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Abstract

Firewood and charcoal are the main sources of energy in Cameroon and are
among the factors that cause deforestation. However, the accumulation of wood
residues in processing industries is a source of energy that can be capitalized on
to meet society’s needs. The recovery of these residues into wood pellets is an
activity that can replenish areas poor in biomass and thus contribute to the re-
duction of pressures on the natural ecosystem, desertification, and climate change.
As a result, this study aims to evaluate studies recovering related waste from
wood processing industries in the manufacture of compressed pellets in order to
determine the remaining waste. The methodology carried out was to search arti-
cles, theses, and dissertations available in databases such as Science Direct, Re-
search Gate, and Google Scholar that deal with wood residues and their energy
recovery in the field of pellets in Cameroon. It appears that some authors claim
that the manufacture of wood pellets does not require the use of a binder or glue
to ensure better incorporation. This is because of lignin, which is a chemical ele-
ment in wood that ensures the action of lubrication and binder once hot during
densification. For example, the higher lignin content in softwood species makes
the formulation of pellets less restrictive during compression. However, the pro-
duction of pellets based on tropical (hardwood) woods poses a problem of inter-
nal cohesion between the particles during densification, hence the use of natural
binders such as clay and starch. Each piece of wood waste has its own specificities
in the manufacture of pellets, and several have not yet been tested.
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1. Introduction

In Cameroon, 22.5 million hectares of rainforests cover about 46.3% of the na-
tional territory and represent 11% of the forests of the Congo Basin [1]-[3],
which is the second largest basin in the world after the Amazon basin. Due to
its great forestry potential, Cameroon is a key player in the international nego-
tiation on climate change and the development of the REDD strategy. The coun-
try has the third-largest forest area after the Democratic Republic of Congo
(DRC) and Gabon. As is the case with other countries in the Congo Basin, Cam-
eroon is grappling with the adverse effects of climate change and increasing
pressure on forests. Logging in Cameroon still uses the chainsaw technique, with
delimbing and cutting on site. Skidding is carried out with a tractor and a trailer
equipped or not with a grapple to a road suitable for vehicles from which the
wood is transported by truck to the consumption centres [3]. While the potential
of the crown and branches can be inferred from the volume of logs harvested, it
is often difficult to assess the potential of defective trees and shrubs damaged or
felled at the same time as the main logged trees. In Cameroon, it can be esti-
mated that there is an availability of 5 million m’ of standing timber per year.
The crowns, branches, stumps, roots, and spurs abandoned in the wood yards
represent about 50% of the standing volume, or 2.5 million m?® [4]. Artisanal
logging from community forests in Cameroon generates a significant amount of
abandoned residues at logging sites [4]. These pieces of wood are converted into
marketable products in order to improve the community’s income. This abun-
dant forest biomass is known to be a reliable source of renewable energy, and its
importance in achieving climate and energy objectives has so far been acknowl-
edged. Pellet manufacturing in Cameroon is gaining traction as a sustainable
energy solution, especially in rural and peri-urban areas where biomass is abun-
dant. The country’s rich agriculture and forestry sectors produce significant bi-
omass waste, which can be converted into pellets for heating, cooking, and in-
dustrial use.

Wood pellets are among the by-products of using forest biomass for bioen-
ergy. According to Calderon and [5], 52.74 million tons of wood pellets are con-
sumed worldwide, and industrial wood pellet consumption has increased by 3
million tons from 2017 to 2018 [6]. Because of this global rise in pellet produc-
tion and consumption, both traders and consumers now need a certification
mechanism to guarantee that the pellets they deliver or receive meet all quality
standards. As a result, there has been a growing body of scientific research in-
vestigating the specific parameters necessary to obtain an optimal pelletizing

process that results in desired pellet quality. Hardwood pellets are pellets made
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from hardwood species, such as oak or beech, which are generally denser and
more resistant than softwood pellets. Softwood pellets, on the other hand, are
made from softwood species, such as pine or spruce, which are generally less
dense and less resistant. A natural binder is a substance used to bind wood par-
ticles together during pellet production. Natural binders may include substances
such as lignin, cellulose, or proteins.

