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Abstract- Wood residues generated in Nigeria amount to approximately 5.2 million tonnes annually, highlighting the
resource-intensive nature of the Nigerian wood industry. Cleaner production practices, which involve the
identification and implementation of strategies to reduce raw material consumption, energy use, waste generation, and
pollution, have been widely adopted in many countries. However, in Nigeria, the adoption of cleaner production
practices remained limited. This study aims to review the potential impact of cleaner production practices in the
Nigerian wood industry on productivity and the creation of a sustainable environment. It sheds light on the unique
characteristics and challenges faced in the Nigerian wood industry that influence the widespread adoption of cleaner
production practices. The study delved into the different phases of cleaner production implementation, emphasising
the importance of planning, implementation, monitoring, and evaluation. It highlighted the adoption of low-cost and
practical cleaner production measures, debunking the misconception that cleaner production implementation is always
costly. Furthermore, the study examined the prospects and challenges of implementing cleaner production measures
within the specific context of Nigeria's peculiarities. It discussed comprehensive waste management strategies, noise
control measures, materials modification, and substitution, as well as the application of cleaner production practices
on machinery and equipment. The paper emphasised the need for stronger policies and their enforcement to ensure
compliance with cleaner production practices in the wood industry. By promoting the adoption of cleaner production
measures, the country can witness enhanced productivity, minimise waste, and create a sustainable and
environmentally friendly wood industry sector.

Keywords Cleaner production, Wood industry, Sustainable environment, Waste management, Environmental
Performance

1. Introduction to minimise the use of raw materials, energy, and
resources, as well as the reduction of waste generation
and pollutants. The objective of cleaner production is to
promote sustainable development by integrating
environmental considerations into industrial practices,
thereby minimising environmental impacts and fostering
more sustainable and environmentally friendly business
models.

The wood industry plays a crucial role in the global
economy, but its resource-intensive operations have
significant environmental impacts. To address this issue,
there has been a growing interest in adopting cleaner
production practices aimed at reducing material
consumption and environmental impact within the
industry [1, 2, 3, 4]. Countries like China have

incorporated environmental management tools [5]. Although limited literature exists on the effect of cleaner

However, in Nigeria, cleaner production advancements
have received minimal attention. Cleaner production, as
defined by the United Nations Environment Programme
[6] refers to the application of environmental strategies
to production processes and services, aiming to enhance
overall productivity and efficiency while reducing
potential hazards to humans, products, and the
environment. It involves the identification and
implementation of measures

production on productivity in the Nigerian wood
industry, several studies have evaluated the impact of
implementing environmental policies on productivity.
For example, [7] highlighted the potential of the
industrial cluster concept to foster collaboration and
improve productivity, aligning with the principles of
cleaner production. Additionally, [8] identified the
challenges posed by poor electrical energy generation

and rising fuel prices in the Nigerian wood
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industry, which have adverse effects on productivity
indices.

Several studies have demonstrated the potential of
implementing cleaner production strategies in wood
processing industries with positive outcomes. For
instance, [9] explored local and international initiatives
in the Canadian stakeholder community that facilitated
the initiation and implementation of cleaner production
practices. [10] applied cleaner production and resource
efficiency practices in six pallet manufacturer sawmills,
resulting in a substantial reduction in waste generation.
However, there is sparse literature on the subject matter
in Nigeria.

The Nigerian wood industry is characterised by some
unique characteristics that affect the implementation of
environmental strategies, particularly in Small and
Medium Enterprises (SMEs). Factors such as limited
awareness of cleaner production concepts and
technologies within the industry and reliance on
conventional wood processing methods passed down
through generations contribute to drudgery, waste
generation, and inefficient processes that may not align
with cleaner production practices.

The processes involved in transforming trees into
finished wood products generate significant waste,
including cut crowns, left stumps, and debarked logs. To
build a sustainable wood industry, optimal utilisation
patterns have been proposed to achieve resource-
efficient forest exploitation and reduce the frequency of
return trips to the forest. Without curbing waste and
carbon emissions from wood facilities, critical
environmental concerns may arise.

