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Abstract
The industrial utilisation of bamboo is expandidgbally as a result of its role in climate changgigation,
adaptation and development. Bamboo has more tf&0 Industrial applications and the uses are extiag.
In Nigeria, the prospects for multi-functional igétion is high and increasing as a result of hilga dependence
on importation of raw materials and the serioudaggoal and land degradation taking place in mastgof the
country. Bamboo will find ready use in the wood awmbd products sector of the economy as Nigeriseatiy
depends on importation of plywood, particleboard emore recently seasoned planks. In the textdestry the
low cotton production and productivity will encogrindustrial textiles production from bamboo wthe near
total dependence on imported long fibre pulp wilbppote bamboo utilisation in the pulp and papeugtd.
Bamboo utilisation in housing construction is lieb look up as a result of the current housingbfams in
both urban and rural areas and the high level g&ldpment in engineered bamboo production globally.
Nigeria, bamboo utilisation will increse signifidgnin the chemical and pharmaceutical industrieish w
adequate promotion of investment in these sectorsine with the plans of international communities
thedevelopment and use of bamboo briquettes ineplafc firewood and wood briquettes coupled with
establishment of bamboo plantations on degradedislawill significantly promote production and
multifunctional utilisation of bamboo locally.
Keywords: pharmaceuticals, bamboo, textiles, ctar@mvironmental conservation.
1.0 Introduction
The prospects for development and industrial @tilon of bamboo in Nigeria have been subjects thisive
discussion in recent years. A number of authoctuding Ogunwusi and Onwualu (2011), Ogunwusi (2011
2012a, 2012b, 2012c , 2013a, 2013b, 2013c); Ogunand Jolaoso (2013); Ogunsile and Uwajeh, 2011;
Onilude 2006; RMRDC, 2004) have discussed extehsi'samboo availability and its industrial poteigian
Nigeria. Ogunwusi (2011) outlined the problems tafing against sustainable development of bambdiew
Ogunwusi (2013b) observed that for bamboo developrieebe sustainable in Nigeria it should be baclpd
with adequate policy. In spite of these, no attehgst been made to highlight the multi-functiondisation of
the plant locally. This is important as the indigdtsector in Nigeria depends mostly on imported raaterials.
It is also important in view of the increasing ®lef bamboo in climate change Mitigation, Adaptatand
Development (MAD). According to Wooldridge (201&amboo is being hailed as a new super material with
uses ranging from textiles to construction. Witlvancement in technology, nearly 4000 commerceah#
made out of bamboo or its products are availabteiaruse daily around the world (Singh, 2008). pltes of
these, the consistent development of new techredognd processing techniques are promoting bamb@o a
stiff competitor to a number of other industrialranaterials. Dayawansa (2012) estimated the wtogldie in
bamboo resources in 2002 at 12 billion dollars.thVéin annual growth rate of 2 billion dollars, tdlamboo
resources trade will increase to about 20 billioliads by 2015 (Dayawansa, 2012).
In view of the increasing popularity of bamboo hetindustrial sector and its role in the MAD chadle
(Schellnhuber, 2009), most countries have initig@iaghs to invest in bamboo production and procegssirorder
to increase its role in industrial production presms (Pandey and Shyamasunder, 2008). In Sri Lanka,
Philippine, Ghana, Kenya and Indonesia, structamesbeing put in place to tap the industrial poadmtof
bamboo across multiple industries. For instancesidering the great potentials of the bamboo inglushe
Philippine government promulgated Executive Orde®) No. 879 on 14 May, 2010, to prioritize bamboo
production and processing, and to improve markeéesgto local bamboo resources (Dayawansa, 20b2). T
government directed that all desks and other furaitequirements of public elementary and seconsleingols,
fixtures and construction works sponsored by gavemrmt should contain a minimum of 25% bamboo.
The current patterns of development in the foiedtstry in Nigeria which rely solely on diminisigirforest
resources have been observed to be unsustainagleni@si and Jolaoso, 2012 and Ogunwusi, 2012a). A
number of studies (Larinde 2010; Ogunsanwo, 20H0Ggunwusi, 2012a) have reported the timber ressurc
the country to be dwindling in availability. Alsthe consistent dependence on importation of mae Half of
the raw materials required in chemical, pharmacalttextile and food and beverages industriesigeia has
increased the appeal for bamboo as industrial ratemal in these sectors. Consequently, the neatkvelop
bamboo as a sustainable, climate friendly alteveathat has potentials for alleviating the sociald a
environmental problems Nigeria is currently factmgs become imperative. For instance, the high diepeae
on importation of long staple cotton in the textibelustry has been a major factor limiting the depment of
the industry in Nigeria. As bamboo has been useithéntextile industry to produce several varietégexile
materials, its utilization in the sector will greaénhance sectoral development. Also, the udsaoiboo in the
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pharmaceutical and chemical industries has mada important raw material with multi-functional aab in
these sectors.

As Nigeria's industrialisation policy has been sfuwed to hinge on development and utilisation axfally
available raw materials (Aribisala, 1993), the depment of bamboo coupled with its multi-functibragpeal
will reduce the current high rate of deforestatiomproved technical capability and lead to develeptrof local
skills in several industrial sectors across thdomatThis paper reviews the properties of bambod &s
utilisation potentials in the nation’s manufactgrirsector. The challenges militating against bamboo
development are discussed and recommendationsleagfgiromoting its sustainable development made.

