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Abstract. The paper makes a comparison between two types of straw briquettes (batch 2018 and batch 2019), from the 

point of view of the physical and energetic properties. Two types of briquettes were analyzed, straw briquettes year 2018 and 

straw briquettes year 2019 (grown in different condition of precipitations), to observe which have better physical properties 

and energy efficiency. The main properties that were studied were the density and moisture content of the straw briquettes as 

physical properties, and also calorific power and ash content as energetic properties. The calorific value of straw biomass 

with values of 17689 kJ/kg for straw briquettes of production year 2018 and 19767 kJ/kg for straw briquettes of production 

year 2019 are high because it has a big percentage of lignin compared to biomass for other agricultural residues. Ash content 

of 5.5% and 5.8% respectively were similar with other vegetable waste. A general conclusions rise from paper, respectively 

the vegetable biomass is a renewable material and briquettes from it remains the best option of the combustible material. 
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1. Introduction 

Biomass is a renewable energetic source, and represents the vegetal component of the nature. As a way of 

keeping the sun's energy under a chemical form, the biomass is one of the most popular and universal energetic 

resources on Earth. It assures not only food, but also energy, construction materials, paper, homespun, 

medicines and chemical substances. Reducing pollutant emissions is one of the main objectives of international 

environmental policy. According to the New Energy Policy of the European Union, the European Commission 

aims to increase the share of energy sources from 7% in 2005 to 20% in 2020. Vegetable biomasses are a part of 

the category of regenerative and alternative energies, that, although is used from the oldest times, it remains for 

actuality because don't provoke acid rains, don't provoke water contamination, don't produce irradiations (like 

the radioactive substances), and don't produce climate change [1-3]. The vegetable biomass was used in 

energetic purposes from the moment when the human discovered fire. Nowadays the fuels resulted from 

vegetable biomass can be used in different applications, from the home's heating to the production electric 

energy and fuels for vehicles [4].  

 
Fig. 1 Chain of biomass growth and combustion in relation with environment 
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There is a positive balance of the carbon dioxide’s emission and consume in the nature, in the case of 

vegetable biomass, and which is one of the reasons that make wood biomass a part of the regenerative energies 

[5-7]. Plant biomass grows year after year due to photosynthesis process, taking solar energy and CO2 from the 

atmosphere. A small amount of oxygen is eliminated in the atmosphere during the growth of biomass, but a 

equal quantity of CO2 with that is consumed in the plants live is released in atmosphere (Fig.1). It is clearly 

observed that there is a closed circle. Plants usually contain 25% lignin and 75% glucoses (cellulose and 

hemicelluloses) or sugars. The sugar fraction is constituted from a great number of sugar molecules, united in 

between by long polymers chains. One of the most important sugars is the cellulose. The lignin component is 

constituted from sugarless molecules. Nature is made out of long polymeric cellulosic molecules that form 

tissues, which assure the integrity and stability of plants. The lignin which appears in plants is a glue-like 

composite, which sticks the cellulosic molecules between them.  

        Romania, in the given conditions of the actual geographic space, is appreciated as a country with a high 

energetic potential derived from vegetable biomass, of almost 8000 tep/year which represents approximately 

19% from the total consume of primary resources for the year 2000, with the following categories of fuels [8]: 

wood waste from forest exploitation and firewood, wood remains (sawdust and other wood residues, agricultural 

residues (cereal straws, corn waste, vegetable waste from grape, rape stems etc, biogas. 

           Any human activity has a certain impact on the natural environment, whether positive or negative.  The 

most disadvantageous activities, with a strong negative impact on the environment, are the burning of fossil 

fuels, especially coal and oil [9-11]. During biomass combustion a quantity of CO2 equivalent to that absorbed 

during growth is emitted in the natural environment. Also, during combustion, oxygen is absorbed, energy is 

produced and ash is resulted. This produces a closed circuit of CO2, the absorbed quantity being equal to the one 

released [12]. From this point of view, vegetable biomass is a neutral, environmentally friendly combustible. 

