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Abstract

The several furniture-making phases, from cutting to processing to polishing, produce a
significant volume of sawdust of differing grades. The extraction and disposal of such waste
in developing countries with no established or sustainable methods is an increasing
problem, frequently posing environmental challenges. Sawdust is one of the most
underused wood waste portions, with mounds dispersed around the region, detracting from
its visual appeal and causing other ecological concerns. This study investigated potential
applications of sawdust as it concerns sustainable development. It sought to employ an
extensive systematic literature review to establish that sawdust, which is often a nuisance at
sawmills, may be put to beneficial uses. Four cardinal focus areas of this study are (i) energy
generation, (ii) environmental protection/pollution containment, (iii) building construction,
and (iv) water treatment/supply. Specifically, the study dealt with the feasibility of energy
generation from sawdust through sawdust cook stoves, briquetting, and pyrolysis; pollution
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containment through sawdust-derived adsorbent; affordable building construction through
sawdust-based ceiling boards and particles boards; and (iv) water treatment using point of
use (PoU) sawdust-clay water filter. Based on over two hundred (200) published papers
consulted in this study, it was strongly established that sawdust had found successful wide
application in all four thematic areas with strategic connection to the objectives of SDGs 3.0,
6.0, 7.0, 9.0, 11.0 and 12.0. This research believes that emphasis on sustainable sawdust
management can help transform the over 1.5 million tonnes of sawdust waste burned or
dumped indiscriminately into value-added products each year.

Keywords
Absorbent; biomass; briquettes; renewable energy; sawdust; sawdust stove; sustainable
management

1. Introduction

The global population and economy have grown significantly during the last two decades. This
growth has also resulted in an unprecedented increase in the volume of solid waste. The
management of this volume of waste has been difficult [1, 2]. The four main causes for the large
increase in total waste generation in developing countries are urbanization, rising population,
industrialization, and rising living standards [3]. One percent increase in any country's national
revenue corresponds to a 0.69% increase in a waste generation [4]. Compared to several highly
developed nations, such as Germany, Sweden, Japan, and the United States, developing countries
lag far behind in solid waste recycling and reuse, treatment technologies, and management
strategy. Several countries and municipal authorities have grappled with ever-increasing solid
waste menace [5]. Reports from various countries indicate that the burden of the cost associated
with municipal solid waste management appears too heavy for many municipal government
councils.

Nevertheless, the widespread inefficiency of solid waste management that has become the
signature of many cities in developing and even some developed countries cannot be placed solely
at the doorstep of insufficient funds. Municipal councils are usually confronted with myriad
adverse factors that mitigate the enormous efforts into solid waste management [6]. On a very
basic level, solid waste management will remain a mirage without proper consideration and
contemplation of the composition of the waste generated. It has been established that municipal
solid waste composition strongly depends on demographic and socio-economic variables [7].

The composition of solid waste differs greatly between municipalities, cities, and countries.
Lifestyle, financial status, waste management policies, and industrial structure determine such
diversity. The volume and content of municipal solid waste are crucial for selecting effective
management and treatment strategies. Municipal wastes are often generated from a wide range
of anthropogenic activities. According to several studies, most municipal solid wastes generated in
emerging economies are from households (55 to 80 percent), followed by the market or
commercial sectors (10 to 30 percent). The latter consist of varying quantities of the industrial,
street, institutional wastes and various other sources [8]. The physical and chemical properties of
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wastes from these diverse sources vary widely, depending on their origin. Though not among the
predominant constituents of domestic solid waste, wood waste form a very important component
of municipal solid waste. Wood waste is generated by the wood industry and comprises wood
chips and particles from large-scale timber processing. These industries generate enormous
guantities of wood waste, which must be used, sold, or disposed of efficiently. Throughout the
year, wood wastes are common in the wood industry. This residue is generally considered useless,
thus leading to open burning, dumping in bodies of water, or open dumping and the attendant
environmental backlash. In 2010, sawmills in Nigeria generated over 1,000,000 cubic meters of
wood waste, while plywood mills contributed over 5000 cubic meters of waste [9]. Wood and
timber products, like most natural resources used by man, generate a significant amount of
unwanted or used products (waste), such as tree cut-offs, sawdust, tree bark, scrap lumber,
sander dust, planer shavings, trimmings, split wood, and so on. Aggressive urbanization exerts an
increasing demand for timber products used in construction and furnishing. Timber emits large
amounts of wood waste, from the cradle (logging) to the finished product.

Nigeria generates approximately 1.8 million tonnes of sawdust and 5.2 million tonnes of wood
waste annually [10-12]. Sawmills generate a significant quantity of wood waste, such as sawdust,
as much as 93 percent [13]. The impact of inappropriate waste wood disposal on terrestrial and
aquatic environments is enormous. In addition, burning wood waste emits greenhouse gases into
the environment, thus triggering a plethora of health issues. The reuse/recycling of these wood
wastes will relieve strain on our rapidly depleting forests, decrease pollution, and create jobs and
revenue. Effective sawdust management must be based on the three-pronged principle of
recovering, reusing, and recycling (Figure 1). Even if efficient conversion mechanisms or
technologies are in place, they would be of little or no value without proper strategies for an
effective and total recovery of waste materials.

Figure 1 Effective sawdust management.
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Global population explosion and industrialization are responsible for global energy
consumption, an increase in waste generation, and the depletion of fossil fuels [14]. Landfilling has
traditionally been the most popular technique of garbage disposal. However, it has several
drawbacks, including long-term surface occupation, greenhouse gas emissions (primarily CO, and
CHa), leachate formation, unpleasant odors, and the risk of fires/explosions or landslides, posing a
risk to both the environment and human health and necessitating the development of alternative
options [15-17]. However, in light of resource conservation, responsible consumption, and
sustainable development, landfilling of sawdust is a counterproductive and retrogressive
management strategy. This is because sawdust is a production by-product and not necessarily a
waste material as is generally perceived. Sawdust may not find the same application as other
customized timber boards, but it can be used for various other purposes either as is or upon
further processing. Given the risks associated with improper waste management, particularly with
wood waste, this study aims to review the sustainable management of wood waste (sawdust) for
reuse, with a high premium placed on recycling, potential energy generation, heavy metal
absorbent, and clay filter for water treatment. Hence, this paper sought to answer the general
research question: “can sawdust (wood waste) find general useful applications in the light of
sustainable development”? Was the question then further refined as follows: “has sawdust been
successfully applied in specific areas such as energy generation, pollution containment, building
construction, and water purification” (Figure 2)? The conceptual framework of the study is
presented in Figure 3. Specific cases of how sawdust has found sustainable applications have been
used as the basic building blocks of this research. All cases shall be properly tied to the objectives
of the sustainable development goals.

Figure 2 Key areas of application of sawdust.
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Figure 3 Conceptual framework for the study.

2. Energy Generation

Many developing countries are still grappling with the teething challenge of power supply.
Intermittent power supply and even total blackouts lasting several weeks are common in many
low and middle-income countries, resulting in colossal economic losses for businesses and
crippling small and medium enterprises. This has led to over-dependence on electric power
generators by households and businesses. Using Nigeria, with an estimated 28 million households
regularly using generators as a typical example, generators supply about 50% of the total power
consumption. With hundreds of millions of spent annually on the importation of generators and
much more spent on daily operations, Nigerian households and businesses spend a substantial
part of their income on the self-help power supply. No significant industrial and economic growth
can happen under such debilitating circumstances. The industrial revolution would not have been
possible without a reliable power supply, and the same holds for the fourth industrial revolution.

Apart from the exorbitant running cost of electric power generators, the fact that they are
major air polluters should stimulate a paradigm shift to renewable energy resources. Alternative
fuels are becoming more popular worldwide, with nations such as Japan, Switzerland, the United
States, Belgium, Germany, and France taking the lead [18]. Renewable energy sources are chosen
based on their renewability and environmental friendliness. Many researchers have examined the
issue of renewable energy potentials [19, 20], although most have focused on solar and wind
energy sources [19, 20]. Solar energy has been discovered to have a larger potential in arid
environments because high-intensity sunlight is constantly accessible for most of the day [19].

Furthermore, wind power has been observed to be of moderate strength in semi-arid regions
[21]. While solar and wind energy resources in semi-arid and polar regions are not unexplored, it is
important to note that biomass resources are abundant in the most of these locations. However,
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wind and solar power plants require heavy financial investments and are, therefore, usually
beyond the reach of many.

Biomass energy is a renewable resource that may be utilized to generate power, heat, and
transportation fuels even on a modular scale for households as well as small and medium-scale
enterprises. Although biomass may be derived from various sources, wood is by far the most
prevalent [22]. The use of wood biomass for energy generation can help to balance the usage of
fossil fuels such as coal, gasoline, natural gas, and oil. This method can boost economic growth
and encourage new industries to produce bio-based products. It was discovered that over 90% of
wood processors utilize diesel generators to power their machinery. At a conversion efficiency of
approximately 50% [23], up to 5.2 million metric tonnes of wood waste are generated annually in
Nigeria [24], with a significant portion of this originating from the country's southern region. This
is because the region includes states in the tropical rain zone, which has more forest reserves and
sawmills than any other part of the country.