2.0. Industrial properties of bamboo

The industrial utilization potentials of bamboo &mged on its properties. The density of bambajmrted to
vary from 500 to 800kg/frdepending on anatomical structures such as quatit distribution of fibres around
vascular bundles (Sattar, 2005). Density incredses the centre to the periphery of the culm (Sekdnad
Bhartari, 1960; Sharma and Mehra, 1970). It atepeiases from the base to the top of the culm. mddamum
density is from about 3 years old culms (Liese 19Bitar et al 1990; Kabir, et al 1993; Espisla§94). The
physico — mechanical properties are extremely biestdn certain respects, it is more unstable tvand. The
complexity is due to uneven distribution of vascllandles, variation in moisture content, differeqidn the
physico — mechanical properties of the node andriode parts, most especially with age. The physico
mechanical properties of bamboo material in allttivee directions are also different. Bamboo passesigh
moisture content which is influenced by age, seaddalling and species. Although unlike wood, barotstarts
shrinking above the fibre saturation point. Neveldss, bamboo possesses excellent strength pesmerti
especially, tensile strength. Most of the progsrtiepend on species and on the climate conditiafhere they
grow (Sekhar and Gulati 1973). Strength varies @lidme along culm height. Compressive strengthemses
with height, while bending strength has inversadrélLiese 1986; Espiloy, 1987; Kabir et al, 199993). An
increase in strength is reported to occur at 3atsyand thereafter decreases (Espiloy, 1994). , Thesnaturity
period of bamboo may be considered at 3-4 years i@gpect to density and strength. Maturity ofrcig a
prerequisite for the optimum utilisation of bambimoconstruction and other structural uses. Jan§s881)
reported that the ratio between the ultimate cosgiom and the mass per unit volume for dry bambdagher
than that of dry wood. The reason is attributedh® higher cellulose content of about 55% in bamnbo
compared with about 50% in wood (Sattar, 1990).

Some studies have been conducted on the relatpigtiveen anatomical structure, physical and mecalan
properties on one hand, and the technological ctenistics, behaviour in processing and productityuan the
other (Janssen 1981; Liese, 1992). Density of bambalosely related to the relative proportionvakcular
bundle and ground tissue, and plays an importdatinanfluencing the mechanical properties. Thiplains the
variation of strength along the culm height. Peroilgg which is affected by anatomical charactecist
influences moisture movement and thereby treatglffiattar, 1990). In wood, the chemical by prodwstich as
polyphenol, resin and wax influence properties sashshrinkage, durability and gluability. Nothing this
regards is known for bamboo.

3.0. Industrial utilization of bamboo.

The last fifteen years has seen a dramatic growthe variety of bamboo products (Ogunwusi, 201 view

of its proprieties, bamboo continues to be usedHerproduction of new products. The multi-funnabrange
of bamboo uses have shown that it may prove beakéis a valuable and sustainable natural resqbtagium,
2001). More recently, bamboo had been reportecate lmore than 1,500 documented industrial apptinati
ranging from medicine to nutrition and from toysaiocraft (Salam, 2008). Bamboo's appearance, gtheand
hardness combined with its rapid growth rate anphcily for sustainable harvesting makes it an titra
substitute in various industrial sectors. Theseehareated opportunities for bamboo developmentcbnomies
such as in China, bamboo has reduced dependenselidnwood, while in less strong economies; thee a
emerging new opportunities for bamboo products #nattargeted for rural development and povertyctadn
(Ogunwusi, 2013). The emergence of near sourceevatidition in modern supply chains increases bamboo
economic impact on poor rural communities.

Generally investment in bamboo processing has Hegahed into three categories which include harefisr
which are characterized by manual processing agll Y&lue addition to relatively small volumes ofizoo;
the bamboo shoot industry and the industrial preingsof bamboo which involves semi-mechanized and
mechanized processing of large volumes of bambdmscuThe handicraft industry is well developed in a
number of countries. For instance in Vietnam, bambandicraft export generates excess of $640m #ynua
(Sastry, 2008). The same is true for countries sscindonesia and the Philippines, etc (Sastry@R00dustrial
processing of bamboo has being offering opportesitor economic growth and development in many ttam
For instance as a result of governments’ initiaj\te economic benefits of bamboo are being ebgulon most
countries in Asia and Africa due to the remarkajplewth and success of the Chinese bamboo sectbeipast
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decade (Sastry, 2008). The India’'s Global BambossiMin Scheme with an outlay of $140 million plaas t
establish several hectares of bamboo over thefivexyears to improve supply side problem (Sas208).The
programme is expected to help over 5 million fagsilcross the poverty line and to increase the cgarghare

in the global market from 4% to 27%. Currently, tinelian bamboo sector is worth $500 million annyall
(Kumer, 2007). In comparison, China’s bamboo induks an annual turnover production value of $kohi
from the export of a variety of processed item&i¢J2007). Premium processing of bamboo is beimsaged

to leapfrog a number of countries into the big leagn countries such as China, modern bamboo guhglins
has developed to comprise of different industriesdpcing a variety of products, with premium bamipaots
going for high value use such as flooring and lated furniture, the mid quality parts going to medivalue-
added products such as blinds, mats and chopsfitiesleftovers or residue parts are used in theuymiion of
paper, charcoal or chipboard. Also, bamboo pradbetve been classified into three major categaovigish
include wood substitutes and composites, indusfia@lducts and construction and structural appbeati
products.

4.0. Prospectsfor multi-functional industrial utilisation of bamboo in Nigeria

The prospects for industrial utilization of bamkind\igeria are enormous. Bamboo could be used irerttzan
five industrial sectors in the country. The indigdrwhere it can find immediate relevance, basedwrent
level of technological development locally are stheently discussed.

