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Abstract

Mechanical processing of bamboo is fast becoming a reality in most economies ranging from Asia to Europe and
the United States of America. In Nigeria, forest industry which consists of sawmills, furniture, plywood,
particleboard, matches and wood treatment subsectors are undergoing difficult times as a result of dwindling wood
resources. Capacity utilization in most of the subsectors has been dipping since the last 20 years. Thus, Nigeria is
placing heavy reliance on importation of primary and secondary raw materials for use in the sector. In the first
quarter of 2010, Nigeria imported wood products which consist of plywood, kiln and air dried lumber that cost the
nation about 20 million euro. This development has made a number of industries to close down. To revitalize the
forest industry, it is imperative for the government to initiate plans that will encourage investment in bamboo
processing locally. The first step should be institute a bamboo policy framework that will provide guidelines for
development of local bamboo industry. The establishment of a bamboo development council will accelerate
development of bamboo production and processing in line with the practice in some parts of the world. In line
with the extant situation in the forest products industry in Nigeria, the bamboo based investments required for
optimal growth of the industry include ply bamboo, mat curtain plywood, chipboards, floor tiles, laminated
bamboo strips and bamboo composite products. These products would find application in the furniture, houses
and bridges construction industries, including internal applications such as in interior decorations, etc. The
development of bamboo industry in Nigeria will solve a lot of social, economic and environmental problems
locally.
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1 Introduction

The history of bamboo’s utilization can be traced back to 5000 to 6000 years ago (Zhaohua, 2004). Although,
most of the earlier developments in bamboo utilization and processing took place in China (Zhaohua, 2004), the
increasing realization of the roles of bamboo in climate change Mitigation, Adaptation and Development (MAD)
has made it a bride that most countries are depending on for the development of local industries (Schellnhuber ,
2009). According to Wooldridge (2012), bamboo is being hailed as a new super material with uses ranging from
textiles to construction. With advancement in technology, nearly 4000 commercial products made out of bamboo
or its products are available and in use daily in the world (Singh, 2008). Despite this, bamboo usage is still
undergoing transformation, making experts to call the plant the timber of the 21* century (Wooldridge, 2012). This
coupled with continual development of new technologies and processing techniques enables bamboo to compete
effectively with wood products.

The world bamboo market stands at 10 billion dollars today and the World Bamboo Organization
observed it could double in the next five years (Wooldridge, 2012). Dayawansa (2012) also estimated the world
trade on bamboo resources in 2002 at 12 billion dollars. With an annual growth rate of 2 billion dollars, total
bamboo resources trade will increase to about 20 billion dollars by 2015 (Dayawansa, 2012). Globally, bamboo is
being targeted for livelihood development and alleviation of both environment and social problems.

In view of the increasing popularity of bamboo in the industrial sector and its role in the MAD challenge
(Schellnhuber , 2009), most countries have initiated plans to invest in bamboo production and processing in order
to reduce the role of wood in industrial production processes (Pandey and Shyamasunder, 2008). In Sri Lanka,
approximately 24 million dollars is being invested in bamboo processing in collaboration with UNIDO, Global
Environmental Facility (GEF) and the Ministry of Industry and Commerce (Dole, 2012). The aim of the Sri Lanka
Project is to plant 10,000 hectares of bamboo by 2019 in order to generate 150,000 tones of dry bamboo annually
(Dole, 2012). This is expected to create 10,000 direct and indirect employment opportunities. The interest in
bamboo development and processing has spread across Asia, Europe and the United States of America.
Considering the great potentials of the bamboo industry, the Philippine government promulgated Executive Order
(EO) No. 879 on 14" May, 2010, to prioritize bamboo production, processing and market access to local bamboo
resources (Dayawansa, 2012). By this, the Philippine bamboo project is expected to promote bamboo industry
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development and to direct government’s initiative aimed at using bamboo for a minimum of 25% of the desks and
other furniture requirements of public elementary and secondary schools, fixtures and construction works
sponsored by government. In the USA, the idea of growing bamboo for profit has been at play for nearly a
century with test plots of bamboo successfully established in Alabama in 1994 ( Stevens, 2012). Although, the
project was not optimally pursued in view of the ready supply of bamboo from Asia, the race for truly renewable
resources and search for solution to climatic change problems have led to renewed interest in bamboo
development in the United States (Stevens, 2012). Another major incentive for bamboo development in the USA is
the spread in demand across multiple industries, coupled with diminishing timber resources (Stevens, 2012).

In Nigeria, the current patterns of development in the forest industry which rely solely on diminishing
forest resources have been observed to be unsustainable ( Ogunwusi and Jolaoso, 2012 and Ogunwusi, 2012a). A
number of studies (Larinde 2010; Ogunsanwo, 2010 and Ogunwusi, 2012a) have reported the timber resources in
the country to be dwindling in availability. There is therefore need to search for more sustainable, climate friendly
alternatives that have potentials for alleviating the social and environmental problems the world is currently
facing. Despite the high utilization potentials of bamboo in the wood products sector, the forest industry in
Nigeria has been on a gradual decline in terms of capacity utilization (Ogunwusi 2011a) as a result of dwindling
timber resources. In this paper, the performance of the forest industries in Nigeria is examined. This is followed by
the plausible role of bamboo in resuscitating the forest industry in the country. Green bamboo based investments
required to prop up activities in the forest products industry in the country are outlined, having taken into
consideration the extant situation in the industry. The prospects and challenges of initiating, maintaining and
sustaining the green investments are also discussed.

