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Abstract. The study involved 15 types of pellets produced from 

biomass from agricultural, forestry and production residues. The 

aim of this study was to determine moisture, ash content, calorifi c 

value and net calorifi c value of biofuels. Pellet made from pure 

wood sawdust was characterized by the best quality in terms of 

value of energy (the highest calorifi c value and the lowest ash 

content) and met the requirements of DIN 51731. The calorifi c 

value of pellets from agricultural residues was lower by about 

10% and its ash content almost 900% higher than that of post-

production sawdust. Pellets from biomass of perennial crops and 

production residues, despite their fl aws, are likely to be future- 

attractive, renewable biofuels, in particular for applications in 

power industry and municipal heating. 

key words: biomass, energy crops, post-production residues, 

pellets, ash content, calorifi c value 

INTRODUCTION

 Nowadays, the main source of biomass for energy pur-

poses are forests and timber industry. However, in the light 

of the law regulation, the structure of the biomass source 

must be changed to the increase of the share of biomass 

from agricultural production residues and agro-food indus-

try (Dz.U. nr 156, poz. 969), which is a big challenge for 

agriculture (Budzyński et al., 2009; Grzybek, 2008; Kuś, 

Faber, 2009).

 One of the major sources of biomass is to be long-term 

energy crops grown on agricultural land: native species of 

willow (Salix L.), Poland-acclimatized Sida (Sida hermaph-

rodita R.), giant perennial grass – Miscanthus (Miscanthus 

x giganteus J.M.Greef & M.Deuter) and other (Grzybek, 

2006; Kuś, 2008; Podlaski et al., 2009; Stolarski, 2004, 
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2009; Stolarski et al., 2006, 2008, 2009; Szczukowski et 

al., 2000, 2004). 

 Solid, fresh biomass as a fuel compared to mineral re-

sources such as coal in terms of physicochemical proper-

ties of fuel is less attractive. This is due to (among other 

reasons) too low density of biomass, making it diffi cult to 

transport, storage and dosing for the boilers. In addition, 

a wide range of moisture from a few percentage points to 

as much as 50–60% and low volumetric energy content 

hinder the distribution of biomass in the basal form. There-

fore, electric utilities are interested in processed biomass, 

refi ned to the form of pellets. Pellets compared to the origi-

nal form of biomass have lower moisture, higher density 

which increases their concentration of energy (Grzybek, 

2004; Kowalik, 2002; Stolarski et al., 2005; Szczukowski 

et al., 2004). However, the calorifi c value of pellets, and 

the ash content varies largely depending on the origin of 

the material used for pelletizing. 

 The paper posed the hypothesis that the biomass from 

agricultural and agro-food industry can be the raw material 

for pellet production, and the quality of produced biofuel 

will probably be standing close to the one obtained from for-

est biomass residue. The aim of this study was to determine 

moisture, ash content and heating net calorifi c value of pel-

lets produced from agricultural and forestry biomass.

MATERIAL AND METHODS 

 The study was carried out on 15 types of pellets pro-

duced from biomass: perennial energy crops (willow, Sida, 

giant Miscanthus), agricultural residues (straw of cereals 

– triticale, straw of hemp (for oil), cereal bran, residues of 

cleaning grass seeds, sunfl ower marc), forest residues (wood 

shavings, the bark of coniferous trees), wood (pine and oak 

sawdust), food industry (apple pomace, coffee marc) and 

mixed (75% pine sawdust + 25% cereal bran by weight). 

 The representative samples of pellets of each type of 

biomass were collected. The assays for each trait were per-
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formed in the laboratory of Department of Plant Breeding 

and Seed Production (University in Olsztyn) in three rep-

lications. Pellet moisture was determined by dryer-weight 

method (by PN-80/G-04511 standard). Then, individual 

samples of biofuels were crushed in the analytical mill 

“IKA FMC 10 basic”, using sieves with mesh diameter of 

0.25 mm. The ash content was determined in so prepared 

analytic samples (by PN-80/G-0512 standard). In addition, 

the heat of combustion of the biofuels was determined in the 

calorimeter IKA C 2000, based on the dynamic method (by 

PN-81/G-04513 standard) and the calorifi c value was calcu-

lated accounting for their moisture in the working state.

 The results were analyzed using computer package 

STATISTICA 9.0 PL. Arithmetic means and standard de-

viation were calculated for the studied traits. The multi-

ple-comparison SNK test which groups together means of 

similar values was applied to identify statistically homoge-

neous groups at α = 0.05.

RESULTS AND DISCUSSION 

 The moisture of pellets was low, averaging 9.2% (Fig. 