4.1. Thewood productsindustry.

The state of the national forest estate and thesstaf forest industry in Nigeria will greatly ente bamboo
development and utilization in the country. For izt thirty years, as a result of resource depleproduction
capacity within the sector has been on declineOK2006) reported that Nigeria has about 1 millectares of
forests which is about 12% of the total land atdawever, most of the resources are largely in toeasna
woodland with limited potentials. With an estimatedpulation of about 150 million, Nigeria has enous
domestic demand for construction and joinery ratenias (Blackette and Gardette, 2008).

During its boom period, the Nigeria wood and woodducts sector was made up of sawmills, furnituweod
based panels, safety matches and wood treatmesectobs. However since 1980's the installed capadithe
sawmill industry has dwindled considerably. It gesed from 15,793,188rm 1992 to 11,734,000hin 2010
(Ogunwusi, 2012a). Plywood production has alsaiced drastically as a result of reduction in thunee of
economic wood species (RMRDC, 1991; Arowosoge, 2@@unwusi, 2012a). In 1988, the total capacity
utilization was 126,000 This decreased to 106,000m 2010 (Ogunwusi, 2012a). Face veneer is imtsho
supply as one of the major producers; the goverhnoemed African Timber and Plywood has closed
operations. Currently, a considerable volume oé faeneer is being imported from Ghana and vari@uits pf
Europe (GWV Consultants, 1994). Thus, Nigeria delsesimost entirely on imported plywood, particleatnh
etc, for use in the industry. Also, wood in forfpdanks is being imported for use in the sectds a result, a
policy orientation directed at promoting utilisati@f bamboo in the sector cannot be over emphasikted
optimize development in the forest industry, thisreeed for the establishment of factories produdiamboo
based panels. The panels are manufactured undetdrigperature and pressure with the aid of adhesitée
thickness of bamboo based panels varies from 2-40 and the dimensions depend on the manufacturing
equipment adopted. The main feature of its manufaxy technology is high temperature softening and
flattening (Qishenget al, 2002). It can be sawn, planed, milled, dried aedd for further processing, thereby
making it a comparatively ideal material for engirieg structure (Qisheng et al, 2002). In Nigettigs product
can reduce the dependence on wooden planks. aRlpdo is used in truck floors as weight of steelemials is
too high. In addition ply bamboo has high frictiomefficient and it does not rust. Also productadiaminated
bamboo board (planed) is very essential. Duringpttegluction of laminated bamboo, bamboo materiedscat
into square edge strips of even thickness and widtie strips are bleached or carbonized. Theyaamanged

in one direction during assembling and pressede fioducts are multilayered and of great dimensidhe
surface is fine grained and can be used in fumipwoduction and in inner decoration, just as mifeated high
grade wood. Other important bamboo products reduiréhe wood industry are mat ply bamboo; curtailys
bamboo, laminated wood strips, mat curtain plywdmaimboo chipboard, floor tiles and composites (@gusi,
2012a).

4.2. Construction of houses

While bamboo houses exits in different communiiiedNigeria, the lack of government interest in nmaki
bamboo a recognized building material stemmed dpweént in this sector. Bamboo houses are common in
Asia where there is a serious housing problem. Jthernment of India declared housing for all in @Ginhd
anticipated the building of 2 million low cost hagsper year by the public sector in addition toadmg housing
construction in the private and informal sectorggiimuka and Karpe, 2007) The National Habitat dyotif
India recognized the housing sector as a mediupndmote environmentally friendly and cost effectinglding
materials where bamboo can be promoted. In vievitsofow cost and fast growth rate, bamboo offers an
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ecologically viable alternative to timber for cansttion. Construction grade material is availall¢hree years

of growth as opposed to ten to twenty years fob&m(Satter, 1995). Unlike trees, harvesting dddsii’'the
bamboo plant thereby causing erosion problems (@gsnand Jolaoso, 2012). Bamboo also offers an
opportunity for greater personal sovereignty asviddals can grow their own home (Janssen 1995¢ Girthe
major impediments to bamboo housing developmentlagsof adequate bamboo treatment methods. However
bamboo treatment procedures have been perfectedtantdural bamboo materials can now be treatetd wit
borate to create a long lasting insect and fungsestant building material (Edward and Doing, 1998)Costa
Rica seventeen hundred homes are built with banimoler a government sponsored program using theebora
treatment process (Janssen, 1995). The waste fremprocess is used to feed bamboo plantationsras lima
necessary nutrient for plant growth. In Columbigructural bamboo is being used to create large ipubl
buildings with arches spanning 27.4metres (Jand$g9y).

In order to promote acceptability of bamboo hougésbally, efforts are being made to formulate an
international building code for bamboo (Jansserb)l98ccording to Janssen (2000), the advantagesdified
design with bamboo include engineering recognitismmotion of contractual and trade advantages ledup
with increased use of bamboo as codification l¢adsetter social acceptance and innovation. Ambegypes
of bamboo houses that are required in Nigeria egfapricated houses made of engineered bamboaseTdan
be packed and transported over long distancesabmnable costs. They are better designed and anwnmtally
friendly. As bamboo is less durable than timbers iimportant that houses are designed in suchyatiat the
bamboo materials that are used are allowed to @isulp and wind, if it gets wet in other to proloitglife in
service (Janssen, 1995). These could be achievdualipg a water tight roof with an overhanging rdof
prevent bamboo from rain, plastering or a side vadlkrick or cement mortar, to protect the lowertps the
outside wall from splashing rain water. Bamboo vieg mats in between structural bamboo weaving ook
should be fixed in such a way that they could h@aeed easily (Janssen, 2000). Modern prefabridatedes
made of bamboo can be built in towns in elegantmaen This can be achieved if the government elagma
the development of industrial prefabrication angndardization in the country. Modern bamboo houses
assist government in solving the current housimdpiem in the country.

