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 The aim of the study was to assess the selected physical characteristics 
of the briquettes of English ryegrass waste biomass and its mixtures 

with waste components from the agri-food industry: pea husks and oat 

middlings. The raw materials used for the tests are characterized by 
high calorific value and low ash content. Among the tested raw materi-

als, the most favorable values were recorded for oat middlings in this 

respect. The produced briquettes were characterized by high volumetric 
density and very diverse mechanical durability. At the same time, the 

results of the tests on the mechanical durability of briquettes indicated 

that the use of components of ryegrass mixtures selected for testing 

brought unsatisfactory results, as compared to other analyzed physical 

and energy features. 
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Introduction 

The development of civilization and technological progress is inextricably linked to the 

growing demand for efficient energy sources. At the same time, the need to protect the natural 

environment has increased, executed, among others, through the introduction of the concept 

of sustainable development, especially in rural areas. These phenomena have intensified the 
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research on renewable energy carriers and the strive to develop effective methods of obtain-

ing them from renewable sources (Karpińska and Dul, 2014). 

Biomass is one of the oldest energy resources known to man. It is the third largest energy 

source in the world, after coal and oil, satisfying approx. 14% of global energy demand. Plant 

biomass comprises agricultural production waste, forest and wood industry waste, as well as 

energy crops, i.e. annuals and perennials grown for energy purposes. However, plant biomass 

as a fuel is a troublesome source of energy. In comparison with fossil fuels, it is often char-

acterized by high humidity, lower calorific value and bulk density, strong hydrophilic prop-

erties and low milling properties. To improve the suitability of biomass for energy purposes, 

it is necessary to increase its density by pressure compacting loose material in the briquetting 

or pelleting process (Hejft, 2001; Frączek, 2010; Mani et al., 2003). 

Research is being conducted worldwide, to systematize and present general considera-

tions and arguments in favor of the use of biomass as an alternative energy source. What is 

of the greatest importance for all solid biofuels is moisture content, calorific value, fuel form, 

chemical composition, particle size and bulk density (Baxter, 2005; Brožek, 2016). These 

features heavily impact the biomass processing (shredding, briquetting) to obtain a product 

of adequate quality and mechanical strength. Knowledge of the physical and chemical prop-

erties of biomass is also necessary to determine the conditions for its storage and transport 

(Chin and Siddiqui, 2000; Mani et al., 2006; Matúš et al., 2015; Adapa et al., 2009; Ivanova 

et al., 2014; Wu et al., 2011). 

One of the important processes in the production of briquettes is the shredding of biomass. 

Appropriate granulometric composition affects the density of the agglomerate obtained and 

allows optimizing the process of feeding plant material to the thickening unit of the bri-

quetting press. Material shredded into smaller fractions is characterized by improved effi-

ciency and easier passage into the working units of briquetting press, and thus allows obtain-

ing briquettes with higher density. The finer the fragmentation of raw materials, the greater 

the density and kinetic stability of the briquette, the higher the efficiency of the briquetting 

process, and the lower the energy consumption  (Mani et al., 2006; Niedziółka and Zuchniarz, 

2009; Sypuła et al., 2010). 

An important factor affecting the briquetting process is temperature. With its increase, 

the density and kinetic stability of the briquettes increases, and the stress relaxation time in 

the agglomerated product, and the friction coefficient between the walls and the compacted 

material decrease. Energy consumption is also lower, while process efficiency is improved 

(Kronbergs, 2000; Kaliyan and Morey, 2009; Panwar et al., 2011; Temmerman et al., 2006). 

The proper course of the briquetting process is also determined by the parameters of the 

working units of agglomerating devices (the shape of the pressing chamber, the applied com-

paction pressures, the flow rate of compacted material and the compaction speed). These 

factors primarily depend on the efficiency and energy consumption of the process, as well as 

the kinetic stability of the agglomerate (Hebda and Złobecki, 2012; Wilaipon, 2007). 

English ryegrass, or perennial ryegrass, is the most popular grass in Poland. It grows nat-

urally and is resistant to mechanical damage, which makes it an excellent base for pastures 

and lawns. Also, the significant interest of farmers in the production of seed grasses, as well 

as the quality requirements for seeds result in the availability of waste, which can be used for 

energy purposes after cleaning (Bałuch-Małecka et al., 2017; Gaj et al., 2014; Żabiński and 

Jezierski, 2011). 
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Therefore, selected physical characteristics of the briquettes of English ryegrass waste 

biomass and its mixtures with waste components from the agri-food industry, pea husks and 

oat middlings, were analyzed.   