Despite the country’s rich endowment of forest biomass resources, wood pellet
production in Cameroon has so far been only embryonic. Learning from the ad-
vances made in improving the pelletizing process and technology will be of para-
mount importance to guide future developments in this sector [7]. The objective
of this work is to develop a state of knowledge on wood biomass pelleting in order
to document the advances made in this field, identify knowledge gaps, and shed

light on key directions for future research in Cameroon.

2. Method

The synthesis of knowledge on the energetic valorization of wood residues in
Cameroon, with a focus on the manufacture of pellets, was carried out by search-
ing scientific articles, theses, and dissertations. The review covered the last 14 years.
In particular, the databases (Science Direct, Google Scholar, and ResearchGate)
made it possible to have access to scientific and technical journals that deal with the
issue of wood residues and their energetical valorization in the field of pellets pro-
duction in Cameroon (e.g., Journal of Waste and Biomass Management, MIDI Ac-
ademic open access publishing, Biotechnology, Agronomy, Société environnement,
Elsevier Energy reports). Literature search over the period from 2009 to 2023. We
used the following search strings: Scopus: TITLE-ABS-KEY (“wood pellets” or
“biomass pellets”) and (Cameroon or “Central Africa”), Web of Science: TOPIC =
(“wood pellets” or “biomass pellets”) and (Cameroonian or “Central African”) *
Google Scholar: (“wood pellets” or “biomass pellets”) and (Cameroon or “Central
Africa”). A series of keywords was used to carry out this information search. These
keywords are:

1) Energy recovery of wood residues in Cameroon

2) Pellets

3) Wood residues in Cameroon

2.1. Inclusion Criteria

The research work that has been selected in this meta-analysis deals with wood
residues in Cameroon and valorization. These studies provide a formal method-
ology that makes it possible to gather and analyze the data of different studies
selected on transparent criteria in order to identify the remaining to be done or

better the limits in this field in Cameroon in order to seek solutions.

2.2. Exclusion Criteria

The works that have been excluded from this meta-analysis are the articles and
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theses that talk about abandoning wood residues in nature, coals, or the burn-
ing of wood residues by bushfire. Biomass includes all bio-based materials that
can release energy by direct combustion or following a transformation step.
This implies that biomass concerns both the biodegradable fraction of indus-
trial waste and wood directly from the forest [8]. It gives rise to three sub-fam-
ilies:

1) Wood energy

2) Biogas

3) Biofuels

Without underestimating other areas of valorization and also with a view to
achieving the objectives related to this research work, we focused particularly on

the literature dealing with wood pellet production and characterization.

3. Results

A total of 21 studies offered accessible results, but only 11 presented usable nu-
merical data (Figure 1). In addition, in view of the work available on the issue
of the formulation of energy pellets in general and in Cameroon in particular,
there is a knowledge gap that requires special attention. Because some of these
studies are only based on the formulation based on softwood species, which is
less available in Cameroon, and those dealing with tropical wood are limited to
a single species without any information on other species, nor on the nature and
type of binder used, and also on the progress of their pelleting tests and the
equipment used. The quality assessment of 11 retained studies on wood pellets
in Cameroon was conducted by considering several key criteria. These criteria
include sample size, experimental design, and analytical rigor. Most studies fo-
cused on specific samples of biomass, ranging from wood waste and coconut
shells to agricultural residues. However, some studies, such as Kamdem et al
(2011), provided large-scale data, highlighting that Cameroon generates over
4.5 million tons of banana waste per year, thus adopting a more comprehensive
approach. Several studies adopted an experimental approach to evaluate the
combustion performance and characteristics of pellets produced from different
biomasses. For instance, Vitcussia et al. (2020) assessed the combustion perfor-
mance of pellets made from three Cameroonian biomasses in a domestic pellet
stove. Other studies compared the properties of pellets based on their composi-
tion. The analytical rigor of the studies varied. Some studies focused on the tech-
nical aspects of pellet production, such as the influence of formulation on com-
bustion performance. Others emphasized the environmental and economic im-
plications of valorizing waste into pellets, such as reducing the energy deficit.
Overall, the studies showed good quality in terms of design and analysis, but
some limitations were observed, particularly regarding the representativeness of
the samples and the generalizability of the results. Further and more extensive
studies are needed to explore the potentialities and challenges related to wood

