, pulping of non-woods is easier compared to
wood. Non-woods have low lignin content and therefore
require lower chemicals during cooking, where the raw
material is chemically treated under high temperature and
pressure to separate the lignin form the fibers. Although
Kraft or sulfate is the favorite pulping method for wood,
non-woods are generally cookedby sodaand sulfite aswell
as sulfate processes (Assumpcao 1992). Most non-wood
fibers are high in silica content. This high content of sil-
ica causes many problems. Washing is difficult because of
poor drainage of pulp and high viscosity of black liquor.
Washers of twice the normal size are required for washing
of these pulps. A lot ofwater is required, thus, reducing the
solid content of the black liquor and increasing the load
on the evaporators (Bajpai 2018). One development in this
concern has been the lime-alkali-oxygen pulping process
(Azeez 2018). In the alkali-oxygen process used for straw,
adding lime solves the silica problems.When lime is added
to the cooking liquor, silica reacts to form calcium silicate,
which is insoluble in water. The silica thus remains in the
pulp, which is an advantage during the peroxide bleach-
ing stage (Abdelmageed et al. 2019). Another problem suf-
fered by non-wood plant pulping has been low yield. Stud-
ies on anthraquinone pulping have been quite promising
in this regard. Anthraquinone pulping improves yield by
up to 5% and kappa number by up to 5 (Nasser et al. 2015).

Bleaching

Bleachingof non-woodpulphasbeenpracticed since early
times. Bleaching is the treatment of pulps with chemi-
cal agents to increase their brightness by either lignin re-
moval (delignification) or lignin decolonization. The main
parameters influencing the bleaching result are the type
of chemical, its dosage, pH value, temperature, and re-
tention time. Chemicals used for bleaching cover oxidiz-
ing bleach, reductive bleach, sodium hydroxide, chelating
agents and enzymes, which can be used alone or in com-
bination. All lignin cannot be removed selectively enough
in a single bleaching stage, but pulp is usually bleached
in multiple stages. The first two stages primarily release
and extract lignin, and the subsequent stages remove the

lignin residues and finish the product. Generally, pulps
from agricultural wastes are easily bleachable due to their
openfibrous structure and to the lower lignin content com-
pared to wood pulps. Such pulps require fewer chemicals
than wood pulps (Fahmy et al. 2017).

During storage non-woods tend to deteriorate and the
resultant pulp therefore has a low initial brightness. To
make this pulp desirable, it has to be exposed to enzymatic
pretreatment or a more severe bleaching action. In either
of the case the resultant pulp has higher chemical/enzyme
requirement and is thus a little costlier (Khristova et al.
2006). Studies show that enzymatic pretreatment can im-
prove brightness by 2% ISO (Singh et al. 2019).

The CEH (chlorination, alkaline extraction, and
hypochlorite stage) three-stage bleaching process is
mainly adopted in traditional non-wood pulping, but it
has heavywastewater pollution. Currently, themain clean
bleaching technologies are elemental chlorine free bleach-
ing (ECF) and total chlorine free bleaching (TCF). Themain
chemical in ECF bleaching is chlorine dioxide, which is a
favorable bleaching agent with strong oxidation capac-
ity. ECF bleaching technology is very mature in non-wood
pulp bleaching (Latibari et al. 2014). Bleach used in TCF
bleaching consists mainly of oxygen, hydrogen peroxide
and ozone. When TCF was used for bleaching wheat straw
pulp, it was found that the brightness of bleached pulp
was as high as 83.5% ISO, and the physical properties of
the paper were admirable. TCF bleaching technology has
an eminent application effect and prospect in non-wood
pulping (Liu et al. 2018).

Papermaking

Non-wood raw materials are slow to drain, and conse-
quently, cause problems in the paper machine. Because of
this, the paper machine cannot be run at high speeds, so
dropping the production, so cost for papermade fromnon-
wood fibers is higher. Machines running wood fibers are
some times as much as three times as fast as the machines
running non-wood fibers like straw.