It is against this background that this study aims to
discuss the potential of cleaner production practices to
enhance productivity in the wood industry, with a
specific focus on the Nigerian context.

2. Discussion
2.1. Phases in cleaner production

The implementation of cleaner production typically
occurs in several phases. The three critical stages in
cleaner production are the planning/diagnostic phase, the
selection of measures to overcome identified problems,
and the implementation and evaluation of results [10].

Table 1: Phases of Cleaner Production

The first phase of cleaner production is the planning
phase, which involves assessing the current state of the
production process, setting goals and targets for
improvement, and identifying potential areas for
improvement, which is sometimes referred to as
diagnosis. This phase is critical for establishing the
baseline for measuring progress towards cleaner
production and for the selection of measures to overcome
identified problems.

The second phase of cleaner production is the
implementation phase, which involves identifying and
implementing specific cleaner production measures that
will help achieve the established goals and targets. These
measures can include process modifications, equipment
upgrades, and the adoption of best practices.

The third phase of cleaner production is the monitoring
and evaluation phase, which involves monitoring,
reviewing, tracking, and measuring the performance of
the implemented cleaner production measures for
continuous improvement. This phase is critical for
determining the effectiveness of the measures and
identifying any area for further improvement and is
essential for achieving long-term environmental and
economic sustainability. The longitudinal approach
documented by [11] which involves a systematic and
continuous process of improving the environmental
performance and sustainability of industrial processes
over an extended period, based on assessment, planning,
and implementation has been reasonably adopted in the
application of CP. The CP is a continuous process, which
involves continually assessing and improving the
production processes to achieve even greater levels of
environmental sustainability. This phase is an ongoing
process that is essential for achieving long-term
environmental and economic sustainability and may
require revisiting and debugging other preceding stages.

A study by [3] provides a comprehensive overview of the
phases of cleaner production and implementation. The
study highlighted the importance of each phase and
demonstrated their implementation in a small furniture
industry in Brazil. The application of cleaner production
resulted in a reduction of waste generation by nearly
50%. The Nigerian wood industry is predominated by
small-scale furniture outlets [12]. This indicates that the
applicability of low-cost cleaner production measures in
the Nigerian Wood industry is probable.

SN Phases Activities
1 Planning/evaluation/diagnostic a) Assessing the current state of materials, processes, and
phase equipment.

b) Identifying loopholes and corresponding measures
c) Setting goals and targets.
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2 Implementation phase Implementing Identified cleaner production measures
strategized during the planning phase.
3 Monitoring and evaluation a) Reviewing, tracking, and performance evaluation.

b) Upgrading of materials, processes, and equipment.
c) N/B: If the evaluation proves unsuccessful, there is the
potential to return to the initial phase.

2.2. Potential of cleaner production on productivity in
the Wood Industry

Cleaner production practices have been shown to
improve productivity in the wood industry. Although
there has been sparse literature on the effect of cleaner
production on productivity in the Nigerian wood
industry, a few studies have evaluated the impact of
implementing environmental policies in the industry on
productivity.

[7] noted that the use of the industrial cluster concept
which is the geographical concentration of related firms,
e.g., isolating forest-allied industries, could foster
collaboration and improve productivity. While this
approach may not seem to be directly linked to cleaner
production, the isolation of such industries from
settlements has the potential to reduce the impact of
waste generation and greenhouse gas emissions on
humans. This can be linked to the comprehensive or
diplomatic principle of cleaner production which centres
on the well-being of the residents.

In Nigeria, a study by [8] examined industrial energy
transmission in the Nigerian industrial sector. Due to the
poor electrical energy generation in Nigeria, industries
have resorted to electromechanical generating plants,
instead of hydroelectric power which was once
government-owned. This may lead to continuous
increases in hazardous emissions from energy plants
which may escalate environmental concerns as the rate
of industrialization increases if the energy issue remains
unaddressed.