SDG 7 focuses on providing access to reliable, affordable, sustainable and modern energy
sources. The woody and high calorific value of sawdust naturally indicates that with proper
handling and technology, the enormous amount of sawdust generated globally can be a valuable
source of affordable and reliable energy, especially for rural dwellers and urban poor in
developing countries. Given the massive amount of sawdust generated each year, a sawdust
power plant's usage is a potential power source. According to reports, several nations use the
energy produced from biomass resources to partially cover their energy needs [25]. Though
sawdust holds great potential for wide useful applications, most of it is still disposed of arbitrarily
in many developing countries or used in extremely basic ways in rural areas. Understanding the
energy content of woody biomass resources is necessary for their growth as energy sources,
especially given the diversity of these wood species [26]. It has been argued that no one energy
source can sustainably provide the energy needs of any nation [27, 28].

Limited practical and experimental data for the physico-chemical characterization of this bio-
energy resource in the local environment are available. Mboumboue and Njomo [29] assessed the
energy potential of wood-based wastes, estimating the calorific value of hog wood to be 19.40
MJ/kg. According to Ackom et al. [30], the calorific value of wood thinning generated in Cameroon
is 18.30 MJ/kg. Elehinafe et al. [26] investigated the feasibility of using sawdust from various wood
species as an energy resource. They found that the calorific values of the sawdust samples with
roughly 15% moisture content ranged between 11.29 and 26.10 MJ/kg, with Irvingiagrandifolia
and Naucleadiderrichii providing the lowest and highest values, respectively. Up to 13 of the wood
species have calorific values of 20 to 26 MJ/kg, which are equivalent to coal and might be used as
energy supplies. Veeyee et al. [31] studied the feasibility of using sawdust generated by wood
transformation units (WTU) in Cameroon to create syngas in a gasification process to make them
self-sufficient in terms of power consumption using both qualitative and quantitative
methodologies. The sawdust sample's gross calorific value was 20.08 MJ/kg, with 290 tonnes of
sawdust generated in Yaounde municipalities per week; sawdust theoretically holds a latent
power potential of 713 GJ per week.
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2.1 Sawdust Cooking Stove

With the growing urban population and industrialization, global energy demand has been
skyrocketing. The situation has further been exacerbated by shrinking natural resources. Besides,
the adverse environmental effects of burning fossil fuels, the most prominent of which is climate
change, have forced a paradigm shift to renewable energy resources. Among the numerous
renewable energy sources, biomass is distinctive due to its large yearly production rate and
geographically extensive global distribution [32, 33]. According to [34, 35], biomass is the world's
fourth greatest energy source for cooking. It is regarded as the most potential replacement for
traditional fossil fuels and feedstocks [36, 37]. Humans have long recognized and utilized wood as
a source of fuel for cooking in both urban and rural areas of developing countries [38]. According
to statistics, more than 2.5 billion people in the globe rely on wood and charcoal for cooking [39].
This has resulted in massive amounts of wood being utilized, resulting in deforestation. Most
people live in developing-country rural regions [40, 41]. About half of households in developing
countries still cook and heat their homes using solid fuels with open fires and leaky stoves [42, 43].
Many of these people cook using open fires with low thermal efficiency and a high emission rate
of air pollutants due to poor burning characteristics [32]. The health risks associated with air
pollution from cooking fires are further exacerbated in indoor environments [44].

In developing countries, using open flames for cooking consumes more energy than any other
end-use service [45]. When compared to upgraded biomass cooking stoves [46], the traditional
open-fire (three-stone) stove has a lower efficiency (approximately 15.6%) and greater fuel
consumption [47]. The traditional three-stone cooking arrangement exerts enormous demand on
natural vegetation. It causes depletion of forest resources, leading to a scarcity of wood fuel for
cooking in certain developing countries [48]. Despite the environmental and public health outfall
of open fire stoves, it remains a source of succor to many families in rural areas as well as the poor
population in urban fringes who cannot afford kerosene stoves or cooking gas setups. The
performance in terms of thermal efficiency and emissions from biomass cooking stoves are
influenced by various factors such as stove design, fuel feeding method, illuminating, and
combustion temperature [35]. Sustainable biomass fuel use and improved cooking stove thermal
efficiency can be achieved by using good insulating materials, clean fuel, or adopting innovative
designs that facilitate better fuel combustion [49, 50]. Improving the combustion chamber design
of biomass cooking stoves reduces heat loss through the walls of the stove, resulting in high
combustion chamber temperature, improved combustion efficiency, and overall thermal
efficiency [46-51].

One of the affordable and sustainable solutions to the traditional three-stone stove is the
sawdust cook stove. This is because sawdust is an abundant waste material generated during the
logging and sawing of timber. Harnessing sawdust waste as a cooking fuel keys firmly to the
sustainable development goals (SDG 11). Total conversion of all sawdust generated into fuel for
cooking will cause a significant reduction in the quantity of solid waste to be disposed of or
landfilled as well as the rate of soil and water pollution by sawdust-bound contaminants. In
addition, sawdust has been described as a biomass solid waste fuel and insulator that may be
utilized to improve the thermal efficiency of cooking stoves [51-55]. Though a sawdust cook stove
is far cheaper than a regular kerosene stove and sawdust is a free waste resource, studies indicate
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that a kerosene stove does not necessarily cook faster than a sawdust stove. A certain study [38]
reported that a sawdust stove cooked 0.4 kg of rice faster than a kerosene stove, though there
was no significant difference in specific fuel utilization. Both researchers and entrepreneurs have
developed various versions and designs of the sawdust stove. In Uganda, Okino et al [46]
developed a hybrid stove made of 1:1 mixture of clay and sawdust as an insulator to improve the
cooking stove’s thermal efficiency. A water boiling test was conducted to assess the new design’s
performance using indigenous wood fuels commonly found in rural Uganda. The obtained data
demonstrated improved thermal efficiency during the cold start phase compared to typical stoves.
This design integrates several desirable features: reduced emission, minimal biomass utilization,
time saving, and cost effectiveness. In Sokoto, Nigeria, Aliyu and Buba [56] assessed the thermal
efficiency of a twin-hole sawdust stove. Different biomass wastes, such as sawdust, rice husk, and
millet husk, were individually used to test the stove’s efficiency, and a comparison was conducted
to determine the optimal fuel for the stove used. For sawdust, rice husk, and millet husk, the
burning test results were 0.0983 kg/min, 0.0473 kg/min, and 0.0664 kg/min, respectively. It uses
less fuel and has superior thermal efficiency. Although sawdust stoves have been shown to be
more efficient than kerosene stoves, it has witnessed a slow and low rate of adoption among
households in developing countries.

This could be partly because sawdust is not as readily available as firewood which can be
fetched from the back yard Sawdust is not a common commodity sold in any market. Instead,
those who need it need to travel to the nearest timber market, which might be located at the
other end of the city. Even where it is readily available, its use appears limited to a few persons
living in rural and semi-urban areas and poor households in the urban fringes, with very few using
it as their primary source of cooking consistently. Another factor responsible for the slow adoption
of sawdust as cooking fuel is the stress associated with the use of sawdust cooking stoves:
difficulty in ignition, manual compaction, smoke emission, and control issues. Sawdust must be
manually compacted into a dense mass to make it semi-rigid and regulate the combustion rate.
This requires a reasonable amount of energy. Besides, one can easily light and turn off a kerosene
stove or gas cooker at will, but this is not the case with a sawdust cooking stove. The usual
practice is to sprinkle kerosene on the central hollow surface of the compacted sawdust to
facilitate ignition and to sprinkle water on the burning biomass to quench the fire. Modern designs
are equipped with mechanisms that shut out air from the system so the fire dies out gradually.
The setbacks associated with the sawdust stove suggest that there are lots of room for
improvement of the system to a level of total or semi-automation to reduce the stress of use and
increase acceptance.

Interestingly, to eliminate the issues associated with the usage of sawdust stoves, some
researchers have developed a new model similar to the traditional sawdust stove but with a
change; a sawdust ash compartment that splits the stove into two parts (Figure 4). This partition is
made by splitting the cylindrical stove into a burner compartment and an ash chamber using a thin
metal sheet that functions as a divider. This new feature reduces the risk of ash and partially
burned sawdust clogging the stove's ventilation duct because all ash produced is collected at the
stove's base directly beneath the ash compartment. This will go a long way toward improving the
stove’s air intake and, as a result, reducing smoke emissions. As a result, the efficiency of sawdust
combustion will improve, and hazardous emissions from the stove will be reduced. Because of the
inclusion of an ash container, the stove is often costlier. To overcome the control issue, the stove
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is designed with variable airport diameter and air inlets. As a result, the heat generated by the
stove may be controlled by changing the air input with one from a smaller airport. This alteration
would significantly improve the efficiency of the stove, resulting in higher control and efficiency.