The more biomass is friendly to the environment, the more it comes from sources obtained from wood 

processing, in the form of remnants and waste [13-16]. The vegetable biomass and the firewood are used for the 

following purposes: for stove-heated buildings and houses that have central heating, for the technical processes 

in the industry by using combustion gases. As disadvantages of using vegetable waste as a fuel is that it 

produces ash (which has to be periodically eliminated) as well as supplying with primary and secondary air 

needed for combustion. As main advantages of using vegetable biomass as a fuel are the low price, a good 

caloric power and the fact that the wood is a regenerative material.  Fig.2 show a hierarchy of all fuel types 

where vegetable biomass (in the form of wood pellets and poplar wood) is visible and positioned in front of 

inferior coals. 

 

 
 

Fig.2 Calorific value of some fuels 

 

There are also several properties of vegetable biomass which make it so good to be used as fuel, properties such 

as [17]: vegetable biomass is a regenerative material, that has an easy and constant growth in the mountain area 

as well as in plains; is an easy material, easily to be transported or manipulated, can be used in a natural state, 

without major treatment for combustion, and can be easily stockpiled due to its solid state. 

Through briquettes it can be understood the small-dimensioned compressed material, usually in the form 

of chips and sawdust [18]. This product has as characteristic an important density increase [19]. Usually, the 

briquette’s density is bigger than the specie’s from which the remains and sawdust was obtained, or than the 

corresponding firewood’ density. The briquettes have an exceptional thermal capacity and as a result they retain 

the heat on a longer period of time and maintain a risen temperature inside the fireplace, permitting an easy 

13000

10000

7000 7000 7000

4200
3500

3000

0

2000

4000

6000

8000

10000

12000

14000

Natural
gas

Oil Pit coal Brown
coal

Char coal Wood
pellets

Poplar
wood

Briquette
coal

C
al

o
ri

fi
c 

va
lu

e 
(k

ca
l/

kg
)



 

3 
 

burning of the newly introduced briquettes [20]. Consequently, the major advantages of using briquettes as 

fuelling material are the following ones: improves the physical characteristics (density and uniformity, reduces 

with 10-12 times the storage volume, have a caloric power greater with 38-60% than the firewood, increases the 

quantity of energy obtained towards the wood consume, improve and protect the thermal system’s 

performances, few remains are left after burning (the ash content is of 0.5% towards 1-2% in the case of 

firewood), and the boiler is much cleaner, is easy to manipulate and transport due to their compactness; are 

cleaner and environmental-safety, having an ecological grade of 100%, and don’t contain additives or chemical 

cements. If briquettes are compared with other burning products, it can be shown that 10 kg of briquettes are the 

equivalent of 5.5 l of oil, 1 kg of briquettes has the caloric power of 4769 kcal/kg or 19.97 MJ/kg and a tone of 

briquettes is equivalent to 4 m3 of firewood [21]. Due to these considerations 1 tone of briquettes can be made a 

saving of 52-62 Euros, versus the 4 m3 of equivalent firewood [22]. 

 

2. Background 

 

Kaliyan and Morey [23] studied the characteristics of biomass densification from wheat residues. It has 

been shown that the moisture content from 10% to 15% increases the briquettes durability from 62% to 84%. 
This article helps all producers to select parameters in order to produce strong and durable densified products. 

The effect of moisture content on the briquettes durability was also studied by Mani [24]. The authors argue that 

the optimum moisture content is within 10% - 20%. Carbon, hydrogen and oxygen don't differ from one type of 

biomass to another. Calorific power is influenced by the ratio between these elements. Agricultural biomass is 

composed of 90% carbon and oxygen, 6% hydrogen, elements that are absorbed by the plant in the form of CO2, 

O2, H2O or HCO3. The biomass chemical compounds are divided into two classesː carbohydrates (2/3 of the 

volume of sintered substances) and organic substances with nitrogen content. The most important carbohydrates 

are cellulose molecules, surrounded by hemicelluloses and lignin which is disposed between fibres. 