2.3. Environmental impact

The implementation of cleaner production practices in
the wood industry, has been shown to have significant
environmental benefits such as minimising the
environmental impacts of wood processing activities
through the adoption of a sustainability approach, and
the maximising of eco-friendly production techniques.

Indiscriminate disposal of waste by open burning,
dumping in water bodies, or in open locations, pollutes
the environment [13]. [14] examined the strategy
employed in forest waste management in Nigeria and
described the recycling potential of wastes for bioenergy

J

production as a budding adventure. Recycling forest
waste for bio-energy production could help reduce the
accumulation of waste in forest areas, potentially
mitigating environmental concerns associated with
waste disposal. Additionally, the conversion of forest
waste into bio-energy could offer an alternative and
renewable energy source, which can contribute to a more
sustainable energy variety. When considering the
utilisation of wood waste for bio-energy production,
there can be potential negative effects on air quality and
human health if the processes involved are inefficient or
poorly controlled. The combustion or conversion of
wood waste into bio-energy can release pollutants and
emissions into the atmosphere such as Volatile Organic
Compounds (VOCs) emissions, Particulate Matter (PM)
emissions, Carbon Monoxide (CO) emissions, Nitrogen
Oxides (NOx) emissions, etc. that affect air quality and
may contribute to respiratory problems [15].

Plate 1: Sawmill waste

2.3. Sustainable and green production

Cleaner production practices are a crucial component of
sustainable and green production in the Nigerian and
International Wood Industries. These practices seek to
minimise the environmental consequences of wood
processing operations by implementing sustainable and
environmentally friendly manufacturing procedures.
Embracing the approach, though cost-demanding, could
suffice in de-escalating deleterious climatic changes.
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[16] investigated the significance of cleaner production
practices in fostering sustainable and environmentally
friendly manufacturing in the Brazilian wood sector.
According to the findings of the study, the adoption of
cleaner production practices resulted in an all-inclusive
integration of local, regional, national, and global efforts
to accelerate the transition to sustainable development
and societal well-being. Within the Nigerian context, it
is possible to contribute to the sustainability of materials
through the fervent application of cleaner production for
a more sustainable and environmentally friendly
business model.

2.4. Adoption of low-cost and easy-to-apply cleaner
production measures

The adoption of low-cost and easy-to-apply cleaner
production measures can help transform industrial
systems into more sustainable and environmentally
friendly initiatives both in Nigeria and globally. These
measures can include the reduction of energy and water
consumption, waste minimization, and the use of
renewable resources. Although some reports have
revealed that due to the initial cost of implementing CP
measures, its profitability may not be noticeable
immediately, long-term evaluations have revealed very
significant cost reduction [17, 18].

[19] highlighted the importance of adopting low-cost and
easy-to-apply cleaner production measures in promoting
sustainable production in Nigeria. The study was
designed to process bamboo waste, which was used as
scaffolding, recovered from construction sites into
furniture items. These waste scaffolds, after being used
in construction sites, are often left to pollute the
environment. However, another study by [20] reported a
significant loss in physicomechanical properties of wood
recovered from construction sites. Most times, low-cost
and easy-to-apply measures are tactful management
initiatives such as routine checks, maintenance, and
optimization processes.

2.6. Waste management

Waste management is an important consideration for
industries worldwide, including the wood industry. One
of the significances of cleaner production is to reduce
waste, which is related to the concept of lean production.

In the wood industry, cleaner production can be applied
to reduce waste generated during the manufacturing
process. For example, generating optimised cutting lists
for cutting out patterns from boards has been shown to
reduce waste from converted boards [21]. In China, the

application of advanced technology, such as the
implementation of artificial intelligence and computer-
aided design and manufacturing, has been employed as a
CP option for ensuring the precision of operations and
reducing waste and potential errors [22]. However, in
Nigeria, the high cost of procurement, importation,
installation, and maintenance of sophisticated machinery
has limited their availability and widespread use.

