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Abstract. According to the biomass physical properties, including a low density, it is commonly converted into 

form of pellets or briquettes, improving the characteristics of the solid fuel. Formed biomass has a higher 

calorific value and a lower moisture content and that purpose could be served by natural binders or special 

additives. Calcium carbonate binds water from the biomass and allows to agglomerate materials with a higher 

moisture content without a necessity of drying. The aim of the study was to determine the influence of calcium 

carbonate on the physical properties of the obtained pellets from hay and straw. The biomass and pellets without 

and with the addition of 10 % of calcium carbonate were examined. The studies were performed according to 

standards. The scope of research included tests of bulk and specific density, durability and gross calorific value. 

It was found that addition of calcium carbonate generally increased the durability of pellets, above 97 % and the 

durability was positively correlated with the pellet bulk density. The addition of calcium carbonate significantly 

increased the density of the pellets by 26 %, but the dynamic of changes was varied for different types of 

biomass. Calcium carbonate slightly decreased the gross calorific value but the addition of calcium carbonate in 

the production process significantly increased the effectiveness of the agglomeration process and allowed for 

agglomerating the raw materials with a higher moisture content than ever before. 
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Introduction 

Biomass is commonly converted in the pressure agglomeration process into form of pellets or 

briquettes because of its physical properties, such as a low density. The selection of the proper type of 

biomass, its fragmentation, conditioning process, addition of special binders and the valid process of 

agglomeration allow to obtain pellets with high quality in respect of their durability. Produced 

agglomerates have better, improved characteristics, compared with a raw material. The raw material, 

especially of a high moisture content has strengthened influence between the particles what worsens 

the material mechanical properties [1] and causes an adverse influence on the pressure agglomeration 

process [2]. Moreover, biomass is a hygroscopic material and is characterized by a high susceptibility 

on the absorption of the moisture from the air. This leads to crushing and expansion of the pellets 

during storage [3]. Furthermore, this parameter has a great importance for the calorific value. 

However, after crossing a border of the moisture content it permeates through capillaries and pores to 

the particle interior [4]. To avoid this and improve the pellets properties it is possible to add some 

natural binders to the material. On the basis of the state of the issue it can be stated that additives 

increase the quality and environmental performance of the pellets [5]. Applied binders increase the 

pellets durability [6], strengthen [7] and decrease the energy efficiency of the pressure agglomeration 

process [8]. Additionally, the formed biomass has a higher calorific value and a lower moisture 

content and that purpose could be served by natural binders or special additives. One of them is 

calcium carbonate. The molecules of calcium carbonate create special clusters and after that they 

connect with themselves randomly to bigger aggregations [9]. That indicates that calcium carbonate 

has an ability to linking with other particles and make the bonds with them very durable. Except that, 

calcium carbonate binds water from the biomass [10] and allows to agglomerate materials with a 

higher moisture content without necessity of drying. 

Knowledge of the fundamental compaction properties of different biomass species, bulk densities 

and sizes is essential to optimize densification processes [11-13]. The properties of the obtained pellets 

are important due to their quality and usefulness to combustion.  

The aim of the study was to determine the influence of calcium carbonate on the physical 

properties of the obtained pellets from hay and straw biomass. 

Materials and methods 

The pellets for tests were produced in the production facility named “Polish Energy Partners – 

Biomasa Energetyczna Wschód Sp. z o.o.” in Zamość (in Poland). The pellets were produced on the 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 25.-27.05.2016. 

543 

technological line equipped with a system of adding calcium carbonate CaCO3 to decrease the 

moisture content in the raw material. That binder was stored in the special container and was 

gravitationally added to the screw conveyor and then through a dozer to the conditioner. The supplied 

material was mixed with a binder – 10 % of calcium carbonate, and after that it was agglomerated in 

the granulating unit chamber consisting of a ring die with 6 mm holes and the pressure rollers into 

form of pellets in the comparable conditions. The obtained pellets were cooled to the temperature of 6-

10 ºC and were stored. For the tests the biomass from hay and straw with the moisture content of 

15.45 ± 0.12 % and 16.52 ± 0.17 %, respectively, was used. The mean geometric value of the particles 

was 3.12 mm for hay and 2.72 mm for straw. Whereas, for further tests, the obtained pellets from hay 

and straw with the moisture content of 9.44 ± 0.09 % and 10.58 ± 0.10 %, respectively, were used 

[14]. 