Material and Methods 

Plant raw materials used for the research were in the form of waste biomass consisting of 

small parts of stems and seeds of English ryegrass, left after the process of seed cleaning, as 

well as the waste of the process of husking peas and oat middlings. Prior to compaction, the 

following characteristics of the accepted raw materials were determined: 

– The particle size distribution of the fragmented raw materials was determined in accord-

ance with PN-EN ISO 17827-2: 2016-07, using a laboratory shaker LPzE-4e with a set 

of sieves with holes of 3.15; 2.8; 2.0; 1.4; 1.0; 0.5 and 0.25 mm. To perform sieve analysis 

of the raw material, 100 g (± 1 g) samples were shaken for 5 min at a frequency of 150 

Hz and an amplitude of 10 mm. Finally, the fractions on individual screens were weighed. 

– The bulk density of the raw materials was determined in accordance with PN-EN ISO 

17828:2016-02. The tests consisted of pouring a sample of the loose raw material into  

a 50 dm3 container and then weighing it on a laboratory scale. 

– The shaken density of the raw materials was determined using a laboratory shaker, in 

which the container with the raw material was shaken for 5 min, at an amplitude of  

10 mm and a frequency of 150 Hz. The container with the raw material was subsequently 

weighed, and the decrease in the level of the raw material in the container was measured. 

Shaken density was calculated taking into account the volume obtained. 

– Moisture content in the working condition was determined with an accuracy of 0.1%, 

using the drying and weighing method according to PN-EN ISO 18134-3:2015. 

– Combustion heat in a dry state was determined using an isoperibolical calorimeter of the 

Parr 6400 type, in accordance with the PN-EN ISO standard 18125:2017. 

– Dry ash content was determined using a laboratory oven in accordance with PN-EN ISO 

18122:2016.   

Next, three samples were prepared from the collected research material, with the follow-

ing mass shares: 100% ryegrass waste (R-100), 75% ryegrass waste and 25% pea husks (R75-

G25) and 75% ryegrass waste and 25% oat middlings (R75-O25). When preparing the mix-

tures, the research material was moisturized to obtain 18% average moisture content of the 

agglomerated raw materials. The thus prepared research material was subjected to a compac-

tion process in a hydraulic piston briquetting machine, the specification of which is presented 

in Table 1. 

During the briquetting process, 25, 30 and 35 MPa working pressure values were adopted, 

set with a valve. The biomass was fed into the briquetting press's compaction chamber with 

a double piston stroke. During the research, the energy consumption of this process was as-

sessed using a Lumel N14 type electric meter with current transformers. The results of elec-

tricity consumption measurements were made in a triplicate and converted into a unit of mass 

of the produced briquettes. 
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Table 1. 

Technical and operational data of a hydraulic piston briquetting machine 

Specification Units Date 

Diameter of briquettes (mm) 50 

Maximum length of briquettes (mm) 60 

Efficiency of the briquetting  

machine 
(kg·h-1) 50 

Power of the electric motor (KW) 7.5 

Maximum working pressure (MPa) 15.0 

Capacity of the oil tank (dm3) 110 

Dimensions of the briquetting 

machine (LxBxH) 
(mm) 1600×1100×1500 

Mass of the briquetting machine (kg) 680 

 
Measurements of the physical characteristics of the produced briquettes included: 

– Length, diameter and mass, which were tested in triplicate on 10 randomly chosen bri-

quettes from a 1000 g (± 10 g) sample. The length of the briquettes was determined using 

a caliper with a measurement accuracy of ± 1 mm, while their mass was measured using 

a laboratory scales with a measurement accuracy of ± 0.1 g.  

– The bulk density of the briquettes was determined on the basis of measurements of their 

physical features, including geometrical dimensions and mass. 

– The mechanical durability test of the briquettes was carried out on a test stand, in accord-

ance with the PN-EN ISO 17831-2: 2016-02 standard. The rotational speed of the drum 

was 21 rpm-1 (± 0.1 rpm-1), the test time was 5 min, and the sample weight was 2000 g (± 

100 g). After the durability test, the tested briquette samples were sieved on a 31.5 mm 

sieve.  

The obtained measurement results were subjected to statistical analysis using ANOVA 

variance analysis of systematic factors. Homogeneous groups of mean values of briquettes 

were determined using the Tukey HSD test. The program Statistica ver. 13.1 was used for 

statistical analysis, and the significance level of the tests was α = 0.05.  

Results and Discussion 

The average values of the results obtained from the three replicates, characterizing the 

raw materials in terms of particle size distribution and other physical and chemical features, 

were presented in Tables 2 and 3. 

