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is still not utilised. 
 Wood biomass may also be produced from wood acquired as a result of the restoration of green areas 
and forests, orchards or urban greenery purges or the recycling of wood-based materials.  
 A considerable challenge in the combustion of wood or wood waste is the high dependence of the 
calorific value of this fuel on the wood moisture content. 
 This article presents an alternative use of wood biomass for generating electric and heat energy in a 
small power plant. Such a power plant may become an alternative to a conventional fossil fuels fired 
power plant and may be adapted to burning wood waste from wood processing plants: sawmills, furniture 
manufacturers, etc. It provides for the possibility of utilising waste from such plants and establishes a 
source of inexpensive electric and heat energy for manufacturing purposes. Furthermore, as the energy is 
derived from wood biomass, such a power plant is considered environmentally friendly. 
 
2. Calorific value versus moisture content 

 The calorific value of wood or wood waste depends most of all on the wood moisture content and 
density. 
 Wood moisture content is a ratio between the weight of the water in the wood and the weight of the 
wood itself, expressed as a percentage. Completely dry wood may only be obtained in a laboratory setting 
as a result of artificial drying at a temperature of approximately 1000oC, while protecting it against 
absorbing moisture from the surroundings. 
 Freshly harvested wood has varying moisture content that depends on the type of wood and its age, its 
growing conditions and the time it was harvested [6]. The moisture content of freshly harvested wood is 
50-60%, after a year of seasoning – 25-35%, and after many years of storage — 15-20% [4]. 8-12% 
moisture content may only be reached with a forced drying process in kilns or enclosed heated spaces. 
 A property that differentiates wood fuels from fossil fuels is their high content of volatile matter: 
approximately 75-83% of dry matter evaporates during heating, while the remaining part includes 15-24% 
non-volatile carbon compounds (combined carbon) and 0.3-4% ash, Table 1. 
 
Tab.1. Composition and calorific values of selected types of dry biomass in acc. [3] 
 

Wood type 
chemical analysis  

[% by weight] 
Chemical composition 

 [% by weight] 
Calorific value 
[MJ/kg] 

  SL W2 a C H O N S Cl Wu Wu*)  

Fir 82.1 17.46 0.44 51.2 5.98 42.1 0.06 0.03 0.19 20.42 19.115
Pine 75.6 21.37 3.03 51.3 4.69 40.3 0.51 0.02 0.02 20.588 19.565
Oak 86.2 13.5 0.3 50 5.92 43.7 0.03 0.01 0.01 19.478 18.186
Poplar 86.1 12.24 1.66 50.8 5.89 41 0.59 0.02 0.04 18.931 17.646
Willow 1 79.5 18.5 2 48.4 5.87 43.3 0.42 0 0.01 19.1 18.02
Willow 2 80.8 17.6 1.6 48.2 5.84 43.4 0.41 0.05 0 19.6 18.326
Spruce 84 13.9 2.1 48.9 5.78 43 0.2 0 0 19.533 18.246
Birch 78.7 20.98 0.32 48.7 6.4 44.5 0.08 0 0 19.223 17.892
Beech 75.2 24.2 0.6 48.1 6.4 44.8 0.08 0 0 18.833 17.53

Wheat straw 78.9 15.2 5.9 46.4 5.67 40.8 0.69 0.1 0.44 18.252 17.016
Miscautius  82.1 16.4 1.5 48.4 6.3 43.3 0.3 0.1 0.13 19.98 18.205

Miscautius (dried) 75.4 20.55 4.05 47.3 5.79 41.9 0.43 0.06 0.47 19.36 18.097
Urban greenery 
(contaminated wood) 57.2 15.7 27.1 34.1 3.32 34.5 0.81 0.08 0.09 14 13.28

Urban greenery 
(wood) 71.7 20 8.3 48.1 5.76 37 0.64 0.1 0.1 18.14 16.883

SL–volatile substances; W2–combined carbon; a–ash; C-carbon; H-hydrogen; O-oxygen; N-nitrogen; S-sulphur; CI-chlorine 
*) – calorific value calculated by applying formula (1) 
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The chemical composition (Tab.1) of different types of wood also depends on the function 

performed by a particular section of the plant; that is why the stem, root, bark, etc. all have a different 
composition. Data given in the Table show that on average wood used for energy production contains as 
follows: 
 carbon  – C  48-51% 
 hydrogen  – H  4.7-6.5% 
 oxygen  – O  40-43% 
 nitrogen  – N  0.1-0.5% 
 sulphur  – S  0-0.02% 

 It may be concluded that many types of wood contain no sulphur or their sulphur content is minimal, 
such as not exceeding 0.02%, therefore, after burning they do not generate sulphur oxides (SOx) and may 
be considered environmentally friendly.  
 The calorific value of wood that can be found in different sources most often refers to dry wood with 
zero moisture content. Wood of such a calorific value is not used for combustion. The calorific value of 
wood biomass is also given in Table 1. The calorific value of dry wood depends on the type of wood and 
amounts to 18-21 MJ/kg. It must be noted that bark, i.e. the outer surface of wood, is characterised by a 
similar calorific value to wood proper and amounts to 7-21 MJ/kg, while its ash content is approximately 
1-3% [1]. 
 The calorific value of dry wood may be determined from the dependence on the percentage 
composition of wood. There are many formulas describing the calculation of the calorific value of wood. 
References [3,2] provide the following dependence that enables the calculation of dry wood calorific 
value: 

aSNOHCWu  0153,00686,0)(12,0322,1341,0    ][
kg

MJ
                   (1) 

while the content of elements in the wood and ash a should be given in percentage content in the weight of 
the wood.  

 Table 1 also lists the calorific value of wood calculated using dependence (1). The error between the 
calorific value given in references [3] and the calculated one does not exceed 2-6%. 

 Water (moisture) content significantly affects the fuel calorific value. References [3] provide a 
dependence describing the determination of calorific values depending on the moisture content of wood. 

wrwM
H

rWuWd
COHC oo 

2525
)1()

2
(

2
       ][

kg

MJ
                                        (2) 

where Wu  [MJ/kg]  - calorific value of dry wood, 
 

Cor
25

[MJ/kg]  - heat of water evaporation at 25oC, 

 OHM
2

[kg/mol]  - water molecular mass, 

 H      - mass fraction of hydrogen in wood, 
 w   - mass fraction of water in wood. 
 

 Fig. 1 shows the calorific values of selected types of biomass depending on their water content in the 
weight of the wood. The calorific value decreases with the water content of wood for all types of fuels 
shown in the diagram. This dependence is highly linear. The presented analysis shows that the calorific 
value of harvested wood of approximately 50% moisture content equals 40% of the calorific value of dry 
wood (a 2.5-fold reduction). The calorific value of wood seasoned for one year (30% moisture content) is 
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