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Abstact. The paper is an analysis of the suitability of 

oat grains for energy purposes. The comparison covered 

two types of grain oats, hulled (Krezus variety) and naked 

(Polar variety), using varied nitrogen fertilization. The 

calorific value of the grains, including their ash content 

was determined. The study helped to demonstrate that oat 

grains exemplified excellent parameters, which advances 

its use for fuel purposes in power generation. The average 

calorific value obtained was 18.4 MJ kg
-1

, while the ash 

content was 2.28% of dry mass. Although increasing 

nitrogen fertilization restricted the grain’s calorific value, 

it did not lead to increases in the level of ash content. The 

Polar variety of naked oats was characterized by better 

suitability for energy purposes than the Krezus variety of 

hulled oats. The results obtained support the claim that oat 

grains can compete with other sources of raw materials 

for energy purposes.   

Key words: biomass, nitrogen fertilization, calorific 

value, ash content, hulled and naked oat grains 

 

INTRODUCTION 

Poland holds large potentials and possibilities for 

biomass production for energy purposes. This potential 

may be put to use to meet the EU obligatory Directive of 

17 December, 2008, which mandates the attainment of 

15% share of renewable energy sources in total energy 

consumption by 2020 and a 20% threshold by 2030. The 

percentage share of power from renewable sources in 

overall energy consumption in 2013 in Poland was 

11.3%, with 80.3% of it coming from biomass [7]. The 

Minister of Economy's regulation of 14 August 2008 

defines biomass to be ―any solid or liquid substance of 

plant or animal origin that is biodegradable, derived from 

products, waste and residues of agricultural and forestry 

production and allied companies as well as kinds of waste 

products that are biodegradable including grain cereals 

that do not meet quality requirements of corn for 

intervention buying‖ [5].  

The introduction of energy crops cultivation may 

provide alternative use for degraded and fallowed lands.  

Such cultivation, however, needs regulations and 

monitoring as it is capable of impacting on biodiversity 

and the preservation of potential for food production. The 

use of agricultural biomass for energy purposes is, to a 

large extent, antagonistic with farming that has remained 

the key source  of food so far [3, 18]. 

Farms occupy 16.3 million hectares of land in 

Poland. The total cultivated land amounts to 10.8 million 

hectares, with the largest area of 69.9% being taken by 

cereals [8]. One of the possible uses of cereals is for 

energy purposes. Oats, in particular, could be a useful 

source of renewable energy due to its high fat and low ash 

content. This use of oats is popular in several other 

countries, including Sweden. Arguments in favour of such 

raw material include, among other things, its small size, 

high specific weight, less complicated transport and 

storage requirements when compared to straw and wood, 

low soil quality requirements, wide availability of 

cultivating and harvesting machines, long farming 

traditions, the introduction of burners for oats, and the 

possible use of ash as fertilizer in fields. The grain can 

also be subjected to various technological processes. A 

positive aspect of this is the country’s independence from 

non-reliance on external energy supply inputs. The only 

hindrance is psychological, being the result of the high 

esteem accorded to grains, especially nutritious quality 

grains. [6, 9, 11, 13, 4, 28].  

The objective of the study was to determine and 

compare the calorific value of two types of oats grains 

with regards to varying nitrogen fertilization.  

The adopted research hypothesis assumes that 

naked oats is a better-suited type for energy purposes than 

hulled oats, and that increased nitrogen fertilization will 

result in different ash content in grains, including its 

calorific value.  

 

MATERIALS AND METHODS 

The research material consisted of two oat 

varieties namely, the naked variety, Polar and the hulled 

variety, Croesus [Krezus].  

The field trials were conducted at the Teaching 

and Research Station of the Faculty of Biology and 

Agriculture of the Rzeszow University in Krasne, near 

Rzeszow in 2010-2012.  It was established in randomized 

block form with sub-blocks in four replications. The oat 

grains were sown from 1
st
 to 20

th
 April in the study 

period. The following rates of nitrogen fertilization were 

applied during the vegetative period: 

— N0 — a plot without nitrogen fertilization 0kg N⋅ha
-1

 

(control);  

— N1 — a plot fertilised with 40 kg N⋅ha
-1

 (post sowing); 
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— N2 — a plot fertilised with 80 kg⋅N⋅ha
-1

, (post sowing 

and post emergence with a dose of 40 kg N⋅ha
-1 

each 

stage); 

— N3 — a plot fertilised with 120 kg N⋅ha
-1

 (post 

sowing, post emergence and during propagation phase at 

a rate of 40 kg N⋅ha
-1 

each).  

