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Assessment of the susceptibility of biomass to attempts at improving
the durability of pellets

Ocena podatnos$ci biomasy na proby poprawy wytrzymatosci mechanicznej pelletow

Jarostaw Markowski

Oil and Gas Institute — National Research Institute

ABSTRACT: The aim of the research was to determine one of the most important parameters of solid biomass fuel — mechanical
strength — which is a measure of its resistance to conditions during transport and storage. For this purpose, five types of biomass were
used in order to assess their susceptibility to an attempt at improving the durability of pellets produced from this biomass: pine saw-
dust, rapeseed cakes, flax cakes, rapeseed meal, and wheat bran. The organic and inorganic substances which were used as additives
to improve the durability of the pellets included water glass, sugar, potato starch, calcium oxide, and calcium lignosulphonate. The
durability tests were performed according to the PN-EN ISO 17831 method. The results of these tests showed that the biomass that is
best for additizing is sawdust, though it only shows higher durability with the addition of selected additives. In the case of other types
of biomass, it makes no sense to use any of the above-mentioned additives during the pelleting process. On the other hand, sugar and
calcium lignosulphonate turned out to be the most efficient additives in terms of improving durability. Organic substances proved to be
more efficient additives than inorganic substances. Measurements of the bulk density of the tested materials and the resulting pellets
were also performed in order to determine the feasibility of the production of pellets. In the case of linseed cake and rapeseed meal, the
increase in bulk density was so low that it did not justify the financial expenses necessary in this process.
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STRESZCZENIE: W ramach przeprowadzonych badan stalego paliwa biomasowego dokonano oceny jednego z najwazniejszych pa-
rametrow tego typu paliw — wytrzymatos$ci mechanicznej, bedgcej miarg odpornosci na warunki panujace w trakcie transportu i prze-
chowywania paliwa. W celu dokonania oceny podatnosci wybranych typéw biomasy na probg poprawy wytrzymatosci mechanicznej
uzyskanych z tej biomasy pelletow wykorzystano 5 rodzajow biomasy: trociny sosnowe, makuchy rzepakowe, makuchy Iniane, Srutg
rzepakowa i otrgby pszenne. Jako dodatki poprawiajace wytrzymato§é mechaniczng pelletoéw zastosowano substancje organiczne i nie-
organiczne: szkto wodne, cukier, skrobi¢ ziemniaczana, tlenek wapnia i lignosulfonian wapnia. Badania wytrzymatosci przeprowadzo-
no wedtug metody PN-EN ISO 1783 1. Wyniki tych badan wykazaty, ze biomasa, ktora najlepiej poddaje si¢ uszlachetnieniu, to troci-
ny — tylko one wykazujg wyzsza wytrzymatos¢ mechaniczng po zastosowaniu wybranych dodatkow uszlachetniajacych. W przypadku
pozostatych rodzajow biomasy nie ma sensu stosowania w procesie pelletyzacji zadnego z wyzej wymienionych dodatkéw. Natomiast
najskuteczniejszymi dodatkami poprawiajagcymi wytrzymato$¢é mechaniczna, sposrod badanych w tym projekcie, byly cukier i ligno-
sulfonian wapnia. Substancje organiczne okazaty si¢ skuteczniejszymi dodatkami niz substancje nieorganiczne. Najlepsza kombinacja
biomasy i dodatkéw w badaniu byty trociny z dodatkiem cukru lub lignosulfonianu wapnia — pomijajac wynik otrzymany dla nieuszla-
chetnionych makuchow rzepakowych, takie kombinacje uzyskalty dwa najlepsze wyniki pomiaréw wytrzymatosci. Przeprowadzono row-
niez pomiar gestosci nasypowej badanych surowcow i otrzymanych pelletow w celu okreslenia celowosci produkcji pelletéw. W przy-
padku makuchdw Inianych i $ruty rzepakowej przyrost gestosci nasypowej byt tak niski, ze nie uzasadniato to poniesienia niezbgdnych
w tym procesie naktadow finansowych. Rowniez wyniki pomiaru wytrzymato$ci mechanicznej otrzymanych z tych rodzajow bioma-
sy pelletow byly najgorsze sposrod wszystkich badanych biomas, co dodatkowo podwaza sens produkcji pelletow z takich surowcow.
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Introduction

According to a European Directive, biomass refers to
a biodegradable fraction of products, waste, or the remains
of biological origin generated in agriculture (including plant
and animal substances), silviculture, and associated industries
— including fishing and aquaculture — as well as the biodegrad-
able fraction of industrial and urban waste of biological origin
(Directive 2009/28/EC). The potential energy resources of
biomass can be divided into three groups by origin: biomass
originating from trees, from agriculture, and from animals
(Klimiuk et al., 2012; Niedziotka and Szpryngiel, 2014).