2 The characteristics and status of the forest products industry in Nigeria

The forest products industry in Nigeria was formally extensive and of major importance (Blackette and
Gardette, 2008). Lumber and plywood were produced for domestic market and export. For the past thirty years,
as a result of resource depletion, the sector has been on decline. Industrial round wood export which was 781,
200m3 in 1964, dropped to 29,900m3 in 1976 (Blackette and Gardette, 2008). FAO (2006) reported that Nigeria
has about 1 million hectares of forests which is about 12% of the total land area, but, largely, in savanna woodland
with limited potentials. The forest reserves totaled 9.6 million hectares but 75% is located in savanna zone and
only 2.0 million ha are in the high forest zone (FAO, 2003). With an estimated population of about 150 million,
Nigeria has enormous domestic demand for construction and joinery raw materials (Blackette and Gardette, 2008).

More recently however, there have been changes in the structure of the forestry sector. The forest
resources survey, 1996-1998, revealed that the forest cover has decreased by 20% over the preceding 18 years
(FORMECU, 1996). Adeyoju (2001) also reported the total forest estate in the country to be less that 6% of the
land area. Ola Adams and Iyamabo (1977), estimated that about 26,000 ha of forest land are destroyed annually in
the rainforest zone during the conversion of natural forests to plantation forests and other forms of land use.
These developments have significant impact on the operations of the forest industry, leading to decline in the
contribution of the industry to national industrial development. Recent statistics, (RMRDC, 2009), indicated that
the total volume of usable wood down to 30cm cutting diameter in the forest reserves is 239,775,500cm’. This is
not significantly different from 437,507,205.9m’ reported by Akindele et al (2001) and according to Blackette and
Gardette, (2008), Nigeria is now an importer of timber.

The forest industry in Nigeria is principally made up of sawmills, furniture, wood based panels, safety
matches and wood treatment subsectors. The installed capacity of the sawmill industry has dwindled considerably.
It decreased from 15,793,188m3 in 1992 to 11,734,000m3 in 2010 (Ogunwusi, 2012a). The sawmill industry is
characterized by increasing number of operatives using outdated equipment, chasing dwindling quantity and
quality of wood raw materials. The short fall in installed capacity and actual capacity utilization occurred as the
saw mills are structured to utilized large diameter logs which are now limited in the natural forests as, small size
timber dominate the present composition of Nigeria’s forest resources (Larinde, 2010; RMRDC 2003). In Nigeria,
round wood processing has reach the limits of available forest resources such that the future increase in wood
production and revenue could be derived from further processing of sawn wood rather than expansion in sawmill
and exploitation of wood resources (Larinde, 2010).

Capacity utilization in the furniture industry in 1988 was 217,700m’ . This increased to 326,172m’ in
2010. More than 400 companies exist in this sector, while over 10,000 outlets operates at cottage and small
scale levels in the informal sector (Ogunwusi, 2012b). The furniture industry in Nigeria dates back to 1872
when commercial logging commenced in the country. The industry depends on simple technologies, low technical
knowhow and low capital input. They are mostly made up of outfits with crude hand tools and equipment
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(RMRDC, 1991; 2003 and 2009), resulting in poor quality products (GWV Consultants, 1994). The small scale
furniture producers are technically inefficient as they fall below efficiency level of 60% (Ako and Kuye, 2010).
The implication is that the average furniture producer need 48% cost saving devices to attain the status of
efficiency, while least furniture producer need about 88% cost saving devices to become an efficient producer.
Most  of the small scale operators in this subsector are more interested in quick profit rather than quality control
and expansion (NACETEM, 2010).

Plywood production in Nigeria has reduced drastically as a result of high reduction in the volume of
economic wood species (RMRDC, 1991; Arowosoge, 2010, Ogunwusi, 2012a). In 1988, the total capacity
utilization was 126,000m>. This decreased to 106,000m’ in 2010 (Ogunwusi, 2012a). Face veneer is in short
supply as one of the major producers, the government owned African Timber and Plywood has closed operations.
Currently, a considerable volume of face veneer is being imported from Ghana and various parts of Europe (GWV
Consultants, 1994).

From the above, it can be observed that the forest industry requires a change in policy orientation and
direction in order to bring it back to its former position. Currently, Nigeria depends almost entirely on imported
plywood, particle board, etc, for use in the industry. Also, wood is being imported for use in the sector. Thus, a
policy option directed at promoting available, fast growing and climate friendly bamboo in the sector cannot be
over emphasized. Most of the requisite raw materials in the sector can be produced locally if the bamboo industry
is developed and stabilized. The major bamboo bases investments required in the industry to make it more
competitive are subsequently discussed.