Air inlet with
Vjariable air ports

Handle

Burner

(d) Upper chamber

(b) Base of the stove Opening to the ash
compartment (at the base of

the stove)

(c) Burner

Stoves partitioning (separating the
sawdust chamber from the ash
compartment)

Figure 4 General outlet of new model developed sawdust stove.
2.2 Sawdust Briquettes

With a teeming global population [57-60] and increased industrialization [61], biomass-to-
energy is a viable alternative energy technology [62]. Energy use based on nonrenewable energy
resources contributes to greenhouse gas emissions and promotes resource depletion. Biomass
(woody bio-residue) has gained recognition as a popular renewable energy fuel source. This
benefit stems from contributing to net greenhouse gas emissions reduction and energy supply
security [63]. Regardless of the health consequences, most developing countries utilize wood as a
primary energy source for the household (mostly for cooking). Over 2.5 billion people in
developing countries still rely on biomass as their major energy source for cooking [64]. With the
upswing in the price of gas due to the Russia-Ukrainian conflict and the global economic recession,
more people living in middle and low-income countries are likely to return to firewood as fuel for
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cooking. This grim scenario threatens to reverse some of the gains made so far in climate change
mitigation. Besides, air pollution is becoming a major contributor to poor health worldwide,
particularly respiratory disorders, with emissions from "dirty fuel" (e.g., wood) being a major
contributor. According to World Health Organization research [65], the disease burden attributed
to indoor smoke from solid fuels in developing countries is approximately 1.9 million premature
deaths annually. Aside from health problems, the over-exploitation of wood is a major cause of
deforestation and pollution. For instance, Ghana has lost 85% of its forests in the previous 100
years and has one of the world's highest deforestation rates of 2% per year, 60% of which is
exploited to supply wood demand [64]. This is due to the failure to make a concerted effort to
induce, particularly rural dwellers who find it economically unattractive to switch from firewood to
liquified petroleum gas (LPG) or processed agricultural waste fuel like briquette, which they can
produce themselves. Using renewable residues such as sawdust, coconut, and rice husk to make
cooking fuel can help reduce the demand for forest resources and, by extension, mitigate climate
change.

Aside from the health and environmental challenges posed by the excessive use of wood and
charcoal, there are also economic costs, such as lost productivity and wasteful or inappropriate
resource exploitation. Productivity loss might occur owing to poor health due to contaminated air
or time spent gathering wood to the detriment of studying or working. Briquette is an energy
source that may be made from the household, agricultural, and industrial waste streams of
biomass. Briquette's use is environmentally benign, healthful, and does not rely on fossil fuels.
Charring feedstock before pelletization into briquettes can maximize calorific value while lowering
combustion emissions [66]. As a result, there is a need for low-cost and widespread manufacturing
of charred briquettes to boost their potential to replace firewood, charcoal, and fossil fuels as
home cooking and heating fuels. Biomass briquettes have a lower carbon footprint and surpass
alternative cooking fuels such as wood in heat output per unit mass, moisture content, and
storage space. Just like Bonsu et al. [67] observed, appropriate briquette use would help mitigate
climate change impacts by reducing the over-reliance on wood for household and commercial
heating.

Furthermore, briquetting agricultural waste might help to enhance sanitary conditions. Woody
bio-residues have maintained a high level of interest and attention due to their renewability,
greenness, and universal availability [68, 69]. These woody bio-residues have great potential as
long-term sources of household fuel and can serve as renewable alternatives to traditional energy
sources such as coal and firewood [70]. However, only a small percentage of these woody bio-
residues are used as fuel in sustainable energy solutions. This claim is based on their bulkiness and
the high moisture content [71]. Because woody bio-residues are always present in their loose
state, they are not readily available as efficient sources of energy fuel. For instance, sawdust
presents in a granular and particulate form, making it unsuitable as cooking fuel. Even the sawdust
cooking stove, popular among some rural dwellers, requires that the sawdust undergoes some
form of densification to conform to the stove’s shape and allow for forming a firm fire hole. So the
major turnoff for many potential users of sawdust as cooking fuel is that it cannot be used as is
and, therefore, must be subjected to a degree of processing. Thus, briquette densification of bio-
residues is a potential step toward improving their combustion and handling properties on the
one hand and reducing the emission of noxious gases on the other. This technique will aid in the
resolution of logistical problems in sustainable energy solutions [72].
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Briquetting is a densification process in which loose biomass is compressed under pressure to
increase the density of biomass wastes to around 1000-1200 kg/m?3 and the volume by 8-10 times
[73]. Depending on the nature and state of the feedstock, other preliminary treatments such as
drying, grinding, sieving and mixing might be necessary (Figure 5). The briquetting process can be
classified according to whether or not a binder is used. For biomass densification, briquetting with
or without a binder necessitates the application of compaction pressure [61]. The production of
fuel briquettes from the forest and agro-residue mixes demonstrates the possibility of proper
technology for using biomass leftovers as energy fuel [74]. Recent research [61, 75-78] has
demonstrated the densification of various combinations of bio-residues from agricultural products
and food sectors with other additives for heating applications. According to the research,
particular biomass in densified mixtures acts as a natural binder, increasing the durability of the
generated fuel briquettes [61, 75]. According to Xiao et al. [79], increasing the usage of charred
briquettes made from renewable biomass waste streams can significantly decrease deforestation
and harmful gas emissions. Azasi et al. [80] and Obeng et al. [81] both concluded that increased
usage of charcoal briquettes adds significantly to energy sufficiency and the reduction of reliance
on fossil fuels in developing nations. However, variables such as cost, availability, convenience of
use, quality, and education on the benefits of utilizing briquettes influence the rising usage of
burned briquettes [82].

i

-~

g
8
g

#

soylonblg

Figure 5 Flowchart for production of briquettes.

Several studies on biomass briquetting have been published. Kuti and Adegoke [69]
investigated the performance of biomass briquettes made from sawdust and burnt palm kernel
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shell and found that it lagged slightly behind kerosene in cooking time for beans. Emerhi [83]
studied the physical and combustion parameters of briquettes made from sawdust of three
hardwood species (Afzeliaafricana, Terminalia Superba, and Meliciaelcelsa) using various organic
binders (cow dung, ash, and starch). The study's findings indicated that the briquettes have
calorific values ranging from 10.04 to 13.03 MJ/kg. In this investigation, Kuti [84] also assessed the
performance of biomass briquettes made from sawdust and palm kernel shells bonded by starch
gel. The briquettes produced were claimed to be acceptable for residential use since they boiled
water between 15 and 30 minutes. Stephen et al. [85] reported that ad-mixing sawdust into corn
cob briquettes improved the physico-mechanical characteristics of the briquettes. Ajimotokan et
al. [86] that at a densification pressure of 5 MPa and 5 minutes dwell time, briquettes made from
charcoal and sawdust of various wood species, the fixed carbon content and heating value of the
briquettes increased with increase as the particle sizes of the charcoal increased. The greatest was
the heating value (24.9 MJ/kg) and ash content (6.0%) of the briquette formed from pure charcoal
particles. Its carbon, hydrogen, and oxygen levels were 44.6-50.1%, 5.1-5.6%, and 34.4-41.5%,
respectively.

Apollo et al. [64] studied the potential of charred briquettes of sawdust, rice, and coconut
husks in satisfying household cooking energy demands. The study's biomass consumers'
willingness to replace their present fuels with burnt briquettes was determined in a subsequent
phase. The burnt briquettes had a calorific value of 24.69 MJ/kg. When a multi-feed gasifier stove
(MFGS) was employed, the maximum combustion efficiency of briquettes was 34.7%. When
briquettes were used instead of charcoal in the MFGS, particulate matter and carbon monoxide
emissions were reduced by 14% and 80%, respectively. A user acceptance study revealed that
around 40% of respondents were willing to purchase briquettes if they were marketed for Gh2.48.
This study determined that briquettes are a good alternative to wood and charcoal if their full
potential is realized and the energy consumption efficiency of biomass briquettes (sawdust, rice,
and coconut husks) is established. In a comparable study, Anggraeni et al. [87] examined the
influence of particle size and content of sawdust and carbon from rice husk (CRH) on briquette
performance. They reported that a low concentration of CRHs contributed to high bulk,
compressed, and relaxed density values, as well as an increase in briquette relaxation ratio.
However, a high concentration of CRHs reduced compaction ratio, water resistance, and durability
and was unsuitable for briquette. Briquettes with smaller particle sizes had higher wet moisture
content and compaction ratios.