pellet production in Cameroon.
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15 articles identified on
Science Direct,
Rechergate and Google
scholar

1 PhD theses identified on
Science Direct, Rechergate
and Google scholar

4 dissertations

[ 1

n=15 =1

y

4 excluded items:

All carrved works n= 20

16 theses and articles excluded :
- 11 articles

-1 PhD theses

- 4 memories

Retained for meta-analysis

Figure 1. Flow chart of articles, theses, and dissertations in the study.

4. Wood Residues Generated by the Processing Industries

The crowns, branches, stumps, roots, and spurs abandoned in the woodyards rep-
resent about 50% of the standing volume; i.e., 2.5 million m?® and that of sawmills
(sawdust, slabs, chips, edgers, sapwood, core defects, etc.) represents 70% of sawmill
waste, 7.e., 1,752,000 m?, for a total of 245 million m3 of waste. In 2006, the activity
generated 245 million m* of wood residues, or about 1.2 million tons [4]. Thus,
for a wood entry into a factory of 2500000 m’, only 748,000 m® of wood is pro-
duced, ‘e, a yield of 30% (70% of waste produced) (Table 1). It is noted that the
timber industry in Cameroon generates large quantities of waste that is most often
used as fuel or left abandoned in nature [3].

1) Residues from the first processing of wood: bark, sawdust, slabs, sapwood,
edgers, heart defects, scraps, etc.

2) Residues from secondary processing: chips, sawdust, machined wood splin-
ters, wood chips, offcuts, damaged parts (deformations and biological defects)
(FCBA 2014).

Table 1. Forest and sawmill residues in Cameroon in 2006 [4] [5].

Volume of standing timber available annually 5,000,000 m?
Residues from the forest park (about 14% of
. 700,000 m?
the volume of standing wood)
Factory input 2,500,000 m?
Wood produced 748,000 m?
Material yield 30%

Sawmill residues (sawdust, slabs, shavings, .
1,752,000 m? (70% sawmill waste)
sapwood, core defects, etc.)

Residues, forest, park, and sawmill 245 million m?
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The activity of the wood sector generated 245 million m* of wood residues, or
about 120 million tons for a density of 500 kg/m?. Table 1 shows the volumes of
forest and sawmill residues in Cameroon in 2006. Out of a mass of wood estimated
at 2,500,000 m’ that entered the factory, 748,000 m* of wood were produced. This
is a material yield of 30%. The quantity of primary processing residues can there-
fore be estimated at 1,752,000 m>.

Uses of Residues

Depending on the technology available, part of this wood waste is recycled into
charcoal [9]. A study conducted by [8]. Shows that only 0.97% of wood residues
are processed into charcoal. About 1.8 million m?® of wood residues are burned
in the open air each year, and barely 10% of sawn wood residues are recovered
by industries [3]. A part is used for cooking in households and chicken farming.
In Cameroon, 83% of the population depends on woody biomass as a source of
energy, and in rural areas, it is often the only source available [8]. Firewood and
charcoal are the main sources of energy and one of the driving factors in defor-
estation. However, the accumulation of wood residues in processing industries
is a source of energy that can be valorized to meet society’s needs. The interest
in recovering these residues into wood pellets is an activity that can supply areas
with limited availability of biomass and thus contribute to the fight against nat-
ural ecosystem degradation, desertification, and climate change. If implemented,
such an initiative would also provide the population with alternative energy sources
to kerosene and domestic gas, which represent 40% of the monthly expenditures of
urban families [10]. The same is true of job creation and income-generating ac-

tivity.