4.3 Pulp and paper production.

Paper production is a major activity regarded psiater to industrial and educational developmeaotldwide.
In Nigeria, efforts made to develop a sustainahlp @nd paper industry have proved abortive in vadwhe
high dependence on imported long fibre pulp (Ogwiw2013). As far back as the 1980’s, approximaté$/
$85million was required to import 85,000 tons aiddibre pulp required by the three integrated mrdgd paper
mills in Nigeria (Makinde 2004). Thus, Nigeria cemtly depends totally on the importation of writing
duplicating, printing and kraft papers includingwsgrint. However, more recently research and deveémt
carried out on bamboo growing in Nigeria has sh@eaitive results. In a study carried out by Ogunsihd
Uwaje (2009), the average specific gravity Rdmbusa vulgaris growing in Nigeria was reported to range
between 0.58-0.69. The high density value is afcathn of normal liquor to solid ratio, impregrati short
cooking periods and high pulp yield. The study alkowed the fibre length &ambusa vulgaris to vary from
2.37-2.92 mm, indicating that strong paper with djd@aring resistance could be obtained from thatpa a
strong relationship exists between the strengtlpgntes of pulp and the fibre length constitutihg pulp. No
significant difference was however observed infthee dimension oBambusa vulgaris at the various stages of
maturity indicating that the plant could be utilizat various stages of its growth. This resulypted with the
development of desilification technology for thenval of silica from black liquor will greatly enhee bamboo
utilisation for pulp and paper production in theintry (Ogunwusi; 2012).

4.4. Bamboo utilisation in the textileindustry in Nigeria

The textile industry in Nigeria was one of the mimsportant manufacturing industries that contriloute the
development of the nation’s economy in the 70’'s0’s §RMRDC, 1990). The industry is the second latge
employer of labour in the country (RMRDC. 2006n the 1990’s, Nigeria has a share of 24% instadleatt
staple spinning capacity (Aribisala, 1993). In 20RRjeria produced about 500 million linear metefrall types
of fabrics, representing 72% of the West Africanduction. The existing industries produce prinyafifrican
prints of real wax and imitation wax with little qmucts differentiation which affects their compge&hess
(Aribisala, 1993). The major determinant of compatness in the textile industry is cotton. The erdof
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manufacturing production for cotton declined to®ih 1998 compared to 106.1 recorded in 1997. Hewat
picked slightly in 2001 to 93.7 as against 93.2000 (RMRDC, 2009). The declining performance leasto
the closure of many industries, leading to losgobs estimated at over 60-70% of total employmanthie
industry within the last 7 years (RMRDC, 2009).

The sector has high propensity for growth and cgtitipeness if there is adequate and sustainakiplgof
raw materials (Aribisala, 1993). Cotton fibre cdmites more than 70% of the fibre raw material hements
and manmade fibre account for 30%. The textile stides in Nigeria produce fibrgarn and fabric materials.
Cotton lint is the most important single apparbtdi It is the first basic raw material in the texindustry. The
domestic availability of this raw material is arsestial factor for the establishment of a viriletile industry.
The Nigerian cotton board (now abolished) did navehenough productive capacity to sustain and engur
continuous flow of cotton to the textile mills. Rarop output has consistently been attributechtdalrs such as
late planting, adverse weather conditions, finaaeeé high cost of production. Local production, pdahareas
and average local yield is extremely low comparéth wome other cotton producing countries with &mi
available potential land resources (RMRDC, 1990).

The most commonly used fibre, cotton and polyeséeise serious environmental problems. Cotton ptamuc
accounts for 11% of all pesticides and 25% of radecticides used each year worldwide World Wildkfend
(2005). The growing of cotton consumes large amafirwater from 7 to 29 tons per kg of raw cottolrdis
(Kalliala and Nousianien, 1999). Polyester is maotired from oil, a non-renewable resource. The
manufacturing process use high energy input anergéess large amounts of harmful emission (Anson and
Brocklehurst, 2007). Organic textiles which revaharound cultivation of raw material under orgacoadition
is based on a system of farming that maintains repienishes soil fertility without usage of and gistent
pesticides, fertilizers and genetically modifie@d® (Green Biz, 2006). Organic cotton is more gastigrow
since there are additional costs at each stageoskpsing (Coster, 2007). In view of the abovetilees<from
bamboo has been observed to be able to addressnthef sustainable development by utilising a resmiger
resource to make cloths and other textile appboati Bamboo fabric is widely available in Chinagditnand
Japan. A Philadelphia based footprint provide sonksle from 95% bamboo to offer anti-bacteria andstace
wicking properties (Textile World, 2008). Londonsea bamboo clothing supply a range of bamboo ciofitie
men and women that stay naturally cool in the surmane hot in the winter (Bamboo clothing, 2008) 2006,
roughly 10 million USD worth of bamboo textiles wesold in the US and 50 million USD worth worldwide
(Durst, 2006). There are over 200 retail storesroffy bamboo textile products in the US alone.