3 Green bamboo based investments required in the forest industry in Nigeria.

The importance of promoting bamboo based investment in the forest industry can no longer be
overemphasized. According to Dogbevi (2012), Nigeria imported 80% of Ghana’s wood products export in the
first quarter of 2010 with a total import bill of about 20 million euro. The major items imported from Ghana
during this period are plywood and kiln and air dried lumber. In view of the need to reduce Nigeria’s dependence
on wood products importation, the deployment of bamboo as basic raw material in line with developments in most
parts of the world has become imperative (Ogunwusi, 2011b).  The processing of bamboo in Nigeria can be built
on existing skills rather than entirely new technology (INBAR, 2012). A multitude of different products can be
made from bamboo, thus giving investors’ a wide range of options and increasing their flexibility and access to
market. The last 15 years has seen a dramatic growth in commercial bamboo products such as flooring, laminated
building panels (similar to timber based plywood, chipboard and MDF), high quality yarns and fabrics, activated
carbon and bamboo extracts (Marsh and Smith, 2012). As a substitute to timber, steel and plywood, a new
generation of bamboo plywood products has emerged for use in the building industry. The products feature high
strength and rigidity, water and corrosion resistance and low costs of production (Yan, 2006). Marsh and Smith (
2012) subdivided bamboo based products into three distinct groups which includes handicrafts, bamboo shoots
and premium industrial processing which involves semi mechanical and mechanical processing of bamboo culms.

In the current situation in Nigeria, premium processing of bamboo into industrial products is the most
important in order to reduce foreign exchange expenditure on importation of wood products. As observed earlier,
nearly all subsectors in the forest industry are in distress as a result of decreasing capacity utilization brought about
by old equipment, decreasing availability of economic wood species and low demand for products produced with
lesser used wood species (Jayanelti, 1998; Eastin et. al,2003; and Barany et. al,2003). In view of these,
stakeholders within the industry have to re-strategize, accept and utilize plant species such as bamboo with high
acceptability globally, fast growing potentials and with proven processing equipment and technology. The
utilization potentials of bamboo products cut are across multiple sectors and can successfully be used in the
furniture, housing, bridges and vehicles construction industries.

To optimize development of the forest industry, production facilities have to be established to produce
bamboo based panels which are manufactured under high temperature and pressure with the aid of adhesives. The
thickness of bamboo based panels varies from 2-40mm and the dimensions depend on the manufacturing
equipment adopted. However, before green investments can be embarked on, it is imperative that government in
collaboration with international donor agencies sponsor preparation of feasibility studies to determine the optimal
scale of operations and profitability of various bamboo investments (Ruiz Perez et al , 2001; Ruiz Perez et al,
2004). Some of the important green investments appropriate in Nigeria as a result of the present situation in the
forest industry are discussed below:
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3.1  Production of ply bamboo

Ply bamboo is a special category in a wide variety of bamboo based panels. The main feature of its
manufacturing technology is high temperature softening and flattening (Qisheng et al, 2001). Softened at high
temperature and flattened, bamboo material is processed by a continuous method that maintains its thickness and
width resulting in production of veneers of maximum thickness. Ply bamboo has high strength, rigidity and wear-
ability and can be used for engineering construction purposes (Gonzalez-Belten 2003). The production process is
simple. It entails cross cutting to predetermine length in accordance with the size of the required final products.
After this, is the removal of the outer joints with a cutter. The bamboo sections are then split into two or three
fragments with a splitting machine and the inner joints removed. Softening of the bamboo material can be
achieved in four ways. These include treatment with chemicals, increasing the water content of the bamboo
material, raising the temperature of the bamboo material and changes in surface structure and conditions (Qisheng
et al, 2002). However, soaking bamboo in lime water, caustic soda, sodium sulfite, ammonia and other alkali
solutions, results in changes and softening of the chemical structure of bamboo. However, chemicals change the
interior structure of bamboo and damage the mechanical strength. This process also turns the bamboo black and
yellow, thereby affecting the quality of final product. Under the present technical conditions, raising the water
content and temperature of bamboo fragment are the most effective measures of increasing plasticity of bamboo
(Qisheng et al, 2002). The softened bamboo fragments are pressed and flattened into strips 60-120mm thick.
They are assembled lengthwise and crosswise alternately and made into plybamboo by means of hot pressing after
application of a suitable resin. Most of the products have between 3-5 layers and their density varies from 0.8-
0.85kg/m’, resembling the density of deciduous hardwoods.

Ply bamboo is used in making floor of trucks. As high rigidity and high wear ability of bamboo is high,
ply bamboo retains these strong points and reduces the short comings associated with small diameter, hollow
culms and the differences in strength properties in both longitudinal and radial dimensions. It can be sawn, planed,
milled, dried and used for further processing; thereby making it an ideal material for engineering structures
(Qisheng et al, 2002). In Nigeria, this product can reduce the dependence on wood planks. Ply bamboo is used in
truck floors as weight of steel materials is too high. In addition ply bamboo has high friction coefficient and it
does not rust.

