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A B S T R A C T

Densification has been carried out for many years, mostly in biomass processing, animal feed production, and
pharmaceutical industries. During the years, researchers and engineers attempted to improve the product quality
and minimize the production costs. The most important quality parameters of solid bio-materials are the
compressive strength, abrasion resistance, impact resistance, moisture adsorption, and density. Various studies
used different standard and non-standard methods to characterize these quality parameters. The objective of this
paper is twofold: (1) to investigate the state-of-the-art methods and devices used in the quality assessment of
densified bio-materials, including a comparison between non-standard and standard methods. (2) to discuss the
effect of different factors on the properties of densified bio-materials using an integrated approach. The results
show a lack of standard methods for the quality assessment of bio-materials and therefore, there is an emerging
need for development of dedicated standards for bio-materials. Moreover, the use of dissimilar methods and
devices in the quality assessment of bio-materials gives risk to uncertainties about the effect of different factors
on the product quality.

1. Introduction

Densification is the compacting process of material under specified
conditions. Densification is classified into pelletization, briquetting, and
extrusion [1]. According to Falk [2], the primary aim of pelletization is
“the agglomeration of small particles into larger particles by means of a
mechanical process in combination with moisture, heat, and pressure”.
Densification is widely used in biomass industries, animal feed making,
and pharmaceutical industries. Generally, densification increases the
bulk density, improves transportation and handling and logistics, de-
creases dust generation, and reduces the labor costs. Depending on the
application, densification may provide also other advantages, for ex-
ample, easy adaptation in direct-combustion or co-firing with coal,
improving the flow properties of biomass, improving feed quality for
animals and uniformity in mass and size of pharmaceutical products
[3–9].

Pellet mills, hydraulic piston presses, mechanical piston presses,

tabletizers, roller presses, and screw extruders are some examples of
densification systems widely used in industry [10]. Densified materials
are commonly cylindrical in shape, however, there are other shapes
such as hexagons with or without a hole in the center. Although there
are some standards for densified material size classification [11], there
is no standard value to distinguish the pellets and briquettes by length
and diameter size. According to CEN TS 14588 standard [12], the terms
biofuel briquettes and biofuel pellets refer to densified biofuels made
from pulverized biomass with or without pressing aids. The briquettes
are cubic or cylindrical in shape, however, pellets are cylindrical with a
typical random length of 5–30 mm with broken ends. Regarding the
literature, most researchers used the term “Pellet” when the cylinder
diameter was between 3 and 27 mm with a length of 3–31 mm
[3–6,8,13–20] and some other authors used the term “Briquette” when
the cylinder diameter was between 18 and 55 mm and the length was
between 10 and 100 mm [21–29]. It is clear that for a diameter between
18 and 27 mm, both terms are used in the literature. In a study on wood
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Abbreviations: B, Binder (molasses); BD, Bulk Density; D, Diameter; HT, Holding Time; HTC, Hydrothermal Carbonization; L, Length; MF, Mesocarp Fibre; MC,
Moisture Content; NS, Not Specified; P, Pressure; PKS, Palm Kernel Shell; PD, Pellet Density; PSD, Particle Size Distribution; RD, Relaxed Density; T, Temperature;
TD, True Density; TS, Tensile Strength; W, Water
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