The particle size distributions depended on the type of raw material and its susceptibility 

to fractioning. Among the considered raw materials, the pea husk waste was characterized by 

the most even distribution. For these types of waste, the over 3.15 mm particle size distribu-

tion was dominant, amounting to 24.79%, while for the ryegrass and oat middlings the values 

were much lower, amounting to 3.98 and 4.81%, respectively. The maximum values for 

ryegrass (52.07%) and oat middlings (26.29%) were observed on a sieve with 1.4 mm holes 

(Table 2). 
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Table 2. 

Particle size distribution of the raw materials and plant waste used for briquetting (%) 

Type of the raw 

material 

Sieve mesh size (mm) 

3.15 2.8 2.0 1.4 1.0 0.5 0.25 0.0 

English ryegrass 3.98 8.50 16.03 52.07 6.11 9.33 3.10 0.88 

Pea husks 24.79 3.54 9.41 14.12 11.86 18.41 9.40 8.48 

Oat middlings 4.81 5.17 21.55 26.29 12.29 16.27 8.84 4.77 

 

Table 3. 

Physical and technical properties of the raw materials during research 

Parameter Unit  
English  

ryegrass 

Pea  

husks 
Oat middlings 

Total moisture (%) 6.91 7.91 10.78 

Bulk density (kg·m-³) 100.4 242.8 298.1 

Shaken density (kg·m-³) 114.5 299.3 374.5 

Combustion heat (MJ·kg-1) 19.13 19.50 21.01 

Ash (%) 3.71 2.53 1.85 

 
The differences in characteristics between the raw materials used for the tests were also 

observed when determining their bulk density. The lowest bulk density was identified in the 

ryegrass waste (100.4 kg·m-³), and the highest in oat middlings (298.1 kg·m-3). On the other 

hand, the shaken density was characterized by similar variability. Its values were higher than 

the bulk density by 14.23 and 26%, respectively (Table 3). 

 In terms of energy features, oat middlings were characterized by the highest combustion 

heat (21.01 MJ·kg-1), while for other raw materials the values of this parameter slightly ex-

ceeded 19 MJ·kg-1. What is important, in terms of the selection of components for improving 

the energy features of briquettes, oat middlings were also characterized by the lowest ash 

content, i.e. 1.85%. The highest value of this parameter (3.71%) was observed for ryegrass 

waste (Table 3).  

 In terms of the parameters assessed, these values ranked among the best types of biomass 

for energy purposes (Demirbas, 2004, Eisenbies et al., 2016, Obernberger et al., 2006).  

The diameter of the produced briquettes differed slightly and was approximately 50 mm 

(± 0.5 mm). However, greater diversity was observed among the other analyzed physical 

features. The results of length and mass tests of the produced briquettes, for the selected types 

of raw materials, and their mixtures, along with the working pressure levels of the briquetting 

press were presented in Figures 1 and 2. 
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Figure 1. Average length of briquettes at a working pressure of the briquetting machine (bars 

represent 0.95 confidence intervals, p = 0.92206) 

 

 

Figure 2. The average mass of briquettes at a working pressure of the briquetting machine 

(bars represent 0.95 confidence intervals, p=0.55530)  

 

The length of the briquettes was primarily influenced by the type and bulk density of the 

raw materials, and less by the briquetting pressure. The shortest briquettes were obtained 

from ryegrass waste (approx. 7 cm), and the longest, from a mixture of ryegrass waste with 

oat middlings (approx. 8.5 cm). In all cases, the increase in working pressure reduced the 

briquette length by almost 1 cm. However, the statistical analysis performed for this param-

eter demonstrated no significant differences, p = 0.92206 (Fig. 1). The results of mass tests 

for the adopted variants of briquettes indicate that the lightest briquettes were obtained from 

ryegrass waste, with mass at approx. 125 g. However, after adding the pea husk waste or oat 

middlings, the mass of the briquettes increased to approx. 165 g. In this case, the increase in 

the working pressure of the briquetting machine increased their mass by nearly 10 g, with the 

largest effect of pressure on this parameter observed for briquettes from ryegrass waste. Sta-

tistical analysis of the impact of pressure on this parameter demonstrated no significant dif-

ferences, p = 0.55530 (Fig. 2). 

The results of volumetric density tests of the produced briquettes, for the selected types 

of raw materials, and their mixtures, along with the working pressure levels of the briquetting 
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press were presented in Figures 1 and 3. The results of these tests for the adopted variants, as 

well as for the previously analyzed parameters, showed that the lowest volumetric density 

characterized the ryegrass waste briquettes (from 850 to 975 kg·m-3), while the briquetted 

mixtures were characterized by a slightly higher density (from 975 to 1100 kg·m-3). In all 

cases, the increase in the working pressure of the briquetting machine increased their density 

slightly above 100 kg·m-3. However, the statistical analysis performed for this parameter 

demonstrated no significant differences, p = 0.13065 (Fig. 3).  