The research was carried out on brown soils from 

loess, composed of mechanical particles of medium soils, 

belonging to good wheat complex and IIIrd soil class 

quality. The soil was characterized by a neutral pH ratio 

(pH KCl of 6.1 – 7.2). The content of digestible 

components at the 0-25 cm soil layer in mg·kg
-1

 was: 

phosphorous -138.3; potassium -161.4 and magnesium – 

48.2. The microelement content was at a medium level, 

reaching: B – 1.6; Mn – 149.1; Cu – 4.6; Zn – 8.6 and Fe 

– 988.3. 

Weather conditions during the oats vegetative period are 

illustrated in Table 1. 

  

Table 1. Weather conditions in Krasne, near Rzeszow in 2010-2012. 

  

Month 

Precipitation [mm] Air temperature [
0
C]  

2010 2011 2012 1995-2009     2010 2011 2012 1995-2009     

III 22,3 20,0 28,5 32,1 2,7 2,8 4,19 2,7 

IV 49,9 50,0 26,1 50,6 8,9 10,3 9,73 8,7 

V 177,0 49,2 56,0 80,8 14,3 13,9 14,79 13,9 

VI 126,1 88,5 83,6 82,00 17,9 18,1 18,39 17,0 

VII 200,2 233,7 53,5 88,2 20,8 18,6 21,34 19,0 

VIII 98,6 28,6 56,3 68,8 19,5 19,0 19,04 18,2 
Source: authors' own research, according to data from the Meteorological Station in Jasionka, near Rzeszow. 

 

 

Oats grains were harvested at full maturity with 15% 

humidity. Study samples were collected for laboratory 

analysis to determine its calorific value and ash content. 

The analysed material was reduced to particle sizes 

of less than 1 mm using a lab mill, thus obtaining a 

homogeneous material. Next, 1 gram tablets were derived 

from the total sample using an automatic tableting 

machine for a direct analysis of its calorific value. The 

calorific value was determined using the calorific testing 

apparatus LECO AC500. The heat of combustion was 

determined by burning the sample in an oxygenated 

pressurized container surrounded in water jacket from all 

sides to ensure the monitoring of heat transfer. A 8 cm 

long wire was used to ignite the sample. No additional 

catalysts were applied for the analysis. Measurements of 

the water temperature was monitored using an electronic 

thermometer, with the accuracy of 0,0001°C. The heat 

exchange was continually measured using a measuring 

gauge.  The calorific value of the analysed material was 

determined based on the amount of heat generated.  

 The ash content was determined by burning the 

sample in a muffle furnace at 600 
0
C [PN-EN 

14775:2010]. 

The results obtained were statistically analysed using 

the variation analysis method at the significance level of 

α= 0.05 . The statistical analysis was conducted using the 

Statistica 10 software. 

RESULTS AND DISCUSSION 

Solid biofuels include varied materials such as energy 

crops, wood, straw and grains. These are primary energy 

resources, which besides the environmental and economic 

benefits offer opportunities for agricultural development 

[17]. Cereal grains, especially oats and maize, are 

increasingly being used for energy purposes in Poland and 

globally, especially in Scandinavia and the USA. It is a 

raw material that is easy to transport, store and the 

process of feeding the fuel to boiler is easily automated 

[13, 17, 28]. Most modern heating devices are adequately 

fitted for biomass combustion. They come with 

interchangeable burners and grates, hence the heating 

device can be adapted  to burning grains at a very low 

cost [14, 28]. Such devices are characterized by low 

exploitation costs, simplicity and rather little time 

consuming operations. Modern boilers are designed to 

burn several types of fuels, for example, coal, pellets, 

grain or oils [14]. 

 

Fig. 1. Flow chart of biomass production 

Source: Own calculations, based on Roszkowski 2013

 

The biomass applied for energy uses could be used 

for direct burning or further processing. Subjecting the 

solid biomass to thermochemical, biochemical and 

thermal processes yields liquid, solid and gaseous fuels. 

The liquid fuels consist of ethanol, biodiesel, bio-oils and 

methanol [24]. Oat grains with their low fat content in the 
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range of 3-6% when compared to rapeseed (about 40%) 

are not suitable for liquid fuel production but can be used 

for solid fuels. Biomass has the best conversion 

efficiency, while the highest direct combustion, which 

reaches up to 90%,  has been associated with bio-gas [23, 

26]. The form with the least difficulties (Fig 1) but the 

most efficient combustion (Table 2) is when grains are 

used for direct combustion. 

