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Abstract: 

This paper aims to highlight the importance of physical, mechanical, and energy properties of pellets 
from the two species of wood, spruce and beech. A comparative analysis was performed between the two 
categories of pellets. In the paper, bulk density and effective density of pellets were analyzed, with slightly 
higher values for spruce. In terms of calorific value, the values obtained were 0.3% higher for spruce than for 
beech. Calorific density evaluation observed that the spruce pellets had an energy density 7.8% higher than 
that of beech pellets. Referring to ash content it was observed that the ash content of spruce pellets is lower 
than for beech pellets, with a more than double decrease. As a general conclusion the values of the pellets 
obtained from spruce are better than those obtained from beech. 
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INTRODUCTION 

Biomass is natural plant components, obtained as a result of the photosynthesis process. For growth 
and development, plants absorb a part of the solar energy, water and nutrients in the soil, which it then 
transforms into biomass. From the point of view of the relationship with the natural environment, the biomass 
is a neutral fuel, as the amount of CO2 absorbed during growth is equal to the amount resulted from its 
burning or degradation.  As a means of storing solar energy in chemical form, biomass is one of the most 
popular energy resources on Earth. Today, fuels obtained from biomass can be used for various purposes, 
from heating of rooms to producing electricity and fuels for vehicles. Biomass is diverse and, at a global 
level, the following general features can be observed (Aebiom 2013): 
- Total mass (including moisture content) over 2000 billion tons; 
- Total mass of terrestrial plants 1800 billion tons; 
- Total mass of forests 1600 billion tons; 
- Amount of energy amassed in the terrestrial biomass 25000 *1018 J; 
- Annual growth of biomass 400000 million tons; 
- Speed of energy storage by the terrestrial biomass 3000 * 1018 J/year (95 TWt); 
- Total annual consumption of energy types 400 * 1018 J/an (22TWt); 
- Use of biomass energy 55*1018 J/an (1.7 TWt). 

Distinguishable advantages of biomass exploitation: 
- its use is consistent with the environmental standards imposed by the European Union;  
- use, at a higher level of production, of the residues and wood waste resulted from wood exploitation and 
processing technologies; 
- the existence of a simple alternative for producing heat in homes or in industry. 

Pellets are solid fuels with a low moisture content, obtained from small-size biomass (dust, wood dust, 
sawdust, wood shavings and fine wood chips), compacted in cylindrical shapes with a diameter between 6-
10mm and length between 10-30mm. Lignin and temperatures over 100ºC to activate it in the wood dust, 
have the role of maintaining the pellets compact and, thus, they do not contain other adhesives and/or 
additives (Garcia 2004). The transport of pellets is cost-effective as these are fuel obtained by compression 
at a ratio of approximately 1-4. Also, due to uniform dimensions and special supply kits, pellets allow the use 
of complex automated storage, supply and non-intervention systems for approximately 1-2 days 
(Oberbenger 2004). Obtaining pellets from production residues and waste creates the opportunity for the 
recovery and introduction of waste in the economic circuit. If the waste is not properly collected, massive 
environmental pollution can occur caused by its inevitable decomposition in the environment, while an 
amount of CO2 equal to that of combustion will be found in nature. The properties of lignocellulosic pellets 
can be grouped in dimensional, physical, chemical, and mechanical properties. The testing of pellets is 
made according to specific standardised methodologies, namely density according to EN ISO 17828:2015 
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EN. The limiting technical characteristics of pellets, for non-industrial use, according to the European 
standard EN ISO 17828:2015 are the following: 
- diameter: 4-10 mm; 
- length: less than 50 mm; 
- bulk density: 650 kg/m3; 
- effective density: more than 1120 kg/m3; 
- moisture content: less than 8%; 
- ash content: less than 1.5% 
- caloric value: 16.9-19.5 MJ/kg; 
- nitrogen content < 0.3 % (for class A1), < 0.5 % (for class A2), < 1.0 % (for class B); 
- sulphur content < 0.03 % (for classes A1 and A2) and< 0.04 % (for class B); 
- chlorine content < 0.02 % ( for classes A1 and A2) and< 0.03 % (for class B); 
- determining the ash content at temperatures > 1200 °C for class A1 and > 1100 °C for classes A2 and B. 
 
OBJECTIVE 

The main objective of this paper is to carry out a comparative study of the physical, mechanical, and 
energetic properties of spruce and beech pellets for their efficient use in combustion. Effective and bulk 
density will be analysed from the physical properties, from the mechanical properties shear strength will be 
analysed, and from the energy properties heating value, energy density, and ash content. 
 