Lignocellulosic biomass includes agricultural residues, hardwood waste, softwood, as well as dedicated biomass 

crops. Wang and Yang [25] studied the durability of straw briquettes. This chapter of book reviews the recent 

advances in solid state fermentation system that can be directly obtained with low-cost biomaterials as starch 

and chitin and with minimal pre-treatment and less energy. According to Kim and Dale [26], the estimated 

residue from some crops (such as corn, wheat, oats, rice, sorghum, and sugarcane) throughout the world is 

approximately 1.5 billion tonnes. It is stated that the chemical compounds of the biomass would generally beː 

3.62% protein, 1.91% fat, 0.11% starch, 17.13% lignin, 33.25% cellulose, 20.36% hemicelluloses, and 2.18% 

ash. For canola biomass (oilseed rape) is found the next composition: 6.53% protein, 0.69% fat, 0.34% starch, 

14.15% lignin, 42.39% cellulose, 16.41% hemicelluloses, and 2.10% ash. For oat there is found other 

composition: 5.34% protein, 1.65% fat, 0.12% starch, 12.85% lignin, 37.60% cellulose, 23.34% hemicelluloses, 

2.19% ash and for straw the composition was less differentː 2.33% protein, 1.59% fat, 2.58% starch, 13.88% 

lignin, 34.20% cellulose, 23.68% hemicelluloses, 2.36% ash. 

         Martin et al [27] studied the chemical compounds for types of briquettes namely that are obtained from 

straw and corn stalks. The main composition of straw wasː 39.25% cellulose, 23.5% hemicelluloses, 36.1% 

lignin, 12.4% ash, 6.58 % moisture content, and for corn stalks the composition was rather differentː  61.2% 

cellulose, 19.3% hemicelluloses, 6.9% lignin, 10.8% ash, 6.40 % moisture content, sawdustː 45.1% cellulose, 

28.1% hemicelluloses,  24.2% lignin, 1.2% ash,  and 1.12 % moisture content. Nigam et al [28] studied the 

chemical compounds for other two types of briquettes obtained from two types of vegetable biomass as cotton 

stalks and straw. The chemical composition of cotton stalks wasː 58.5% cellulose, 14.4% hemicelluloses, 21.5% 

lignin, 9.98% ash, and 7.45 % moisture content. Different chemical composition was obtained for strawː 32.9% 

cellulose, 24% hemicelluloses, 8.9% lignin, 6.7% ash, and 7 % moisture content. Okonko et al [29] have studied 

the chemical compounds for two types of briquettes realized from straw and cotton stalks. Consequently the 

chemical compounds of straw waste wasː 39.4% cellulose, 27.1% hemicelluloses, 17.5% lignin, 8% ash, and 8 

% moisture content. In the same way the chemical compounds for cotton stalks wasː 58.5% cellulose, 14.1% 

hemicelluloses, 21.5% lignin, 9.98% ash, and 7.45 % moisture content. Felfli et al [1] made a study of the status 

of biomass briquetting and its perspectives in Brazil. It was conducted to the availability and characteristics of 

the agro-residues for briquetting as rice husk and coffee husk. Dhillon and von Wuelhlisch [4] made a review on 

causes and consequences of global climate change and its impact on nature and society. In this way the 

renewable biomass will have a great potential to mitigate the global warming.  

 

Objective 

 

          The paper aims to make a comparative analysis of two types of straw briquettes batch 2018 and 2019, in 

order to observe the influence of soil, air humidity and vegetation conditions on the properties of briquettes 

obtained from these types of wheat straw. To solve this general objective some briquette proprieties such as 

density, calorific value and ash content of the straw briquettes were intended to be investigated. 
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3. Materials and methods 

 
Two types of briquettes were realized and analysed straw briquettes of year 2018 and straw briquettes of year 

2019, to observe which have better density and energy efficiency. A study about climatic condition where the 

straws were collected shows that the months March-June of year 2018 was much moist than year 2019 with an 

average of 51.3 l/m2 precipitations, comparison with an average of about 40 l/m2 in year 2019. The amount of 

fertilizers was the same in the both years and the same type of wheat was used. Firstly, twenty pieces of each 

briquette category have been used to determine the density. The classical method of determining the mass and 

volume of these pieces of briquettes was used, namely the European norm EN 15103 [30]. The briquettes were 

weighted using an electronic balance TP KERN EW 1500-24 with a precision of 0.1 grams. The density 

determination relationship took into consideration mass of briquettes and their volume as cylindrical one (Eq. 