 

Table 2. Efficiency of biomass conversion into energy 

(the conversion of biomass in a processing plant)  

Kind of product [%] 

Biogas (electric energy)  10-15 

Esters (biodiesel) 30-40 

FC lignocellulose (electric energy) 30-40 

FT (fuels, electric energy) 30-50 

Gasification (electric energy) 40-50 

Ethanol, methanol 40-50 

Ethanol of II generation LC 50-60 

Biomass pyrolysis  60-70 

Combustion (heat) 70-90 

Source: de WIT, FAAIJ 2010,  Roszkowski 2012, 

Roszkowski 2013 

A key indicator in assessing the energy use of the 

analysed energy resources was their calorific value [1]. 

The different types of biomass material are characterized 

by varying calorific values (Table 3). The lowest, 

amongst those tested, was shown by meadow hay, whilst 

the highest was found for beech wood pellets, which was 

comparable to oat grains in terms of energy value. The 

difference was in the range of 0,2 MJ kg
-1

. When 

compared with the most popular source of energy in 

Poland, coal, the result can be considered as very 

satisfying. Low quality coal has a lower calorific value 

than biomass, including oat grains (Table 3). Oat grains as 

a biomass material, according to Roszkowski [22, Table3] 

display high suitability for energy purposes from physical, 

technical and technological perspectives.   

Table 3. Average calorific value for selected energy raw 

materials 

Type of plant materials 
Calorific value of the dry 

state, MJ kg
-1 

Pelet – beech wood 18,6 

Pelet – pine wood 17,7 

Wheat straw 16,8 

Rye straw 17,1 

Maize straw 17,5 

Rape straw 17,3 

Meadow hay 16,6 

Oat grains 18,4 

Black coal 14,7-29,3 

Source: Own calculations,  based on Roszkowski 2012, 

Bajcar 2014, Niedziółka, Szpryngiel 2014, and 

Niedziółka 2015 

Table 4 illustrates the calorific value of oat grains 

obtained over the three-year research period, using four 

levels of nitrogen fertilization for the two varieties of oats. 

It was observed that the level of nitrogen fertilization 

resulted in varied levels of calorific values of the grains. 

High levels of nitrogen fertilization of up to 120 kg·ha
-1 

had negative impacts on the grain’s calorific value in each 

year of the study. Both varieties, namely Krezus (hulled 

oats) and  Polar (naked oats) attained higher values at the 

lowest levels of fertilization. The observed differences 

may have arisen from the fact that nitrogen fertilization 

has a negative impact on fat content but a positive impact 

on protein content of cereal grains, a fact that has been 

corroborated in researches by various authors [2, 10, 12, 

19]. 

  

 

Table 4. Calorific value of oat grains relative to the nitrogen fertilization and grain variety [MJ kg
-
1] 

 Cultivar (I) Nitrogen Fertilization (II) 2010 2011 2012 2010-2012 

Krezus 0 18,608 18,154 18,270 18,381 

 40 18,538 17,826 17,793 18,182 

 80 18,441 17,884 18,106 18,163 

 120 18,425 17,903 18,697 18,164 

Polar 0 18,373 18,935 19,091 18,654 

 40 18,389 18,770 18,909 18,580 

 80 18,749 18,280 18,369 18,514 

 120 18,770 17,808 18,639 18,289 

NIRα=0,05 (I x II) r.n. 0,362 0,412 0,071 

Mean  

Krezus  18,503 17,942 18,217 18,223 

Polar 18,570 18,448 18,752 18,509 

NIRα=0,05 (I) 0,021 0,362 0,462 0,236 

  

0 18,491 18,544 18,680 18,518 

40 18,464 18,298 18,351 18,381 

80 18,595 18,082 18,238 18,339 

120 18,598 17,856 18,668 18,227 

NIRα=0,05 (II) 0,101 0,231 0,132 0,261 

Total mean 18,537 18,195 18,484 18,366 

r. n. – non significant differences; Source: own calculations
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Increasing the fat content of grains is most desired, 

judging from the energy perspective. The combustion of 1 

gram of fat releases twice more energy than the 

combustion of equivalent amount of protein. The naked 

oat (cv Polar) types are known to contain higher fat 

content in the grain in comparison to the hulled types [19, 

20]. This relativity was confirmed in the studies. The 

Polar variety that contained more fat in the grain in 

comparison with the Krezus variety (Table 3) achieved 

higher calorific value irrespective of the level of nitrogen 

fertilization. The calorific value of grains from the studied 

oat varieties, 18,4 MJ kg
-1

 , is indeed a very good result 

when compared to results obtained from other types of 

biomass designated for energy purposes.  Both pine and 

beech woods are known to have similar calorific values as 

oat grains. They can without doubt compete successfully 

with low quality coal, which additionally contains several 

harmful pollutants that it emits into the atmosphere. Oat 

grains are also very competitive when compared to 

meadow hay whose calorific value is estimated at 14 MJ 

kg
-1

 from the first swath [27] through to 16.2-16.6 MJ kg
-1

 

from the third swath
 
[1, 15, 16].  