Another aspect of cleaner production in the wood
industry is the use of sustainable materials. Sustainable
materials, such as bamboo and recycled wood, have been
used as alternatives to traditional lumber, reducing the
environmental impact of the manufacturing process [23],
[24]. This can also lead to economic benefits. For
example, reducing waste can lead to cost savings through
decreased material usage and reduced disposal costs.
Additionally, implementing sustainable practices can
enhance a company's reputation and increase its market
value [25].

2.7. Noise control

Noise control is an important aspect of workplace safety
in the wood industry, as excessive noise exposure can
cause hearing loss, stress, and other health issues among
workers. Cleaner production approaches have helped to
reduce noise levels in the wood industry by minimising
the use of noisy machinery and improving production
processes.

One effective approach for noise control in the wood
industry is to replace or upgrade noisy equipment and
machine components with quieter alternatives. For
example, using sewing machines with low noise
emissions can significantly reduce noise levels in
sawmills [26]. Modern and newer machines used in
wood processing generate less noise compared to older
machines. This is because technology has been improved
upon to make them operate with less friction [27]. [28]
also observed that newer diesel engines emit fewer
GreenHouse Gases (GHGs) than the older models.

The advent of laser cutters has also helped to address the
concern of high noise levels in wood conversion.
However, only a few facilities in Nigeria can afford such
luxury. Also, due to the epileptic power supply in
Nigeria, most wood conversion and manufacturing
facilities employ the use of mechanical generators, that
emit disturbing noise alongside volatile organic
compounds, to power conversion equipment.

Another approach for noise control in the wood industry
is to implement process modifications that reduce noise
levels. For example, optimising certain cutting
parameters such as blade speed and feed rate can reduce
noise levels during sawing operations [29]. Additionally,

using vibration-damping materials in the
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production line can also help to reduce noise levels, as
they absorb and dissipate vibrations that would
otherwise generate noise [30].

Furthermore, training and educating workers on noise
hazards and proper hearing protection can also
contribute to noise control and safety in the wood
industry. Workers should be aware of the risks
associated with noise exposure and should be provided
with appropriate Hearing Protection Devices (HPDs)
such as earmuffs or earplugs. Proper use of HPDs can
reduce noise levels to safe levels and protect workers
from hearing loss [31].

2.8. Materials modification and substitution

The utilisation of materials that are eco-friendly and less
toxic to humans and the environment is one way of
implementing cleaner production. Some studies have
looked into the development of cleaner materials for
wood-based industries. A study by [32] applied
phosphorus/calcium-cottonseed protein adhesive for the
production of 3-ply strips plywood. The study revealed
that the water resistance of the plywood passed all the set
criteria indicating that the adhesive under optimal
conditions can be used as a green and environment-
friendly adhesive resource in the wood industry and an
apt alternative to synthetic adhesives.

Streamlining material flow by the implementation of
cleaner production is also an essential strategy for
reducing waste and minimising the environmental
impact of industrial processes. In the wood industry,
material streamlining can be achieved through various
approaches, including reducing material use, improving
process efficiency, and recycling waste materials.

According to [33], streamlining material flow in wood
factories can be achieved by the use of simulation and
optimization tools to reduce raw materials wastage of
wood fibre during manufacturing, and increase the
recovery of by-products. The authors revealed that these
measures can lead to significant cost savings and
environmental benefits, including reduced greenhouse
gas emissions, water consumption, and land use.

Another strategy for improving wood volume recovery
and reducing waste in the wood industry is through the
use of circular economy principles [34]. According to
[35], the circular economy concept involves reusing and
recycling materials as well as by-products, reducing
waste, and promoting resource efficiency.

[1] investigated the application of cleaner production in
the Chinese wood industry and found that the
implementation of cleaner production practices led to a
26.8% reduction in raw material consumption.