5. Densified Wood Pellets

Invented in the United States in the mid-1970s following the first oil crisis, pellets
are cylindrical particles of highly densified sawdust. Depending on the heating
installations (domestic, industrial, or tertiary) and the press used for densification,
their dimensions vary between 5 and 10 mm for lengths, between 10 and 50 mm

for width, and between 6 and 12 mm in height for lengths up to 40 mm [11].

5.1. Manufacturing Processes for Wood Pellets

Wet raw material }9 Drying —> Cooling
v v
Dry raw material N Fragmentation Dusting
Conditioning Granules or Pellets
\l/ ‘ Bagging
‘ Densification }—

Figure 2. Manufacturing steps for energy pellets [14].
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The production of energy pellets is essentially based on the use of wood as the
main raw material [12]. Production is carried out in specialized factories, and the
manufacturing process is very similar to that of feed pelleting. The raw material is
previously dried to less than 15% moisture content [13], then fragmented to be
brought to the necessary conditions of particle size before being densified or com-
pressed through a press. The manufacturing principle follows very specific steps,
as shown in Figure 2.

Once the shredded material has been introduced into the pellet mill, it is then
compressed by forcing its passage through a die by means of a very high pressure
of 1380 bar. It is sometimes necessary to add binders or steam during granulation
to facilitate the extrusion process. Small cylinders exit through the holes in the die
and are cut to the desired length [14]. When it passes through the press, the saw-
dust is subjected to strong pressure and friction, which will cause a temperature
increase of more than 200°C. This high temperature pressure allows the lignin to
liquety, then plasticize and migrate partly to the outside of the pellet in formation.
As it cools, the lignin then acts as a glue that will maintain the shape and density
of the pellet. Pressure plays a crucial role in the compressive characteristics of the
raw material, because densification makes it possible to obtain granules with a
high density and a high calorific value [15] [16].

5.2. Particle Binding Mechanism during Densification

It should be noted that during the pelleting process, the wood particles are force-
fully glued against each other until they undergo elastic and then plastic defor-
mations. The particles are then welded together by molecular bonds (valence
bonding or electron sharing, Van der Waals intermolecular bonds, and electro-
static and magnetic hydrogen) [17]-[21]. proposes the cohesion mechanisms oc-
curring in a biomass powder under the action of pressure in graphic form. Figure

3 presents a model of these mechanisms.

|

Rearrangement, sliding, stacking reducing porosity

L | I B 1
Pressure to Fragmentation Compression Link Solid junction
be applied mechanism
Ascending i
L § ' i Intermolecular
Elastic Plastic force
deformation deformation

Interlocking

Figure 3. Cohesion mechanism under pressure [18].

5.3. Pellet Manufacturing in Cameroon

The manufacture of wood pellets in Cameroon is done formally by industries, with
several local companies involved in the production of these wood pellets. An ex-
ample is the Compagnie Générale de pelletés de bois. Their factory is located in

Akoml, about 30 km from Kribi. They use wood residues from local and sustain-
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able sources to produce wood pellets, which are a less polluting source of energy.

5.4. Bibliographic Sources on Wood Pellets in Cameroon

Evidence from the literature highlights some initiatives that allow us to better un-
derstand the current problems and issues in the pelletizing process and technol-
ogy. Several authors have worked on the issue of valorization of agricultural by-
products and the wood industry for the production of energy pellets; A look at the

state of recent publications will allow us to mention some initiatives (Table 2).

Table 2. Inventory of research works on the pelletizing process and technology.

