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Worldwide increasing energy demand is today permanently covered by a majority of non-renewable energy sources, 
namely by coal, crude oil and natural gas. This causes the rapid decline of their reserves and the time gets near when 
they will be run out. Therefore in the last years the exploitation of renewable energy sources has been permanently 
preferred. One of alternative fuel forms is fuel on the basis of paper waste. In this paper the results of tests are published, 
which were carried out using six sorts of recovered paper and board (group and grade 1.05, 1.06, 2.02, 2.05, 2.07 and 
2.08 according to CSN EN 643:2002), pressed into the form of briquettes. During the tests following briquettes param-
eters were watched: moisture content, ash amount, gross calorific value, length and diameter, weight, density, rupture 
force and mechanical durability. It was proved that briquettes made from recovered paper and board compared with 
briquettes from wood waste are of high density, high mechanical durability and for their rupture, relatively high force 
is necessary. But at the same time they have high ash amount and low gross calorific value. 
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Today the comfortable life is paid with the ex-
pressive consumption of energy in all its forms. The 
non-renewable energy sources reserves are limited 
and they exhaust. Nevertheless they supply about 
four fifths of energy consumption. In last decades 
the renewable energy sources have been preferred. 
One of alternative forms of fuel, made from renew-
able sources, is the fuel on the basis of paper waste. 
First of all it is recommended to recycle this raw 
material – to use it as a material (McKinney 1995). 
However, in several last years there is a paper waste 
surplus on the world market and therefore the in-
terest of specialized firms in this raw material de-
creases. Besides, not every paper waste is apt for 
recycling. For instance, chancery paper, exercise-
book paper, magazine paper, newspaper, boxes, 

cartoons or boards are suitable, whereas e.g. wet, 
greasy or otherwise polluted paper or coverings 
from paper and another material (e.g. paper cover-
ings of Tetra Pak contain aluminium or polyethyl-
ene foil besides paper, too) are not suitable. Their 
energetic use has become an interesting alterna-
tive and it is certainly more suitable than the paper 
waste disposal. Besides, it is necessary to keep in 
mind that cellulose fibres progressively lose their 
original properties. The paper recycling can be 
therefore repeated only 5 or 6 times. Then the raw 
material is unusable (Kupsa 2009; Tymich 2011; 
Tymich, Lešikar 2011). 

The fuel briquettes are mostly of circular section, 
eventually of square, rectangular or hexagonal sec-
tion with rounded corners. The briquettes size de-

66

Vol. 61, 2015 (2): 66–71 Res. Agr. Eng.

doi: 10.17221/61/2013-RAE



pends above all on the used press type. Cylindrical 
briquettes are most often of 50 mm, 65 mm or 90 mm 
diameter; briquettes in form of blocks are usually of 
100 × 150 mm section. The briquette length is pro-
portional to the material quantity in the press cham-
ber. The length of cylindrical briquettes is most often  
0.5 to 1.5 of their diameter, that of block form bri-
quettes about 65 mm (Basore 1929; Sheridan, 
Berte 1959; Plíštil et al. 2004). Besides the shape 
of briquettes the combustible materials are processed 
in the shape of pellets (Plíštil 2005; Nováková, 
Brožek 2008; Punko, Gavrilovich 2009).

However, the briquetting technology is not 
limited only to non-metallic materials (Brožek, 
2001a; Brožek, Nováková 2009). It is used also 
for processing of chips resulting from metallic ma-
terials machining and it is either on the ferrous 
basis (steel, cast iron) or on the non-ferrous basis 
(Brožek 2001b, 2005). In this case, the waste vol-
ume reduction, handling facilitation or possibility 
of its use as recycled material are the main aims.

The briquettes mechanical properties are very 
important. They influence expressively for instance 
the storage ability. The author experimentally 
proved that at storage, the briquettes mechanical 
properties decrease (Brožek, Nováková 2011; 
Brožek 2013b). The decrease depends above all 
on the storage conditions and storage time. The ad-
equate mechanical properties level influences also 
the possible handling from their production, pack-
ing and sale to the incineration to the final user. 