The advantages of using bamboo in the textile imguderives from its renewability, its biodegradibj
efficient space consumption, low water use, orgaiatus and its carbon sequestration abilities. thero
important advantage is predicated on some of tbpgsties of bamboo textile. Since bamboo is ndgutallow
in the horizontal cross section, the fibers shounalant gaps. These gaps can absorb and evaparagatskin
moisture just as bamboo plant absorbs moisturegrecosystem (INBAR, 2004). Also, bamboo does eqtire
pesticide as a result of its natural antifungal antibacterial agent known as Kun (or Kunh). Theeaatural
substance that protects bamboo growing in thefigidctions in spun bamboo fibre (FAO, 2007). ThenK
stops odour producing bacteria from growing aneéaging in the textile. A quantitative antibactetis$t was
performed in China by the China Industrial Test@entre in 2003 in which 100% bamboo fabric waset&h
bacteria strain typ&taphylococcus aureus. After 24 hours incubation period, the bamboo fakhowed a 99.8%
antibacterial destroy rate (FAO, 2007). To expaativities in Nigeria textile industry, it may be ggible to
utilize bamboo as a source of raw material forilexytroduction.

4.4.1. Production of bamboo textiles

Bamboo textiles are easy to produce and the indteost is relatively low. The production processimple
and it requires simple equipment. In the mechamcatess, the woody parts of the bamboo plant arghed
and natural enzymes used to break the bamboo seatlsat the fibres can be mechanically combed waitspun
into yarn. Bamboo fibre products made by this pssaare called bamboo linen.

Chemically manufactured bamboo textile is a regeee cellulose fibre called bamboo rayon. The dbaim
process consists of cooking the bamboo leaves autlyvshoots in strong chemical solvents such akisod
hydroxide and carbon disulphide in a process knawrhydrolysis alkalization combined with multi peas
bleaching (Waite, 2009). According to Waite (2008 general process for producing regenerated bamb
fibre using hydrolysis alkalization and multi-phddeaching technology involves the following:

1. Leaves and inner fiber are removed from bamboo

Leaves (in some cases) and inner fibers are crusigether to make bamboo cellulose

2.
3. Bamboo cellulose is soaked in a solution of 18%wsuchydroxide, NaOH, at 20-25°C for 1-3 hours.
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4. Bamboo cellulose and NaOH mixture is pressed towenexcess NaOH, crushed by a grinder and left
to dry for 24 hours.

5. Carbon disulfide, CSis added to the mixture.

6. Bamboo cellulose, NaOH and £8ixture is decompressed to remove excess K@Sulting in cellulose
sodium xanthogenate.

7. A diluted solution of NaOH is added to the celldasodium xanthogenate, which dissolves it into a
viscose solution.

8. The viscose is forced through spinneret nozzles anfarge container of a dilute sulfuric acid sioluf
H,SQ, (that hardens the viscose and reconverts it talosk bamboo fiber).

9. The bamboo fibers are spun into yarns (to be wavdmitted).

4.4.2. Properties of bamboo textiles:

A number of bamboo textile producers used only species of bamboo while others used as many aget3es
without distinguishing between species and textifesa result, any of the five species availabl®&ligeria can
be used to produce bamboo textile. Bamboo makesnaerful clothing material. The fibre is filled thimicro
gaps and holes which promotes moisture absorptionventilation. In addition, the property of baroliextile
is different from those of cotton fibres. Bamboatiles has antibacterial properties, it is very ¢orable to
wear in view of its antistatic properties. It issthal regulating and has superior wicking capabBiamboo
viscose yarn is hypoallergenic, wrinkle resistaatipurfast and energy efficient. The use of bamfiloe for
clothing is a 28 century development pioneered by several bambopocations. Bamboo fibre resembles
cotton in its unspun form. Many companies bleadhedfibres to turn bamboo to white fibre while soof the
companies producing organic bamboo fabric leavéd#mboo fibre unbleached (Dylewski. 2008).

4.5. Bamboo chemicals and phar maceuticals.

Many nutritious and active minerals such as vitanamino acids, flavine, phenolic acids, polysaddea trace
elements and steroids can be extracted from barablmo, shoot and leaf. Many of these have anti-diada
anti-aging, anti-bacterial, and antiviral propesti@axium, 2001). Consequently, bamboo is valuableealth
care delivery and can be processed into beveragedicines, pesticides and other household itembk asc
toothpaste, soaps, etc. (Naxium, 2001) Bamboodeafains to 2% - 5% flavine and phonelic compourat t
have the power to remove active oxy — free — rdsliciopping nitrification and abating blood faEigures of
nutrient contents dBambusa vulgaris show it to contain crude protein (10.1)g, crudedi(21.7g), ether extract
(2.59), ash (21.3g), phosphrous (86mg), iron (1g¥nvitamin B.1 (0.1mg), vitamins B2 (2.54mg), and
Carotene (12.3mg)/100g), respectively (Paglion®320 Flavine beverage and beer have been widelypaed
particularly in Asian countries such as China, Korand Japan mainly because of their value in hemié.
Some materials extracted from bamboo are usec#h filavour and preservation of food. Bamboo si®one
kind of vegetable that is free in pollution, lowfat, high in edible fibre and rich in mineral flinctions well in
removing sputum, enhancing digestion, relievingidibx, improving dieresis and it is often used foaling
swollen tissues or edema and abdominal diseasehichwvatery fluids collects in cavities or bodysties
(Naxium, 2001). The shoot also contain saccharimméch can resist little mouse tumor and also has-aaging
elements. Of late, research has shown bamboo adlaas one of the base materials for human hefatim
water treatment to its uses as shield from elettagnetic radiation. Bamboo extracts contain vakiatéments
which are used in pharmaceuticals, creams and &dgesr Bamboo gas can be used as a substituterdtepet.
Activated charcoal is used as a deodorant, purifissinfectant, medicine, agricultural chemicalsd aan
absorbent of pollution and excessive moisture. utniner of researchers have also produced bambooattha
and butanol. Butanol is similar to ethanol beinfpan of alcohol. It has higher density; non corvesand can
therefore be mixed with gasoline. Another impottproduct from bamboo is activated carbon. Actdat
carbon is a non-graphitic form of carbon, whiclpieduced by activation of any carbonaceous matsueh as
bamboo, wood chips, etc. Activated carbon is eggidn the decolourisation of sugar and sweetedeirsking
water treatment, gold recovery, production of phareuticals and fine chemicals, catalytic procefisgas
treatment of waste incinerators, automotive vapfitters, colour/odour correction in wines and frjuiices.