In contrast, large particle size increased bulk, compressed density, relaxed ratio, dry moisture
content, water resistance, durability, specific fuel consumption, and burning rate. The influence of
sawdust particle sizes on the quality of briquettes was further confirmed by Mitchual et al. [88],
who examined the influence of species, particle size, and compacting pressure on the relaxed
density and compressive strength of briquettes made from tropical hardwood sawdust. A
laboratory hydraulic press was used to make briquettes. According to the regression models,
species density, particle size, and compacting pressure were good predictors of relaxed density
and compressive strength in the cleft of briquettes made from sawdust of tropical hardwood.
Zepeda-Cepeda et al. [89] studied the impacts of different sawdust particle sizes in mixes on some
physical, mechanical, and energy properties of briquettes derived from Pinus duranguense
sawdust, as well as established the ranges within the appropriate values determined to reach
desired values. The surface response approach was utilized to determine optimum combinations

Page 12/39



Recent Progress in Materials 2023; 5(1), doi:10.21926/rpm.2301006

under a three-factor simplex-lattice model. The particle density ranged from 0.92 to 1.02 g cm?3,
and the volumetric swelling ranged from 0.96 to 3.9%. The maximum compression resistance was
37.01 N mm™ and the IRI ranged from 53 to 107%. The gross calorific values ranged between
19.35 and 21.63 MJ kg!. The use of varied particle sizes in the combinations improves the
briquette quality. Araque et al. [90] also investigated the mechanical behavior of a compacted
mixture of pine sawdust and rice husk by altering the mass percentages of both biomasses
resulting in briquettes for commercial purposes. The finite element program ANSYS was utilized to
validate the results for the samples which have rice husk mass percentages of 25, 50, and 75,
respectively. All samples had Young's moduli ranging from 651 to 813 MPa and a Poisson's ratio of
0.8 in the computer simulations. Von Mises stresses of 87 to 90 MPa, and Von Mises strains of
0.09 to 0.12 m/m were measured in the compressive test. However, no defined stress and strain
behaviour was obtained for the impact tests since the heights of 2 m and 5 m and the masses
established for the specific simulation models, increasing the value of Young's modulus and
compressive strength. This was indeed a positive indication about the strength of the formed
briquettes in case they were also required to be transported for commercial purposes.

2.3 Pyrolysis and Bio-gasification

The effects of fossil fuels on the climate and environment highlight the need for alternative
energy options. One such approach for potentially reducing reliance on fossil-based energy is
using waste wood. As an energy source, forest and agricultural waste is of interest. On a global
scale, biomass accounts for roughly 15% of primary energy consumption, rising to more than 35%
when only emerging economies are considered [91, 92]. Biomass is the world's third biggest main
energy source [93]. Sawdust is one of the most abundant waste biomass begging for efficient
conversion into value-added products and services. It has high carbon content and may be
obtained at little or no cost. For biomass conversion and energy recovery, thermo-chemical
techniques are commonly utilized. Combustion, gasification, liquefaction, hydrogenation, and
pyrolysis are examples of these processes [94].

Burning sawdust with a restricted supply of air or oxygen is known as gasification. Gasification
is an option from the perspective of energy-saving and diversification strategies [95]. Aside from
that, gasification will aid with the difficulty of handling and using waste from wood products. It
involves a combination of physico-chemical reactions such as drying, heating, pyrolysis, partial
oxidation, and reduction. Gasification generates carbon (ii) oxide, carbon (iv) oxide, hydrogen, and
methane. Besides carbon (iv) oxide, the liquid and gas are combustible and might be used as fuel
or fuel feedstock. The nominal composition of gasification in air, excluding water vapor, is
indicated in Table 1 below. Because the final result is a combination of simple gases, the
composition of the gas is generally independent of the content of the feedstock. If the feedstock
contains a substantial amount of sulfur, hydrogen sulfide may be produced [96]. This is usually
removed by running the gas through the water. Furthermore, when the air supply is replaced with
pure oxygen, as in the proxy process, the nitrogen component is removed, and the energy density
can reach 9 MJ/m3. Another technique for producing greater BTU gas is hydro-gasification, which
involves adding hydrogen to the carbon (Il) oxide to form hydrocarbons.

CO + 2H, — CH, + H,0.
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Table 1 Typical composition of sawdust produced by gasification in air [96].

Compounds Percentage by volume (%)
Hydrogen (H>) 20

Carbon (ii) oxide (CO) 25

Carbon (iv) oxide (CO3) 10

Methane (CH4) 3

Higher hydrocarbon 1

Nitrogen 40

Others 1

Total 100

Gasification is an essential conversion type because it can efficiently decentralize power
generation and apply heat usage.

According to Higman and van der Burgt [97], the gasification process phases are as follows: The
water content of solid fuels is evaporated by heat absorbed from the oxidation process during
drying. This reaction is located at the reactor's top and has the lowest temperature in the reactor,
which is less than 150°C. The drying process is critical for the burner to ignite faster and more
consistently. In this reaction, water-containing fuel is eliminated via evaporation, and the process
requires around 2260 kJ of energy to complete, resulting in a long-running period. Reduction or
gasification is a succession of endothermic reactions that get heat from combustion. Combustible
gases such as H,, CO, and CH4 are produced in this process. The essential process in the gasifier is
oxidation or the burning of charcoal. This method generates all of the heat energy required for
endothermic processes. The gasifier's provided oxygen interacts with combustible chemicals.

Partial gasification is another term for pyrolysis or de-volatilization. The pyrolysis process
produces char, oil, and gases, and their distribution and composition are primarily determined by
temperature, heating rate, and pressure. Fast pyrolysis can give very high pyrolysis oil yields while
retaining up to 70% of the energy in the biomass feed [98]. During the pyrolysis process, which
begins slowly at 350°C and accelerates when the temperature exceeds 700°C, a succession of
physical and chemical processes occurs. The arrangement of products is affected by temperature,
pressure, and gas composition during pyrolysis. Thermally unstable components, such as lignin in
biomass, break and vaporize with other components. Tar and PAH (polyaromatic hydrocarbon) are
in the vaporized liquid. Pyrolysis products are classified into three types: light gas (H2, CO, CO,
H.0, and CHa4), tar, and charcoal. Certain bio-oil features, however, considerably limit its broad
applicability. Low heating value, incomplete volatility, and acidity are among these qualities [98].
These unfavorable features of pyrolysis oil are caused by an unusually high concentration of
several kinds of oxygenated organic molecules. Removing oxygen is thus required to transform the
oil into usable and commercially appealing fuel. To produce a high liquid yield, fast pyrolysis for
energy recovery has been performed on various wood samples under various circumstances.
Waste furniture sawdust [99], Larix Leptolepis sawdust [100], Pine sawdust [101], and Douglas Fir
sawdust [102] are among the sawdust samples that have been pyrolyzed and documented.

Pine sawdust subjected to various thermo-chemical processes such as combustion,
torrefaction, pyrolysis, and gasification Chaula et al. [103] examined pine sawdust for thermal and
chemical conversions such as combustion, torrefaction, pyrolysis, and gasification. The analytical

Page 14/39



Recent Progress in Materials 2023; 5(1), doi:10.21926/rpm.2301006

methods used included proximate analysis, ultimate analysis, heating value, and thermal
breakdown to determine the biomass properties. Regarding elemental composition, pine sawdust
has a lower energy content of 15.01 MJ/kg than bituminous coal, which has around 31.8 MJ/kg.
The kinetic parameters of pine sawdust characterized the individual component degradation;
hemicelluloses were the quickest to decompose, followed by cellulose and lignin. Under inert
conditions, the heat released during the thermal deterioration of pine sawdust was-4380 J/g,
demonstrating pine sawdust's potential for energy generation during combustion.

Mansur et al. [104] used a downdraft gasifier to examine the gasification of sawdust (SW),
sawdust pellet (SWP), and sub-bituminous coal (SBCoal). Using air as an oxidizing agent,
gasification was carried out in a lab-scale fixed-bed gasifier. The product gas and gasification
performance of raw biomass, processed biomass, and coal were compared at a fixed gasification
temperature of 750°C and an equivalency ratio of 0.25. The gasification performance was
recorded in terms of syngas calorific value (HHVsyngas), gasification efficiency (XCGE), and carbon
conversion efficiency (XC). Sawdust pellet was found to generate the most H, and the least CO..
Furthermore, among the three feedstocks, SBCoal had the best gasification efficiency. The effect
of temperature on SW, SWP, and SBCoal was examined at an equilibrium ratio of 0.25.

The preceding highlights numerous efforts that have been made toward converting sawdust
into a valuable energy resource. Hence, it can be emphatically argued that sawdust has been
successfully applied to energy generation, especially on a micro-domestic scale. Conversion of
sawdust waste into cooking fuel keys is in line with SGD 7.0 — ensure access to affordable, reliable,
sustainable, and modern energy. Sawdust cook stove caters to the energy need of rural dwellers
and urban poor of developing countries. Sawdust is a more sustainable alternative to firewood
which encourages the wasteful and senseless depletion of forest resources just to provide fuel for
cooking. Sawdust is a by-product of the processing of timber into valuable products. Though
sawdust is a renewable resource, using it for cooking causes air pollution, except some measures
are adopted to minimize the types and rates of emission. Some of the studies invoked in the
preceding sections indicate that considerable progress has been recorded. Research is still ongoing
to produce more environmentally-friendly sawdust cookstoves. One of the biggest gains from
using sawdust as a domestic fuel source is that it reduces the overall cost of solid waste
management, especially concerning hauling cot and landfill space. Besides, it is one of the
cheapest sources of energy for the poor section of society.