Short fibers of most non-wood plants offer excellent
formation and satisfactory strength properties. However,
these fibers also have low wet strength; therefore, require
a certain amount of wood pulp to improve the runnabil-
ity. Technically, to get the required quality outline and
runnability of bagasse- basednewsprint, 15–20%of chem-
ical pulp must be added to the furnish. Paper machines
running on bagasse must also run at lower speeds than
those of wood-fiber machines. Usually, a paper machine
using large percentage of bagasse in furnish might run
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Table 5: Comparison of non-wood and wood resources for pulp and paper-making (Rousu et al. 2002, Kissinger et al. 2007).

Description Fiber Resources
Wood Non-wood

Cycle growth Long growth cycles [X] Short cycle growth [√]
Cellulose content Higher cellulose content [√] Lower cellulose content depends on the

types of non-wood [X]
Lignin content Contain higher lignin content [X] Contain lower lignin content [√]
Chemical uses Use a large volume of chemical during

pulping process [X]
Use a small amount of the chemical in
pulping process [√]

Time pulping Need long time for pulping process [X] Shorten time for pulping process [√]
Cost operation Expensive due to the limitation resources [X] Cheaper cost because the abundance

resources [√]
Environmental impact Increase environmental problem such as

global warming and soil erosion responsible
for about 17% of global carbon budget
(Hoghton 2007) [X]

Reduce environmental impact which
reduce the deforestation problem and
improve sustainable forestry [√]

Handling & storage Easy [√] Difficult [X]
Washing after pulping & bleaching Easy [√] Difficult [X]
Chemical recovery Possible [√] Difficult [X]
Paper machine speed High [√] Low [X]

Note: [√] = advantages and [X] = disadvantages

at 680–720m/min., compared to 1,000–1,300m/min. for a
wide modern newsprint paper machine.

Chemical recovery

Obviously, most non-wood paper mills are small in scale
as compared to wood-based paper mills. These mills al-
most never have a chemical recovery system. So, they re-
lease the effluents directly into the environment. Govern-
ments around the world are now in the route of closing
such mills. Even the mills that are big enough to afford
a recovery system have problems peculiar to non-woods.
The biggest problem is the presence of silica. Silica present
in the raw material dissolves in the cooking liquor result-
ing in highly viscous black liquor. Black liquors from non-
wood materials pulping typically have higher viscosities
than Kraft liquor, so they are difficult handle at high solid
contents. To be able to handle the black liquor, it is kept
at a low solid content leaving the washing section. As a re-
sult, the load on the evaporators increases reducing their
efficiency and raising the recovery costs (Gominho et al.
2018). During evaporation, the silica starts to precipitate
and deposits on the evaporator walls. This greatly reduces
the heat transfer through the evaporator walls and evapo-
rators do not function at their full capacity. There is also
trouble in recovery boilers, causticizing equipment, and
soda ovens. Desilication of black liquor has been operated
on use boiler flue gases to precipitate the silica, and also

lime could be used to achieve this task (Gominho et al.
2018).

The main problems current in Na-based sulfite pulp-
ing of bagasse are the technique and economy of pulp-
ing, spent liquor treatment and chemical recycling. Spent
liquor from pulping by ammonium sulfite can be used
directly as fertilizer (Wang et al. 2012). The same bene-
fit is obtainable by K-based sulfite pulping spent liquor.
For small or medium scale pulp mills, whole K-based sul-
fite pulping liquor (with neutralization if required) may be
used for agricultural purpose directly (Fatehi et al. 2016).

Environmental drawbacks

Non-wood fiber mills have become serious polluters, and
their forecasts for survival and growth are small. In addi-
tion to the loss of pulping chemicals in black liquor, there
is a huge nationalwaste of electricity inmanufacturing the
chemicals. Environmental awareness all over the world
will face countries to decrease in line and force strict pollu-
tion control laws which will probably force the small mills
to either stop pulping agricultural residues or change over
towastepaper, or increase pulping capacity tomake recov-
ery viable. Non-wood plants sources have displayed differ-
ent kinds of advantages in pulp and paper-based produc-
tion compared to the wood resources as presented in Ta-
ble 5.
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Future prospects of non-wood plant
fibers