The energy stored in biomass can be released in several
ways: by burning the biomass or by using it to produce liquid
fuels or biogas, which can be subsequently used to produce
thermal, mechanical, or electrical energy. Depending on the
type of process for converting biomass into the final energy, the
efficiency of this process ranges from 10% (for the generation
of electrical power from biogas) to 90% (for the generation of
thermal energy in the biomass combustion process) (Poland’s
energy policy until 2030, 2009; Huang and Zhang, 2011;
Kotodziej and Matyka, 2012).

Most biomass used in Poland is solid, which in 2014 ac-
counted for 97.91% of all heat originating from renewables
(de Wit and Faaij, 2010) and 56.45% of all electrical power
generated from renewables (Klimiuk et al., 2012). A large portion
of this biomass was used in the form of various types of pellets.

Also, the growing ecological awareness of society is causing
pellets to grow in popularity among individual consumers, and
the costs of operating heating boilers are comparable to other
types of boilers used in households (Hamelinck and Faaij, 2006;
How much is 1 kWh, 2018; Central Statistical Office, 2019).

Unprocessed plant biomass is characterised by low bulk
density, making it harder to transport, store, and use in practice.
This results in the need to densify it, e.g. into pellet or briquette
form. These forms are produced from fragmented raw materials,
dried to a suitable level as required by the manufacturer of the
pelletising device, under high pressure and temperature, usually
without the addition of any binders. During agglomeration,
forces and the elevated temperature cause the raw material to
thicken, which results in a drop in its water content, its mass
concentration to increase, and therefore its energy density, as
well as a considerable increase in the ease of distribution and
use of this biofuel (Kotodziej and Matyka, 2012; Hejft, 2013).

The quality of pellets as determined by several physical
properties, such as bulk density, heating value, durability, and
water content, depends on the quality of the raw material and
its production parameters.

One of the most important quality parameters related to pel-
lets, for both the producer and the client, involves their durability,

meaning the ability of the thickened biofuel to maintain its
intact state during technological operations and transport. It is
assessed according to the quality standard PN-EN ISO 17831.

In order to fulfil the requirements of customers, it may be
necessary to use binding agents in the pellet production process
(Marrero, 1999). Commonly used binders include substances
of organic origin — made from plants or animals, so that their
addition does not lower the biomass content of the fuel (Pietsch,
2002). Binders are added to biomass in a range of 0.5% and
5.0% by mass. The most frequently used organic additives of this
type include lignin (Chin and Siddiqui, 2000; Li et al., 2018b),
sulphonated lignin (calcium lignosulphonate) (Li et al., 2018b;
Chin and Siddiqui, 2000), maize or potato starch (Obidzinski,
2012; Obidzinski et al., 2016), rye and wheat flour (Obernberger
and Thek, 2004; Abedi et al., 2018), or sugar and molasses
(Nikiema et al., 2013; Misljenovi¢ et al., 2016).

Less common organic binders include a meal made from
coffee beans or ground pine cones (Ahn et al., 2014). Additives
constituting petroleum derivatives or inorganic compounds
which can also be used as binders include coal tar (Cheng et al.,
2018), water glass (Thomas et al., 1998), calcium oxide
(Tabil et al., 1997; Kong et al., 2013), bentonite (Briggs et al.,
1999), or gypsum (Kowalik, 2010; Kalembasa, 2017).

The dosage range of additives for improving the durability
of pellets is between 0.5% and 5.0% by mass; however, the
usual dosage amounts to 0.5-1.5% by mass due to the potential
impact of the additives on the water content of the raw mate-
rial used in the pellets, the impact on the heating value of the
product, or the cost of certain substances used as additives
(Ahn et al, 2014; Younis et al., 2018).