The use of sawdust as a source of no domestic fuel has faced the problems of low penetration,
poor adoption, and low acceptance. This is partly because of the inconveniences of obtaining
sawdust and the process required for the point-of-use application. The above problems have been
largely solved by converting sawdust into briquettes. Processing sawdust into briquettes makes it
acceptable and convenient for procurement, storage, and use. Studies highlighted so far indicate
that the thermo-physical properties of sawdust briquettes can be improved when admixed other
types of organic wastes such as corn cob and rice husk. Still, in the light of sustainability, cleaner
and more reliable fuel can be derived from sawdust through thermo-chemical processes such as
pyrolysis and gasification to generate gaseous, liquid/oil, and solid fuels with wide domestic
applications. With proper processing, the gas and liquid fuels can be easily adapted for use in
conventional kerosene cook stoves and gas cookers. Figure 6 shows that the thermo-chemical
conversion of sawdust to produce fuel is more desirable than firewood and unprocessed sawdust.

Page 15/39



Recent Progress in Materials 2023; 5(1), doi:10.21926/rpm.2301006

o affordable
e Forest depletion
o Air pollution (v. high)

Timber/fire
wood

Affordable/free
Renewable

Air pollution (high)
Storage problems

'

Briquetting el Briquettes

'

Fuel gas, oil
& char

Thermo-
chemical
conversion

|

|

|

| Timber

| processing mel)  Sawdust
|

|

|

|

|

Figure 6 Sustainability sequence of sawdust-derived fuel.
3. Pollutant Containment: Sawdust as an Adsorbent

Environmental deterioration due to hazardous material pollution has risen due to a geometric
increase in anthropogenic activities. The proliferation of industries has precipitated an
unprecedented degree of release of toxic substances, especially heavy metals into the
environment. Besides, there has been a rise in the concentration and number of pollutants in
wastewater effluent owing to various household and agricultural chemicals. If not properly treated
before discharge, these contaminants will accumulate in the soil, plants, and water which, when
eventually consumed by man, causes severe health issues and even death. Heavy metals are of
major interest in this regard because of their increasing concentration in the immediate
environment of man and their toxicity. Heavy metal intake by humans usually occurs by three
dominant pathways: inhalation of particulate forms, ingestion of compromised food or
contaminated soil, and dermal contact with contaminated dust or soil. Each of these pathways can
still be linked to effluent discharge. Heavy metals are preponderant in wastewater from various
businesses, including electroplating, tanneries, batteries, fertilizers, paints, metal refining, and
pesticides [105]. These heavy metals are normally harmful to live species at specific threshold
guantities, persistent, non-biodegradable, and tend to accumulate in the food chain [106]. These
metals, particularly Cu, Pb, Zn, Cd, As, Hg, Ni, Cr, Fe, and Mn, usually exist in an aqueous form in
wastewater [107]. Because of their persistence in the environment, non-biodegradability, and
tendency to accumulate, heavy metals can represent a major hazard to the environment and
humans [108]. Some heavy metals are potent enzyme inhibitors that cause kidney and liver
damage in animals and people [109], kidney tubular impairment, altered ion control, calcium
metabolism, and bone calcification [110], stomach discomfort, vomiting, impairment of blood and
brain function, diarrhea, and a choking sensation [111, 112]. Hence, it is pertinent to reduce the
concentration of individual metals to acceptable guideline levels before effluent discharge.
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Several strategies for eliminating these pollutants from wastewater have been proposed with
various success, including chemical precipitation, oxidation, coagulation, reverse osmosis, ion
exchange, electroplating, solvent extraction, membrane separation, and adsorption [113-115].
Adsorption is one of the most successful strategies for heavy metals containment and has sparked
considerable attention due to its simplicity and low sensitivity to harmful contaminants [116].
Aside from being effective, adsorption is also cost-efficient [117], and the removal of low-
concentration metal ions is also conceivable due to its excellent selectivity and efficiency [118].
Adsorption is a mass transfer technique that transports metal ions from an aqueous solution to
the surface of a sorbent, where they are bound by physical, chemical, or physic-chemical forces
[119, 120]. Because of their high surface area and the different functional groups present on their
surface, commercial adsorbents are excellent for removing heavy metals from wastewater. To
remove heavy metal ions from wastewater, commercial adsorbents such as graphene [121],
activated carbon [122], and carbon nano-tube [123] are utilized as complexing adsorbents. Studies
on heavy metal adsorption have centered on using activated carbons [124]. It is, however, very
expensive, with relatively high operational costs. As a result, researchers have been searching
unrelenting for low-cost and environmentally friendly adsorbents to extract heavy metals from
aqueous solutions.

Numerous locally available materials have been proposed as adsorbents for heavy metal
removal from wastewater. Waste tea, peat moss, rice husk, coconut shells, and sawdust are being
used. Sawdust [125-130], rich husk [131-134], coconut fiber [126], banana fiber [126], groundnut
shell [135, 136], sugarcane bagasse [136], wheat bran [137], clay [138], zeolite [139], kaolinite,
illite [140], sepiolite, soil [141], montmorillonite, and bentonite have all been used for the
adsorption of heavy metals under varying physic-chemical conditions. Because of their low cost,
selective sorption, no sludge production, metal recovery, and high efficiency, low-cost adsorbents,
agricultural wastes are very effective in removing of heavy metals and dyes from wastewater. Clay
minerals have been widely used as a low-cost alternative adsorbent for heavy metal removal from
solution. However, clay minerals typically have limited adsorption capacity. However, treatment
with acids or alkalis has considerably enhanced adsorption capacity due to impurity removal and
increased surface area of clays [142]. Unfortunately, using these compounds for modification is
costly and results in secondary contamination [113]. As a result, more cost-effective alternatives
for heavy metals in wastewater must be sought.

Sawdust is one of the most promising agricultural/forestry waste constituents that can
effectively remove impurities such as dyes and heavy metals from polluted water. Sawdust is
readily and abundantly available at sawmills and, therefore, inexpensive. Sawdust's surface
characteristics and chemical composition make it an interesting research focus for adsorption
process. Scanning electron microscopy images clearly show that the surface area of sawdust is
favorable for the adsorption and retention of contaminants (Figure 7). Many researchers have
documented detailed reports of batch adsorption experimental studies. While some of these
studies are exploratory and aimed at ascertaining feasibility, others go further to investigate
parameters and conditions that enhance process optimization. Parameters affecting adsorption
efficiency include particle size, pH, activation mechanism, adsorption temperature, ionic state of
target solute, initial concentration of contaminant, contact time, and degree or intensity of mixing.
It has been demonstrated that sawdust is a good adsorbent for ferrochrome black T with an
optimum performance of 80% efficiency and 40.96 mg/g adsorption capacity at a pH of 4.0 [125].
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The pseudo-second-order equation and the Langmuir model were shown to be very good fits for
the batch adsorption process.

Figure 7 Scanning electron microscopy images of sawdust [143].

Further investigation of various critical process parameters indicates that the amount of
sawdust adsorbing increased when the aqueous phase pH was reduced and dropped when the
amount of sawdust was increased. Adsorption, a Physico-chemical process, has been found to
respond markedly to the particle size of the adsorbent. A study of sawdust generated from two
commonly wood species (Khaya Ivorensisand Pycanthus Angolensis) showed that optimum
adsorption of lead was achieved at respective particle sizes of 0.85 mm and 1.18 mm with 100%
efficiency of removal for an initial concentration of 10 mg/I [143]. Freundlich isotherms performed
much better than Langmiur, Temkin, and Dubinin-Radushkevich isotherms for Khaya ivorensis and
Pycnanthus angiogenesis with R? of 0.83 to 0.96 and 0.94 to 1.0 respectively. The mean sorption
energies of 13.42 kJ/mol and 12.48 kJ/mol suggest that lead is transported into the internal
surface of the adsorbent by an ion exchange mechanism. At the same time, a kinetic study showed
that reaction kinetic follows a pseudo-first-order and an intra-particle diffusion model. This study
is very important because lead remains one of the most toxic and recalcitrant water pollutants,
with an ever-increasing concentration in both surface and groundwater. Another study [144]
reported that Congo red dye was efficiently adsorbed by sawdust with smaller particle sizes (<90
microns) and low initial solute concentration (10 mg/L). Sawdust has also been reported as an
excellent adsorbent for methylene blue at an initial dosage of 250 mg/L, a temperature of 40°C, a
pH of 7.0, and a contact time of 120 minutes [144]. Sawdust has also been reported to be
efficacious in removing direct red 23, depending on the agitation period, adsorbent dosage, and
initial adsorbate concentration [126, 127].