Ply bamboo is also used in the building industry in view of its high strength, rigidity and attrition
resistance (Gonzalez and Beltran, 2002). Concrete forms of ordinary ply bamboo are produced by covering with
phenol resin after pressing and solidification. This type of ply bamboo can be used to make concrete form. Also
concrete form of ply bamboo covered with wood veneer and paper can be used in building of bridges, power
stations and tunnels (Qisheng et al, 2002).

3.2. Laminated bamboo board (planed)

Bamboo materials are cut into square edge strips of even thickness and width. The strips are bleached or
carbonized. They are arranged in one direction during assembling and pressed. The products are
multilayered and of great dimension. The surface is fine grained and can be applied in furniture production and
in inner decoration, just as in laminated high grade = wood.

3.3 Mat plybamboo

Slivers between 8 to 1.2mm in thickness are weaved into mats. The mats are dried and glued. They are
then assembled and pressed. The products have between 2 to 5 layers. Both thick and thin boards can be
produced. The thin boards are used as packaging materials while the boards can be used as concrete forms and
bottom board of trucks.

3.4 Curtain plybamboo.

The strips are arranged in parallel order and connected with strings to convert them to curtains. After
gluing and drying, curtains are assembled and pressed. The thickness of products can be regulated according to
requirements in the final products. The product can be diversified by means of adjusting thickness and width of
strips, assemblage patterns and processing methods to various end uses.

3.5 Laminated bamboo strips

Strips are glued and dried. They are then assembled and pressed into laminated bamboo strips. The strips
are soaked in phenol formaldehyde and arranged in parallel order. Most of the products are thick and are used as
structural materials. Bamboo laminates can replace timber in many applications such as in furniture, doors,
windows, window frames, partitions, wardrobes, cabinets, etc. production. In most cases the slivers are treated for
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starch removal and prevention of termite borer attack. They are then subjected to hot air drying followed by four
side planning to ensure uniform thickness. They are coated with hot glue on the surface and arranged
symmetrically. They are subjected to curing in a hot press at about 70°C using steam and pressure of
about17kg/cm®. The pressed laminates are trimmed, sanded, grooved and packaged.

3.6 Mat curtain plywood.

Here soaked mats are used as surface layers and glue curtains as inner layers. They are arranged in
lengthwise and crosswise order alternately and pressed under pressure. The mats can be covered with papers
soaked in melamine resin or phenol formaldehyde. The product is mainly used to make concrete forms.

3.7 Bamboo chipboard.

This product can make use of stems of smaller diameter, less known bamboo species, stem, tops and all
bamboo residues. The process is the same as those of wood particleboard. Production of this product has been
recommended as a way of improving utilization ratio of raw materials and economic performance of enterprise.
Bamboo chipboard manufactured with phenol formaldehyde resin has comparatively high strength and Modulus of
Elasticity, low expansion rate and low rate of water absorption compared with wood particleboard. The products
can also be strengthened by adding curtain or bamboo mat to the surface.

3.8 Bamboo floor tiles

High quality floor tiles can be produced from bamboo. The products can be more durable than wooden
floors. The production process is simple and consists of cutting of bamboo into slats to extract the premium part
of the culm. The slats are laminated with adhesives under high pressure to produce planks. The slats are boiled in
a solution of water, hydrogen peroxide and borate solution to eliminate pests and mildew. They are then kiln dried
to a minimum of 5% moisture content. They are carbonized by heating the fibre in order to darken the sugar
components. After this, the strips will be divided into groups on the basis of colour and members of each group
pressed together under pressure. The dried strips will be glue together either in vertical or horizontal grains. After
pressing the products will be sanded, tongued or grooved. The products will then be stored in a humidity
controlled warehouse for about 2 weeks to enable the moisture content stabilized at 7-9%. The products are then
coated with sealer coat followed by aluminum oxide to protect the fibre. This treatment is followed by aluminum
oxide sealer coat and scratch resistant poly urethane for ease of finishing.

3.9 Other products

Apart from the products highlighted above, a number of other products can be produced for use in the
forest industry in Nigeria. There are prospects for improving projects quality and to decrease production costs by
using composite materials to make durable products. The production technology of bamboo-wood composite
board combined the features of ply bamboo and plywood. According to Qisheng et al (2002), the production
efficiency is higher than ply bamboo and the production cost is lower. In addition, the physico-mechanical
properties of composite boards are better than those of plywood. Composite board of industrial importance
include bamboo wood sandwich composites, laminated bamboo wood sandwich composite, bamboo wood
composite floor tiles, strengthened bamboo chipboard, overlaid bamboo chipboard and overlaid bamboo (Oisheng
et al, 2002).

4 Prospects and challenges of promoting green investment in the forest products industry in
Nigeria

The simplicity of bamboo processing machines is a major prospect for the development of a virile
bamboo industry in Nigeria. Since 1980’s a number of research and development exercises have been carried out
on bamboo processing machineries. Presently there are nearly 100 factories that produce more than 1,200 types of
bamboo processing machines in China (Zhaohua, 2004). In general the machinery involve in the mechanical
processing of bamboo consists of cross cutting, splitting with circular saws, width sizing, knot removal and
planning machines (one side planning and four side planning machines), slab making machine, etc (Damodaran,
2005). Most of the equipment is cheap and affordable. Also in the last twenty years, the dramatic growth in the
variety of commercial bamboo products has led to expansion in scope of machinery development for bamboo
processing (Marsh and Smith, 2012). The revolution in industrial bamboo processing permitted transportation, and
handling of waste shavings, 100% utilization rates and zero wastage, leading to maximum resource utilization.