1)ː 
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where:  m is mass of   briquette, in g; d- diameter of  briquette, in mm; l- length of  briquette, in mm.  

Ten determination of gross calorific value and net calorific value have been done accordingly to German 

norm  DIN 51900-1 [31].The net calorific value is the difference between gross calorific value and the amount 

of heat released for evaporate water from the combustion gases [32]. The equipment used to determine the 

calorific value is the calorimetric apparatus with explosive bomb presented in Fig. 3.  

 
Fig. 3 Bomb of calorimetric apparatus XRY-1C for determining the calorific value:  

 

The dried state of the briquette is verified by successive weightings, until the difference between two 

successive weightings is smaller than double of the value of the weighing precision, or covering at least 2 hours 

of maintaining the sample in the oven. After drying, the samples are kept in the desiccators for cooling without 

changing the humidity content until they are inserted in the calorimetric bomb. Preparation of the installation in 

view of performing the trial refers to checking the quantity of water in the tank calorimeter (so that it exceeds by 

1-2 mm the lid of the calorimetric bomb), the stirrer of the water in the tank, the computer software, the 

electrical thermometer. The test sample1istied to the cotton thread and is inserted in to the crucible of the bomb. 

The spiral thread is tied to the sample and the cotton thread, after which the protection lid is positioned 

correctly. The body bomb is connected to the lid of the bomb by two electrodes and, which continue with the 

electric wires connecting to the electric source of calorimeter. By screwing the lid to the bomb, the bomb is 

coupled by means of the nozzle to the oxygen tank, thereby inserting 30 atmospheres. The bomb is inserted in 

the calorimeter of the installation. After that the two electric wires are connected, the superior lid of the 

calorimeter is closed and the thermo-resistance is inserted for continuously displayed the temperature. 

For determining the caloric value, three phases are performedː the initial phase, the main phase, and the final 

phase. The initial phase represents the determination of water temperature variation inside the calorimeter, due 

to the heat exchange with the exterior before combustion. At the end of the initial phase it begins the burning of 

the samples extracted of the briquettes. The good way of process test is displaying on the screen of computer up 

to the end of test (Fig. 4). 
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Calorific value of briquette samples is determined with a relationship that keep into account all temperatures, 

mass of sample and coefficient of installation (Eq. 2). 
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where: CV is calorific value, in MJ/kg; k- calorific coefficient of calorimeter, in MJ/Celsius; tf –final 

temperature, in Celsius degrees; ti-initial temperature, in Celsius degrees; m-mass of sample, in kg; qi –

supplementary heat obtained by cotton and nickel wire burn, in MJ.  

 

 
 

Fig. 4 Image of the computer soft for explosive combustion in order to determine the calorific value 

 

For determining the ash content of briquettes the general method of standard determination was used 

accordingly to European Norm EN 14775 [33]. With respect to this method, the small and dry material up to 0% 

moisture content is calcinated at 750 ºC in a laboratory oven, for three hours (Fig.5). The advanced combustion 

operation is carried out in a high temperature resistant metal crucible and weight was carried out on an 

analytical balance with an accuracy of three decimal. When determining the ash content, it shall be taken into 

account that the sample is completely dried and the mass of the clean and empty crucible was obtained (Eq.3): 
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where:  ma+c-mass of calcinated ash, considering also the crucible mass, in g; ms+c- mass of sample considering 

also the crucible mass, in g; mc- mass of empty crucible, in g. 

 

  
 

 

Fig. 5 Calcination furnace for determination ash content 
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4. Results and discussion 

 
The moisture content the two types of briquettes was about 10% and was in concordance with EN 14774-1 [34]. 