Khattri and Singh [128] explored the use of sawdust to remove crystal violet color from
wastewater in a similar study. The feasibility of extracting crystal violet using sawdust was
investigated by adjusting the agitation period, adsorbent dosage, dye concentration, temperature,
and pH. The efficacy of adsorption was shown to be pH-dependent. A higher proportion of the dye
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was removed by lowering the original dye concentration and increasing the amount of adsorbent.
Kinetic analysis revealed that the color gradually absorbed sawdust [128]. Sawdust was utilized by
Suganya et al. [145] to adsorb methylene blue dye from a polluted solution. Adsorption input
parameters such as contact time, initial dye concentration, solution pH, and adsorbent dosage
were trial and error optimized to obtain maximal MB dye removal from wastewater. Experimental
data were used to build multiple theoretical models to anticipate system behavior. Optimal
conditions for MB dye removal from contaminated solution occurred at an initial dye
concentration of 25 mgL™': adsorbent dosage of 3 gL, solution pH of 7.0, contact period of 90
minutes, and temperature of 30°C. The pseudo-second-order and Freundlich models reasonably
described the adsorption isotherm.

Balintova et al. [146] examined low-cost natural sorbents as an alternative to expensive heavy
metal removal technologies. Peat and wood sawdust (poplar, hornbeam, spruce, pine, cherry, ash,
and oak) were used to remove copper, zinc, and iron cations from acidic solutions. Infrared
spectroscopy was used to investigate the presence of hemicelluloses, cellulose, and lignin in the
structure of natural sorbents. Metal cations were removed from aquatic model solutions with an
efficiency of around 80 percent using peat and poplar wood sawdust. Cu, Zn, and Fe removal
effectiveness in hornbeam and poplar wood sawdust was 45 percent at five times greater
concentrations of these metal cations. Peat absorbed more than 50 percent of metal ions from
higher concentration solutions. Bozic et al. [147] used beech sawdust to perform heavy metal ion
adsorption from synthetic single-ion solutions. The highest sawdust adsorption capacity was
obtained at pH > 4. Cu?* and Ni%* ions have comparable adsorption capacities (4 to 4.5 mg g1), but
Zn?* ions have a capacity of 2 mg g}, indicating that the first two have some selectivity towards
zinc ions. This and other studies indicate that the adsorption of metals by sawdust is by an ion
exchange mechanism and follows a pseudo-second-order kinetic model.

Most studies highlighted so far used raw sawdust. However, there are indications that sawdust
performs better in adsorption when activated either by a chemical or physical process or a
combination of both. Activation removes inactive constituents of the adsorbents, increases
surface area, and makes surface functional groups more active. Essentially, it modifies the surface
characteristics of the adsorbent to make it more favorable to adsorption. Acar et al. [148]
reported that poplar wood sawdust activated by H,SOs at 150°C for 24 hours outperformed
unmodified sawdust in removing Cu(ll) ions from aqueous solutions. The adsorption capacity of
modified (13.495 mg/g) sawdust was more than twice that of unmodified sawdust (5.432 mg/g),
with greatest removal efficiencies of 92.4% and 47.1% at pH of 4.0 and 5.0, respectively. According
to Ahmad et al. [149], raising the pH, temperature, and amount of adsorbent improved the
adsorption outcome of chemically treated sawdust. Shukla et al. [150] found that dye-loaded
sawdust (specifically Reactive Orange 13) had a greater potential for the adsorption of Cu(ll),
Ni(ll), and Zn(ll) ions than unloaded sawdust. Dye-loaded sawdust was reported to have
adsorption capacities of 8.07, 9.87, and 17.09 mg/g for Cu(ll), Ni(ll), and Zn(ll), respectively as
against the corresponding values of 4.94, 8.05, and 10.96 mg/g for unloaded sawdust. This was
achieved because of the reaction between Reactive Orange dye and the hydroxyl and amino acid
functional groups at the surface of the sawdust, thus making it have a higher affinity for cation.
Setyono et al. [151] reported that arsenite and arsenate anions were effectively removed from
sawdust impregnated with lanthanum and zirconium oxide nanoparticles. At pH 7, the maximum
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adsorption capacities of lanthanum oxide (La;0s3) treated sawdust for arsenite and arsenate were
22 and 28 mg/g, respectively.

In contrast, maximum adsorption capacities of zirconium oxide (ZrO;) treated sawdust were 29
and 12 mg/g for arsenite and arsenate, respectively. The most interesting aspect of the study is
that the La,03; modified sawdust can be fully regenerated without any loss of arsenic removal
efficiency. Argun et al. [152] found that acid (HCl) treated oak sawdust was removing good
adsorbent for Cu(ll), Ni(ll), and Cr(VI) ions from wastewater with maximum removal efficiencies of
oak sawdust at pH of 4.0, 8.0 and 3.0 respectively and corresponding removal efficiencies of 93%,
82%, and 84%. Functionalization of sawdust using mineral acids results in an increase in the
intensities of functional groups and changes in surface morphologies, as well as an increase in
carbon content which causes an overall increase in the adsorption capacity of the material.
Surface characteristics usually modified by functionalization include surface charges, porosity,
surface roughness, and functional groups. Rabago et al. [153] reported activation of sawdust
activated with citric, malonic, and tartaric acids increase in the proportion of the functional
carboxylic group and a consequent increase in adsorption capacity (304 mg/g) for Pb(ll) ions.

The efficiency of the adsorption process is highly dependent on certain critical physic-chemical
parameters such as particle size, pH of adsorbate, initial adsorbate concentration, rate of
agitation, temperature of the solution, and even the type of parent wood. While there seems to
be a favorable result for smaller particle sizes, the effect of pH depends on a consortium of factors
such as the method of activation, zero pint charge of pollutant, and valent state of the pollutant.
However, even when all factors seem favorable, the adsorption capacity of the particular sawdust
can constitute a limiting factor.

The studies discussed in the preceding paragraphs indicate that sawdust has been successfully
applied in pollutant containment, specifically in the adsorption of pollutants from water. The most
common application of sawdust in pollutant containment is heavy metals and colour adsorption
from water and wastewater. The industrial revolution resulted in the massive emission of
numerous environmental pollutants into the soil, water, and atmosphere. Industrial wastewater
laden with heavy metals is usually discharged without proper treatment. The sawdust-based
adsorbent is an affordable and reliable containment agent. This is in line with SDG 11.0
(Sustainable cities and communities).

4. Building Construction: Production of Ceiling Boards and Particle Boards

Urban slums form an integral part of the social ecosystem in many developing countries. These
are characterized by the poorest and most dehumanizing living conditions and a loud absence of
good shelter and basic amenities. Urban slum dwellers live in shanty houses rented out by owners
of such buildings at unreasonable prices, which might still be affordable compared to the rent in
the city centers. These urban slum dwellers are usually persons of the lowest social strata who
cannot afford to build their own houses. Affordable and sustainable housing can be made possible
through conserving resources and waste recycling. It is expected that housing components made
from waste materials such as sawdust will go a long way in reducing the cost of building. The use
of wood-based materials in civil construction is increasing dramatically. Using renewable resources
such as wood aligns with the principle of sustainable development. Industrial lignocellulosic
leftovers, such as wood sawdust, may be simply employed as substitutes for wood-based raw
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materials. Wood scraps can generate energy [154, 155] or as raw materials [156, 157]. Ceiling
boards are lightweight structural parts commonly used to improve aesthetics and acoustics in
industrial applications, commercial and residential buildings, etc. Ceiling-mounted smoke
detectors, security cameras, electric lighting, and signs are widespread in modern structures [158].

Mineral fiber is the most often used material for ceiling boards. However, other materials, such
as fiberglass, are also utilized [159, 160]. Because of its strength, low heat conductivity, and good
fire resistance, the fiber found in rocks (asbestos) has been utilized to construct ceiling boards for
many years. However, asbestos causes asbestosis in humans, which is carcinogenic [161-163]. As a
result, academics and other stakeholders are becoming more interested in finding an appropriate
alternative for asbestos in board manufacturing. Agro and industrial wastes are being used in
green buildings since they are typically more cost-effective and more environmentally friendly in
the long term. This resulted in the development of new sustainable technologies for converting
agricultural residues such as rice husk, maize cob, groundnut shell [164, 165], durian peel [166,
167], coconut coir, chir pine needles, wheat straw, bamboo [168], bagasse, chili pepper stalks
[169], woven cotton fabrics, rubber wood, red cedar [170], cotton stalks, banana stem, and
sawdust, among others, into high-quality value-added.