The low cost and low sophistication of bamboo processing equipment should promote the development of
the industry in the country. The cost of importing primary and secondary raw materials in Nigeria has been on the
increase. Apart from this, there is high demand for wood products in the country coupled with wide availability of
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virgin bamboo forests. The demand for plywood materials is high and increasing. Demand is currently met
through imports. As the market for bamboo products is increasing globally, new industries have high growth
potentials.

To complement the above, four bamboo general have been identified in Nigeria, namely, Bambusa,
Dendrocalamus, Guaduella and Oxytenanthera (Lowe, 1989; Mensah, 1997). The properties of these bamboo
species have been investigated and reported to be able to support a virile bamboo industry in locally (Ogunwusi,
2011b).

Another major issue that will facilitate development of bamboo processing in Nigeria is its availability
and wide expanse of distribution. RMRDC (2004) reported that bamboo is widely distributed in the south and
middle belt regions of Nigeria. According to the report, distribution of bamboo is related to ecological conditions
with the rainforest areas having the most abundant. Bamboo is found in abundance in all the States of Southern
Nigeria except Lagos and Bayelsa where the distribution is considered relatively less. The most endowed states in
terms of bamboo occurrence are observed to be Ogun, Oyo, Osun, Ondo, Edo, Delta, Rivers, Akwa Ibom, Cross
River, Abia, Ebonyi, Enugu, Anambra and Imo States. The report indicated that at least 10% of the natural
vegetation in these states is dominated by bamboo, with existing bamboo clumps showing appreciable gregarious
growth that is contiguous over large areas. In Lagos, Ekiti, Bayelsa, Kogi, Kwara, Benue and Nasarawa States,
bamboo distribution was observed to be frequent, indicating that between 6.0 to 9.0% of the natural vegetation is
occupied by bamboo. Pockets of bamboo clumps were also reported in Niger, Taraba and Plateau States as well as
within the Federal Capital Territory. There are 12 states where bamboo occurrence is rare. These are Adamawa,
Bauchi, Borno, Gombe, Kano, Kaduna, Katsina, Kebbi, Sokoto, Jigawa, Yobe and Zamfara.

The distribution pattern indicated that bamboo is particularly adapted to the rainforest belt where it is
found in abundance due to the high mean annual rainfall and length of the rainy season. The mean annual rainfall
is highest in the southern parts of country where mean annual rainfall is in excess of 1000mm compared to the
north central zone with mean annual rainfall of 600-1000mm and north west and north east zone where mean
annual rainfall is between 400-600mm (Aribisala, 1993). In the North West Zone, bamboo is found in Taraba
state in view of sub-temperate climate (RMRDC, 2004).

The average diameter of bamboo culms in Nigeria varied from 29mm to 200mm while the largest sized bamboo
was observed to occur in the South-South and the smallest in the North-East (RMRDC, 2004). The report
indicated that the relative diameter of bamboo that exists in Nigeria is lower than some of those reported in
literature. For instance, Naixum (2001) reported the average diameter of Dendrocalmus sinicus growing in India
as 30cm. The average diameters of D. giganteus and Phyllostachys heterocycla were also reported as 30cm and
10-20cm respectively. The diameter of the Nigerian species is however, larger than what was reported for
Shibataea chinesis (0.2-0.3cm), Brachystachyum densiflorum (1-3cm), respectively.  As some of the small
diameter bamboo resources such as those observe in Nigeria are currently being used at industrial levels, the
bamboo resources of Nigeria can adequately be used as industrial raw materials (RMRDC, 2004). Already, an
industrialist in Asaba, Delta state Nigeria, is already producing bamboo floor tiles from indigenous bamboo
species in Nigeria (RMRDC, 2008)

According to RMRDC (2004), the major uses in all the states are as scaffolding materials. Other uses
include fencing, yam stakes, environmental amelioration, handicrafts and fuel wood. In the construction of story
buildings, bamboo culms are used as pillars to provide temporary support for the decking. The use of bamboo for
this purpose has opened up domestic trade for bamboo culms. In many of the rural areas, especially in Cross River
and Awka Ibom States, bamboo is also used in the construction of mud houses. In these areas, bamboo culms are
used as frames to provide the skeleton for building. The mud is then used to cover the entire skeleton. Houses
built this way usually have very straight walls, and they are stronger than mud houses built without bamboo. Apart
from the above, several other uses exist, though on a relatively small scale. For instance, there are some situations
where bamboo is used as poles for aerial antenna, electrification, rafters, fishing traps, etc. RMRDC (2004) further
reported that the current uses of bamboo in Nigeria represent only a fraction of economic activities in the country.