Experimental part

The substances used in the tests in order to improve the
durability of pellets included table sugar (Stidzucker SA), water
glass (Dragon Poland Sp. z 0.0. Sp. k.), burnt lime WR (calcium
oxide; Lhoist Bukowa Sp. z 0.0.), potato starch (PPZ Trzemeszno
Sp. z 0.0.), and calcium lignosulphonate (BorregaardLignoTech).

Additives were dispensed into the raw material in amounts
equivalent to 1.0% by mass. Whenever necessary, solid sub-
stances were ground in order to homogenise the grains, which
were dispensed in the form of a fine powder. Upon dispensing
the additives, the samples were averaged and subsequently
underwent the process of pelletisation.

The tests used the following types of biomass: rapeseed cakes,
flax cakes, wheat bran, and rapeseed meal — produced by PHU
Agrovet — as well as pine sawdust, produced by Biomasa Sp. z o.0.

The properties of these types of biomass are presented in
Table 1.
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Table 1. Properties of the biomasses under study

Tabela 1. Wlasciwosci uzytej biomasy

Pine sawdust Wheat bran Rapeseed cake Linseed cake Rapeseed meal
Moisture [wt %] 10.36 10.74 10.59 10.12 10.94
Volatiles [wt %] 71.63 45.83 67.31 74.25 73.46
Ash [wt %] 1.69 7.02 6.30 5.30 7.40
Fixed carbon [wt %] 16.33 31.71 15.80 10.33 8.20
Calorific value [MJ/kg] 20.30 10.81 19.49 11.84 19.37

Table 2. Bulk density of biomass before and after pelletisation

Tabela 2. Gesto$¢ nasypowa biomasy przed i po pelletowaniu

Pine sawdust Wheat bran Rapeseed cake Linseed cake Rapeseed meal
Bulk density [g/cm’] 0.147 0.263 0.444 0.603 0.598
Pellets bulk density [g/cm’] 0.641 0.589 0.603 0.624 0.637
Bulk density increase [%] 336.1 124.0 35.8 3.5 6.5

The pellets were made in a ZLSP—150B device from Haven
Polska Sp. z 0.0. Approximately 3.0 kg of raw material were
channelled each time through the device, heated up to its
working temperature, and after cooling down, the resulting
pellets were placed in a container which prevented them from
absorbing moisture.

As mentioned above, one of the aims of pelletisation is
to increase the density of the biomass in order to reduce the
working volumes necessary for its transportation and storage.
In order to confirm this hypothesis, bulk density measurements
were performed for biomass (CN/TS 15103) in the state in
which it was delivered (as received [AR]) and the in the result-
ing pellets; the results are presented in Table 2.

In all cases, the pelletisation of biomass resulted in an
increase in its bulk density; however, as indicated by the data
in Table 2, in the cases of flax cakes and rapeseed meal, pel-
letisation makes no economic sense, since the increase in bulk
density through this process amounts to just 3.5% and 6.5%,
respectively. Considering the time, electricity, and effort neces-
sary to produce the pellets, this is not justified.

The measurement of strength through a standardised method
involves placing a sample of approximately 500 g of the pel-
lets being tested inside a steel cuboid spinning at a velocity
of 50 rpm, separating the fragmented pellets on a sieve with
a mesh size of 3.15 mm after 10 minutes, and weighing the
remains left on the sieve. The strength of the tested pellet
sample can be calculated according to Equation 1. According to
the quality standard, the standard deviation of results amount-
ing to >97.5% is 0.3%, while for results of <97.5% it is 2%.
The results are presented in Table 3.

my

DU=< )-100% (1)

mg
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where:

DU — durability [%],

m, —mass of the sample after the test [g],
m; — mass of the sample before the test [g].

Unenhanced samples are characterised by the highest du-
rability in four of the five types of biomass tested. Only in the
case of sawdust can one see an improvement in strength after
the use of additives, and in fact this is the only case where the
use of enhancing additives is justified.

In order to compare the individual additives, their efficiency
in increasing durability was determined for each type of bio-
mass by rating them based on efficiency and creating a rank-
ing of the tested additives, the results of which are presented
in Table 4. The ranking was prepared in such a manner that
for each type of biomass it was determined to what extent, if
any, the enhancing additive improved the durability of pellets
in relation to the unenhanced biomass, followed by scoring
each additive between 5 points, for the most efficient additive,
and 1 point, for the least efficient one. The efficiency of the
additives was calculated for all types of biomass in this way.