From the results of works published before 
(Brožek 2013a; Brožek, Nováková 2013) it fol-
lows that briquettes made from recovered paper and 
board compared with briquettes from wood waste 
are of low moisture content, high density, high me-
chanical durability and for their rupture relatively 
high force is necessary. But at the same time they 
have high ash amount and low gross calorific value. 

Other works studying the briquettes and pellets 
properties exist, too. But they engage in other mate-
rials than paper waste, primarily in briquettes made 
from wood waste (Basore 1929; Sheridan, Berte 
1959; Brožek et al. 2012; Brožek 2013b), from 
energy plants (Plíštil et al. 2004, 2005; Kakitis 
et al. 2010), or from alternative fuels (Kolářová 
2011). Their authors concentrate primarily on en-
ergy properties, but not on mechanical properties. 
Therefore the comparison of the results gained at 
the use of briquettes from paper waste is not pos-
sible owing to the tested materials dissimilarity. 

MATERIAL AND METHODS

In the Czech Republic the requirements of the bri-
quettes properties are prescribed by the Directive 
of the Ministry of the Environment No. 14/2009. It 
requires the briquettes min. density of 900 kg/m3.  
The briquettes strength requirements are not pre-
scribed. Nevertheless for operational reasons the 
adequate compactness is very important in order 
that at a common handling neither crumbling nor 
disintegration occur. The briquettes min. gross calo-
rific value must be 17 MJ/kg, the total moisture con-
tent max. 10% wt. and the ash content max 1.5%. 

However, the above mentioned Directive con-
cerns briquettes made from wood waste, alterna-
tively to wood waste with max. 20% of vegetable 
waste. Although it is a case of a different material, 
briquettes from paper waste are evaluated accord-
ing to these technical requirements. In the Czech 
Republic the special technical requirements for 
briquettes from paper waste still do not exist. 

The properties of briquettes made from six dif-
ferent sorts of recovered paper and board were 
watched (according to CSN EN 643:2002), name-
ly old corrugated containers (group 1, grade 05), 
unsold magazines (group 1, grade 06), unsold 
newspapers (group  2, grade 02), sorted office pa-
per (group  2, grade 05), white wood-free books 
(group 2, grade 07) and coloured wood-free maga-
zines (group 2, grade 08). Before briquetting all sam-
ples were shredded using a shredder of cross cut  
4 × 50 mm.

Ahead of briquetting the moisture content (ac-
cording to CSN EN 14774-2:2010), ash amount 
(CSN EN 14775:2010) and gross calorific value 
(CSN EN 14918:2010) were determined. 

Then the raw material was briquetted without 
other treatment using the briquetting press type 
“BrikStar CS 25” (Briklis, Malšice, Czech Republic; 
http://www.briklis.cz/briketovaci-lis/cs/) of 65 mm 
pressure chamber diameter. From each material 
at least 60 pieces of briquettes were made, which 
made it possible to carry out the measured values 
statistical evaluation.

The tests of briquettes mechanical properties 
were carried out according to the method used by 
author during several years for testing of briquettes 
made from different nonmetallic (Brožek 2001a, 
2011, 2013a,b; Brožek et al. 2012) and metallic 
materials (Brožek 2001b; Brožek, Nováková 
2010). The method of operation is relatively sim-
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ple. Using the slide caliper the diameter and length 
of each briquette are measured. By weighing their 
weight is determined. Then the briquettes are 
placed between the plates of the universal tensile 
testing machine and continuously loaded till the 
briquette rupture. The method of operation is pre-
sented in Fig. 1. The test is finished at the briquette 
rupture, which is accompanied with the rapid load 
decrease. From the load indicator the max. load 
was noted down. In this way the test carried out 
enabled the individual evaluation of each briquette 
in the tested group. Its disadvantage is the high la-
bour consumption. 

By the above mentioned method the obtained 
values were mathematically evaluated. From diam-
eter and length volume, with volume and weight 
density and from length and force for rupture, the 
destruction force needed per unit of length has 
been calculated. Using the unit of length the influ-
ence of briquettes different length is eliminated. 