The commencement of a bamboo processing industry in Nigeria will also facilitate bamboo cultivation.
More recently, Ondo, Ekiti, Osun and Edo states of Nigeria have indicated interests in bamboo cultivation
(RMRDC, 2011). The cultivation and harvesting of bamboo has a number of environmental benefits which
include erosion control, recovery of degraded lands reduces runoff and protects watershed, low fertilizer
requirement and high biomass generation due to rapid growth rate (Marsh and Smith, 2012; Ogunwusi and
Jolaoso, 2012; Alfonso, 1987; Cleaver, 1993)
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Among the major challenges a bamboo industry may have in Nigeria is the absence of necessary policy
framework for the protection of bamboo producers and processors. Ogunwusi (2012¢) observed the need for a
national bamboo policy in Nigeria. Among the objectives of the policy is the establishment of a National Bamboo
Development Council to midwife bamboo production, processing and protection of bamboo industry (Ogunwusi,
2011b). Closely allied with this, Ogunwusi (2012c) observed the need to treat bamboo processing industries as
pioneer industries to qualify them for tax exemption in order to encourage influx of direct foreign investment in
the bamboo sector.

The need for government to drive the initiative is also imperative. According to Ogunwusi (2012b), the
private sector in Nigeria is weak in terms of funding of projects. This necessitated heavy government investments
in import substitution industries in the country in the 1960°s to 1980’s. Most of the companies became moribund
and are now being privatized as a result of mismanagement (Aribisala, 1993). In view of this, and for the success
of this initiative, there is need for motivation of industrial giants with necessary capital and the local banks to
invest in bamboo processing ventures. Currently, faced with dwindling returns and slow growth in Europe and
United States of America, some foreign banks are increasing their stakes in Nigeria and other African countries
(Nwokoji, 2012). Such investments could be directed towards this area with adequate planning and motivation.
Finally, there is need for a detail study on socio cultural acceptability of bamboo products (Mulraleedenharan et al,
2004). This is important as adequate market must be available for investments in bamboo production and
processing to be sustainable.

5 Conclusion

The forest industry in Nigeria requires urgent policy intervention to enable it run profitably. The
decreasing availability of commonly used species and the dwindling forest resources are already taking their toll
on the industry. To promote sustainability of this industry, investments in bamboo manufactured products in the
country have become important. The successful achievement of this initiative will however require adequate
policy intervention in the sector. Government should encourage private sector operatives, multinationals and
investing public to partake in this initiative. One of the ways this can be achieved may be to promote utilization of
bamboo based products in government institutions, offices and projects. Any investment in this area should be
treated as pioneer investment and exempted from payment of tax for ten years as enunciated in the industrial
policy of Nigeria. Also, any investor that plant bamboo should also be treated the same way.  Finally,
government should create a body to be charged with the responsibility of overseeing bamboo development
initiatives locally.

References
ABS American. Bamboo Society, ABS, (2002a). General bamboo information. ww.bamboo.org/Generallnfo.html
Adekoya, J.A. (2003). Environmental Effects of solid minerals mining . J.Phys. Sci., Kenya. pp 625-640.

Adeyoju, S.K. (2001). Forestry for National Development: A critique of the Nigeria situation. In Ahuma-Young,
V. (2011). 25,000 Nigerians Lose Jobs to Furniture Import. http://www.vanguardng.com/2011/02/25000-
nigerians-lose-jobs-to-furniture-import/

Akindele, S.O, Dyck.J.,Akindunmi, F.F,Papka, P.M, and Olaleye, O.A. (2001) Estimate of Nigeria's Timber
Resources. In L Popoola, J.E. Abu and P.I Oni (ed.) Proceedings of the 27™ Annual Conference of the Forestry
Association of Nigeria, Abuja FCT. Ppl-11

Ako, J. S. and E. D. Kuje (2010). Determination of Technical Efficiency and Production Function for Small Scale
Furniture Industry in Lafia Metropolis, Nasarawa State Nigeria J. Aric Soc. Sci; 6:64 — 66.

Alfonso, D.J., (1987) Let’s plant bamboo. Agribusiness Weekly, 1(19):25

Andeam, C.J, 1995. Production and utilization of bamboo in the Philippines. Philippine Technical Journal, 20(2);
59-72.

Aribisala, O.A. (1993): Raw Materials Revolution and Impact on Industrialisation in Nigeria. Mednet Publications
Ltd. (1993). ISBN 978 — 024 — 000 — 4.

Arowosege O.G.E (2010) Lesser used wood species and their relevance to sustainability of tropical forests. In
S.Kolade Adeyoju and S.O Bada (ed) Readings in Sustainable Tropical Forest Management pp. 305-322

Barany, M, Hammett, A.L. and Araman, P. (2003): Forest Resource Study Vol. II, Ondo and Ekiti State Forest
Inventory, Management, Planning and Recommendations. FORMECU, Abuja 55pp.

71




Developing Country Studies wWww.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) n lsi,l
Vol 2, No.11, 2012 IS'E

Blackett, H and Gardette, E. (2008). Cross border timber and wood products flow West Afica. European
Commission Final Report. Contract Reference 2007/1468138.

