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Abstract. One of the many advantages in favor of the energy use of biomass is the reduction of greenhouse gas 
emissions, e.g. carbon dioxide and toxic exhaust components. Depending on the physicochemical and thermal 
properties, and especially on the calorific value, biomass can be used in heating and electricity. Biomass can be 
any organic material containing carbon, but without significant physico-chemical changes, which would lead to 
the formation of specific properties of crude oil or hard coal. The aim of this work was to determine selected 
properties of hazelnut shells in terms of their suitability for biofuel production. The hazelnut shells of the 
following varieties were analyzed: Casina, Catalan, Webba Cenny, Berger, Trapezian and Barcelonski. The 
examined hazelnuts were characterized by slight physicochemical differentiation. The criteria for biomass 
energy assessment were: calorific value, moisture content, heat of combustion, flash point, volatile content and 
bulk density. Measurements of selected parameters were made using standardized measuring devices. Among 
the tested varieties of hazelnut shells, the highest caloric value was characterized by the Casina variety (18.42 
MJ.kg-1), and the smallest for the Trapezian variety (17.21 MJ.kg-1). The highest content of ash was observed for 
the Catalan variety (1.4 %) and the lowest for Casina (0.89 %). The highest content of volatile parts was noted 
for Trapezuński (72.3 %) and the smallest for Berger variety (71.73 %). The highest temperature of ignition was 
distinguished for the variety Webba Cenny (425.07 ºC), and the lowest for the variety Trapezian (368.4 ºC). The 
moisture content of the tested walnut shells ranged from 5.8 to 6.8 %. The conducted research and the analysis of 
selected physicochemical properties show that hazelnut shells are suitable for the production of biofuels. 
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Introduction  

Currently, despite energy being obtained mainly from non-renewable sources, it is being looked 
for appropriate substitutes in unconventional energy. Negative estimates of the rate of consumption of 
fuels from oil or coal contributed to such activities. 

In the strategy for the development of renewable sources, the dominant role was assigned to 
biomass. It may be the starting material for the production of solid, liquid and gaseous biofuels, using 
various processes, such as gasification or fermentation [1; 2]. Processed biomass is characterized not 
only by a lower bulk density, but also by better energy properties, for example a higher calorific 
value [3]. One of the many advantages in favor of the energy use of biomass is the reduction of 
greenhouse gas emissions, carbon dioxide and toxic exhaust components - SO2, NOx and CO [4-5]. 

Shells of nuts such as almonds, walnuts, cashews and hazelnuts are wood waste that can be used 
to produce energy. In the literature on the subject, one can find publications on the possibilities of 
using palm kernel shells, walnut shells, cashew shells and macadamia nut shells [6-12]. However, 
despite their huge potential as a source of energy, their thermal properties are still little known. 

The aim of the work was to determine selected properties of hazelnut shells in terms of their 
suitability for energy use - for the production of biofuels. The hazelnut shells of six varieties were 
analyzed. The scope of work included the determination of: specific heat, calorific value, ash content, 
ignition temperature, humidity and bulk density. The following varieties were used for the research: 
Trapezian, Berger, Barcelonski, Weba Cenny, Catalan and Casina. 

Materials and methods 

Before commencing the specific tests, the material was ground in a cryogenic mill Spex Sample 
Prep type 6770 freezer / Mill. The tests were carried out in accordance with the following standards: 

• PN-EN ISO 18134-3: 2015-11 - Solid biofuels - Determination of moisture content - Drying 
method - Part 3: Moisture in the overall analytical sample [13] 

• PN-EN 14775 - Solid biofuels - Determination of ash content [14] 
• PN-EN 15148-2010 Solid biofuels - Determination of volatile matter content [15] 
• PN-EN 14918-2011 Solid biofuels - Determination of calorific value [16] 
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• PN-ISO 1928: 2002 - Solid fuels - Determination of combustion heat in a calorimetric bomb 
and calculation of calorific value [17] 

The following devices were used in the tests: 

• Pol-Eko type SLW 53 TOP convection dryer, 
• muffle furnace SNOL 6,7 / 1300 LSM01, 
• Ika Calorimeters C6000 calorimeter, 
• Radwag WPE 510 / C / 2 laboratory scale. 

Results and discussion 

The graph (Fig. 1) shows the moisture content in shells of individual hazelnut varieties. The 
analysis showed that the Kataloński variety had the lowest moisture content (only 5.78 %). Only 0.1 % 
higher moisture content was shown by Barcelonski nut shells. The Webba Cenny and Casina varieties 
had very similar shell moisture, the difference between them is only 0.11 %. Whereas the Bergera and 
Trapezuński variety have the highest moisture content, which is on average 6.50- 6.79 %. 

 

Fig. 1. Moisture content in hazelnut cover 

The next stage of the research included determining the bulk density. The presented analysis 
shows that the highest density was exhibited by Webba Cenny (425.07 kg·m-3), while the smallest by 
Trapezuński and Barceloński varieties (respectively: 368.44 kg·m-3 and 376.96 kg·m-3). For the 
remaining varieties, the crust density was similar (Fig. 2). 