)

Plate 2: Recyclable sawdust at a sawmill

The authors suggested that this reduction was primarily
due to process optimization and improved production
efficiency.

Similarly, [2] examined the impact of cleaner production
practices on certain parameters in the wood industry in
Brazil. The study found that the implementation of
cleaner production practices provided a detailed
characterization of the waste, resulting in a potential for
material usage reduction by 30%, a reduction in waste by
49%, and a reduction in energy by 36% as a result of the
simplification of the manufacturing processes.

A couple of other studies suggested that the
implementation of cleaner production practices in the
wood industry can lead to a significant reduction in
material consumption [9, 22, 36]. These reductions are
primarily due to improved production efficiency, the
adoption of sustainable production methods, and the
recycling of waste materials which is usually termed
“waste to wealth.”

2.9. Application of cleaner production measures on
machineries and equipment

The application of cleaner production best practices
often involves a holistic and incessant approach and the
measures are often prone to modifications as need
demands. The measures are applied to all factors of
production, including machinery and equipment.
Adopting CP on machinery and equipment in the wood
industry can have several benefits.

The widespread use of more efficient sawing machines
and equipment via the application of cleaner production
practices could lead to a reduction in energy
consumption and in greenhouse gas emissions and can
significantly reduce the environmental impact of the
wood industry if policies that account for that are
properly developed and enforced [37].
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In the Department of Wood Products Engineering,
University of Ibadan, a solar kiln was built, and it has
been demonstrated to be a cleaner drying option as it led
to a reduction in energy consumption, and waste
generation with no carbon emission, as there is no need
for gas-powered generating plants. The implementation
of cleaner production practices on a wider scale in drying
processes can improve the sustainability of the wood
industry. The use of more efficient machines and
equipment, as well as process optimization, can lead to a
reduction in energy consumption and greenhouse gas
emissions [38]. These reductions are primarily due to the
use of more efficient machines and equipment, process
optimization, and the adoption of sustainable production
methods.

2.10. Impact of cleaner production on health

The condition of the working environment can affect the
health of staff. Cleaner production practices in the wood
industry can have a positive impact on the health and
safety of workers by reducing exposure to hazardous
chemicals and improving working conditions. One study
by [39] investigated the impact of wooden casket
production and finishing in Owerri on ambient air
quality. All the air quality parameters sampled did not
meet the standards for clean air, designating the area as
a non-attainment spot with a high risk of occupational
health hazards for the casket woodworkers, most of
whom work without personal protective equipment.

Similarly, another study by [40] examined the air quality
index from charcoal production sites,
carboxyhemoglobin  and lung function among
occupationally exposed charcoal workers in South
Western Nigeria. The study revealed that charcoal
workers are exposed to high levels of CO and PM2.5
which induces lowered respiratory functions. The study
recommended routine respiratory and
carboxyhemoglobin assessment of charcoal production
workers.

[41] investigated the hazards of sawmilling activities in
wood sawmills in three Nigerian cities. The study
revealed that timber sawmills located across the cities
may have contributed to the health and environmental
challenges of the people living in the neighbourhood.
The study stressed the role of the fourth industrial
revolution in cubing environmental hazards. However, it
may be necessary to adopt the democratic principle of
cleaner production [42] which aims at strategically
locating industries to prevent pollution and other hazards
that may affect the residents.

In terms of health and safety concerns, some studies have
shown that the implementation of cleaner production
practices led to a reduction in the risk of work-related
accidents and injuries, as well as a reduction in the

exposure of workers to hazardous chemicals and have
suggested that the implementation of cleaner production
practices can improve the health and safety of workers in
the wood industry and contribute to the sustainable
development of the industry and the overall well-being
of workers. [43, 44, 45, 46].