The density values for the two types of briquettes are 1094 kg/m3 for straw briquettes for production year 2018 

and 1184 kg/m3 for straw briquettes of production year 2019. In the fig. 6 shows the value of the density for the 

two types of briquettes. We correlate with the amount of precipitation in 2018 and 2019, it is clear that the straw 

from the rainier year had a lower density. This is normal because with a larger amount of water the straw grows 

larger but with a lower lignocellulosic density and the straw with a higher structural density will provide a 

higher density of briquettes. 
 

 
 

 Fig. 6 The value of density for two types of briquettes 

 

The gross calorific value for the two types of briquettes are 17689 kJ/kg for straw briquettes production year 

2018 and 19767 kJ/kg for straw briquettes production year 2019. The net calorific value for the two types of 

briquettes are 16830 kJ/kg for straw briquettes production year 2018 and 16979 kJ/kg for straw briquettes 

production year 2019. Calorific power for straw briquettes production year 2019 is higher than straw briquettes 

year 2018. As in the case of densities, if we correlate calorific value with the amount of precipitation in 2018 

and 2019, it is clear that the straw from the rainier year had a lower calorific value. This is due to the structural 

density of the straw, but mainly due to the fact that the lignin content in dry years is higher. These values of 

calorific value obtained inside of research were also found by Okonko et al [29] who obtained a value of 17200 

kJ/kg wheat straws.  Fig.7 shows the value of calorific power for the two types of briquettes. 

 

 
 

Fig. 7 The calorific value for the two types of briquettes 
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The ash content value for the two types of briquettes are 5.5% for straw briquettes of production year 2018 and 

5.8% for straw briquettes of production year 2019. Fig. 8 shows the value of the ash content for the two types of 

briquettes. 

 

 
 

                                   Fig. 8 The value of the ash content for the two types of briquettes 

 

If we correlate ash content of briquettes with the amount of precipitation in 2018 and 2019, it is observed 

that the straw from the rainier year had low ash content. This was determined by the structural density of the 

straw, but mainly due to the fact that in the dry years the amount of secondary substances in the straw increases 

substantially. Even if the values obtained are much higher than those specified by the standards in the field (EN 

plus) which specify values lower than 3%, they are within the normal limits found by other authors [26] for 

straw and even lower than other biomass categories such as bark trees [11]. On the other hand, this small flaw of 

straw to have higher ash content than firewood can become an advantage if we consider that ash can becomes a 

very good fertilizer used on the same land where wheat is cultivated.  

 

5. Conclusions  
 

Following this study, it was observed as a first conclusion that the straw can be used in the briquetting 

process as well as any other biomass category. This is highlighted by the fact that the briquettes obtained have a 

good density and calorific value, similar to other materials. 

Regarding the use of straw from dried year (2019) related to moist year (2018), it can be stated that although 

they are weaker in quantity, in terms of density, calorific value and ash content are better. Therefore an increase 

with 8.2 for density, 11.7% for gross calorific power, and 5.4% for ash content was highlighted for briquettes 

obtained in 2019. It makes possible the classification of this vegetal fuel in the category of high-performance 

solid fuels. 

All briquette features were within European Norm EN plus or other regional norm, exception from this rule 

being ash content. Beyond this fact, the ash content is in the area of other categories of plant biomass and even 

wooden biomass such as bark. Transforming wheat biomass in briquettes by grinding and pressing can be a 

good solution and possibly mixed of it with wood sawdust would be a good solution to improve the weakness.  

 

 

References 
 

1. Felfli, F.F., Mesa, J.M., Rocha, D.J., Filippetto, D., Luengo, C.A., Pippo, W.A.: Biomass briquetting and 

its perspectives in Brazil. Biomass Bioenerg 35(1), 236-242 (2011). doi.org/10.1016/j.biombioe. 