The pulp and paper industry supplies paper to more than
6 billion people worldwide. Paper is used for several pur-
poses. Around the world, mills are producing more than
400 million tons of paper per year. This creates jobs but
contributes to deforestation. Global paper consumption in
2020 is expected to amount to 500 million tons. The ques-
tion arises of how tomeet the increasingglobal demand for
paper and paperboard. The increased demand for paper is
likely to be met by one or more of a number of potential
supply sources including:
a) Increased harvest of the world timber supply,
b) Increased yield by better control of pests and fire,
c) Increased utilization of non-wood fibrous plants,
d) Increased utilization of forest waste,
e) Increased utilization of waste paper,
f) More environmentally sound pulping process alterna-

tives as bio-pulping (Singh et al. 2010).

With the increase of paper demand, the existing wood re-
sources may be inadequate to meet this growing demand
for paper. It is, therefore, necessary to consider non-wood
pulp to meet the possible shortfall of wood fiber for pa-
permaking. Besides, this has also led to the developing
of alternative pulping technologies that are environmen-
tally benign. As for rawmaterials of paper manufacturing,
bagasse, rice straw and wheat straw are easily available
and relatively cheap to use. However, the environmental
concerns over small mills that use straw offset this ad-
vantage. As the government enforces environmental reg-
ulations, the amount of rice straw and wheat straw used
in pulping might be reduced considerably. So, bagasse
and other potential non-wood materials beside to recy-
cled wastepaper will become more popular in the pulp
and paper industry. Therefore, it is imperative to develop
cleaner production technology, reduce pulping cost, im-
prove product quality and realize industrial upgrading.
From our point of view, non-wood plant fibers are consid-
ered the best solution alternative for these problems and
this is due to their following features:
– offer a huge renewable fiber resource globally
– offer both hardwood substitutes and softwood substi-

tutes nearly any grade of paper can be produced using
combinations of non-wood fiber pulps

– non-woodfiber pulps canbeused in combinationwith
virgin wood pulp and recycled post-consumer pulp
thus stretching wood resources

– the technology exists for producing pulp and paper
from non-wood fiber raw materials

– opportunity for developing non-wood projects are
endless and depend only on the non-wood raw mate-
rials available and end-products.

In general, due to the rising global demand for fibrousma-
terial, a worldwide shortage of trees inmany areas, and in-
creasing environmental awareness, non-woods fibers have
become one of the important alternative sources of fibrous
material for the 21st century.

Conclusions

Due to the high cost of imported pulps and limitation of
wood resources in developing countries, non-wood pulp
technology will continue to progress at a rapid rate. This
is in addition to the rapid rise in the demand for paper
products. The current flow in newmills is expected to con-
tinue for several decades. As a result, alternative raw ma-
terials play an important role in paper-based industries in
developing countries. Pulping of agricultural residues is
of increasing interest due to economic and environmental
factors. Over the years, research in the field of non-wood
pulping has yielded many results. Consequently, the use
of non-wood fibers in papermaking has not been as wor-
rying as in the past. But, a number of problems still con-
tinue to suffer the non-woodpaper industry. Bagasse fibers
have goodpapermakingproperties. Theuse of bagasse has
a further advantage of having lower collection costs since
it is obtained from sugar mills, which take care of collec-
tion. Therefore, in countries where the replacement fuel
cost for bagasse in sugar mills is low, the use of bagasse as
papermaking rawmaterial is an attractive prospect. Use of
straw as a papermaking rawmaterial had some problems;
research has provided answers to most of them. Bailing
and storage is a couple of areas that have seen new devel-
opments. Since straw has inherently high silica content,
especially rice straw, this has further increased the prob-
lems associated with pulping of straw. Added to that, the
universal availability of straw should make it an attractive
papermaking rawmaterial in countrieswith low collection
costs. Although the recent focus has been on the growth of
wood-based pulpmills, the growth of non-woodpulpmills
has not slowed. In fact, it is expected to grow faster than
wood-based paper mills for some time to come.With these
considerations it can be safely said that use of non-wood
plant fibers for pulp and paper industry will continue to
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grow at a fast rate and also grow as a percentage of total
papermaking raw material.
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