4.6. Uses of bamboo for charcoal production and energy generation.

Bamboo charcoal can be used as an absorbent istifedusuch as vegetable oil, beverages and phattieal
industries (Khan and Hazrai, 2012). Its absorptiapacity is six times that of wood charcoal of Hzme
weight. At present, Japan, Korea and Taiwan arénii@ consumers, but its importation is rapidly anging in
Europe and in North America (Khan and Hazrai, 20B&sed on its characteristics, a number of coemre
renewing their bio energy strategies to include @ A bamboo fuelled power station is being binlt
Mizoram state of India to help meet the energy nefedidia’s north east (Biopad, 2006). The Mizorpower
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station being setup in Sairang village at an edgchaost of $615,000 is expected to assist the stagolving its
energy crises (Biopad, 2006).

According to INBAR (2011), bamboo may be the keyxdmbating energy problem in Africa. As a partngrsh
among African nations and communities, INBAR andn@hare working to substitute fuel wood with bamboo
Currently, 80% of the population in sub-Saharanicafrdepends on wood for their fuel needs. The sscce
recorded in Ethiopia and Ghana which have put banftiomass at the centre of renewable energy pslicies
spurring interest across the continent and prorgptalls for greater use of bamboo based charcoalygtion as

a green bio fuel for fighting deforestation andmaie change (INBAR 2011). This is imperative agrsists
have predicted that the burning of fuel wood byiden households will release equivalent of 6.7diltons of
green house gases into the atmosphere by 205®&jngsn further climate change through clearingtrafpical
forests. In addition, burning fuel wood claims tines of an estimated 2 million people each yeaostiy
women and children who inhale the smoke. Continupndsor use of forest wood charcoal as a housetugld
could cause 10 million premature deaths by 203BAR, 2011). Currently, it take seven to ten tonsai
wood to produce 1 tonne of wood charcoal, makirapdvfuel an important driver of deforestation in a
continent of nearly 1billion people who have fevteatative fuel sources (INBAR,2011). The Internasb
Energy Agency (IEA) predicts that if business conéis as usual, by 2030; biomass energy in sub-r&aha
Africa will account for about % of total residentianergy. This underscores the urgency of devetppin
sustainable alternative biomass to replace woodviéw of the above, INBAR's bamboo and sustainable
biomass energy initiative which is currently trarsihg bamboo charcoal technologies from Chinaub-s
Saharan Africa to produce sustainable green bids fusing locally available bamboo resources shdadd
adopted in Nigeria through funding from Europearnddn(EU) and Common Fund for Commaodities (CFC).
Among the advantages of bamboo that make this atimv a sustainable option is that the entire bamilant,
including the stem, branch and its rhizome candszluo produce charcoal, marking it highly resowfieient
with limited wastage (INBAR, 2011). Bamboo charcizainade through controlled burning of bamboo ini
The technology is adapted to producing large gtiestof charcoal to serve a large number of runal arban
communities as well as to produce bamboo charciglidites that are ideal for cooking as they lastiédnger
periods, produce less smoke and pollution thanrabtharcoal (INBAR, 2011).

In the light of the above, there is urgent needpitvate sector investment in both bamboo charaadl energy
production. This is a viable investment opportumityhe rural communities in the south-south, sewmtést, and
the south-east zones. Bamboo energy productionbeasponsored by development agencies but it require
adequate backing by the government at variousdeWlth development of bamboo in this sector, Naydias
the potential for increasing its energy output.

4.7. Miscellaneous uses of bamboo in theindustrial sector

Apart from those highlighted above, bamboo alscehsaveral other industrial uses. Bamboo is usezhsixtely
in the electrical, electronics and communicatiandustries for production of wrist watches, chaiiag blades,
etc. Some of the lost investment cost uses of bartiiet can easily be taken up by investors in Négierclude
processing of fresh bamboo leaves for use in tlestiock and beverages industries and use of bambiots in
water drainage.

4.7.1. Livestock feeds

Feeding chickens on organic diets containing fiesinboo leavekeads to 70% weight gain more than those fed
on standard organic diets. This suggests thatihee ih the bamboo leaves enlarge the digestivd &nad enable
the chicken consume more and grow faster (RMRDO420

4.7.2. Bamboo leaves tea:

Teas such as bamboo leaf tea are part of the rillidtibdollar nutritional supplement industry. Tipeocess for
making bamboo leaf tea is the same as for other Téee leaves are dried and steeped into boilirtgrva leach
their contents into the brew .Bamboo leaf teadh in silica which is important in bone and othigiid tissue
health. Silica improves bone health, strengthemsdral nails, improves dental health and make Kie ore
elastic and healthy (RMRDC, 2004). A typical cdbamboo leaf tea containslg of dietary fiber whadds the
body’s natural cleansing systems. This can corgilia digestive health, as well as help the bodgléan
bloodstream of harmful Low Density Lipoprotein (LPLn addition, the micronutrients in bamboo lezd have
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effect on the body systems. Polyphenols can refheeeradical cell damage and may slow aging. Catsch
interfere with the processing of dietary fat, whiodlp in weight loss. Bamboo leaf tea is a low Galdealth
food which is rich in protein and fiber, but frekcaffeine. As many cups as possible can be takdramboo tea
stimulates metabolism without side effects.