As a substitute, sawdust, cellulose fiber, agricultural waste, and other materials can be utilized
[171-177]. The wood industry uses sawmill planks strategically. The increased use of wood for
furniture, building construction, and interior design globally has resulted in considerable growth in
sawmills and the volume of sawdust generated daily [178]. Poor management of this increasing
quantity of wood dust has an impact on both aquatic and terrestrial ecosystems. A large
proportion of sawdust generated in developing countries is burnt off, disposed of on land, or
dumped into nearby streams. Burning of sawdust generates ashes and gaseous emissions, which
disrupt water eco-systems, cause environmental difficulties and health issues, particularly in the
eyes and respiratory tract, cause water and air pollution, and contribute to climate change [179-
181]. Converting sawdust into value-added products such as ceiling boards will drastically reduce
the adverse environmental impacts of mismanagement and poor handling of sawdust. Some
research has been conducted on the production of composite particle and ceiling boards using
agricultural and industrial sources. The weight of sawdust, scrap paper, and starch was changed to
create a ceiling board with good physical, mechanical, and thermal conductivity qualities [182].

In the United States of America, a significant amount of sawdust and wood shavings are used to
produce particleboards [183]. Between 2000 and 2017, the global output of wood-based panels
such as particleboards, plywood, oriented strand boards (OSBs), and fiber boards surged by 125%
[184]. Between 2012 and 2016, the Asia-Pacific area produced the most of these items (62%),
followed by Europe (21%), North America (11%), Latin America and the Caribbean (5%), and Africa
(1%). The low output for Africa and other developing continents in comparison to the large
amount of sawdust generated suggests that there is a significant opportunity for increasing the
production of sawdust-building composites from this waste in emerging nations. The loss of
revenue that would have accrued from these value-added products, coupled with the
environmental hazards resulting from the poor management of sawdust, represents a double
minus in the value chain. Particleboards and associated items such as plywood and sawn lumber
are in high demand globally, especially as the search for more cost-effective and cleaner
production takes center stage in a world grappling with self-inflicted environmental catastrophe.
Demand for these items is expected to rise by 39%, from 501,100 m?3 in 2010 to 698,700 m? in

Page 21/39



Recent Progress in Materials 2023; 5(1), doi:10.21926/rpm.2301006

2025 [185]. The integration of sawdust in fabricating these particleboards is expected to reduce
the environmental damage caused by this waste. Particleboards and related wood products, such
as low-density fiberboard (LDF) and chipboard, are made by combining different amounts of wood
chips, sawmill shavings, or sawdust with a synthetic resin or any acceptable binder [186]. For
instance, Abdulkareem et al. [187] demonstrated that particleboards manufactured from sawdust
and plastic-based resin (PBR) synthesized from waste Styrofoam as a binder met the criteria of the
American National Standard Institute (ANSI) A208.1 standard. This standard specifies the requisite
dimensions and the physical and mechanical properties of various particleboard grades. Compared
to urea-formaldehyde (UF) particleboards, sawdust-PBR particleboards demonstrated superior
resistance to water penetration, dimensional stability, mechanical characteristics, and
deformation resistance. As a result, they were more durable, harder, and more suited for use in
most settings than UF particle boards. Dotun et al. [188] reported that combining sawdust and
polyethylene terephthalate plastic waste yielded particle boards suitable for indoor applications.
Similarly, Akinyemi et al. [189] noted that panels made from corncob and sawdust composites
using urea-formaldehyde as a binder were appropriate for interior usage in buildings but not for
load bearing. Erakhrumen et al. [190] demonstrated that the structural properties of particle
boards made from sawdust could be improved by integrating coconut husk or coir and utilizing
cement as a binder. Sawdust composites with high thermal conductivity have been developed by
gluing sawdust or wood chips to expand polystyrene. These products have been certified in room
dividers and suspended ceilings [191].

Olorunmaiye and Ohijeagbon [192] and [193] also enhanced the mechanical properties of
sawdust particle board incorporating jatropha curcas seed cake and jatropha wood hulls. Akinyemi
et al. [189] found that partial replacement of sawdust with 25 to 50% corn cob resulted in particle
boards with favorable physical qualities suitable for interior usage in structures. Increasing the
proportion of corn cob yielded particle boards with weak mechanical properties that failed to
meet European Standard specifications. In response to the adverse health impacts of conventional
asbestos ceiling boards, Obam [194] produced ceiling boards from sawdust, waste paper, and
starch that have a thermal conductivity of 9.2 x 102 W/mK, flakiness of 6.86 x 103, 8.6 percent
water absorption and flexural strength of 0.05 N/mm?2. Thermal conductivity testing was
performed on the composite sample boards.

Similarly, Drove et al. [195] used carpentry sawdust from African mahogany wood with binders
from the tannin powder of Bridelia peels and African locust bean pod husk to make particleboards.
The three-point bending test (TPB test), the traction test, and the thickness swelling test (TS test)
were used to confirm the physical and mechanical fitness of the boards. The TS test demonstrate
that the PB produced is only suitable for use indoors and in dry environments. The elasticity,
rupture, and internal bond moduli are all well within the ranges specified by the ANSI A208.1-2016
standard. Atuanya and Obele [57] used Okhuen wood sawdust and recycled polyethylene (RLDPE)
to manufacture sawdust/recycled polyethylene composite boards. The optimized composite
board's average tensile strength was 13.991 MPa, which satisfied the standards for broad
applications. Abu-Zarifa et al. [58] analyzed particleboards made from sawdust and various
agricultural waste (banana stems, wheat bran, and orange peels). They reported mechanical and
durability properties that outperformed commercially available products. The major issue with
experimental particle boards is the lack of standardization and consumer feedback for measuring
product performance. Another important factor is that economic analysis is hardly considered by
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researchers whose principal aim is feasibility rather than marketability and economic viability.
Besides, the laboratory conditions where some resources might be free or heavily subsidized for
the researcher do not always represent reality in an industrial setting with a cost associated with
every service. No doubt, full or partial replacement of finite resources with sawdust in the
production of ceiling and particle boards presents a very promising possibility both in terms of
cost reduction and resource conservation. However, the yawning gap between laboratory
idealization and commercialization still needs to be bridged.

SDG 11.1 focuses on adequate, safe, and affordable housing for all. Sawdust-derived particle
boards and ceiling boards are cheap and environmentally-friendly alternatives to the conventional
ceiling and partitioning materials. They are expensive and increase the overall cost of buildings
because they significantly increase the design load of the building. Studies cited in the foregoing
section present a very optimistic scenario and supportive argument for the beneficial use of
sawdust in building construction. The cost of building materials is usually significantly influenced
by the source. Imported materials are usually far more expensive than locally-made components.
Developing countries that rely heavily on imported building materials can leverage locally made
building components derived from sawdust as a cost-saving strategy for affordable housing. One
of the notable benefits of recycling sawdust for building construction is that environmental impact
is low, and the life cycle is reasonably long.

5. Water Treatment: Sawdust Clay Filter

In developing nations where access to clean drinking water has remained a mirage, water-
related ailments are among the leading causes of mortality [196]. Many individuals in developing
nations' rural and semi-urban areas lack access to municipal water systems; as a result, many turn
to self-help water supply methods. This is also true of a significant section of the urban population
where municipal services have partially or broken down. Most readily accessible water sources,
including streams, rivers, and wells, have been harmed by human activity, making them unfit for
human consumption. There has been a resurgence of rainwater harvesting in some places and
heavy reliance on water vendors in other places, or a combination of both. These self-help
methods of water supply are fraught with multiple weak links which might serve as contaminants'
entry points into water. Obviously, there is not much the end users of such water can do about
ingress contaminants into the water supply stream, but some remedial measures applied at the
point of use will go a long way in minimizing adverse health issues that might arise from drinking
contaminated water. Point-of-use (POU) treatment systems are components of water treatment
equipment that treat water at the point of use, usually within a household. POU systems aim to
significantly minimize transmission and conveyance-related pollution. Point-of-use systems are
gaining prominence as solutions to water quality problems in developing countries [197]. Usually,
the target is to eliminate pollutants introduced between the source and the point of use. There
are also cases where water quality deteriorates during storage at the household level. When
improper handling is the primary cause of contamination, safe storage is essential for some
drinking water treatment systems. Safe storage containers may be a stand-alone solution to
safeguard water quality [198]. POU systems can prevent the home's stored water from being
polluted by improper water-handling procedures, which are considered to be the main
determinant of deteriorating drinking water quality [199]. Traditionally, point-of-use treatment
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methods include porous clay filters, cloth or fiber filters, granular media, batch disinfection,
boiling, and the use of coagulants. More technologically involved and recent methods include
adsorption using activated carbon, ion exchange, redox filters, reverse osmosis membrane, and
ultraviolet lamps. These devices/methods remove water contaminants using a mixture of physical,
chemical, and biological processes such as physical straining, sedimentation, and adsorption.
Some are particularly successful in lowering Vibrio cholera [200]. In a study that lasted over 35
months and comprised 65 villages in rural Bangladesh and around 133,000 participants, Colwell
[200] found a 48% reduction in cholera related to the use of the filters. Filtration methods are
increasingly used in third-world nations where chemical disinfection or boiling is not always
feasible or efficient [200]. According to studies, these locally or commercially developed and
manufactured filters efficiently remove microbiological pathogens in water [201].