The most efficient additives were sugar and calcium lig-
nosulphonate; the worst results were produced with the use
of inorganic additives: calcium oxide and water glass. An ad-
ditional advantage of the best additives was the fact that they
are substances of an organic origin, which does not cause as
significant a decrease in the calorific value of the fuel as in
the case of inorganic substances, nor does it lower the organic
content of the fuel.

A similar method was used to prepare a ranking list of
biomass types which are the most susceptible to enhancement
by means of these types of additives, helping to demonstrate
for which biomass it makes economic sense to use additives
to improve its durability. The results are presented in Table 5.



Table 3. The durability of the resulting pellets, according to
PN-EN ISO 17831

Tabela 3. Wytrzymalo$¢ mechaniczna pelletow wedlug
PN-EN ISO 17831

artykuty

Table 5. The results of the evaluation of biomasses to additives for
enhancing their durability

Tabela 5. Wyniki oceny podatnosci biomasy na poprawg wytrzy-
malo$ci mechaniczne;j

Table 4. The results of the evaluation of additives in terms of im-
proving the durability of pellets

Tabela 4. Wyniki oceny skutecznoéci dodatkéw w poprawianiu
wytrzymatosci mechanicznej pelletow

Additive Position in the performance ranking

Sugar

Calcium lignosulphonate

Potato starch

Calcium oxide

n|lr|lw|—~]|~

Water glass

Type of biomass Type of additive Durability [%] Biomass Susceptibility to refinement
- 98.53 Pine sawdust 1
sugar 77.26 Wheat bran 2
calcium lignosulphonate 90.23 Rapeseed cake 3
Rapeseed cake -
water glass 71.28 Linseed cake 3
potato starch 68.13 Rapeseed meal 5
calcium oxide 74.77
- 91.56 . . L .
96,45 Sawdust constitutes the biomass which is best suited for
sugar . .. . . . i1
— s enhancement; it is the type which exhibits the highest durability
calcium lignosulphonate 96.99 . .. ..
Pine sawdust after the use of enhancing additives. For the remaining types of
water glass 87.33 . . .
biomass, it makes no sense to use any of the above-mentioned
potato starch 86.63 additives in the pelletisation process.
calcium oxide 92.37
- 58.70
sugar 46.44 Conclusions
) calcium lignosulphonate 51.45
Linseed cake .
water glass 43.01 The following can be concluded based on the research:
potato starch 45.77 1. Of all biomass types tested in this study, pine sawdust is
calcium oxide 46.28 the one most affected by additives for improving durability;
_ 95.96 as for the remaining types of biomass, they demonstrated
sugar 9051 no improvement in this parameter, while in some cases
Wheat b calcium lignosulphonate 9073 the effect of additives was quite the opposite to the desired
eat bran i i ili
water glass 91.42 effect (deterlér?tlon of the': dur.ablht'y of pellets). .
2. Ofall the additives tested in this project, sugar and calcium
potato starch 94.81 i ) )
X X lignosulphonate turned out to be the most efficient ones in
calcium oxide 74.56 . . . .
9733 terms of improving durability. Organic substances proved
- g to be more efficient additives than inorganic substances.
. .Sugar 83.96 3. The above-mentioned conclusions indicate that the best
Rapeseed meal calcium lignosulphonate 85.58 combination of biomass and additives in the test would be
water glass 79.96 sawdust with sugar or calcium lignosulphonate, which was
potato starch 82.08 indeed true (apart from the result involving unenhanced
calcium oxide 76.44 rapeseed cakes, such combinations produced the two top

results of strength measurements).

4. The results of testing the bulk density of biomasses and
pellets produced from them indicate that not in every case
is the pelletisation process economically justified. In the
case of linseed cake and rapeseed meal, the increase in
bulk density was so low that it did not justify the financial
expense necessary in this process. Also, the results of du-
rability measured for pellets generated from these types of
biomass were the worst of all tested biomass types, which
additionally undermines the sense of producing pellets from
these types of raw materials.
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The paper was written on the basis of the statutory work entitled:
Wplyw lepiszczy na wytrzymatosé pelletow otrzymywanych z roz-
nego typu biomasy — the work of the Oil and Gas Institute — na-
tional Research Institute was commissioned by the Ministry of
Science and Higher Education; order number: 0016/TC/2019,
archive number: DK-4100-0008/2019.
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