4.7.3. Bamboo Culm drainage pipes

In rural Tanzania, a bamboo pipe network is beisgdufor providing safe and constant water supply large
rural population (Lipangile, 1991). Drainpipes bdveen made from wood boards or box drains, brigkd,
horseshoe shaped ceramic tile, circular clay ttmcrete tile, bituminized fibre perforated piperfprated
smooth plastic pipe to corrugated plastic piperéntty, corrugated pipes are frequently used, aljhoclay and
concrete pipes are still being used as well. Tleaisirainage pipes made of various assorted raitesi very
common in our markets (Ami, 1987). These mate@as very expensive, not readily available, reqaireigh
degree of maintenance, and pollute water which twewey due to the pipe’s constituents (Singh t28109).

In the light of these shortcomings, bamboo pipeklvkerve as low cost substitute are used. Indyseported
by Akinbile et al (2011), an attempt was made hipgi8amboo of predetermined lengths and diametefek
drainage material in Akure, South-western part @fella. On the overall, the use of bambBo\ulgaris) as a
field drainage material was found effective. Theuleindicated that bamboo could be satisfactardgd as an
alternative to the various assorted materials #énatvery common in our markets to provide an adgmntof
cost, as well as easy transportation, handlinglayidg. Also, bamboo pipes do not contaminate théewbeing
conveyed and do not react with the soil; unlikedtieer assorted materials, thus preventing thessikoe cost of
treating the water being conveyed for the variausi&n and animal uses (Akinbile et al, 2011).

Thus, the problems of water distribution in a numtievillages in Nigeria can adequately be solvgdhe use
of bamboo pipes network. This will not only be aom®omic way of solving the problems, the mainteeaoic
such networks can readily be assured as bamboasgraturally in most parts of the country.

5.0 Role of bamboo in environmental conservation and amelioration in Nigeria

The problem of environmental degradation is assgraiserious dimension in most parts of Nigeria.gkding

to Jimohet al (2012), degradation has assumed a definite patiekigeria. For example, erosion has ravaged
much of the eastern parts of Nigeria. In the adpe#h active and inactive gullied surface areasedngm 0.7km
for Ohafia and 1.15km for Abiriba in Abia state.eTtvidth of the gulleys ranges from 2.4km for Ab&ibnd
0.4km for Ohafia. Furthermore, a minimum depth 20Mm gullied surface has been recorded at Abirso,
problems of widespread sheet wash erosion havétedsa the failure of agricultural activities. the Northern
and Western axis of Nigeria, erosion is equallyoses; especially in places like Shendam and We$ankshin

of Plateau State, Efon Alaaye in Ondo state, Ankpd Okene in Kogi state of Nigeria (Jimehal, 2012).
Generally, the observation of the patterned natéirand degradation reveals that no part of Nigeiapared
from this wreckage (Asadu et al., 2004). Howeee, tange of the land degradation is more in theegasxis
and closely followed by the Northern axis of NigerA major advantage of bamboo is that it growsnamginal
lands, such as degraded land and steep slopefmddawtter lands for more demanding crops (ABS,2200
Consequently, bamboo can be planted in nearhhalbegraded areas, most especially in the Eastetrofpthe
country where gully and sheet erosion are rava@gunwusi, 2012) and in soil damaged by overgrazing
poor agricultural techniques (Pandey and Shyamasuf608). Bamboo is very good at holding the soil
together, to reduce erosion due to its extensii@nhe system, particularly in areas prone to higioants of
run off like steep slopes, river banks or degratlwls. As a result, the root system create an teféec
mechanism for watershed protection, stitching thietsgether along fragile river banks, deforesteeas and in
places prone to earthquakes and mud slides. Umlikeost trees, proper harvesting does not kill baoplants,
so the top soil is held in place. As a result ef widespread root system, uniquely shaped leandsidense litter
floor, the sum of stem flow rate and canopy intptoaf bamboo is 25%, which means that bamboo greatl
reduces run off, preventing massive erosion angikgeup twice as much water in the watershed (BOEO;
Pandey and Shyamasundar, 2008).

Bamboo culms are very elastic. They bend in highdaj but usually do not break. As a result, theyused as
windbreaks to protect cash crops, particularlycarastal areas where high winds are frequent (Paaddy
Shymasundar, 2008). Planting bamboo can help sppetbnversion of degraded lands into productiveé an
economically viable systems, reducing erosion am&lng water table in Nigeria most especially, rafténing of
minerals such as in Jos Plateau. This will helpntprove productivity of other commercial and foops.
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Bamboo can also be grown as a pioneering plantoih damaged by overgrazing and poor agricultural
techniques (Pandey and Shymasundar, 2008). Ban#@veassed in the remediation of polluted lands et t
roles in filtering animal waste to prevent highrogen effluents and in water desalination has beeorted
(UNIDO, 2009). The use of bamboo in the remediatidmil degraded lands through oil spillage is lgein
investigated (Ogunwusi, 2012)

6.0. Challenge of Bamboo Industry Development in Nigeria

A number of problems are constraining industrialedlepment of bamboo thereby impeding potentials of
bamboo to generate income and alleviate povertgieiveloping countries, including Nigeria. Accorditm
Leonard (2000), there is general lack of understandf the industrial potentials of bamboo amondigyo
makers. The national forest policy under which bambs subsumed gives litle or no attention to its
development. Consequently, the bamboo sector irerdigis still part of the informal and backward alur
economy. There has been no concerted effort to gnaeblarge potential which has been successfully
demonstrated by the Chinese bamboo industry. Pihgdermboo is found in abundance and its underetili