Chandrashekara U.M. Krishnan kutty, C.N. and Sankar, S.1996. Strategies for promotion of cultivation,
sustainable management and use of bamboo. In: proceeding National Seminar on Bamboo, Nov.1996, Bangalore.
Bamboo society of India, Bangalore Pp.76-82.

Cleaver, K. (1993). The population, environmentand agriculture. Nexus in sub-Saharan Africa. In: Srivastava, J.P
and H Alderman (Eds). Agriculture and Environmental Challenges. Proceedings of the 13" agricultural sector
symposium. The World Bank, Washington, D.C.

Dayawansa, H. (2012). Sri Lanka kicks off first ever bamboo processing initiative. Celon

Dogbevi, E.K (2010). Ghana exports 31 million Euro wood products, Nigeria biggest importer.

Dole, N. (2012). $24 million for bamboo processing project. Sunday observer. Sunday, 23 December, 2012.

Eastin, 1., Addae Mensah, A.G and Appiah, S.K. (2003): The Marketing of Lesser Used Timber Species. In
Proceeding of the XX IUFRO Conference, University of Helsinki, Department of Forest Economics, Helsinki,
Finland. Publication No 4.

FAO (2001). Global Forest Resources Assessment 2000. FAO forestry paper 140. FAO Rome,] taly.

FAO (2003). Forestry outlook for Africa. FAO publication. FAO Rome

FAO (2005). Proceedings: FAO Advisory Committee on Paper and Wood Products. FAO Rome, Italy. 166pp.
FAO (2006). Global forest resource assessment. FAO publication. FAO Rome

FORMECU (1996). Nigerian Forest Action Programme. Volume II, Main Report. February,1996.

G. W. V. Consultants (1994). Review of Wood Based Sector to Nigeria Final Report. Presented to Forest
Management, Evaluation and Coordination Unit, Federal Ministry of Agriculture and Natural Resources, Federal
Department of Forestry, Abuja, Nigeria.

Gonzalez-Beltran, G.E (2003).Plybamboo panel walls for housing structural design.. University Press Facilities,
Eindhoven University of Technology, The Netherlands. ISBN 90-6814-573-8

Guitierrez, J. (2000). Structure adequacy of traditional bamboo housing in Latin America. INBAR Technical
report 19, China 12p.

http://wwwghanabusinessnews.com/2010/06/06/ghana-exportse3 I m-worth-of-wood-prod retrieved 3rd December,
2012

INBAR (2012). Poverty Alleviation. http://www.inbar.int/our-work/poverty-alleviation/ retrieved 5" November,
2012.

Jayanelti, D.L. (1998): Lesser Used Timber Species in Construction. In Proceedings of the International
Conference on Value Added Processing and Utilization of Lesser Used Timber Species. Kumasi: Ghana. ITTO
Project 178/81 Rev 2 (ML.I) (eds). Fall, E.G., N.A

Karmakar, K and M.Haque. (2008). Proceedings of the International conference on improvement of bamboo
productivity and marketing for sustainable livelihood. 15™ 17" April, 2008, New Delhi.pp 113-128.

Larinde S.L (2010) Secondary processing and the Nigerian saw mill industry: Issues, challenges and opportunities.
In S.Kolade Adeyoju and S.O Bada (eds) Readings in sustainanble tropical forest Management. Pp 277-291

Lowe, J. (1989). The flora of Nigeria: Grasses 2™ Edition. University Press, Ibadan.

Marsh, J and Smith, N. (2012). New bamboo industries and pro poor impacts: lesions from china and potential for
Mekong countries. http://www.fao.org/docrep/010/agl31e/ag/131e25.htm

Mensah, J.K. (1997). Taximetric studies of leave anatomyin some west African grasses, Ph.D Thesis. Botany
Dept., Ambrose Alli Univ., Ekpoma. 539 pp

Muraleedharan, P.K, V. Aintha and Simon, T.D. (2004), Present status and sociocultural acceptability of
traditional bamboo houses: a study in Kerala and Karnataka states in India. J. Bamboo and Rattan 3(3) pp 283-
296.

NACETEM (2010). Assessment of Innovation Capability in the Manufacturing Sector of Nigeria. Monograph
Series (Nos 4). National Centre for Technology Management. ISBN 987-978-49820-3-0.

Naxium, Ma (2001) Biodiversity and resources exploitation of Bamboo in China. In Zhu

Zhaohua Ed. Sustainable Development of Bamboo and Rattan Sectors in Tropical China. Sector Proceedings No.
6. INBAR and China Forestry Publishing House.

72



Developing Country Studies wWww.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) n lsi,l
Vol 2, No.11, 2012 IS'E

NICCEP (2012). Central Luzon Bamboo Industry Cluster. http:/www.niccep.dti.gov.ph/cluster./php?code=1
Retrieved 5™ December, 2012

Nwakoji C.T. (2012). Collapse of European economy: foreign banks raise stakes in Nigeria, others. Daily Sun.
Friday December 7, 2012. pp 59.