The determination of the mechanical durability 
of briquettes (according to CSN EN 14961-1:2010 
and CSN EN 15210-2:2011) was the part of the 
tests carried out. The advantage of this test is the 
small time consumption (only 5 min/test). But the 
results can be influenced by one or a few poor qual-
ity briquettes in the tested group.

RESULTS AND DISCUSSION

The results of the tests are presented in the fol-
lowing table and figures. Table 1 presents the prop-
erties of tested papers ahead of briquetting (mois-
ture content, ash amount and gross calorific value). 

Figs 2a–2c present results of length, diameter, 
weight measurements, respectively. Fig. 2d con-
tains results of calculated briquettes density and 
Fig. 2e presents results of rupture force measure-
ments. Fig. 2f presents results of the briquettes me-
chanical durability. Fig. 3 demonstrates the relation 
between rupture force and density of all six tested 
materials. In figures the standard deviation is dem-
onstrated by the line segments.

From the results presented in Table 1 it follows 
that the moisture content at all tested materials 
ranged in the relatively low level, from 3.6% (sam-
ple 2.08) to 6.2% (samples 1.05 and 2.02).

From the point of view of the ash amount (Table 1) 
between six tested materials the significant differ-
ences exist. The lowest ash amount was determined 
at the sample 2.02 (11.5%), the alike low at the sam-
ple 1.05 (13.9%). At the next two samples (2.07 and 
2.05) the ash amount was higher than 20%, and at 
the sample 2.08 it higher than 30%. The highest ash 
amount was found at the sample 1.06, namely 41.0%. 

The gross calorific values (Table 1) ranged from 
13.9 (sample 2.05) to 18.0 (sample 2.07) MJ/kg. 
The values of three samples (2.08, 1.05 and 1.06) 
ranged from 15 to 16 Mj/kg; the value of the sample  
2.02 was 17.4 MJ/kg. From this point of view only 
the sample 2.07 met the requirements.

From the results published in Fig. 2a it is evident 
that the average length of briquettes made from all 
six sorts of paper waste is in the relatively wide range 
from 30 mm (sample 2.05) to 49 mm (sample 2.08).

From the results published in Fig. 2b it is evident 
that briquettes made from all six tested materials 
enlarged their diameter compared to the diameter 
of the pressure chamber diameter (65 mm). The 
enlargement was relatively small and for all tested 
materials it ranged from 0.75 mm (samples 1.05) to 
1.08 mm (sample 2.02). 

Fig. 1. Principle of the rupture test (Brožek et al. 2012)
F – rupture force; D – diameter

Table 1. Properties of the tested papers

Sample 
designation

Moisture 
content (%)

Ash 
amount (%)

Gross calorific 
value (MJ/kg)

1.05 6.2 13.9 15,5

1.06 4.4 41.0 15.9

2.02 6.2 11.5 17.4

2.05 5.3 22.8 13.9

2.07 5.7 21.6 18.0

2.08 3.6 34.7 15.2

Plate

Plate

Briquette

F

F

Ø
 D
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From the results published in Fig. 2c it is evident 
that the briquettes weight ranged relatively widely 
from 99.0 g (sample 2.02) to 196.3 g (sample 2.08).

From the results presented in Fig. 2d it is evident 
that the briquettes density ranged relatively widely 
from 837.8 kg/m3 (sample 2.02) to 1179.0 kg/m3 
(sample 2.08).

From the results in Fig. 2e it is evident that the 
rupture force of the briquettes made from paper 
ranged relatively widely from 32 (sample  2.02) to 

153 N/mm (sample 1.05). From this point of view 
briquettes were not similar. 

As it follows from Fig. 2f the mechanical durabil-
ity of all briquettes was very high. The value of the 
mechanical durability of all tested briquette sam-
ples was not less than 98%. The mechanical dura-
bility of four samples (1.05, 1.06, 2.02 and 2.05) was 
even higher than 99%. 

The graphical relationship between the briquettes 
rupture force and density is shown in Fig. 3. It is 
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Fig. 2. Test results: (a) briquettes length, (b) briquettes diameter, (c) briquettes weight, (d) briquettes density, (e) rupture 
force for briquette destruction, (f ) mechanical durability
standard deviation is demonstrated by the line segments
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evident that the highest density was determined at 
briquettes made from sample 2.08 (coloured wood-
free magazines). The highest rupture force was de-
termined at the briquettes made from the paper 
1.05 (old corrugated containers).