As a result, it has been impossible to develop lmanto the level where it can contribute in any oeable
measure to raw materials supply or as a foreigmaxge earner through export of bamboo productsiev
National Forest Policy was approved in June 20086 ratified in October 2008 to be domesticated Hytted
States in Nigeria (FME, 2012). The new policy, jastthe one before it did not give specific consitien to
bamboo development as it is treated as one of tileerous non timber forest products. This clasdifica
indicated that bamboo does not have official bagldespite its multiple industrial potentials. Tloi®ates a
disjunction between modern international forestiggoland needs of many people in developing coumtrie
(Buckingham,et al, 2011). According to Buckingharat al, (2011), recent international forest policy has
focused on the implications of tropical deforestatfor climate change, biodiversity loss and likebds, while
key emerging issues for many developing countriggicued to be the supply of timber in the facénafeasing
demand. While bamboo presents a promising alie@mtd products from trees, the international fasepolicy
focus on tree lands (Hunter, 2002). Thus, theriateto develop bamboo in developing countriesasstrained
by continual institutionalization of bamboo as anntimber forest product, while attention is givem t
development of trees. The situation in Nigeria @endifficult as tropical forests have a signifitaharacteristic
which makes monocultures difficult to develop aef usually respond to minor localized climatideténces
that have led to diversification of species (Gaatel Sheik, 2010). This makes sustainable manageafent
tropical forests a difficult objective to pursueqi@ and Sheik, 2010). According to Buckingham (©@0and
Ogunwusi et al (2013), the problem has four dimmmsi One of the most important is that bamboo ithee
treated as a crop nor as a tree. Thus, it has parept sivicultural or cultivation relevance ingrcal forestry.
Second, historic policy frameworks equate foreshwriees which seek to accommodate bamboo in sltvial
management logistics, despite its being a fundaatigndifferent plant. Third, the power and influenof
western silvicultural science and practice in inggional development, continues to expand and asba is
not found in most western countries, it is not giygimacy in forest policy development. Likewise tirowing
influence of market based forest policy instrumewtably the Forest Stewardship Council (FSC) asighed
for trees and not for bamboo. Four; bamboo reseimimum attention by development agencies, leattn
underfinanced research and development (BuckingB@adti,, Ogunwusi 2013).

Nevertheless, in view of the need to accommodatabba development UNFCCC (2008) has considered
bamboo as being on the same level with trees irctimext of afforestation and reforestation. Adiog to
(Buckingham, et. al. 2011), the importance and utilization potentiafsbamboo in various industries are
compelling arguments for a more assertive approatdgory for bamboo on the same level as trees

7.0. Recommendations for bamboo industry development in Nigeria

According to Ogunwusi (2013), Nigeria’s bamboo esecare wrought with problems among which are
unplanned harvesting, lack of large organized bamibdustries, prevalence of low cost, low added tamn
products and lack of research and inventory datddonboo lands. Industrialization of a bamboo bassdor is
very important for generating livelihood withoutyadamage to the environment. The vast and yet pethp
potentials needs cultivation, primary processingtegrated processes and transfer of technology and
coordinated sustained national level effort .Acaogdto Ogunwusi (2013), for a virile bamboo indysto be
established in Nigeria, the following recommendatiave to be attended to:

. Establishment of a bamboo development instituterganization to coordinate and midwife activities
relating to bamboo development in Nigeria. Sucloaganization should be in a better position to eelypolicy
makers on bamboo development initiatives.
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. There is need for a national bamboo policy. Thacgoshould spell out the objectives of bamboo
development and provide detail guidelines for impatation.

. Nigeria needs a bamboo inventory. It is necessadetermine the quantity and quality of bamboo that
currently exists, their distribution and types pésies and quality of stocks available.

. There is need for the establishment of an assoniati Nigerian bamboo producers which could help

set up quality standards and implement effectivaliu control, provide a forum for the exchange of
information and ideas, collaborate with governmagéncies to formulate favorable bamboo manufadurin
policies with regards to export and import regalias and also organize business promotion activétiesbuild
marketing networks.

. Government must promote bamboo tenure reforms. ddigd be done by giving farmers or groups
who are committed to manage bamboo resources pirgntives.

8.0. Conclusion.

Bamboo is fast becoming a very important industdaé material globally as a result of its multijtjcof uses.
The development of bamboo for industrial use indxiig will propel development of a number of indiesty
reduce dependence on imported raw materials amrdféreign exchange for other uses. As bamboo emgend
itself to development of micro and small scale stdes with little capital outlay, a virile bambdaadustry in
Nigeria will lead to wide spread poverty reductidnis envisaged that the development of bamboonfalti-
functional uses in Nigeria will lead to savingsnodre than 500 billion naira annually. Incorporatifrbamboo
into the vision 202020 action plan will present mapportunities for a successful outcome. This g@shcan
best be achieved by taking stock of the achievermedate and formulating a bamboo 2020 vision. Fhisuld
be contemplated as a vision with strategic procdesechmarks and target dates. Development of baritboo
tropical countries has a lot of advantages. Amibrgge is the development of the wood products settthe
different economies, reduction in the rate of destation and expansion in employment opportunisgled
with skills acquisition. It is explicit that witincrease in marketing outlets, farmers will be emaged to grow
bamboo on private lands. It will also facilitateetsustainable management of tropical forests.
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