The clay filter is one of the most basic and widely used POU water treatment methods. It
involves using porous baked clay to filter microorganisms or other pollutants from drinking water.
The underlying mechanism is particle exclusion bigger than the mean pore size. Pore diameters
can occasionally be so narrow that they can catch anything bigger than a water molecule [202].
Burnout materials, which enhance flow velocity by generating a network of holes, and use
bactericidal agents such as silver nanoparticles. Pathogen eradication has been used to
considerably improve the performance of clay filters. Low-cost clay filters can vary widely in
performance, depending on the production method, quality assurance and quality control,
procedures, type of burnout material, firing temperatures and methods, and sometimes chemical
amendments, and other characteristics [203]. Sawdust is one of the most commonly and
abundantly available burn-out materials used to produce clay filters. Figure 8a shows a set of POU
clay pots made from clay and sawdust as a burnout material, while Figure 8b shows a complete
assembly of the POU filtration setup for domestic application. The use of sawdust as a burnout
material in clay filters not only improves the filters’ flow characteristics but also their purification
efficiency through adsorption. Unlike chemical or thermal disinfection, Clay filters do not
appreciably alter water taste or temperature while reducing turbidity [198, 204]. Filters are
functionally stable since they only have one moving element (the tap) and do not require an
external energy source [197]. The simplicity of design, low-level technology, and zero
requirements of external energy sources make clay filters a cost-effective remedy for the
increasing spate of domestic water contamination. With adequate care and maintenance, they
have a potentially lengthy functional life of roughly five years or more [205]. The permeability
properties of clay depend on the solution’s pH, structure, particle size, shape, and surface features
of the dispersed phase [206]. Controlling the rheological properties of clay is frequently required
in industrial processes and practical applications requiring ceramics processing (melt-processing
behavior such as injection molding) or paper coating [207].

Page 24/39



Recent Progress in Materials 2023; 5(1), doi:10.21926/rpm.2301006

Figure 8 a) Clay filter pot; b) Assembled clay filter pot.

Furthermore, this feature has enabled the creation of clay-based composites and nano-
composite materials. Clay water filters are typically compressed into cylindrical clay pots using a
hydraulic or manual press, then left to dry in ambient temperatures before sintering (or burning)
at high temperatures [201]. Chemical pollutants can also be removed from water via adsorption,
while microorganisms are removed through particle size occlusion.

Researchers are constantly trying to find the most efficient and cost-effective burnout material
for use in clay pot filters. In pursuit of this objective, attention has mostly been focused on
agricultural waste products and other cheap or free resources. A mixture of sawdust, clay, and
diatomite burned at 850°C has been used to produce a water filter whose performance satisfied
WHO drinking water guidelines [208]. Wangrakdiskul and Kankaew [209] reported a combination
of sawdust, bottom ash, and sediment soil in the ratio of 4:1:5 pressed at 40 bars and fired at 950
to 1050°C yielded a very promising product for domestic water purification. Efeovbokhan et al.
[210] reported that filters made from sawdust and clay mixed in the ratios of 680, 5/80, and 4/80
produced filtrates that satisfied WHO guidelines for total dissolved solids, conductivity, turbidity,
and several heavy metals when used to filter both industrial and kitchen wastewater. Nnaji et al.
[197] developed a clay-sawdust composite filter with proportions of sawdust ranging between 5
and 50%. While the variation in the proportion of burnout materials resulted in a significant
difference in filtration rates, there was no significant difference in the quality of filtrates. The flow
rate increased from 0.0005 liters per hour for filters made with 5% of sawdust to 0.8 liters per
hour for filters made with 50% of sawdust, representing 1600 folds improvement in flow rate.
While the mean Log10 decrease in total count (TC) was 93.1%, the average removal of suspended
solids (SS) and biochemical oxygen demand (BOD) was 98.6% and 33%, respectively. Akosile et al.
[211] investigated the performance of ceramic filters made from variable proportions of clay and
sawdust from a ratio of 40:60 to 60:40 and concluded that a mix ratio of 50:50 gave the most
desirable result concerning the exclusion of microorganisms. Apart from improved flow
characteristics and purification efficiency, using a higher proportion of burnout material also
creates more space for the storage of entrapped contaminants, thus increasing the service time of
the filter. This will also imply a longer contaminant breakout time.

Varkey and Dlamini [212] showed that ceramic filters of sawdust of particle sizes 600 um and
900 um performed better than those made of 300 um and that bactericidal properties can be
improved by placing a copper mesh in the filtrate receptacle. They proposed that cooper is a
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cheaper and more readily available bactericide than silver and should be used for point-of-use
water treatment. Despite the beneficial use of metallic bactericides for microbial deactivation in
point-of-use ceramic filters, there is a risk of filtrate contamination by the metals through
leaching. Unfortunately, most researchers are so fixated on the bactericidal efficacy of these
metals, mostly silver and copper, that they lose sight of the potential health risks inherent in the
contamination of water by heavy metals. Hence, gains made concerning improvement in microbial
quality are reversed by the addition of these metallic ions into the water. Besides, ceramic filters
made from sawdust and other burnout materials are limited in application by drawbacks such as
ease of breakage, low filtration rate (typically <3 liters per hour), limited capacity, quality control,
and quality assurance issues as well as low virus removal efficiency. Notwithstanding, point-of-use
ceramic filters remain a viable alternative for rural dwellers without conventional water treatment
facilities.

The application of sawdust in the treatment of water for domestic use falls within the
objectives of SDGs 3.0 and 6.0. While SDG 3.0 focuses on good health and well-being, SDG 6.0
concerns clean water and sanitation. The high association between contaminated water and some
ailments has been strongly established in the literature. Several water-borne pathogens have been
found to be highly detrimental to human health when ingested with water. The studies
highlighted in the preceding sections have empirically established that a sawdust-clay water filter
has been successfully applied in the inactivation of pathogens and the removal of other water
contaminants. The use of sawdust-clay water filters for PoU water treatment has a greater impact
in rural areas and urban slums of developing countries that do not have access to piped water. The
filters can take care of native water contaminants and those introduced during fetching and
transportation.

6. Conclusion

Timber processing and furniture production generate a significant volume of waste in the form
of off-cuts, shavings, and sawdust, which presents hurdles and costs to manufacturing companies
in terms of proper recovery and disposal. Sawdust is produced on a daily basis in developing
countries because of the increasing demand for wood products for a range of applications. The
environmental and health implications of these wood wastes are many. Thus, the reuse /recycling
of these wood wastes will alleviate pressure on fast-decreasing forests, reduce pollution, and
provide employment and income.

Based on many research articles published, this review examined sawdust as a waste product
from the timber and furniture industry. Sawdust is a cheap energy source, an excellent adsorbent
for removing heavy metals and other contaminants from water, affordable building material, and
an alternative PoU water treatment in places where advanced water treatment technologies are
beyond the reach of the people. A thorough review of the literature has revealed that sustainable
management of wood waste (sawdust) for reuse, specifically as a sawdust-clay filter for water
treatment, sawdust briquettes, heavy metal adsorbent, ceiling board production, sawdust cooking
stoves, and fuel gas production, are highly achievable and efficient.

This study clearly showed that waste reuse in general and sawdust reuse in particular form a
critical component of the sustainable development goals. The conversion of sawdust to energy by
the various processes highlighted such as sawdust cook stove, briquetting, and pyrolysis squarely
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address SDG 7.0 (affordable and clean energy). The use of sawdust for heavy metals adsorption
targets SDG 11.0 (sustainable cities and communities). With the development of efficient and cost-
effective pollution containment techniques, the environment will be safer and more sustainable.
The production of particle boards and ceiling boards also meets the objectives of SDG 11.0, while
at the same time scratching SDG 9.0 (industry, innovation, and infrastructure) and SDG 12.0
(responsible consumption and production). Sawdust-clay PoU filters have been reported as an
effective domestic water treatment method for water-stressed communities in line with SDG 6.0
(clean water and sanitation), a partial precursor for SGD 3.0 (good health and well-being). Figure 9
clearly shows the relationship between sawdust reuse and specific objectives of the sustainable
development goals. In general, all re-use options discussed in this study are intricately woven into
the objectives of SDG 9.0 (industry, innovation, and infrastructure) and SDG 12.0 (responsible
consumption and production).

Figure 9 Sawdust reuse for SDGs.

The novelty of this work lies in developing new concepts embodied in Figures 1, 2, 3, 5, 6, and
9, which were used to drive home and further illustrate some salient points. Furthermore, this
study linked sawdust reuse options to specific sustainable goals and objectives to further buttress
beneficial environmental effects.
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