From Fig. 3 it follows also that the properties of 
the briquettes made from five materials (1.05, 1.06, 
2.05, 2.07 and 2.08) were relatively similar. The bri-
quettes made from unsold newspapers (2.02) were 
a bit deviating. Nevertheless it is possible to state 
that also these briquettes accommodated the re-
quirements on the mechanical properties. 

CONCLUSION

In the paper the results of briquettes mechani-
cal properties are published. Briquettes were 
made from six sorts of recovered paper and 
board (according to CSN EN 643:2002), namely 
old corrugated containers (group 1, grade 05), 
unsold magazines (group 1, grade  06), unsold 
newspapers (group 2, grade 02), sorted office pa-
per (group  2, grade 05), white wood-free books 
(group  2, grade  07), coloured wood-free maga-
zines (group  2, grade 08). Before briquetting all 
samples were shredded using shredder of cross cut 
4 × 50 mm. These materials were pressed without 
any admixtures. 

Ahead of briquetting the paper properties (mois-
ture content, ash amount and gross calorific value) 
were determined. For briquetting the briquetting 
press type “BrikStar CS 25” of the pressure cham-
ber diameter 65 mm was used. Briquettes were 
judged from several standpoints – length, diame-

ter, weight, density, mechanical durability and rup-
ture force using plate-loading test.

After evaluation of all measured values it is pos-
sible to say that all briquettes made from six sorts 
of recovered paper and board are suitable from 
the user’s view. Briquettes technical parameters 
were objectively determined using the above men-
tioned tests, adopted from methods for testing of 
briquettes made from wood waste. Compared with 
briquettes from wood waste briquettes from paper 
waste are of considerably higher density, mechani-
cal durability and rupture force. But gross calorific 
value of all sorts of paper waste is lower than gross 
calorific value of wood waste and contemporarily 
ash amount is many times higher. 

The results of the tests carried out confirm that 
the energy utilization of paper and board waste is 
theoretically and practically possible. Neverthe-
less, it is desirable to prefer its utilization as a ma-
terial, namely by recycling. Only in the case when 
recycling is not possible, e.g. owing to pollution, 
it is desirable to produce briquettes and inciner-
ate these successively. But the situation is compli-
cated by changes of paper and board waste prices 
on the world market. Sometimes there is the paper 
waste shortage, its need increases and successively 
its price increases, too. Probably in this period, the 
energy utilization of paper waste will not be re-
quested. On the contrary in other periods there is 
surplus of paper waste, the need decreases and its 
price decreases very much, too. In this period the 
energy utilization of paper and board waste in form 
briquettes is the advantageous method of solution 
of the transient surplus of paper waste. 

R e f e r e n c e s

Basore C.A. (1929): Fuel Briquettes from Southern Pine 
Sawdust. Auburn, Alabama Polytechnic Institute.

Brožek M. (2001a): Briketování nekovového odpadu. In: Pro-
ceedings from International Conference XIV. Didmattech 
2001. Radom, Politechnika Radomska: 84–87. 

Brožek M. (2001b): Briketování kovových odpadů. In: Proceed-
ings from international conference Trendy technického 
vzdělávání 2001. Olomouc, Univerzita Palackého: 38–41.

Brožek M. (2005): Briquetting of chips resulted from cutting 
operations of metals. Manufacturing Technology, 5: 9–14. 

Brožek M. (2011): Quality evaluation of briquettes made from 
biomass. In: 5th International Scientific Conference “Rural 
Development 2011”. Akademija, Aleksandras Stulginskis 
University: 308–313. 

Fig. 3. Relationship between rupture force and density
standard deviation is demonstrated by the line segments

1.05 

1.06 

2.02 

2.05 

2.07 
2.08 

0 

50 

100 

150 

200 

700 800 900 1,000 1,100 1,200 1,300 

Ru
pt

ur
e f

or
ce

 (N
/m

m
) 

Density (kg/m3) 

70

Vol. 61, 2015 (2): 66–71 Res. Agr. Eng.

doi: 10.17221/61/2013-RAE



Brožek M. (2013a): Properties of briquettes from paper waste. 
Manufacturing Technology, 13: 138–142.