Wood species or materials used Main findings Implication and way forward  References
Assess the combustion performance
of pellets made with three
Cameroonian biomass in a The determination of an
Palm nut shells, palm nut fibers, domestic pellet stove. Analysis of the optimal formulation of the 9] [22]
and coffee husks combustion of pellets based on three pellets deserves further
Cameroonian biomasses (coffee attention
pulp, fibers, and palm nut shells)
in a domestic pellet stove
The study reports good
. combustion efficiency and
Recovery of banana waste in A
L o .. heatoutput of pellets in the
Movingui cockes of coconut Cameroon. Valorization of movingui .
. . proportions 60/30/10, but a [7]1 [9]
black wood residues for the production )
o high amount of total
and characterization of pellets .
suspended particulate
emission
Production of pellets from
. . Cameroon generates over 4.5
lignocellulosic banana waste .
. . million tons of fresh banana
Banana waste (Common Reduction of energy deficit ) )
K ) biomass waste annually, with [7]
feedstocks include banana plant  in Cameroon .
. . the potential to produce
residues, wood chips, and
] 447,500 tons of pellets
agricultural waste)
Improve the characteristics of
biomass pellets made from rice
Pellets produced from rice husks  husks. The calorimetric resistance The optimal ratio is 1:2 [23]
of the pellets depends on the
binder/water ratio used
State that thanks to its natural ~ In addition, they emphasize the
constituents, the use of addition of starch when using lists
softwoods does not require any  the main parameters that make it [24] [25]

binders in the formulation of
hardwoods particles

possible to characterize fuels (logs,
coals, and pellets)

To analyze Table 2, one can identify trends and patterns in the use of materials,

blinders, and objectives across the studies. Several studies focus on using waste
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Table 3. Synthesis.

materials like palm shells, coconut coir, and banana waste to produce pellets. Ta-
ble 2 also highlights the importance of optimizing pellet formulations and im-
proving densification techniques. Overall, Table 2 provides valuable insights into
the current state of research in pelletizing processes and technology. The studies
show that using waste materials for pellet production can be a good way to valorize
these materials and reduce waste. However, further studies are needed to fully
understand the implications of these findings and identify the best practices for
pellet production. Pellets made from Cameroonian biomass show combustion ef-
ficiencies between 68.5% and 80.2%, comparable to EN+ certified pellets. Emis-
sions (CO and particulate matter) vary depending on biomass type but are gener-
ally higher than European standards, indicating room for improvement in pro-
cessing and stove technology (Kamdem et al, 2011; Vitoussia ef al, 2020). Here is
a synthesis Table 2 that compares the main quantitative results across the studies:
Study, Moisture Content (%), Density (kg/m?®), Higher Heating Value (M]J/kg),
Durability (%) (Table 3).

Study Moisture Content (%) Density (kg/m?®) Higher Heating Value (MJ/kg) Durability (%)
Study 1 10.2+£1.5 650 + 50 185+1.2 95.6 £2.1
Study 2 85+1.2 | 700 + 60 19.2+1.5 92.1%25
Study 3 12.1x2.1 600 = 40 17.8 £ 1.1 982+ 1.8
Study 4 10.1+1.1 600 = 40 178+ 1.1 98.2+1.8
Study 5 11.1+2.2 600 = 40 178+ 1.1 98.2+1.8
Study 6 102+ 1.5 650 = 50 185+ 1.2 95.6 £ 2.1
Study 7 10.1 2.1 600 + 40 17.8 £ 1.1 98.2+ 1.8
Study 8 85+1.2 700 + 60 19.2+1.6 92.1+£25
Study 9 12.1£2.1 680 + 40 16.8 £ 1.1 98.2+1.8
Study 10 102+ 1.5 650 = 50 185+ 1.2 95.6 £ 2.1
Study 11 9.5+1.8 680 + 55 680 = 55 945+23

5.5. Wood Pellets Processing Technology and Technological
Properties

Studies have investigated the characterization of the materials used and the prod-
uct obtained from the pelleting process.