The grain’s ash content also impacts on the calorific 

value of the raw material (Table 5). The lower the 

content, the more suitable the raw material is for energy 

purposes. The ash content of biomass is decisively lower 

than in traditional fossil fuels, which makes biomass a 

more attractive energy source [1]. 

 

Table 5. Ash content in selected energy raw materials 

Type of plant materials 
Ash content (% s. 

m.) 

Pelet – beech wood 2,7 

Pelet – pine wood 5,6 

Wheat straw 7-11 

Maize straw  3,7-4 

Rape straw  5,0 

Meadow hay 5,3-9 

Oat grains 2,28 

Black coal 8-34 

Source: own calculations, based on Roszkowski 

2012, Bajcar 2014, Niedziółka, Szpryngiel 2014, and 

Niedziółka 2015  

The combustion of clean biomass releases 

insignificant quantities of ash (Table 5), that is devoid of 

harmful substances [17]. Such ash is suitable for use as 

mineral fertilizer as it contains large amounts of 

potassium and calcium oxides (lime-potassium fertilizer) 

[13, 14]. Given the advantageous properties of biomass in 

terms of ash content, its content in oat grains relative to 

the level of nitrogen fertilization (Table 6) was also 

analysed in the studies. The popular opinion is that higher 

nitrogen fertilization increases the ash content of oat 

grains [21, 25]. 

 

Table 6. Ash content in oat grains [% dry mass] 

Cultivar (I) Nitrogen Fertlization (II) 2010 2011 2012 2010-2012 

Krezus 0 2,55 1,36 2,78 2,55 

 40 2,57 1,32 2,96 2,57 

 80 2,62 1,62 2,86 2,62 

 120 2,75 1,72 2,83 2,75 

Polar 0 1,86 1,16 2,73 1,86 

 40 1,88 1,11 2,93 1,88 

 80 1,88 1,22 2,45 1,88 

 120 2,11 1,44 3,02 2,11 

NIRα=0,05 (I x II) r. n. 0,13 r. n. r. n. 

Mean 

Krezus 2,62 1,51 2,62 2,62 

Polar 1,93 1,23 1,93 1,93 

NIRα=0,05  (I) 0,24 0,14 0,32 0,50 

  

  

  

  

0 2,21 1,26 2,76 2,21 

40 2,22 1,21 2,94 2,22 

80 2,25 1,42 2,65 2,25 

120 2,43 1,58 2,93 2,43 

NIRα=0,05 (II) 0,19 r. n.  r.n. r. n 

Total mean 2,28 1,37 2,82 2,28 

r. n. – non significant difference; Source: own calculations 
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This claim was not, however, confirmed in the course of 

these studies (Table 6). Nitrogen fertilization did not 

result in increased ash content in the grains of oats over 

the three-year period, except for 2010 with extreme 

weather conditions, namely huge rainfalls in May and 

June (Table1). Significant differences amongst the 

varieties were observed. Due to its content of hulls the 

Krezus variety was shown to have about 0.7% more dry 

mass than the Polar variety. The average ash content, 

however, in both the varieties at different levels of 

fertilization during the three years amounted to 2.2% dry 

mass, which from the perspective of calorific value was a 

very good result. 

CONCLUSIONS 

1. The calorific value of 18.4 MJ kg
-1

 and average ash 

content of 2.3% of dry mass obtained for oats is 

competitive in relation to other energy sources derived 

from biomass, which confirms its suitability for use in 

power industries for heating purposes.    

2. Higher doses of nitrogen fertilization, namely, 80 and 

120 kg N∙ha
-1

hampered the calorific value of oats, but had 

no influence on the ash content of grains. 

3. The naked variety of oats, Polar, was characterized by 

better suitability for heating purposes than the hulled, 

Krezus, variety. Its grain had a higher calorific value and 

contained less ash.  
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