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Thermal Properties of the Unusual Fast-growing Energy Crops  
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Abstract :  In this paper are discussed the results of experimental calorimetric measurements and organic elemental 

analysis of the two potencial energy crops, Chinese silvergrass (Miscanthus sinensis A.) and Elytrigia Repens.  

Experimental measurements have shown that the examined energy crops have a significant energy potential, which 

is even higher than, for example, brown coal.   
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1 Introduction 

Plants use CO2 for their growth. It they absorb from the 

atmosphere and convert into organic compounds 

through photosynthesis - carbohydrates and 

polysaccharides. When burning biomass, the opposite 

process occurs and carbon dioxide is released into the 

atmosphere to reuse it in the photosynthesis process. It 

is a closed cycle in which the use of biomass for 

energy purposes, comparing with fossil fuels, has a 

neutral effect on the carbon dioxide content of the 

atmosphere. 

The main reason of air pollution by greenhouse 

gases, and hence the ongoing climate changes are the 

burning of fossil fuels. The greenhouse gases are 

mainly carbon dioxide, methane, and to a lesser extent 

nitrous oxide. Atmospheric pollutants include sulfur 

dioxide SO2 and nitrogen oxides NOx. Energy sector is 

the biggest producer of anthropogenic CO2 emissions. 

Therefore, the growth of energy sector should be based 

on the principles of sustainable development. 

The most commonly used types of biomass are 

wood (dendromass) and wood residues (waste), straw 

of cereals and oilseeds, biogas, liquid biofuels and 

plants grown for use in the energy sector. While 

various solid fuels have a similar structure 

composition, the lower heating value varies. Steblins 

have more ash (8 %) than woody plants (1 %). The 

main combustion substances such as carbon (44 %) 

and hydrogen (6 %) are partially oxygenated because 

the plants contain 36 % chemically bound oxygen. This 

increases their lower heating value over fossil fuels by 

about 18 MJ.kg-1 in absolute dry condition. The 

humidity level of the biomass has a great impact on the 

lower heating value. The optimal humidity level for 

combustion is about 15-20% for stalks and 20-30% for 

woody plants. A certain amount of water is necessary 

in the fuel because the absolutely dried organic dust is 

actually explosive. In combustion, biomass releases 

less harmful emissions into the air. It is this aspect that 

leads to the creation of fuels that contain only biomass 

[1].  

 

2 The Fast-growing energy crops 

Chinese silvergrass (Miscanthus sinensis Anderss.) 

comes from Southeast Asia. It is a perennial grass of 

high growth, the original botanical species of which 

reach 1.0-1.5 m height, with the fresh green colour. 

Some cultivated forms for decoration are much higher, 

they can grow to a height of 4 m. It is member of 

botanic family Poaceae, it is a plant of type C4, its 

production potential under favorable conditions is 

above 30 t.ha-1, in conditions of irrigation up to  40 

t.ha-1 of dry matter. As a C4 plant, it effectively uses 

solar energy, water and nutrients. In our climatic 
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conditions it is very resistant to pests and diseases. In 

the first year of cultivation, it is prone to freezing and 

in early stages of growth to the weed infestation [3] 

[4]. It is currently cultivated for both economic and 

ornamental purposes. The most well-known 

ornamental cultivars of this botanical species include: 

Adagio, Cabaret, Gracillimus, Silberfeder and Strictus 

[2][5].  

 

Figure 1 Miscanthus sinensis Anderss 

Elytrigia Repens is also from the family Poaceae. 

Elytrigia is a perennial plant with a cylindrical, hollow, 

sectioned, usually in the lower part of a stalk, wich 

growth up to 1.5 m hight. The leaves are lanceolate, 

bare on the back, slightly hairy on the other side. The 

flowers are arranged in double-row cobs, which are 

located on the tops of the stem, are simple with two 

husks - the upper and lower and three rods. The fruit is 

a grain grown together upper husk. Underground it is 

has long underground shoots. The plant blooms from 

June until July. The grass grows on grassy and sandy 

soils, alongside roads, pens, fields, gardens and 

vineyards. 

 

Figure 2 Elytrigia repens 

 

3 Experimental methods and the results 

of measurements 

For the laboratory analyses purposes, samples of the 

Chinese silvergrass (M) and the Elytrigia Repens (E) 

were taken in four time periods at the end of each 

month. Samples A-M and A-E in September, 24 hours 

after harvest, samples B-M and B-E in October, C-M 

and C-E in November and samples D-M and D-E in 

February of the following year. 

The dry matter and moisture content of the samples 

were determined using the Kern MLB 50-3N 

Electronic Moisture Analyzer from KERN & SOHN 

GmbH Belingen. The apparatus uses the most widely 

used method of thermogravimetry - halogen drying. It 

is equipped with a 1x400 W halogen emitter. The 

approximately weight of sample was 3 g weighed on 

analytical scales to 0.001 g. The instrument records the 

initial weight of the sample, then the sample is 

gradually dried by the halogen emitter and the built-in 

scales weighs the change in sample weight to constant 

loss. The residual weight after drying is the dry matter. 

Each sample was measured three times and averaged. 

The average dry matter and sample moisture values are 

shown in Table 1. 