MATERIALS AND METHODS 

Two types of pellets, spruce and beech, taken from the market, have been analysed for their physical, 
mechanical, and energy properties (obtained from waste sawdust). The density of the pellets was 
determined for the two types, bulk and effective, for each pellet. For determining the bulk density of pellets 
(EN ISO 17828:2015) we used a taper container with the following dimensions (Fig.1): a 45.31mm larger 
radius of the truncated cone, a 23.435mm smaller radius, and 99.06mm height. Taking into consideration the 
volume of the truncated cone and the mass m of the contents of the container (the mass of the container 
with pellets from which the mass of the empty container has been subtracted), the following equation was 
used (Eq. 1): 
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Fig. 1. 
a. Vessel for determining the bulk density of the pellets; b- Determination of the shear strength of 

pellets; 1- fixed lower support; 2- fragments of sheared pellets; 3- lower arm; 4- pellets; 5- upper arm; 
6- upper arm subjected to compressive force. 

 
One 15kg plastic sack bag of pellets has been analysed for each type of pellet, respectively one bag 

of spruce pellets and one bag of beech pellets. The main properties analysed were: bulk and effective 
density, shear strength, caloric value, energy density, and ash content. 
For determining the effective density of the pellets, 50 pieces of pellets were randomly selected, the ends 
were straightened by grinding in order to obtain a surface of the ends directly perpendicular to their length 
and taking into account that each pellet represents a right circular cylinder, the following formula was used 
(Eq 2): 
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where:  
ρef - effective density of pellets (g/cm3); 
m - mass of pellets (g); 
d - diameter of pellets (cm); 
l - length of pellets (cm). 

 
The shear strength of the pellets is a mechanical property that indicates the compaction and internal 

adhesion of the pellets (Bridgwater 2012). The shearing cross section test in the pellets has been achieved 
by developing a device (formed from two metal pieces, with correspond form and edges) suitable for this test 
and the amplification of the effect has been achieved by simultaneous shearing of 5 pellets. The operating 
speed was 4 mm/min. For determining the shear strength, it was taken into consideration that the shearing 
area was determined by the transverse area of the five pellets inserted in the shearing device and the 
following equation was used (Eq 3):                                                                                 
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where: 
Fmax is the maximum breaking or shearing force, in N; 
d- diameter of pellets, in mm; 
 

The caloric value was determined by means of a calorimeter with explosive combustion, using 
samples from pellets with a mass of 0,6-0,8 g and a pressure of oxygen in the calorimeter bomb of 30 bars 
(Grîu 2014) (Fig.1). The calculation reaction used by the computer software (Grîu and Lunguleasa 2014) 
was the following (Eq 4)ː 
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where: 
         CV - caloric value, in kJ/kg 

C - calorimetric constant determined through the calibration of the device with benzoic acid, expressed 
in kJ/°C;  

tf- final temperature registered by the thermocouple of the calorimeter, in °C; 
ti- initial temperature registered by the thermocouple of the calorimeter, in °C; 
m- mass of the pellet sample, in g; 

          qs- amount of heat released by the copper nickel thread and cotton twine, in kJ/kg. 
 
 

From the image of the computer software for the calorimeter (Fig 2) the following can be observed: the 
calorimeter type XRY-1C, work method (Bunte or Regnard-Phunder), type of testing (determination or 
calibration), start - stop, mass of sample, temperature, the three periods of testing (fore, main, and after 
period), diagram of temperature increase and phase of testing (Fore, Main, After etc.). 

For determining the ash content of the pellets, the general standardised method for determination was 
used (ASTM D2866-11:2012, EN ISO 18122:2015). According to this method, the ground and dried material 
to 0% moisture content is calcined at a temperature of 650 °C in a laboratory oven, for at least 3 hours. 
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Fig. 2. 
Image of computer software for the calorimeter. 

 
The advanced combustion operation called calcination was performed on a metal crucible that can 

withstand high temperatures, and the weighing was realized on an analytical balance with a precision of 3 
decimal places.  When determining the ash content, the sample had to be completely dry and the mass of 
the empty and clean crucible was also taken into consideration. The equation for determining the calcined 
ash content was the following (Eq 5) 
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where: 
Ac- ash content, g; 
mf- final mass of crucible with calcined sample, in g; 
mi- initial mass of crucible with sample subject to testing, in g; 
mc- mass of empty crucible, in g.  

 
As pellets have different densities and caloric values, it has been found that the caloric density is a 

measure that better characterises the energy offered by the pellets. The equation for the calorific density of 
the pellets depends both on the calorific power and on density and is as follows (Eq 6): 
 

    (6) 
 
whereː 
CV- low calorific power, in MJ/kg;  
p- density of pellets, in kg/m3. 
 