1). Pellets produced from pine sawdust had the lowest 

moisture content (6.3%). Slightly, but signifi cantly higher 

humidity was found in pellets from oak sawdust. In the 

remaining fuels the value of this trait ranged from 7.3% 

for Sida to 12.9% in the pellets from apple pomace. The 

requirements of DIN 51731 standard allow the pellets with 

a moisture content of 12% to be put on the market. Pellets 

derived from apple pomace and cereal bran did not meet 

that standard. In other studies, moisture of pellets also var-

ied in a narrow range from 7.04% in the pellets from beech 

sawdust to 12.04% for pellets made from sunfl ower marc 

(Stolarski et al., 2007). 

 The ash content of pellets produced from different types 

of biomass averaged 3.5% (Fig. 2). The pellets produced 

from oak sawdust was characterized by the lowest, posi-

tive value of that trait (0.5% DM). Statistically, they were 

in the same homogeneous group with pine sawdust pellets 

(0.9% DM). The ash content in the pellets from willow bio-

mass was 1.8% DM. The apple pomace pellets were in the 

third group of fuels in terms of ash content. Whereas, in the 

fourth group of fuels in terms of this value were fuel from 

sunfl ower marc, bark of conifers, wood shavings, mixture 

of sawdust and bran, and the biomass from Sida, Miscan-

thus and hemp (2.3–3.2% DM). The highest ash content 

(11.1% DM) of the examined biofuels was found in pellets 

made from the residue from cleaning of grass seeds. In the 

pellets from straw the ash content was 7% DM, while in 

bran it was by 0.7 percentage points lower. 

 The cited standard DIN 51731 permits on the market 

pellets with ash content below 1.5%. In this study these 

criteria were met by pellets made from clean, post-pro-

duction oak and from pine sawdust without bark. Pellets 

made from other biomass did not meet the criteria of this 

standard. However, it could be used primarily as industrial 

pellets to be applied in the power industry and in municipal 

heating. 
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Fig. 1. Pellet humidity from various types of biomass [%] (source: authors’ own research) 
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Fig. 2. The ash content of pellets of different types of biomass [% DM]. 
(source: authors’ own research)

error bars represent the standard deviation 

a, b, c ... – homogeneous group 

error bars represent the standard deviation 

a, b, c ... – homogeneous group 

Fig. 3. Combustion heat of pellet of different types of biomass [MJ kg-1 DM]. 
(source: authors’ own research) 
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 In other studies, the ash content of willow pellets was 

lower (1.4% DM), and for Sida pellets was higher (3.4% DM) 

than limit value (Stolarski et al., 2005). In subsequent stud-

ies, though, the ash content in these species was respec-

tively 2.2% and 2.7% DM (Stolarski et al., 2007). Król et 

al. (2010) indicate that the ash content of willow biomass 

was 2.6% DM and this feature for Sida and Miscanthus 

biomass was substantially higher, respectively 4.2% and 

4.4% DM. The authors cited determined ash in sunfl ower 

straw at 5.5% DM and at half that amount (2.65% DM) 

in sunfl ower husk. Stolarski et al. (2007) indicate that the 

ash content in the pellets from the remains of sunfl ower 

was 3.5% DM. Varied content of ash in the biomass from 

the agro-food industry was determined by Borycka (2009). 

The value of this trait ranged from 1.24% to 3.40% for ap-

ple and carrots, respectively.  

 The combustion heat of tested biofuels was high and 

averaged 19.4 MJ kg-1 DM (Fig. 3). To the homogeneous 

group of pellets with the highest calorifi c value were clas-

sifi ed: coffee and sunfl ower marc, oak and pine sawdust. 

In the second homogeneous group were biofuels derived 

from the mixture of branches of forest trees and bran with 

sawdust. The third group included pellets from the bark 

of conifers. In the fourth group were placed pellets from 

willow, Miscanthus and cereal bran. In the fi fth homogene-

ous group were biofuels from apple pomace, wheat straw, 

hemp straw, and Sida. The last homogeneous group with 

the lowest combustion heat was composed of the pelleted 

residue from cleaning of grass seeds, a product that con-

tained large quantities of mineral impurities. 