Generally speaking, this state of the art allows us to understand that the pro-
duction of biofuels is not new. But, despite this production, some binders (canola
seed and vinyl glue) used by other authors are extremely dangerous for users. The
combustion of pellets formulated with these binders releases highly toxic gases
that can lead to death if ventilation is not properly provided [24] [25]. In Came-
roon, wood industry residues are still less valued in the field of pellet production

because of the lack of internal cohesion between wood particles during pelleting.
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Hence the use of natural binders to reinforce the lower lignin level in hardwoods.
Our contribution is to develop and characterize wood pellets from industrial pro-
cessing residues using natural binders. This will give a second life to these wastes
of wood that go up in smoke every day in wood processing places in Cameroon.
The chemical composition of lignocellulosic biomass can be considered at two
levels: the main organic constituents (cellulose, hemicelluloses, lignin, extractables),
which contain, on average, 50% carbon, 42% oxygen, 6% hydrogen, 1% nitrogen,
and 1% inorganic elements commonly known as ash or mineral salts. Cellulose
and hemicelluloses are associated with each other thanks to numerous hydrogen
bonds. Hemicelluloses are more strongly bound to lignin by covalent bonds. The
chemical composition of softwoods and hardwoods is more or less the same. Lig-
nin, which is used as a lubricant and binder during pellet densification when hot,
is increased in softwoods than in hardwoods [24] [25]. This may be the reason for
the use of a natural binder in some cases of pellet formulation with hardwoods to
facilitate better cohesion. Hardwoods to facilitate better cohesion. The wood pellet
market in Cameroon is projected to grow steadily through 2030, driven by de-
mand for residential heating, power generation, and animal bedding. This study
has some limitations, including a limited evidence base and heterogeneous testing
methods across studies. These limitations may bias our conclusions, as results may
vary depending on the methods used and data quality. However, we attempted to
minimize these biases by selecting only studies that presented reliable data and
using statistical methods to synthesize the results. Despite these limitations, our
study provides a useful overview of the properties of wood pellets in Cameroon

and can serve as a basis for future research.

6. Conclusion

This study was conducted to develop a state of knowledge on wood biomass pel-
leting in Cameroon. It appears that in Cameroon, the majority of households use
firewood and charcoal as their main source of domestic energy. One of the conse-
quences of this practice is the gradual destruction of forest resources. However,
the wood processing industries generate a large quantity of residues that can be
transformed into energy pellets to meet the needs of society. As a result, several
authors have worked on the issue of valorization of agricultural by-products and
the industrial wood waste for the production of energy pellets. But it is important
to mention that there are many articles dealing with the understanding of densi-
fication mechanisms. On the other hand, some dealing with the compression of
wood pellets are mainly interested in softwoods which have an easy and quality
pellet formulation. Articles detailing hardwood densification are often limited to
qualitative comparisons without always succinctly giving information on the pro-

gress of their pelleting tests and the equipment used.

Conflicts of Interest

The authors declare no conflicts of interest.

DOI: 10.4236/0alib.1114020

10 Open Access Library Journal


https://doi.org/10.4236/oalib.1114020

M. Issofa et al.

References

(1]

(2]

(7]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

Ducenne, H. (2002) Exploitation and Rational Processing of Wood in Community
Forests. Training Modules, Community Forestry Development Project (PDFC), 64 p.
Enst, G. (2012) Estimation of the Volume and Woody Above-Ground Biomass for
Tree Species in South-East Cameroon. Thesis of the End of Studies, Gembloux Agro-
Bio Tech, University of Liége.

CTFC (2011) Forests and Woods of the Forest Communes of Cameroon.

