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Introduction

Many kinds of grains and oil plants straw can be used for energy 

purposes. Only the oat straw is not recommended for burning be-

cause of the its low ash melting point affecting clogging and malfunc-

tion of the furnace. Compared to fossil fuel (coal), straw has a lower 

energy value per weight (1.5 tons of straw is energy equivalent to  

1.0 t of medium quality coal [3]) and a higher content of volatile com-

pounds. On the other hand it has the smaller amounts of nitrogen and 

sulfur, which reduces emissions of nitrogen and sulfur dioxides during 

combustion process.

Some physical and chemical parameters of the solid biomass com-

pared to coal and natural gas are presented in table below.
Table 1

Physical and chemical properties of straw, wood chips  
and fossil fuels [3]

Parameter Unit
Yellow 

straw

Gray 

straw

Wood 

chips
Coal

Natural 

gas

Heat of combustion
MJ/kg

18.0 18.7 19.4 32 48

Heating value 14.4 15 10.4 25 48

Moisture content % 10-20 10-20 40 12 0

Ash content

% dry wight

4 3 0.6-1.5 12 0

Volatile components 

content
>70 >70 >70 25 100

Coal 42 43 50 59 75

H 5 5.20 6 3.50 24

O 37 38 43 7.30 0.90

Cl 0.75 0.20 0.02 0.08 -

N 0.35 0.41 0.30 1 0.90

S 0.16 0.13 0.05 0.80 0

The usefulness of solid fuels for energy production is estimated by 

the two the most important thermodynamic parameters: heat of com-

bustion and calorific value. The level of both parameters depend on 

the chemical composition of biomass and its moisture content, depen-

ding on the type of plant, weather conditions and storing conditions. 

The calorific value of straw is reduced proportionally with increasing 

moisture content, because of larger amounts of energy consumption 

is needed to evaporate more water during the process of burning. 

Therefore, because of the to high moisture level the drying of some 

types of biomass is necessary, which allows to gain the desired value of 

combustion parameters and energy values of fuel.

Fresh straw (called yellow) is directly cut straw. It is worse energy 

source due to the large amount of alkali metals and chlorine compo-

unds (the problem of corrosion and slagging ash). To improve the quali-

ty, the straw is left in the place of cutting, so as a result of weathering, 

content of the unwanted elements and moisture decreases. Such pre-

pared straw (called gray), after additional drying is a more useful energy 

source (Table 2 and 3) with lower emissions during combustion.

Table 2 

Comparison of properties of the yellow and gray straw [5]

Straw
Moisture content,

%

Energetic value,

 MJ/kg

Ash kontent,

 % 
dry wright

Yellow staw

10÷20

14.3 4.0

Gray straw 15.2 3,0

Table 3

Heating value of biomass depending on the moisture content [5]

Biomass
Moisture content, 

%

Heating value for 

fresh biomass, 

MJ/kg

Heating value 

for dry biomass, 

MJ/kg

Wheat straw 15-20 12.9-14.1 17.3

Barley straw 15-22 12.0-13.9 16.1

Rapeseed straw 30-40 10.3-12.5 15.0

Maize straw 45-60 5.3-8.2 16.8

Wood dust 3.8-6.4 15.2-19.1 15.2-20.1

Sawdust 39.1-47.3 5.3 19.3

Willow chips 40-55 8.7-11.6 16.5

Pellets 3.6-12 16.5-17.3 17.8-19.6

Straw briquettes 9.7 15.2 17.1

Wood briquettes 3.8-14.1 15.2-19.7 16.9-20.4

Because of above mentioned problems, the maximum moisture 

content of straw should not exceed 18÷25%. Above this level, in 

addition to the problems associated with combustion and corrosion, 

there are some problems during storage and transport (rot process, 

the development of micro-organisms). Depending on the plant spe-

Fig. 1. Relation between energy value and straw moisture [4]
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cies, for biomass with a moisture content of 40÷60%, heating value is 

5÷11 MJ/kg, while for dried biomass with lower moisture content of 

10÷20% heating value is 15÷18 MJ/kg and finally even up to 19 MJ/kg 

for biomass dried completely.