The scope of the research included determination of the parameters involved with physical 

properties of random chosen samples of biomass and pellets: bulk and specific density, durability, 

strength and gross calorific value. All tests were performed according to standards. The bulk density 

of the plant materials was measured according to the ASAE S269.4 standard [15]. The durability of 

the obtained pellets was determined for five samples of 500 g of pellets from hay and straw [16] and 

the durability coefficient was calculated. The heating value was measured using the standard KL-10 

calorimeter. The milled sample of 1 g of the material was weighted with accuracy of 0.0001 g on the 

electronic scale RADWAG WPA 40/160/C/1 and combusted. Each trial was repeated five times.  

Results and discussion 

In the pressure agglomeration process, the properties of the formed biomass were improved 

through addition of calcium carbonate as a binder. The part of these properties, such as the particle 

size distribution and strength were described in previous research papers [17]. The density of the 

obtained pellets from hay and straw is consistent with the biomass bulk density (Fig. 1). The bulk 

density of straw was higher than hay and was more homogenous. The addition of 10 % of calcium 

carbonate had a significant influence on the pellets specific density and there was no clear increase in 

the pellets bulk density through addition of a binder. The bulk density of the pellets from hay and 

straw without addition of calcium carbonate was similar, because the values of that parameter were 

544 kg·m
-3

 and 545 kg·m
-3

, respectively. The addition of calcium carbonate caused increase of the 

bulk density of the pellets from straw from 545 kg·m
-3

 to 616 kg·m
-3

, by 13 %. The pellets bulk 

density was conversely dependent on the biomass moisture content what is involved with worse 

susceptibility of the moist material on the compaction. On the other hand, logically, it was positively 

correlated with the particle dimensions. 

The rating of the density of the pellets produced from hay and straw without addition of calcium 

carbonate creates the values of 763 kg·m
-3

 and 1056 kg·m
-3

, respectively, what is consistent with the 

bulk density of the biomass. Generally, the addition of 10 % of calcium carbonate to shredded biomass 

significantly increased the density of the pellets by 26 %, but the dynamic of the changes was varied 

for different types of biomass. From the state of the issue results that a moisture content of the raw 

material also significantly effects on the pellet density. According to Gustafson and Kjelgaard [18], 

who studied the agglomeration of hay in the range of 28-44 % moisture content it could be stated that 

the density of the pellets decreased while the moisture content increased. The addition of 10 % of 

calcium carbonate caused the moisture content decrease. The percentage increase of the specific 

density of the pellets with an addition of the binder was 47 % for hay and only 9 % for straw. It was 

determined by the ability and ease of an adhesion of calcium carbonate to the external surfaces of the 

soft particles of hay. However, calcium carbonate was not adhered so much to the harder particles of 

straw and the part of the powder was not linked with the straw particles. It could result from roughness 

of the plant material surface and from the ability of an adhesive influence between the biomass and the 

calcium carbonate particles. The relation and explanation of that phenomenon could be an object of 

separate research considerations in the future. 

The durability determines the pellets quality. The pellets from straw meet the standards of the 

agglomerate durability, both, without or with the binder, of values 97.37 % and 98.82 %, respectively 

(Table 1). The durability of the pellets from hay is slightly lower, due to the biomass physical 

properties, what is consistent with other biomass durability studies [19]. The addition of calcium 

carbonate to the raw material from hay and straw in a similar way contributed to increase the pellets 
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durability, by 1.18 % and 1.45 %, respectively. The pellet durability is positively correlated with the 

biomass bulk density and inversely correlated with the pellet bulk density and has a positive trend with 

the pellet specific density. 
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Fig. 1. Density of biomass and pellets from hay and straw  

with or without addition of calcium carbonate 

As it can be seen from Table 2, the gross calorific value of the pellets from biomass without the 

addition of a binder was slightly higher, by 4 %, than with the addition of calcium carbonate and it 