 

Fig. 2. Bulk density of nut shells 

The graph (Fig. 3) shows the results of the analysis of the heat of combustion. We can conclude 
that the highest value of heat of combustion, among all the analyzed varieties, was observed for 
Trapezuński nut shells (more than 20 MJ·kg-1), while the lowest for Casina variety shell (19.49 MJ·kg-
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1). The value of heat of combustion of Bergera, Berceloński and Webba Cenny and Kataloński shells 
is similar to each other and amounts to 20 MJ·kg-1 and 19.7 MJ·kg-1 in succession.  

 

Fig. 3. Heat of burning nut shell 

Subsequent research concerned determination of the calorific value of shells of individual 
hazelnut varieties. The test results are shown in the graph (Fig. 4). The highest calorific value is 
observed for the variety Casina (18.42 MJ·kg-1), and the variety Barceloński (18.22 MJ·kg-1). The 
lowest calorific value was measured for the shells of the Trapezuński variety, only 17.21 MJ·kg-1. The 
Bergera and Kataloński nuts had a similar calorific value of the shell, which was on average  
17.5 MJ·kg-1. 

  

Fig. 4. Calorific value of nut shells 

The graph (Fig. 5) shows the results of the ignition temperature measurement. The value of this 
temperature, for all the analyzed varieties, ranged from 249 oC (for the nut shell varieties of 
Trapezuński and Webba Cenny) to over 253 oC for the Barceloński variety. 

The next chart illustrates the results of the ash content measurement (Fig. 6). The highest ash 
content was determined, after burning, for the Kataloński (1.4 %) and Webba Cenny walnut shells 
(1.22 %), while the lowest for the Casina and Bergera variety (0.89 % and 0.98 %, respectively). The 
values of the tested parameters are slightly different for individual varieties. 

The last stage of the study involved the measurement of volatile parts (Fig. 7). Differences in the 
obtained results are very small and do not appear to be statistically significant. The lowest value of 
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volatile parts was observed for the Bergera nut shells (almost 71.8 %). Only 0.5 % more volatile parts 
were found in the Trapezuński variety (the most in the whole experiment). 

 

Fig. 5. Ignition temperature of hazelnut shells 

  

Fig. 6. Content of ash in nut shell 

The statistical analysis of the results included conducting the multifactor analysis of variance for 
individual data obtained during the tests. The independent variables were: moisture content, volatile 

parts, ash content, heat of combustion, calorific value and flash point. The results of the analysis of 
variance are presented in Table 1. The test showed a significant effect of almost all factors on the 
usefulness of hazelnut shells for the production of biofuels. 

The next stage of the work consisted of carrying out the Duncan test (Table 2). Its results showed, 
for the factor calorific value, the existence of one homogeneous group including the following 
varieties: Kataloński and Bergera. There were no significant differences in the calorific value in this 
group. For the heat of combustion factor, two homogeneous groups were observed for the following 
varieties: Trapezuński, Bergera, Webb Cenny, Kataloński and Barceloński. The second group includes 
Casina, Kataloński and Webba Cenny. It was found that 3 out of 6 varieties can belong to two 
homogeneous groups, which shows that there are no statistical differences between them in the tested 
factor. One homogeneous group was also distinguished for the ash content factor. It consists of 
Trapezuński, Bergera, Webba Cenny and Barceloński. In the case of volatile parts, homogeneous 
groups were not observed, which indicates statistically significant differences between the varieties. 
Also in the case of flashpoints, variants with statistically insignificant differences form one 
homogeneous group. These include Trapezuński, Berger, Webb Cenny and Casina. 
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Fig. 7. Volatile parts of nut shells 

Table 1 
One-dimensional significance tests for obtained test results  

Variable 
Average 

square effect 

Mean 

squared error 
F The p-value 

Moisture content 0.003 0.0017 1.90195 0.080334 
Calorific value 0.432 0.0469 9.19400 0.000000 

Heat of combustion 0.000 0.0000 3.51524 0.000022 
Ash content 0.002 0.0002 11.43529 0.012798 

Volatile parts 0.000 0.0001 6.49524 0.000003 
Flash point 4379.615 110.7726 39.53701 0.000000 

Table 2 
Duncan’s test results for main factors 

Odmiana 
Calorific 

value 

Heat of 

combustion 

Ash 

content 

Volatile 

parts 
Flash point 

Trapezuński A A A A A 
Bergera B A A B A 

Barceloński C A A C B 
Webba Cenny D A B A D A 

Kataloński B A B B E B 
Casina E B C F A 

Comparing the data contained in the literature [5; 18; 19] with the analysis of the tested raw 
material, it can be clearly stated that hazelnut shells of the six presented varieties are suitable for the 
production of biofuels. In terms of physicochemical properties, these data are very similar to the 
energy plants used in Poland and are already used to produce biofuels. 

Conclusions 

The conducted research and analysis of selected physicochemical properties show that hazelnut 
shells are suitable as a raw material for the production of biofuels. 

1. Among the tested varieties of hazelnut shells the highest calorific value was observed for Casina 
(almost 18.5 MJ·kg-1), and the smallest for the Trapezian variety (over 17 MJ·kg-1). 

2. The highest ash content was found in the Catalan variety (1.4 %) and the lowest in Casina 
(0.89 %). 
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3. The highest content of volatile parts was observed for the Trapezian variety (72.3 %), and the 
smallest for the Berger variety (71.73 %). 

4. The heat of burning the shells of the tested nut varieties ranged from 19.5 to 20.1 MJ·kg-1 and was 
comparable with many sources of biomass of agricultural origin. 
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