 The calorifi c value of individual biofuels taking into 

account their humidity is shown in Figure 4. In the case of 

this trait variation in the number of homogeneous groups 

was greater than that for combustion heat, since as many 

as ten groups were identifi ed. The highest calorifi c value 

was shown by pine sawdust pellets 18.9 MJ kg-1, slightly 

lower by oak sawdust pellets. High calorifi c value (18,1–

18,5 MJ kg-1) was characteristic of pellets from the cof-

fee marc, those from sunfl ower marc and from the mixture 

of branches of forest trees. Pellets from willow, Miscan-

thus, conifer bark as well as from the mixture of sawdust 

and bran were characterized by a calorifi c value of 17.7–

17.8 MJ kg-1. However, by far the lowest average calorifi c 

value of pellets was found in those made from the residue 

left in the cleaning process of grass seeds 16.3 MJ kg-1. In 

other studies, the calorifi c value of pellets from the sawdust 

of forest trees ranged from 17.7 to 18.0 MJ kg-1 (Stolarski 

et al., 2007). The pellets made from the biomass of energy 

crops had a calorifi c value of about 17 MJ kg-1. In the bio-

fuel made from post-processing residues the calorifi c value 

was lower by about 0.6 MJ kg-1. Król et al. (2010) indicate 

that willow biomass was characterized by a higher calorifi c 

value (17.2 MJ kg-1) than the biomass of Miscanthus and 

Sida (about 16.5 MJ kg-1). In the above-cited studies high 
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calorifi c value was found in rapeseed cake (19.9 MJ kg-1), 

whereas in peanut shells the value was 15.7 MJ kg-1. Bo-

rycka (2009) showed large variations of the calorifi c value 

of biomass residues from fruit and vegetables. The low-

est value of that trait was characterized by apple pomace 

(15.9 MJ kg-1) and the highest by tomato marc (23.3 MJ kg-1).

 Based on the results from this study we can confi rm 

that the quality of the pellets as a biofuel can be varied 

depending on the type of biomass, from which it was pro-

duced. When analyzed for quality using the averaged data 

from this study sawdust from timber industry was found to 

have the best suitability as a source of energy. It is charac-

terized by highest calorifi c value and lowest moisture and 

ash content (Table 1). Pellets from the biomass from peren-

nial energy crops is characterized by a lower calorifi c value 

by an average of 1.2 MJ kg-1. However, the calorifi c value 

of biomass pellets from agricultural residues was lower by 

an average of 1.9 MJ kg-1 than pellets from timber industry 

residues. The ash content of pellets from the biomass of 

perennial crops, forest residues and food industry residues 

was 4-fold higher than in the pellets from pure sawdust. By 

contrast, pellets from agricultural residues biomass con-

tain, on average, almost 9 times more ash, which may limit 

their use in the manufacture of solid fuel – pellets of high 

quality for individual customers.

 Varied ash contents in the tested fuels are not surpris-

ing, because the ash content in different types of biomass is 

affected by: the characteristics of species, the soil on which 

the plants grow, fertilization rates, the level of contamina-

tion by minerals and biomass-acquisition period (Stolarski 

et al., 2009). The ash content of dendromass is dependent 

on parts of the plant from which it was acquired and on the 

fraction of bark and mineral impurities. Therefore, the pel-

lets from sawdust which did not contain bark or impurities 

was characterized by the lowest value of that trait. Agricul-

tural biomass contained signifi cantly more ash. In order to 

produce pellets which would meet the requirements of DIN 

51731 the products to be created should include, among 

other things, post-processing residues of timber industry 

blended with agricultural biomass.  

CONCLUSIONS

 1.  Pellets made from pure wood sawdust was charac-

terized by the best quality in terms of value of energy (the 

highest calorifi c value and lowest ash content) and they 

met the requirements of DIN 51731 standard.

 2.  Among the solid biofuels produced from treeless 

biomass a high calorifi c value and the lowest content of 

ash was characterized by a pellet from perennial energy 

crops.

 3.  Pellets produced from perennial energy crops, agri-

cultural residues, forestry and food industry did not meet 

the requirements of DIN 51731 standard because of too 

high content of ash. 

 4.  The calorifi c value of pellets from agricultural resi-

dues was lower by about 10% and the ash content of almost 

900% higher than that of sawmill sawdust. 

 5.  Pellets from biomass of perennial crops and produc-

tion residues, despite their fl aws, are likely to be future-at-

tractive renewable biofuels, in particular for applications in 

power industry and municipal heating.

REFERENCES

Borycka B., 2009. Walory ekologiczne spalania biomasy z odpa-

dów owocowo-warzywnych. Energetyka, 12(666): 847-851.

Budzyński W., Szczukowski S., Tworkowski J., 2009. Wybrane 

problemy z zakresu produkcji roślinnej na cele energetyczne. 

In: Przyszłość sektora rolno-spożywczego i obszarów wiej-

skich” (ed. by A. Harasim), I Kongres Nauk Rolniczych, Na-

uka-Praktyce. IUNG-PIB Puławy, 77-89. 

Dz.U. nr 156, poz. 969. Rozporządzenie Ministra Gospodarki 

z 14 sierpnia 2008 roku w sprawie szczegółowego zakresu 

obowiązków uzyskania i przedstawienia do umorzenia świa-

dectw pochodzenia, uiszczenia opłaty zastępczej, zakupu 

energii elektrycznej i ciepła wytworzonych w odnawialnych 

źródłach energii oraz obowiązku potwierdzania danych doty-

czących ilości energii elektrycznej wytworzonej w odnawial-

nym źródle energii. 