 
Table 1 Determination of humidity and dry matter of samples 

 

Humidity –

H [%] 

Dry matter – 

D [%] 

R = H/D 

[x 100 %] 

A-M 56,962 43,038 132,328 

B-M 36,065 63,935 56,445 

C-M 30,512 69,488 43,910 

D-M 25,166 74,834 33,654 

A-E 47,922 52,078 91,962 

B-E 14,049 85,951 16,351 

C-E 10,235 89,765 11,402 

D-E 7,212 94,788 7,772 

On the Figure 3 is illustrated decrease in water amount, 

especially in the case of the Elytrigia Repens. 
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Figure 3 Water amount 

The CHNS analyzer configuration operates according 

to the dynamic flash combustion of the sample. The 

sample is weighed in a tin capsule and introduced into 

the combustion reactor via the Thermo Scientific™ 

MAS™ 200R autosampler together with a proper 

amount of oxygen. After combustion, the resultant 

gases are carried by a helium flow to a layer filled with 

copper, then swept through a GC column that separates 

the combustion gases and is finally detected by a 

thermal conductivity detector (TCD) (Figure 4). For 

oxygen determination, the system operates in pyrolysis 

mode. Samples placed in silver containers are dropped 

into the pyrolysis chamber which is maintained at 1060 

°C and contains nickel coated carbon. The oxygen in 

the sample combined with carbon forms CO (carbon 

monoxide) which is then chromatographically 

separated from other combustion products and finally 

detected by a thermal conductivity detector (Figure 4). 

 

Figure 4 FLASH 2000 CHNS-O organic elemental analyzer - 

layout 

The samples were homogenized using a rotor speed 

mill and a ball mill. BBOT (2,5-Bis(5-tert-butyl-

benzoxazol-2-yl) thiophene was used as standard to 

calibrate the system in CHNS configuration, while 

benzois acid were used as standard in oxygen 

configuration. The average biogenic element values are 

shown in Table 2. On Figure 5 is shown biogenic 

element content in dependents on the tracking period. 

 

Table 2 Biogenic element content 

 

N [%] C [%] H [%] S [%] O [%] 

A-M 0,580 42,688 8,552 1,631 46,550 

B-M 0,290 43,237 6,984 0,0 49,488 

C-M 0,327 44,496 7,120 0,0 48,056 

D-M 0,817 33,787 6,835 0,0 58,561 

A-E 0,521 39,534 6,554 0,0 53,390 

B-E 0,898 38,144 4,800 0,0 56,158 

C-E 0,843 40,787 6,940 0,0 51,430 

D-E 1,035 38,872 6,450 0,0 53,642 

 

 

Figure 5 Biogenic element content 

The higher heating value of the samples was 

determined calorimetrically on an IKA Calorimeter 

C200. The system measures the higher heating value in 

accordance with DIN51900 and ISO1928. The 

biomaterial sample was first compressed into a tablet 

weighing about 1 g. The sample was then placed in a 

calorimetric vessel along with the ignition cotton fiber 

attached to the ignition wire. The closed autoclave was 

filled with oxygen and placed in a water bath of 2 liters 

of distilled water equilibrated to the set temperature. 

After starting the measurement, the sample is burned 

and the calorimeter software automatically records the 

change in water temperature. After the measurement, 

the instrument evaluates the higher heating value and, 

after entering the hydrogen and the water contents of 

the sample, the lower heating value of the material. 

The measured higher heating values and lower heating 

value are in Table 3. 
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Table 3 Determination of higher heating value and lower 

heating value 

 

Average 

mass of 

sample [g] 

Higher 

heating 

value QC 

[kJ.kg-1] 

Lower heating 

value QH       

[kJ.kg-1] 

A-M 1,0089 19878 16546 

B-M 1,0077 20168 17762 

C-M 1,0210 20375 18076 

D-M 1,0118 19578 17471 

A-E 1,0290 19136 16535 

B-E 1,0247 19445 18054 

C-E 1,0480 19424 17659 

D-E 1,0048 19653 18069 

On Figure 6 and Figure 7 is illustrated higher heating 

value and lower heating value of the Chinese 

silvergrass and the Elytrigia Repens for each period. 

 

Figure 6 Graphical dependence of higher heating value and 

lower heating value of the Chinese silvergrass 

 

Figure 7 Graphical dependence of higher heating value and 

lower heating value of the Elytrigia Repens 

 

4 Discussion 

The results of the moisture and dry matter 

determination in the analyzed samples are show a rapid 

decrease in the water content of the plants after the end 

of the growing season. The graphical dependence 

(Figure 3) expresses a rapid decrease in water amount, 

especially in the case of the Elytrigia (sample E), 

despite the fact that the plants remained in the soil after 

the end of growth during the autumn and winter. 

The elemental analysis of the biogenic elements of the 

Elytrigia samples shows a practically unchanged 

carbon and hydrogen amount during the tracking 

period. On the other hand, silvergrass (sample D-M) 

has a sharp decrease of the carbon amount in favor of 

oxygen amount at the end of the winter season, while 

the content of nitrogen and hydrogen has not changed 

(Figure 5). We believe that this may have caused the 

beginning of decomposition processes in the case of a 

silvergrass, savoir, oxidation reactions in saccharides 

of bound carbon. 

The water amount significantly reduces the higher 

heating value of energy crops. As a result, the dry 

matter amount is reduced and and heat consumption to 

evaporate the water. This is also illustrated by the 

graphical dependence (Figure 6 and Figure 7) of higher 

heating value and lower heating value of the individual 

samples examined from harvest time. While the lower 

heating value difference is negligible for the lower 

heating value, the higher heating value there is a 

significant difference (ΔQH ~ 1,0 – 1,5 MJ.kg-1) 

between September crop samples (samples A-M and 

A-E) and samples of other periods, due to the high 

moisture amount of biomass. 

On the basis of experimental results, it can be 

concluded that the examined energy crops have a 

significant energy potential, which is even higher than, 

for example, brown coal (QH ~ 15,0 MJ.kg-1).   
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