Ogunsanwo, O.Y (2010) . Challenges of wood utilization in Nigeria. In S.Kolade Adeyoju and S.O Bada (eds)
Readings in sustainable tropical forest Management. Pp 293-303

Ogunwusi A.A. and M.A Jolaoso. (2012). Bamboo, Conservation of environment and sustainable development in
Nigeria. Advances Arts, Social Sciences and Education 2(9):346-358.

Ogunwusi, A.A (2012c). Strategies for increasing pulp and paper capacities in Nigeria. Advances in Agriculture,
Sciences and Engineering Research. 2(8): 306-317

Ogunwusi, A.A. (2011a). Potentials of bamboo in Nigeria’s Industrial Sector. Journal of Research in Industrial
Development 9(2): 136-146.

Ogunwusi, A.A. (2011b). Indicative inventory of Bamboo availability and Utilization in Nigeria Journal of
Research in Industrial Development 9(2): 1-9.

Ogunwusi, A.A. (2012a). Forest Products Industry in Nigeria. African Research Review. 6(4): 191-205.

Ogunwusi, A.A. (2012b). Imperatives and Guidelines for Bamboo Development Policy in Nigeria. Journal of
Research in Industrial Development 10(2b): 348-357.

Ola-Adams, B.A. and Iyamabo D.E. (1977) Conservation of Natural Vegetation of Nigeria: Environment
Conservation 4(3): 217-226.

Paglione, J.P.F. (2003). Sustainable biomass production utilizing bamboo as alternative renewable non-wood
resource. www.bamboocentral.org/whybamboo.html.

Pandey, C.N and Shyamasundar K. (2008) : Post harvest Management and Storage of Bamboo Culms.
Proceedings of the International Conference on Improvement of Bamboo productivity and marketing for
sustainable livelihood. 15™-17™ April, 2008, New Delhi, pp 47-58

Pandey, S.S. (2008). Proceedings of the international conference on improvement of bamboo productivity and
marketing for sustainable livelihood. 15™ -17™ April, 2008, New Delhi.pp 76-91

Qisheng, Z., Shenxue, J. and T. Yougyu (2002). Industrial Utilisation of Bamboo. INBAR. Technical Report No.
26

RMRDC (1991). Techno Economic Survey on Wood and Wood Products Sector of Nigeria. Raw Materials
Research and Development Council’s Publication, 1991.

RMRDC (2003). Multi-Disciplinary Committee Report of the Techno Economic Survey on Wood and Wood
Products. Raw Materials Research and Development Council Publications, 2003.

RMRDC (2004). Bamboo Occurrence and Utilisation in Nigeria. Raw Materials Research and Development
Council Publication, 1994.

RMRDC (2008). Report of Visit to Bamboo Processing Industry in Delta State. Unpulished report submitted to
the Raw Materials Research and Development Council.

RMRDC (2009) Multi-Disciplinary Task Force Report of the Techno-Economic Survey on Wood and Wood
Products. Raw Materials Research and Development Council Publications, 2009.

RMRDC (2011) . Report on State Governments interest in Bamboo development in Nigeria. Unpublished report
submitted to the Director General Raw Materials Research and Development Council Publications, 2009.

Ruiz-Perez, M and B. Belcher (2001). A comparison of bamboo production systems in six counties in China.
Proceedings of the workshop on Socio Economic Marketing and policy of the bamboo sector in China. Beijing,
16-18 June, 1999. China Forestry Publising House, Beijing China.

Ruiz-Perez, M and B. Belcher, F Maoyi and Y. Xiaosheng (2004). Looking through the bamboo curtain: an
analysis of the changing role of forest and farm income in rural livelihoods in China. International Forestry
Review, 6(3-4): 306-316.

Schellnhuber J. (2009) Unpublished Paper Delivered in Copenhagen. April, 2009.

Singh, M. (2008). Message. Proceedings of the International conference on improvement of bamboo productivity
and marketing for sustainable livelihood. 1th-17" April, 2008, New Delhi.

73



Developing Country Studies wWww.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) n lsi,l
Vol 2, No.11, 2012 IS'E

Stevens, Eric (2012). Bringing bamboo to the United States. http://www.slideshare.net/ericstevens/bringing-
bamboo-industry-to-the-united-states Retrieved 7th December, 2012.

Wooldridge, M. (2012)Booming Bamboo: The next super-material? BBC News Magazine. 3" April, 2012.

Yan, Song (2006). Present Conditions and prospects for the development of bamboo plywood industry in China.
FAO document repository. 7pp

Zhaohua, Z. (2004). A general introduction to bamboo development in China. Paper presented during the INBAR
organized International Training workshop on small daily product processing technologies and machines. Sep. 6-
20, Zhejiang province, China. 16pp.

74



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

CALL FOR PAPERS

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. There’s no deadline for
submission. Prospective authors of IISTE journals can find the submission
instruction on the following page: http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request from readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\(@‘ COPERNICUS
I N TEIRNATTIONA L

INFORMATION SERVICES
ULICHSWEE, , JournalTocs @D

- E'zB Elektronische
lBA SE .. ©0®Zeitschriftenbibliothek

open

o G

The world’s libraries. — UniverseDigitalLibrary —
Connected. WorldCat

y

(A
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