Brožek M. (2013b): Study of briquettes properties at their 
long-time storage. Journal of Forest Science, 59: 101–106. 

Brožek M., Nováková A. (2010): Briquetting of chips from 
nonferrous metal. In: 9th International Scientific Confer-
ence “Engineering for Rural Development”. Jelgava, Latvia 
University of Agriculture, Faculty of Engineering: 236–241. 

Brožek M., Nováková A. (2011): Influence of storage on 
briquettes mechanical properties. In: Ecology and Farm-
ing Technologies: Agro-engineering Approaches. Saint-
Petersburg-Pavlovsk, Russian academy of Agricultural 
Sciences: 225–232. 

Brožek M., Nováková A. (2013): Briquettes from recovered 
paper and board. In: Engineering for Rural Development. 
Jelgava, Latvia University of Agriculture: 488–493.

Brožek M., Nováková A., Kolářová M. (2012): Quality evalu-
ation of briquettes made from wood waste. Research in 
Agricultural Engineering, 58: 30–35.

Kakitis A., Nulle I., Ancans D. (2010): Durability of the ar-
ranged structure biomass briquettes. In: Engineering for 
Rural Development. Jelgava, Latvia University of Agricul-
ture: 285–289. 

Kolářová M. (2011): Vlastnosti pelet a briket pro energetické 
využití [PhD. Thesis.] Prague, Czech University of Life 
Sciences Prague.

McKinney R.W.J. (1995): Technology of Paper Recycling. 
London, Blackie Academic & Professional.

Kupsa A. (2009): Energetické využití sběrového papíru brike-
továním. Papír a celulóza, 64: 56.

Nováková A., Brožek M. (2008): Mechanical properties of 
pellets from sorrel. In: 7th International Scientific Confer-
ence Engineering for Rural Development. Jelgava, Latvia 
University of Agriculture, Faculty of Engineering: 26–269. 

Nováková A., Brožek M. (2011): Briquettes from paper waste. 
In: Ecology and Farming Technologies: Agro-engineering 
Approaches. Saint-Petersburg-Pavlovsk, Russian Academy 
of Agricultural Sciences: 219–225. 

Plíštil D., Brožek M., Malaťák J., Heneman P. (2004): Heating 
briquettes from energy crops. Research in Agricultural 
Engineering, 50: 136–139.

Plíštil D., Brožek M., Malaťák J., Roy A., Hutla P. (2005): 
Mechanical characteristics of standard fuel briquettes 
on biomass basis. Research in Agriculture Engineering, 
51: 66–72. 

Punko A.I., Gavrilovich S.V. (2009): Technologija i oborudo-
vanie dlja polučenija granulirovannovo topliva iz otchodov 
ot pererabotki zerna i drugich celskochozjajstvennych 
kultur. In: Proceedings of the 6th International Scientific 
Conference “Ecology and Agricultural Machinery”. Saint-
Petersburg-Pavlovsk. Russian Academy of Agricultural 
Science: 204–209.

Sheridan E.T., Berte V.C. (1959): Fuel-briquetting and 
Packaged-fuel Plants in the United States that Reported. 
Washington, U.S. Government Printing Office.

Tymich J. (2011): Sběrový papír a jeho využití. Papír a ce-
lulóza, 66: 20–23.

Tymich J., Lešikar J.M. (2011): Sběrový papír a jeho využití. 
2. část. Papír a celulóza, 66: 52–54. 

Received for publication September 9, 2013 
Accepted after corrections January 29, 2014

Corresponding author: 

Prof. Ing. Milan Brožek, CSc., Czech University of Life Sciences Prague, Faculty of Engineering,  
Kamýcká 129, 165 21 Prague 6-Suchdol, Czech Republic  
phone: + 420 224 383 265, e-mail: brozek@tf.czu.cz

71

Res. Agr. Eng. Vol. 61, 2015 (2): 66–71

doi: 10.17221/61/2013-RAE