The results obtained were statistically processed, thus obtaining the limiting maximum and minimum 
values, the central value, and standard mean deviation. All these statistical values have been obtained when 
the acceptance probability was at least 95%. 
 
RESULTS AND DISCUSSION 

The mean value of the effective density for spruce pellets was 1.22 g/cm3, 1.18 g/cm3, respectively, for 
beech pellets, and the mean value of the bulk density for spruce pellets was 0.693 g/cm3, 0.709 g/cm3, 
respectively, for beech pellets (Fig 3). 
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Fig. 3. 

Density of spruce and beech pellets. 
 

It may be observed that both types of pellets exceed the minimum acceptable value of 1.12 g/cm3 
stipulated by the European Standard EN 14961-2, and the difference between the two types of spruce and 
beech pellets was statistically insignificant at the 95% level (which means that the wood species do not 
influence the density, but the type of pelletizing unit). 

In  respect of the shear strength, the mean values of the two types of pellets are very close, 
respectively 3.92 N/mm2 for spruce and 4.02 N/mm2 for beech but statisticaly signicant at a confidence level 
of 95%. These values are in concordance with that of other researchs (Czachor et al. 2016) with value of 4-5 
N/mm2 for a medium density of 1.1 g/cm3. This slight difference may be due to slight difference in the 
effective densities of pellets.  However, only a slight increase of shear strength with effective density was 
observed for both species (Fig 4). The values of shear strength both for spruce and beech pellets are above 
the limit value found in prior studies of 1.5 N/mm2 (Griu 2014). 

 

 

 
Fig. 4. 

The influence of the density on the shear strength of pellets. 
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These increases can be observed on the linear trend equation of values in Fig 4, respectively (Eq 7) 
with angle of increasing (obtained from tg α=0.362, or tg α=0.566, respectivelly):  

 
Spruce: y=0.362x+3.475, α1=19.9 0 
Beech: y=0.566x+3.399,  α2=29.6 0  (7) 

 
Knowing that the coefficient of x in Eq 7 represents the tangent of the angle that the straight line 

makes with Ox axis, the angle can be determined and the angles obtained are 19.9 0 and 29.6 0, greater for 
spruce pellets by 48%, compared to beech pellets. 

The caloric value expressed by the calorimeter was given as Net Calorific Value (NCV) Gross calorific 
value (GCV), the upper value for spruce pellets was 19184±98 kJ/kg, and for beech pellets 19113±102 kJ/kg 
(medium values of 8 values), as it can be observed in Fig 5. 
 

 
Fig. 5. 

Values for caloric power for the two types of pellets. 
 

It is observed that the calorific power of the spruce is slightly higher than that of the beech, a fact 
which has also been noted by other authors before (Griu and Lunguleasa 2014) and can be explained by the 
content of wood resin in resinous species. Even though the resin content in spruce is low, the calorific power 
of the resin of 34.6 MJ/kg makes it possible to have a calorific power superior to the deciduous trees 
species. Similar values of calorific value were found in the centralized Wood Fuels Handbook (Aebiom 
2013), with a value of 18.8 MJ/kg for spruce and 18.4 MJ/kg for beech. 

Taking into consideration the calorific power of the pellets and their effective density, a calorific density 
of 23.72 MJ/kg was obtained for spruce pellets, and 22.01 MJ/kg for beech. Calorific density helps in 
determining the calorific power on unit of volume and it can be observed that the spruce pellets had an 
energy density 7.8% higher than that of beech pellets. 

The ash content of pellets indicates the amount of ash which has to be removed daily from the 
combustion installation furnace. It can be clearly observed (Fig 6) that the ash content in the case of beech 
pellets is higher than for spruce pellets, with a more than double increase. 
 

 
Fig. 6. 

Ash content for spruce and beech pellets. 
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CONCLUSIONS 
The beech and spruce pellets analysed in this paper are made of renewable wood biomass (waste 

sawdust from spruce and beech), due to its plant origin, obtained through photosynthesis, and secondly due 
to the fact that it represents wood residue obtained continually in processing wood and that would pollute the 
environment. The properties analysed indicate that these two types of pellets, regardless of the species 
obtained from, meet the minimum conditions stipulated by European standards. If we compare these two 
types of pellets, it can be observed that the density of spruce pellets is higher by 3.3% than beech pellets, 
the shear strength by 2.5%, calorific power by 1.8%, and the ash content by over 2.6 times better. Even if 
the values of increases have low differences the pellets obtained from spruce resin are better than those 
obtained from beech specie. 
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