2.11. Challenges of cleaner production application in
Nigerian wood-based industries

The Nigerian wood industry plays a significant
role in the country's economy, contributing to
employment, income generation and exports. However,
the industry is also associated with environmental and
health impacts due to unsustainable practices and
inadequate  pollution control measures. Cleaner
production approaches have been proposed as a way to
reduce waste, emissions, and resource use while
improving efficiency and competitiveness [5]. However,
the implementation of CP in Nigerian wood industries
may be daunted with several challenges.

Most wood industry workers in Nigeria are tied to
conventional methods of processing. This resistance to
change in technology and working conditions is
relatively widespread.

One major challenge of CP in Nigerian wood industries
is the lack of awareness and knowledge about CP
principles and practices among industry stakeholders,
including managers, workers, and regulators [36]. The
low level of awareness and implementation may be
attributed to a lack of training, technical assistance, and
incentives. As a result, many wood firms continue to rely
on traditional, inefficient, and polluting technologies and
practices, such as open burning, inefficient techniques,
and inadequate waste management.

Another challenge of CP in the Nigerian wood industry
is the high cost of implementing CP measures, which can
deter firms from adopting them, especially small and
medium-sized enterprises (SMEs) with limited financial
resources. It could be necessary for government and
development partners to provide financial and technical
support to SMEs to overcome this barrier. However, the
adoption of low-cost and practical cleaner production
measures may suffice in this regard because cleaner
production implementation is not always costly.

A related challenge is the lack of regulatory incentives
and enforcement for CP in Nigerian wood industries.
Although Nigeria has environmental regulations and
standards for various industries, including the wood
industry, their implementation and enforcement are
weak, inconsistent, and often compromised by
corruption and political interference [47]. This situation
creates a disincentive for firms to invest in CP, as they

may not face penalties or sanctions for non-
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compliance or may face unfair competition from non-
compliant firms.

2.16. Prospects of cleaner production in the Nigerian
Wood Industry

Cleaner production practices have received more
attention in many countries of the world in recent years;
possibly due to their potential benefits for both the
environment and the economy.

One major advantage of implementing CP in Nigeria is
its potential to aid the reduction of pollution and
environmental degradation to its barest minimum.
Nigeria has been contending with the negative impact of
industrial activities on its environment, particularly in
the Wood Industry. The implementation of CP can also
suffice in this area [48]. This can help to mitigate the
negative impact of industrial activities on the
environment and protect public health.

The potential to increase efficiency and reduce costs of
production is another advantage of implementing CP in
Nigeria. Although, due to naivety, most enterprises may
be resistant to adopting CP because the initial cost of
implementation may be deterring, whereas, over a long
period of time, it has the potential of saving on cost. The
adoption of cleaner production technologies and
processes can help industries cut down on their energy
and resource consumption, leading to reduced
production costs and other economic benefits [49]. This
can improve the competitiveness of Nigerian industries
and contribute to economic growth and development.

Widespread acceptance and practice of CP in Nigeria can
also create opportunities for innovation and technology
transfer. As industries adopt cleaner technologies and
processes, there is a need for research and development
of new technologies and practices. This can lead to the
creation of new industries and job opportunities in
Nigeria. Additionally, the adoption of CP can also attract
foreign investment and partnerships, leading to
knowledge transfer and technology exchange [50].

3. Conclusion

This study has been able to assess the potential of cleaner
production practices in the Nigerian wood industry, with
a focus on enhancing productivity and sustainability. It
highlighted the potential benefits of adopting cleaner
production practices in the Nigerian wood industry. By
implementing  strategies to  minimise  resource
consumption, waste generation, and pollution, the
industry can enhance productivity and create a
sustainable and environmentally friendly sector. It also
identified the challenges and unique factors that hinder
the widespread adoption of cleaner production practices
in Nigeria. The findings

underscore the need for concerted efforts from
stakeholders, including policymakers, industry players,
and researchers, to promote the adoption of cleaner
production practices and strengthen the regulatory
framework. By doing so, Nigeria can pave the way for a
more sustainable and environmentally conscious wood
industry, contributing to the nation's overall
development and environmental well-being.
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