was 17.01 MJ·kg
-1

 and 16.41 MJ·kg
-1

, respectively. For straw and hay, the addition of that binder 

caused similar decrease of that parameter, on average by 7 %. Based on the literature analysis, it could 

be stated that the addition of that mineral compound should lead to decrease of the calorific value, 

because calcium carbonate is an organic substance and its presence in the fuel or in the material 

increases the carbon content, which is already on the highest degree of oxidation. Moreover, during 

the combustion process, calcium carbonate takes a part of the heat on the decomposition of carbonate 

to the mixture of calcium oxide and carbon dioxide [20] and leads to decrease the amount of nitrogen 

oxides. Furthermore, the addition of calcium carbonate contributes to increase the melting temperature 

of ash, thereby limits the risk of slag formation on the furnace grates [21]. 

Table 1 

Mean values of durability DU, their standard deviations SD and 95 % confidence intervals  

of the pellets from hay and straw with and without addition of calcium carbonate 

Material Binder, % Durability DU, % SD DU, % –95 % DU, % +95 % DU, % 

Hay  96.05 0.10 95.84 96.26 

Straw  98.10 0.10 97.89 98.30 

 0 96.42 0.08 96.28 97.62 

 10 97.73 0.08 95.80 97.93 

Hay 0 95.46 0.15 95.16 95.76 

Hay 10 96.64 0.15 96.34 96.94 

Straw 0 97.37 0.13 97.10 97.65 

Straw 10 98.82 0.15 98.52 99.12 

All of these parameters describe calcium carbonate as a proper binder in the agglomeration 

process, improving the pellets physical properties. In the case to compensate its disadvantages, such as 

slight decrease of a gross calorific value and increase of wear of pelletizing equipment, other types of 

binders could be proposed to mix with calcium carbonate, and in consequence improving the bonds 

durability and pellets calorific value. 
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Table 2 

Mean values of a gross calorific value Q, their standard deviations SD and 95 % confidence 

intervals of the pellets from hay and straw with and without addition of calcium carbonate 

Material Binder, % 
Calorific value Q, 

MJ·kg
-1 SD Q, MJ·kg

–1
 

–95 % Q, 

MJ·kg
-1

 

+95 % Q,  

MJ·kg
-1

 

Hay  16.05 0.07 15.89 16.21 

Straw  17.58 0.07 17.42 17.73 

 0 17.38 0.06 16.58 17.43 

 10 16.25 0.06 16.08 16.74 

Hay 0 16.60 0.10 16.38 16.82 

Hay 10 15.50 0.10 15.28 15.72 

Straw 0 18.15 0.10 17.93 18.37 

Straw 10 17.00 0.10 16.78 17.22 

Conclusions 

1. The addition of calcium carbonate increased the durability of the pellets, above 97 % and the 

durability was positively correlated with the pellet bulk density.  

2. The addition of calcium carbonate significantly increased the density of the pellets by 26 %, but 

the dynamic of the changes was varied for hay and straw.  

3. Calcium carbonate slightly decreased the gross calorific value but the addition of calcium 

carbonate in the production process significantly increased the effectiveness of the agglomeration 

process and allowed for agglomerating the raw materials with a higher moisture content than ever 

before. 

References 

1. Ganesan V., Muthukumarappan K., Rosentrater K.A. Flow properties of DDGS with varying 

soluble and moisture contents using Jenike shear testing. Powder Technology, vol. 187, 2008,  

pp. 130-137. 

2. Landillon V., Cassan D., Morel M.H., Cug B. Flowability, cohesive, and granulation properties of 

wheat powders. Journal Food Engineering, vol. 86, 2008, pp. 178–193. 

3. Fitzpatrick J.J., Barry K., Cerqueira P.S.M., Igbal T., O`Neil J., Ross Y.H. Effect of composition 

and storage condition on the flowability of dairy powders. International Dairy Journal, vol. 17, 

2007, pp. 383-393. 

4. Obidziński S. Granulowanie materiałów roślinnych w pierścieniowym układzie roboczym 

granulatora (Granulation of plant materials in the annular work system of the granulator). 

Doctoral dissertation. Politechnika Białostocka, Białystok, 2005. (In Polish). 