Grzybek A., 2004. Potencjał biomasy możliwej do wykorzysta-

nia na produkcję peletu. Czysta Energ., 6: 24-25.

Table 1. Characteristics of pellets made from different origins of biomass.

Pellets of biomass
Combustion heat

[MJ kg-1 DM]

Humidity

[%]

Ash content 

[% DM]

Calorifi c value

[MJ kg-1]

Perennial energy crops 19.15 ±0.28 7.59 ±0.83 2.58 ±0.68 17.70 ±0.30

Agricultural residues 18.92 ±0.93 10.14 ±1.74 6.00 ±3.35 17.00 ±0.71

Forest residues 19.81 ±0.42 9.36 ±1.23 2.83 ±0.68 17.95 ±0.52

Timber industry residues 20.19 ±0.37 6.50 ±0.72 0.67 ±0.28 18.88 ±0.43

Food industry 19.54 ±0.72 10.58 ±2.81 2.77 ±0.72 17.49 ±1.14

Mixed 19.90 ±0.25 11.10 ±0.53 2.33 ±0.83 17.69 ±0.33

± standard deviation

Source: authors’ own research

M. Stolarski et al. – Agricultural and forest biomass for solid biofuels



72 Polish Journal of Agronomy, No. 2, 2010 

Grzybek A., 2006. Zasoby krajowe biopaliw stałych i możliwo-

ści ich wykorzystania w aspekcie technicznym i organizacyj-

nym. Energetyka, IX: 8-11.

Grzybek A., 2008. Ziemia jako czynnik warunkujący produkcję 

biopaliw. Probl. Inż. Rol., 1: 63-70.

Kowalik P., 2002. Perspektywy peletyzacji biomasy w Polsce. 

Czysta Energ., 10(14): 14-15.

Król D., Łach J., Poskrobko S., 2010. O niektórych problemach 

związanych z wykorzystaniem biomasy nieleśnej w energe-

tyce. Energetyka, 1(667): 53-62.

Kuś J., 2008. Produkcyjność roślin energetycznych w różnych 

siedliskach. In: „Energia odnawialna” (ed. by P. Gradzinek), 

Wieś Jutra, 48-60.

Kuś J., Faber A., 2009. Produkcja roślinna na cele energetycz-

ne a racjonalne wykorzystanie rolniczej przestrzeni produk-

cyjnej Polski. In: ”Przyszłość sektora rolno-spożywczego 

i obszarów wiejskich” (ed. by A. Harasim), I Kongres Nauk 

Rolniczych, Nauka-Praktyce. IUNG-PIB Puławy, 63-76.

Podlaski S., Chołuj D., Wiśniewski G., 2009. Kryteria wyboru 

roślin energetycznych do uprawy w określonych warunkach 

przyrodniczych. Wieś Jutra, 8-9(133/134): 15-17.

Stolarski M., 2004. Produkcja oraz pozyskiwanie biomasy 

z wieloletnich upraw roślin energetycznych. Probl. Inż. Rol., 

3(45): 47-56. 

Stolarski M., 2009. Agrotechniczne i ekonomiczne aspekty pro-

dukcji biomasy wierzby krzewiastej (Salix spp.) jako surow-

ca energetycznego. Wyd. UW-M Olsztyn, Rozpr. Monogr., 

148, 145 pp.

Stolarski M., Kisiel R., Szczukowski S., Tworkowski J., 2005. 

Koszty produkcji oraz charakterystyka peletu z biomasy wierz-

by i ślazowca. Rocz. Nauk Rol., Ser. G, 92(1): 162-167.

Stolarski M., Szczukowski S., Tworkowski J., 2007. Charak-

terystyka wybranych biopaliw z biomasy stałej. Probl. Inż. 

Rol., 4: 21-26.

Stolarski M., Szczukowski S., Tworkowski J., 2008. Biopaliwa 

z biomasy wieloletnich roślin energetycznych. Energetyka, 

1: 77-80.

Stolarski M., Szczukowski S., Tworkowski J., Nosarzewska A., 

2009. Ocena przydatności do celów energetycznych biomasy 

wybranych gatunków roślin wieloletnich. Zesz. Probl. Post. 

Nauk Rol., (in press).

Stolarski M., Tworkowski J., Szczukowski S., 2006. Produk-

tywność i charakterystyka biomasy wierzby jako paliwa. 

Energetyka, IX: 53-56.

Szczukowski S., Tworkowski J., Stolarski M., 2000. Biomasa krze-

wiastych wierzb (Salix sp.) pozyskiwana na gruntach ornych 

odnawialnym źródłem energii. Pam. Puł., 120: 421-428.

Szczukowski S., Tworkowski J., Stolarski M., 2004. Wierzba 

energetyczna. Plantpress Kraków, 46 pp.