2010.08.011 

2. Hu, J., Lei, T., Shen, S., Zhang, Q.ː Optimal design and evaluation of a ring-die granulator for straws. 

Biores 7(1), 489-503 (2012) 

3. Kaliyan, N., Morey, R.V.ː Factors Affecting Strength and Durability of Densified Biomass Products. 

Biomass Bioenerg 33, 337-359 (2009) 

5.5

5.8

5.35

5.4

5.45

5.5

5.55

5.6

5.65

5.7

5.75

5.8

5.85

Straw 2018 Straw 2019

A
sh

 c
o

n
te

n
t 

(%
)



 

8 
 

4. Dhillon, R.S., vonWuelhlisch, G.ː Mitigation of Global Warming through Renewable Biomass. Biomass 

Bioenerg 48:75-87 (2013) 

5. Kers, J., Kulu, P., Aruniit, A., Laurmaa, V., Križan, P., Šooš, L., et al.ː Determination of physical, 

mechanical and burning characteristics of polymeric waste material briquettes. Estonian Journal of 

Engineering 19, 307–16 (2013) 

6. Kim, S., Dale, B.E.ː Cumulative Energy and Global Warming Impact from the Production of Biomass for 

BiobasedProducts. Journal of Industrial Ecology 147-162 .Available from: 

http://arrahman29.files.wordpress.com/2008/02/lca-use.pdf,Accessed: 2/5 2012 (2003) 

7. Lakó, J., Hancsók, J., Yuzhakova, T., Marton, G., Utasi, A., Rédey, A.ː Biomass– a Source of Chemicals 

and Energy for Sustainable Development. Environ Eng Manag J 7, 499-509 (2008) 

8. Lundborg, A.ːA sustainable forest fuels system in Sweden. Biomass Bioenerg. 15:399-406 (1998) 

9. Lunguleasa, A.ː The Compressive Strength of Wooden Briquettes Used as Renewable Fuel, Environ Eng 

Manag J 9, 977-982 (2010) 

10. Pan, M.Z., Zhan, D.G., Zhan, X.Y.ː Improvement of straw surface characteristics via thermo mechanical 

and chemical treatments, Bioresource Technology 101 (21), 7930-7934 (2010). doiː 

10.1016/j.biotech.2010.05.022 

11. Lunguleasa,  A., Budau, G., Cosereanu, C.ː Density and Compression Strength of Beech and Spruce 

Briquettes. ProLigno 3, 61-66. On line: http://www.proligno.ro/en/articles/2010/3/paper7.htm  (2010) 
12. Zarringhalam, M.A., Gholipour, Z.N., Dorosti, S., Vaez, M.ː Physical properties of solid fuel briquettes 

from bituminous coal waste and biomass. Journal of Coal Science and Engineering (China) 17, 434-438  

(2011) 

13. Boutin, J.P., Gervasoni, G., Help, R., Seyboth, K., Lamers, P., Ratton, M. et al.ː Alternative Energy 

Sources in Transition Countries. The Case of Bio-energy in Ukraine. Environ Eng Manag J 6, 3-11 (2007) 

14. Ciubotă-Roşie, C., Gavrilescu, M., Macoveanu, M.ː Biomass– an Important Renewable Source of Energy 

in Romania. Environ Eng Manag J 7, 559-568 (2008) 

15. Zhang, Z.J., Wang, H.J., Li, H.Z., Nan, J.F.ː Influence factors on quality and properties of straw blocks and 

cost analyses. Transactions of the Chinese Society of Agricultural Engineering 27(10), 83-87 (2011). 

doiː10.3969/j.issn.1002-6819.2011.10.015  

16. Tumuluru, J.S., Tabil, L.G., Song, Y., Iroba, K.L., Meda, V.ː Impact of process conditions on the density 

and durability of wheat, oat, canola, and barley straw briquettes. Bienerg. Res 8, 388-401 (2015). 