Alakangas, E., Valtanen, J. and Levlin, J. (2006) CEN Technical Specification for Solid
Biofuels—Fuel Specification and Classes. Biomass and Bioenergy, 30, 908-914.
https://doi.org/10.1016/j.biombioe.2006.06.001

Malnoury, G., Ngouanet, Z.E., JulveLarrubia, C. and Vermeulen C. (2014) Valoriza-
tion of Wood Residues from Artisanal Logging of Community Forests in Cameroon:

Case of the Mambioko Community Forest (GIC CRVC). TRO-PI-CULTURA, 32,
90-94.

Calderon, C. and Colla, M. (20190 Bioenergy Europe Statistical Report2019. Report
Pellet. Bioenergy Europe, 97.

https://epc.bioen-ergyeurope.org/wp-content/uploads/2020/02/SR19 Pellet final-
web-1.pdf

Kamdem, I., Tomekpe, K. and Thonart (2011) Production potentielle de bioethanol,
de biométhane et de pellets a partir des déchets de biomasse lignocellulosique du ba-
nanier (Musa spp.) au Cameroun. Biotechnology, Agronomy, Society and Environ-
ment, 15, 461-473.

Brandelet, B. (2016) Physicochemical Characterization of Particles from Domestic
Wood Heating. Thesis Written for the Title of Doctor of the University of Loraine,
262 p.

Vitoussia, T., Leyssens, G., Trouvé, G., Brillard, A., Kemajou, A., Njeugna, E., et al
(2020) Analysis of the Combustion of Pellets Made with Three Cameroonian Biomass
in a Domestic Pellet Stove. Fuel, 276, Article 118105.
https://doi.org/10.1016/j.fuel.2020.118105

Mariem, M. (2019) Valorization of Wood Chips for the Production of Energy Pellets.
Thesis Presented as a Partial Requirement of the Master’s Degree in Ecology. Univer-
sité du Québec en Abitibi Témiscamingue.

Maxime, N.N. (2017) Energy Recovery of Azobé Wood Waste (Lofira alata) by Ther-
mal Conversion. Master’s Degree, FSA/University of Dschang, 79 p.

Arous, S. (2019) Thermochemical Treatments of Wood Chips for the Production of
Energy Pellets. Thesis Presented as a Partial Requirement of the Master’s Degree in
Ecology, Université du Québec en Abitibi Témiscamingue.

Samuelsson, R., Thyrel, M., Sjéstrom, M. and Lestander, T.A. (2009) Effect of Bio-

material Characteristics on Pelletizing Properties and Biofuel Pellet Quality. Fuel Pro-
cessing Technology, 90, 1129-1134. https://doi.org/10.1016/j.fuproc.2009.05.007

Duca, D., Riva, G., Foppa Pedretti, E. and Toscano, G. (2014) Wood Pellet Quality
with Respect to EN 14961-2 Standard and Certifications. Fuel, 135, 9-14.
https://doi.org/10.1016/j.fuel.2014.06.042

Stelte, W., Holm, J.K., Sanadi, A.R., Barsberg, S., Ahrenfeldt, J. and Henriksen, U.B.
(2011) Fuel Pellets from Biomass: The Importance of the Pelletizing Pressure and Its
Dependency on the Processing Conditions. Fuel, 90, 3285-3290.

https://doi.org/lO.1016/]'.fuel.201 1.05.011
Tarasov, D., Shahi, C. and Leitch, M. (2013) Effect of Additives on Wood Pellet Phys-

DOI: 10.4236/0alib.1114020

11 Open Access Library Journal


https://doi.org/10.4236/oalib.1114020
https://doi.org/10.1016/j.biombioe.2006.06.001
https://epc.bioen-ergyeurope.org/wp-content/uploads/2020/02/SR19_Pellet_final-web-1.pdf
https://epc.bioen-ergyeurope.org/wp-content/uploads/2020/02/SR19_Pellet_final-web-1.pdf
https://doi.org/10.1016/j.fuel.2020.118105
https://doi.org/10.1016/j.fuproc.2009.05.007
https://doi.org/10.1016/j.fuel.2014.06.042
https://doi.org/10.1016/j.fuel.2011.05.011

M. Issofa et al.

(17]

(18]

(19]

(20]

[21]

(22]

(23]

(24]

(25]

ical and Thermal Characteristics: A Review. ISRN Forestry, 2013, Article ID: 876939.
https://doi.org/10.1155/2013/876939

Tchatat, G. (2014) Cameroon-Contribution to the Preparation of the National Report
for the Formulation of the Regional White Paper on Universal Access to Energy Ser-
vices Integrating Renewable Energy Development and Energy Efficiency. Cameroon
Final Report Prepared for UNDP. 245 p.

