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ABSTRACT

ARTICLE INFO

The adverse effect of the use of fossil fuels on the
environment and public health has given rise to a sustained
renewable energy research and development. An important
component of global renewable energy mix is the use of loose
biomass, including agricultural and forestry residues, to produce
solid fuels in the form of briquettes. Briquettes play a significant role
in bioenergy mix in developing and developed countries. The
production of biomass briquettes often entails the collection,
transportation, storage, processing, and compaction of loose biomass
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that meet specific quality parameters. The densification process
often involves the addition of binders to improve the cohesive
strength of the briquette material. This paper surveys recent literature
from 2012 to 2021 to establish the current state of research on the
use of binders in briquette production; and reviews current
parameters used in assessing the quality of biomass briquettes with
focus on mechanical and handling properties. While a number of
quality parameters were identified, their assessment methodologies
varied widely in the literature, thus necessitating standardization for
comparability purposes. The review also includes factors affecting
the wide production and adoption of biomass briquettes in most
developing economies and proposes ways of overcoming the
bottlenecks

Introduction. Globally, biomass energy has continued to remain an important renewable energy
component. Itis an important part of national energy mix both for developed and developing countries towards
achieving sustainable energy for heating applications, reducing environmental impact, creating bio-
economies, reducing over dependence on fossil fuel, improving quality of rural and urban life, and for the
production of various biofuels [1,2,3,4,5]. One of the challenges with the utilization of biomass is that they
are mostly in loose form having low energy density. Biomass briquetting, a densification technology, is one
of the technologies used in improving the potential energy use of biomass primarily for household heating
applications and power generation [6]. The general steps in utilizing biomass for solid fuel (briquette)
production include sourcing, collection and transportation, drying, size reduction, and densification.
Densification process involves the compaction of biomass with or without a binding agent under relatively
high temperature and pressure to achieve higher energy per volume of the material. Densification generally
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increases the bulk density, improves the handling and logistics, reduces the labor costs, improves the thermal
properties of biomass as well as the direct or co-combustion of biomass [7,8].

Densified biomass in the form of briquettes (Figure 1a) could take different shapes and sizes, including
cylindrical, cubic, and rectangular, with or without a hole in the center [9]. A number of densification systems
are employed in the production of briquettes and they include hydraulic piston presses, mechanical piston and
ram presses, roller presses, manual presses, and screw extruders [10,11]. A detailed review of biomass
briquette production processes and the various accompanying briquetting machines has recently been carried
out [12]. While biomass pellets (Figure 1b) are also products of the densification process, they are relatively
smaller compared to briquettes. They are usually cylindrical in shape with a diameter of between 3 and 27
mm and a length of between 3 and 31 mm [13]. Briquettes of cylindrical shape are generally between 18 and
55 mm in diameter and 10 and 100 mm in length [14,15]. However, there are generally no recognized standard
dimensions distinguishing biomass pellets from briquettes [7].

(b)

Energies 15 02426 g001 550Figure 1. (a) Sample of biomass briquettes and (b) biomass pellet samples.

In the past 10 years (2012 to 2021), the number of research publications focused on biomass briquetting
has consistently been on the increase on a yearly basis, as identified in the online databases of Web of Science
(Web of Science Core Collection. Available online: 2c437953/relevance/1 (accessed on 3 January 2022)) and
Science Direct (Peer-reviewed journal articles search. Available online:
https://www.sciencedirect.com/search (accessed on 3 January 2022)). In Web of Science, only 24 publications
were identified in 2012, and the number rose to 105 in 2021; while in Science Direct, 143 articles were
published in 2012, while 439 were published in 2021. This suggests a growing research interest in this area of
study. A total of 10 countries account for more than 77% of the total publications (636) identified in the Web
of Science database for the 10-year period under consideration and they include China, Brazil, USA, Poland,
India, Nigeria, Canada, Spain, England, and Malaysia, in that order (Figure)
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Energies 15 02426 g002 550 Figure 2. Share of publications on biomass briquetting by the location of
authors (2012—-2021). Source: https://www.webofscience.com/ (accessed on 3 January 2022).

A number of studies have broadly reviewed different aspects of densification technology, including
production processes and briquetting machines [12], devices used for the measurement of various solid fuel
properties [7], biomass feedstock, processing characteristics, and the economics of densifying biomass [16],
briquetting process variables and combustion [11], and the economics of biomass briquetting [17]. However,
recent reviews on the current state of research on biomass briquette binders and briquette quality parameters
is lacking in the literature. The main objective of this study is to review the current state of research on the use
of binders in biomass briquette production, and briquette quality parameters with the focus on mechanical and
handling properties. The briquette qualities considered in this study focus only on the mechanical and handling
properties resulting from the briquetting process. It is noteworthy to state that this study did not consider
combustion and emission quality factors and only recent literature spanning the period of 10 years from 2012
to 2021 were reviewed.