Composition of gases emitted during combustion depends on the 

chemical composition and moisture content of straw. Amount of CO
2
 

emitted into the atmosphere is balanced by corn assimilation during the 

next year growing season. Therefore, from an energy point of view, 

emissions of carbon dioxide for biomass shall be considered equal  

to 0. In comparison with the fossil fuels, burning of straw has a lower 

sulfur and nitrogen dioxides emissions and, as mentioned above, lower 

carbon dioxide emissions, as shown in Figure 3 and comparatively with 

other biomass in Figure 4.
Table 4

Emissions index for straw [3]

Contamination Unit Average value Range of values

Dust mg/Nm3 80 5-100

Carbon dioxide

g/GJ

600 120-1150

Nitrogen dioxide 90 40-150

Sulfur dioxide 130 100-170

Hydrogen chloride 40 15-80

Aromatic hydrocarbons 0.18 0.10-0.30

Experimental tests

The objects for test analysis were straw and pomace of Camelina 

sativa. Some key parameters were performed for estimation their abil-

ity for energy purposes. The following table shows the contents of the 

basic elements in straw and pomace of Camelina sativa.
Table 5

Elements in straw and pomace of Camelina sativa 

Camelina sativa
H

[%]

S

[%]

C 

[%]

N

[%]

Cl

[mg/kg]

Ash

[%]

Pomace 4.67 0.75 50.85 5.84 1040 5.5

Straw 5.8 0.16 46.3 0.92 3210 4,0

Based on the analysis of elements which are important for the 

emission composition, it can be stated that level of sulfur and chlori-

ne content in Camelina sativa straw is similar to the gray straw (with 

lower content of harmful substances in emissions), while content of 

nitrogen is significantly higher (risk of increased emissions of nitrogen 

dioxides).

Data found in the literature shows that during the combustion of 

straw 0.5-12.5% ash is formed. The result obtained for Camelina sativa 

straw is 4.0%.

There were also performed tests of energy properties, heat of 

combustion and heating value, for Camelina sativa straw and pomace.

Table 6 

Energetic properties of Camelina sativa straw and pomace

Camelina 

sativa

Heat of  

combustion 

dry state,

kJ/kg

Heating value 

dry state,

kJ/kg

Heating value 

working state, 

kJ/kg

Total moisture 

content,

%

Pomace 23315 22294 20488 7.3

Straw 18572 17307 15056 11.4

Heating value of Camelina sativa straw was 17.3 MJ/kg at a moisture 

content 11.4% and was within range from 15 to 18 MJ/kg for other 

biomass dried to a moisture content of 10÷20%.

It is assumed that the moisture level for straw as a source of green 

energy should not exceed 25%.

Fig. 2. Heating values of different types of dried biomass [5]

Fig. 3. Emission during straw and coal combustion [8]

Fig. 4. Gas emission during chips and coal combustion [8]
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The heating value of Camelina sativa pomace, 22 MJ/kg at a mo-

isture content 7.3%, is definitely better than of other types of biomass 

(shown in Fig. 5). A high heating value was obtained when the moisture 

content is low, which indicates the importance of appropriate drying of 

the product designed to burning.

Conclusions

Based on above results, it can be concluded that:

Camelina sativa•  straw has similar properties to the straw of 

other species of energy crops, so it can be used as a feedstock 

for energy production

Camelina sativa•  pomace due to the relatively high heating value 

and heat of combustion can be an important alternative energy 

source, obtained as a waste product from oil pressing process.

Translation into English by the Author
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Fig. 5. Heating value for Amelina sativa straw and pomace compared 
to other biomass
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The International Year of Chemistry 2011 (IYC 2011)  

is a worldwide celebration of the achievements of chemistry 

and its contributions to the well-being of humankind. Under 

the unifying theme “Chemistry—our life, our future,” IYC 2011 

will offer a range of interactive, entertaining, and educational 

activities for all ages. The Year of Chemistry is intended to 

reach across the globe, with opportunities for public partici-

pation at the local, regional, and national level.

The goals of IYC2011 are to increase the public apprecia-

tion of chemistry in meeting world needs, to encourage inte-

rest in chemistry among young people, and to generate en-

thusiasm for the creative future of chemistry. The year 2011 

will coincide with the 100th anniversary of the Nobel Prize 

awarded to Madame Marie Curie—an opportunity to cele-

brate the contributions of women to science. The year will 

also be the 100th anniversary of the founding of the Interna-

tional Association of Chemical Societies, providing a chance to 

highlight the benefits of international scientific collaboration.

IYC 2011 events will emphasize that chemistry is a cre-

ative science essential for sustainability and improvements 

to our way of life. Activities, such as lectures, exhibits, and 

hands-on experiments, will explore how chemical research  

is critical for solving our most vexing global problems involving 

food, water, health, energy, transportation, and more.

In addition, the Year of Chemistry will help enhance inter-

national cooperation by serving as a focal point or information 

source for activities by national chemical societies, educatio-

nal institutions, industry, governmental, and non-governmen-

tal organizations.

The IYC 2011 is an initiative of IUPAC, the International 

Union of Pure and Applied Chemistry, and of UNESCO, the 

United Nations Educational, Scientific, and Cultural Organiza-

tion. It involves chemical societies, academies, and institutions 

worldwide, and relies on individual initiatives to organize local 

and regional activities.