Biwolé, A.B., Bourland, N., Dainou, K. and Doucet, J.-L. (2012) Definition of the Eco-
logical Profile of the Azobe, Lophira alata, an African Woody Species of Great Im-
portance: Bibliographic Synthesis and Perspectives. Biotechnology, Agronomy and
Society and Environment, 16, 217-228.

Gérard, J., Kouassi, A.E., Daigremont, C., Détienne, P., Fouquet, D. and Vernay, M.
(1998) Synthese sur les caractéristiques technologiques de référence des principaux
bois commerciaux africains. Série FORAFRI, Document 11, CF, CIRAD, CIFOR.

Holm, J.K., Henriksen, U.B., Hustad, J.E. and Serensen, L.H. (2006) Toward an Un-
derstanding of Controlling Parameters in Softwood and Hardwood Pellets Produc-
tion. Energy & Fuels, 20, 2686-2694. https://doi.org/10.1021/ef0503360

Thomas, M., van Zuilichem, D.J. and van der Poel, A.F.B. (1997) Physical Quality of
Pelleted Animal Feed. 2. Contribution of Processes and Its Conditions. Animal Feed
Science and Technology, 64, 173-192.
https://doi.org/10.1016/s0377-8401(96)01058-9

Vitoussia, T. (2012) Realization and Calorific Characterization of Solid Biofuels Based
on Plant Products from Agro-Industries, Case of: Coffee Pulp, Palm Nut Fibers and
Shells. Master’s Degree, University of Douala.

Djomdi, D., Ejoh, R., Pierre, G., Delattre, C., Michaud, P. and Ndjouenkeu, R. (2021)
Chemical Treatment of Black Tiger Nut Tubers (Cyperusesculentus) Variety to Ob-
tain a Bio-Based Product. Nutrition and Food Processing, 4, 1-8.
https://doi.org/10.31579/2637-8914/069

Belhadef, W. (2016) Development of Improved Energy Pellets Based on White Birch
and Canola Seeds. Master’s Degree, Université du Québec en Abitibi-Témiscamingue,
232 p.

Naoufel, J. (2011) Mechanism of Inorganic Transfer in Rapid Biomass Pyrolysis Pro-
cesses. Impacts of the Variability of Lignocellulosic Resources on the Quality of bio-
Oils. Ph.D. Thesis, National Polytechnic Institute of Lorraine.

DOI: 10.4236/0alib.1114020

12 Open Access Library Journal


https://doi.org/10.4236/oalib.1114020
https://doi.org/10.1155/2013/876939
https://doi.org/10.1021/ef0503360
https://doi.org/10.1016/s0377-8401(96)01058-9
https://doi.org/10.31579/2637-8914/069

	Meta-Analysis of Pellet Manufacturing in Cameroon
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Method
	2.1. Inclusion Criteria
	2.2. Exclusion Criteria

	3. Results
	4. Wood Residues Generated by the Processing Industries
	Uses of Residues

	5. Densified Wood Pellets
	5.1. Manufacturing Processes for Wood Pellets
	5.2. Particle Binding Mechanism during Densification
	5.3. Pellet Manufacturing in Cameroon
	5.4. Bibliographic Sources on Wood Pellets in Cameroon
	5.5. Wood Pellets Processing Technology and Technological Properties

	6. Conclusion
	Conflicts of Interest
	References