In this study, literature including journals, book chapters, PhD theses, and conference proceedings on
biomass briquetting spanning a 10-year period from 2012-2021 were considered. Only literatures available in
the English language or published in other languages but accompanied with an English translation were
considered. The search for literature was conducted over the internet using online databases, including Google
Scholar, Scopus, Web of Science, and Science Direct. The search was done using various combinations of
key words relevant to the subject matter, such as biomass briquettes, biomass briquetting, biomass briquette
and binders, biomass briquette and quality factors or parameters, biomass briquette and adoption or use,
biomass briquettes and developing economies or countries. Non-biomass (e.g., coal) related papers were
discarded. Based on title and abstract content, only literature that address biomass briquette binders, quality
assessment, and briquette adoption or use in developing countries were selected and reviewed. Furthermore,
bibliography in key selected documents were also examined with the aim of identifying other relevant papers.

Biomass generally refers to all biological materials derived from living organisms, including animal,
and plant. Within the context of biomass briquetting, an example of biomass would include a wide range of
materials, such as wood shavings from forest operations, agricultural residues from agro-processing activities,
industrial wastes, animal, and domestic and municipal wastes. Figure 3 shows samples of biomass used for
briquette production. The energy contained in biomass can be released through direct combustion or
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alternatively converted to other biofuels [18]. Biomass may be classified according to their origin as shown in
Figure 4.

(b)

Energies 15 02426 g003 550Figure 3. Examples of biomass for briquette production (a) agro-processing
residues—nbreadfruit shells, (b) wood fiber, and (c) forest residues—chips from tree branches and small-
diameter trees.

The biomass materials are mostly organic remainder generated because of human activities (residual
biomass including agroforestry residue, and industrial and municipal bio-wastes) or naturally grown in nature,
e.g., energetic crops or naturally growing grasses. For biomass briquetting, vegetable- or plant-derived raw
materials are the preferred densification material, while animal-derived biomass is often used as binding
material, e.g., cow dung. The predominant use of vegetable or plant biomass sources could be attributed to its
wide availability compared to animal derived biomass. Table 1 shows the global quantity of selected biomass
from agricultural crops burnt in 2009 and 2019. This represents potential amount of biomass available for
biomass briquetting with little or no alternative competitive use. For most of the crops, the amount of burnt
biomass has continued to rise, especially in Africa, Asia, and South America. In addition to agroforestry
residues, there has been a growing interest in the use of urban and industrial wastes for briquetting [19,20].
This could be attributed to the increasing rural-urban migration resulting in increased generation of industrial
and municipal solid wastes. Urban and industrial wastes are expected to find more use in biomass briquetting,
particularly in mixed-material briquetting, due to the increasing need to effectively manage such wastes in a
sustainable manner.

Energies 15 02426 g004 550

Biomass
h 4
v Y
Vegetable/plant sources Animal sources
v v v v
Naturally growing Residual Energetic Animal
biomass biomass crops residues
' I ] ]
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AQ(L"?&J"U'E“ Forest residues  Industrial bio-  Municipal solid
resigues wastes wastes

Table 1. Regional burnt biomass (dry matter, Mt).
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Figure 4. Classification of biomass based on the origin (adapted from [21]).

For commercial and sustainable production of fuel briquettes, suitable biomass feedstock must be
available, easily collected, transported, and stored for further processing prior to compaction. Agricultural and
forest biomass may be considered but they should be readily available in a sustainable manner. Concerns have
been expressed on the potential competitive impact of the use of biomass for bioenergy purposes could have
on other uses, including food and fodder [21]. The allocation of less fertile lands for the cultivation of energy
crops through thought-out mechanisms, regulations, and cooperation among stakeholders have been suggested
as means of mitigating against this [22]. Another major constraint in the commercial briquetting of biomass
is within the context of supply chain management—the sustainable supply of biomass resource at cost-
effective price and volume. This is influenced by a number of factors, including biomass structure, seasonal
harvest, and the scattered geographical distribution of biomass that makes it difficult for their collection,
transportation, and storage on a large scale [23]. The design of an efficient and effective biomass supply chain
thus becomes critical in facilitating sustainable raw material preprocessing and supply for commercial
briquetting [24,25]. However, in most developing countries, particularly in sub-Saharan Africa where
domestic energy sources are still comprised mainly of firewood, there appears to be non-existence of any
formal biomass supply chain structure.

In addition, concerns about raw material quality have also been expressed [26]. To address this, the use
of composite raw materials has been explored in the production of briquettes [17,27,28]. This strategy aims to
take advantage of differences in the structural and chemical characteristics of different biomass materials on
the bonding strength and overall properties of the briquettes. Composite briquettes from materials with similar
and compensating characteristics have been studied. Chungcharoen and Srisang [28] suggested the use of
small cashew nut sizes in the briquetting of cashew and areca nuts in a composite ratio of 65% to 25%,
respectively, to produce high-quality composite briquettes. Lubwama, et al. [29] demonstrated the benefits of
producing composite briquette from rice husks, coffee husks, and groundnut shell over single constituent
briquettes. The study reported improved heat transfer in composite briquette of coffee and rice husks without
binders when placed sequentially in the briquette composition. Obi [30] suggests an optimum blending ratio
of 50:50 for composite briquettes of palm kernel shell and sawdust feedstock. However, the increased addition
of palm kernel shell reduced the weathering ability of the briquettes. Exploring opportunities in producing
composite briquettes thus require further investigations particularly in identifying biomass materials that
compensate their individual bonding and combustion properties
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