 

 

Figure 3. The average density of briquettes at a working pressure of the briquetting machine 

(bars represent 0.95 confidence intervals, p=0,13065) 

 
The results of mechanical durability tests of the produced briquettes, for the selected types 

of raw materials, and their mixtures, along with the working pressure levels of the briquetting 

press were presented in Figure 4. 

 

  

Figure 4. Average mechanical durability of the briquettes at a working pressure of the bri-

quetting machine (bars represent 0.95 confidence intervals, p=0,00000; a, b, c, d, e, f statis-

tically homogeneous groups are marked with the same letters) 
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When it comes to mechanical durability tests, ryegrass waste without components con-

tinued to demonstrate the weakest characteristics. The durability of these briquettes ranged 

from 35 to 50%. In contrast, briquettes made of mixtures were characterized by a slightly 

higher value of this parameter, with briquettes from ryegrass and pea husks being the most 

durable, at 80%. It is very important that in all the variants the increase in pressure of the 

briquetting machine increased the mechanical durability of the briquettes by 10 to 25%. The 

statistical analysis performed for this parameter demonstrated significant differences,  

p = 0.00000, and the Tukey's post-hoc test indicated six homogeneous groups (Fig. 4).  

The research demonstrated that the geometrical parameters of English ryegrass waste bi-

omass are improved in the process of its concentration in mixtures with pea husk waste and 

oat middlings. However, in terms of mechanical durability, the produced briquettes neither 

met the provisions of the applicable quality standards, nor were comparable due to the raw 

materials used and the results obtained, with the data presented in the literature (Demirbas, 

2004, Eisenbies et al., 2016; Plíštil et al., 2005). However, the visible impact of physical 

characteristics on the mechanical durability of the briquettes was also demonstrated in studies 

by Ivanowa et al. (2018), as well as during own research on the concentration of other raw 

materials (Zawiślak et al., 2020). 

Conclusions 

Based on the conducted research and obtained results, the following conclusions were 

formulated: 

1. The use of the tested plant raw materials for the production of briquettes is fully justified. 

They are characterized by high calorific value and low ash content. Among the tested raw 

materials, the most favorable values of thermophysical features were found for oat mid-

dlings, with combustion heat at 21.01 MJ·kg-1 and ash content at 1.85%. 

2. Apart from the type of the raw materials and their diversified bulk density, the length, 

mass, bulk density and mechanical durability of the briquettes were affected by the bri-

quetting pressure. Based on the conducted tests, it was found that as the briquetting pres-

sure increased, so did the mass, volumetric density and durability of the produced bri-

quettes, while their length decreased. 

3. The produced briquettes were characterized by high volumetric density, from 850 to  

1100 kg·m-3 and very diverse mechanical durability, from just over 30% to over 80%. At 

the same time, the results of the tests on the mechanical durability of briquettes indicated 

that the use of components of ryegrass mixtures selected for testing brought unsatisfactory 

results, as compared to other analyzed physical and energy features. 
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OCENA WYBRANYCH CECH FIZYCZNYCH BRYKIETÓW  

Z BIOMASY ODPADOWEJ RAJGRASU ANGIELSKIEGO  

(LOLIUM PERENNE L.) 

Streszczenie. Celem pracy była ocena wybranych cech fizycznych brykietów z biomasy odpadowej 

rajgrasu angielskiego po jego czyszczeniu oraz w mieszankach, wykorzystując do ich produkcji kom-

ponenty z przemysłu rolno-spożywczego w postaci odpadów po obłuskiwaniu grochu i śruty owsianej. 

Wykorzystane do badań surowce charakteryzują się wysoką wartością opałową i niską zawartością 

popiołu, a spośród badanych surowców w tym zakresie najkorzystniejsze wartości odnotowano dla 

śruty owsianej. Wytworzone brykiety charakteryzowały się dużą gęstością objętościową i bardzo zróż-

nicowaną trwałością mechaniczną. Przy czym wyniki badań trwałości mechanicznej brykietów najbar-

dziej zweryfikowały, zasadne pod względem energetycznym, jak również analizowanych pozostałych 

cech fizycznych, wykorzystanie wybranych do badań komponentów w mieszankach z odpadami raj-

grasu. 

Słowa kluczowe: brykietowanie, biopaliwa, cechy fizyczne, rajgras 

 