DOIː10.1007/s12155-014-9527-4 

17. Chen, L., Xing, L., Han, L.J.ː Renewble energy from agro-residues in Chinaː solid biofuels and biomass 

briquetting technology. Renew. Sust. Energy 13(9), 2689-2695 (2009) 

18. Adapa, P.K., Schoenau, G.J., Tabil, L.G., Sokhansony, S.ː Cubing characteristics of fractionated sun-cured 

and dehydrated alfalfa crops. Appl En Ag 21(4), 671-680 (2005) 

19. Sokhansanj, S,, Mani, S., Stumborg, M., Samson, R., Fenton, J.ː Production and distribution of cereal 

straw on the Canadian prairies. Can Biosyst Eng 48, 3.39–3.46 (2006) 

20. Ciolkosz, D., Hilton, R., Swackhamer, C., Yi, H.-J., Puri, V.M., Swomley, D., Roth, G.: Farm-scale 

biomass pelletizer performance for switchgrass pellet production. Appl. Eng. Agr. 31(4), 559–567 (2015) 

21. Whittaker, C., Shield, I.: Factors affecting wood, energy grass and straw pellet durability—a review. 

Renew. Sustain. Energy Rev. 71, 1–11 (2017) 

22. Lisowski, A., Figurski, R., Kostyra, K., Sypuła, M., Klonowski, J., Świętochowski, A., Sobotka, T.: Effect 

of maize variety and harvesting conditions on the maize chopping process, compacting susceptibility and 

quality of silage designed for biogas production. Ann. WULS – SGGW, Agric. (Agric. Forest Eng.) 64, 

25–38 (2014) 

23. Aniszewska, M., Gendek, A.: Logistics of the supplies of selected forest tree species’ cones. Part 1. Cone 

density and substitution coefficient. Ann. WULS – SGGW, Agric. (Agric. Forest Eng.) 67, 121–130 (2016) 

24.  Mani, S., Tabil, L.G., Sokhansanj, S.: Effects of compressive force, particle size and moisture content on 

mechanical properties of biomass pellets from grasses. Biomass Bioenerg 30, 648–654 (2006) 

25. Wang, L., Yang, S.T.ː Solid state fermentation and its applications. In bioprocessing for value-added 

products from renewable resources: new technologies and applications. Elsevier, Amsterdam, 465–489 

(2006) 

26. Kim, S., Dale, B.E.ː Global potential bioethanol production from waste crops and crop residues. Biomass 

Bioenergy 26, 361–375, (2004) 

27. Martin, J.G.P., Porto, E., Correa, C.B.ː Alencar, S.M, Gloria EM, Cabral ISR, Aquino LM:  Antimicrobial 

potential and chemical composition of agroindustrial wastes. J Nat Prod 5, 27–36 (2012) 

28. Nigam, P.S., Gupta, N., Anthwal, A.ː Pre-treatment of agro-industrial residues. Biotechnology for agro-

industrial residues utilization. Springer, Heidelberg, 13–33 (2009) 

29. Okonko, I.O., Adeola, O.T., Aloysius, F.E., Damilola, A.O., Adewale, O.A.ː Utilization of food wastes for 

sustainable development. Electr J Environ Agric Food Chem 8(4), 263–286 (2009) 

http://www.proligno.ro/en/articles/2010/201003.htm


 

9 
 

30. EN 15103ː2009 Solid biofuels-Determination of bulk density. European committee for Standardization, 

Brussels (2009) 

31. DIN 51900-1ː2000 Determining the gross calorific value of solid and liquid fuels using the bomb 

calorimeter, and calculation of net calorific value-Part 1. General information (2000) 

32. Liangliang, An, Chanling, Si, Guanhua, W, Cheol S.C., Yong H., Y., Jin Ho, B., Soo , M.L., Yong, S.H. ː 

Efficient and green approach for the esterification of lignin with oleic acid using surfactant-combined 

microreactors in water, BioResources, 15(1), 89-104 (2020) 

33. EN 14775ː2010 Determination of ash content. European committee for Standardization  Brussels (2009) 

34. EN1 4774-1:2009 Solid biofuels. Determination of moisture content; Oven dry method; Total moisture. 

Reference method. Brussels, Belgium (2009) 

 