5. Hess R., Kenney K., Wright C. A technical review on biomass processing: densification, 

preprocessing, modeling and optimization, 2010, pp. 1-32. 

6. Mani S., Tabil L.G., Sokhansanj S. Effects of compressive force, particle size and moisture 

content on mechanical properties of biomass pellets from grass. Biomass and Bioenergy, vol. 30, 

2006, pp. 648-654. 

7. Van Dam J.E.G., Van den Oever M.J.A., Teunissen W., Keijsers E.R.P., Peralta A.G. Process 

from production of high density/high performance binderless boards from whole coconut husk. 

Part 1: lignin as intrinsic thermosetting binder resin. Industrial Crops and Products, vol. 19, 2004, 

pp. 207-216. 
8. Skonecki S., Kulig R. Wpływ wilgotności biomasy roślinnej i nacisku tłoka na parametry 

brykietowania i wytrzymałość aglomeratu. (The impact of the moisture content of the plant 

biomass and Autobusy, Technika, Eksploatacja, Systemy Transportowe, vol. 10, 2011,  

pp. 375-386. (In Polish). 

9. Xu H., Zhou S., Jin X., Liu Y. Monte Carlo simulation of the induction time and particle size 

distribution in the nucleation of calcium carbonate. Powder Technology, vol. 253, 2014,  

pp. 242-246. 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 25.-27.05.2016. 

546 

10. Relova I., Vignote S., León M.A., Ambrosio Y. Optimisation of the manufacturing variables of 

sawdust pellets from the bark of Pinus caribaea Morelet: Particle size, moisture content and 

pressure. Biomass and Bioenergy, vol. 33, 2009, pp. 1351-1357. 

11. Tabil L., Sokhansanj S. Compression and compaction behavior of alfalfa grinds. Part 1: 

Compression behavior. Powder Handling and Processing, vol. 8(1), 1996, pp. 17-23. 

12. Tabil L., Sokhansanj S. Compression and compaction behavior of alfalfa grinds. Part 2: 

Compaction behavior. Powder Handling and Processing, vol. 8(2), 1996, pp. 117-122. 

13. Thomas M, van der Poel A.F.B. Physical quality of pelleted animal feed 1. Criteria for pellet 

quality. Animal Feed Science Technology, vol. 61, 1996, pp. 89-112. 

14. Dąbrowska-Salwin M. Aglomeracja ciśnieniowa biomasy z dodatkiem lepiszczy (The pressure 

agglomeration of biomass with addition of binders). The doctoral dissertation. Warsaw, 2015. (In 

Polish). 

15. ASAE S269.4 (R2007). Cubes, pellets and crumbles – definitions and methods for determining 

density, durability and moisture content [in:] ASABE Standards 2011, American Society of 

Agricultural and Biological Engineers, St. Joseph, MI, USA, pp. 751-754. 

16. PN-EN ISO 17831-1:2016-02. The determination of pellets and briquettes durability – Part 1: 

Pellets. 

17. Lisowski A., Kostrubiec M., Dąbrowska-Salwin M., Świętochowski A. Cechy peletów z biomasy 

roślinnej w aspekcie logistyki dostaw (The properties of pellets made of plant biomass in the 

aspect of delivery logistics). Logistyka, vol. 5, 2015, pp. 351-356. 

18. Gustafson A.S., Kjelgaard W.L. Hay pellet geometry and stability. Agricultural Engineering vol. 

44(8), 1963, pp. 442-445. 

19. Repsa E., Kronbergs E., Pudans E. Durability of compacted energy crop biomass. International 

Scientific Conference “Engineering for Rural Development”. 2014, Jelgava, Latvia, pp. 436-439.  

20. Ferens W. Kalorycznośc paliw stałych (The calorific value of the solid fuels). Zeszyty 

energetyczne, vol. 1, 2014, pp. 149-158. 

21. Hartmann H., Turowski P., Robmann P., Ellner-Schuberth F., Hopf N. Grain and straw 

combustion in domestic furnaces – influences of fuel types and fuel pretreatments. In: 

Proceedings of the15th European Biomass Conference and Exhibition, Berlin, 2007. 

 


